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ABSTRACT 
Background: In patients with symptomatic Heart Failure (HF) and wide 

QRS duration, cardiac resynchronization therapy (CRT) causes reduction 

of morbidity and mortality. However, it's unclear which patient features 

predict short‐term response to this device therapy. The research aimed to 

study which cases characteristics could expect short-term clinical and 

echocardiographic response to CRT.   

Methods: This prospective cohort study involved 40 patients indicated 

for CRT device. The study was conducted in the cardiology departments, 

faculty of medicine, Zagazig University, and Police hospital at the period 

from October 2018 to October 2020. Clinical, laboratory, 

electrocardiographic, and echocardiographic assessments were 

performed pre and six months after implantation.  

Results: Forty patients undergoing CRT implantation were included 

among which, 30 (75%) patients were considered responders after six 

months. From the present study, the responders to CRT were more 

frequently to be females with younger age than non -responders. Non-

ischemic HF, left bundle branch block (LBBB) morphology and New 

York Heart Association (NYHA) functional class III were significantly 

more frequent in responders. Furthermore, responders had significantly 

wider baseline QRS duration, smaller baseline LV diastolic and systolic 

dimension and volumes, greater ejection fraction, lower levels of brain 

natriuretic peptide (BNP), and more baseline intra-ventricular 

dyssynchrony.  

Conclusions: We concluded that pre-implantation independent 

Predictors of good CRT response are LBBB morphology, 

septal to posterior wall mechanical delay, wide QRS 

duration, interventricular mechanical delay, NYHA 

functional class III, and lower levels of BNP. Large scale 

study is recommended for further verification of study 

results. 

 Keywords: NYHA; cardiac resynchronization; echocardiography; 

dyssynchrony index 
 

 

 INTRODUCTION 

atients with moderate or serious heart failure 

(HF) refractory to medical therapy, New York 

Heart Association (NYHA) class II, III, or IV, wide 

QRS duration, and extremely low left ventricular 

ejection fraction (LVEF) may benefit from cardiac 

resynchronization therapy (CRT) [1]. Clinical trials 

have shown that CRT decreases HF hospital-stay, 

and improves the quality of life (QoL) and cardiac 

functions, defined as left ventricular (LV) reverse 

re-modeling [2]. However, the number of cases that 

do not respond to this procedure ranges from 30 to 

35%[3]. 

Different studies provide different clarification for 

how people react to CRT. The difference in LVEF 

or left ventricular end-systolic volume (LVESV) is 

usually used to assess echocardiographic 

response[3] Clinical response is measured by 

improvement in NYHA functional class[4] . 

However, some investigator explained the response 

to CRT in the form of a combination of several 

clinical measurements[4] or as a combination of 

both clinical and echocardiographic 

measurements[5].  

Inter-ventricular or intra-ventricular conduction 

delay is associated with structural re-modeling in 
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HF, resulting in mechanical dyssynchrony and 

further HF worsening[6]. As structural re-modeling 

was reversed by CRT, it's possible that electric re-

modeling would be reversed as well, given the 

positive clinical outcomes of HF patients who 

received CRT. There is little information on how the 

adverse electric changes affecting ventricular 

conduction and repolarization recover after CRT, 

and how this relates to clinical and 

echocardiographic outcomes[7]. Clinical trials have 

studied different variables that might predict 

response to CRT however, determination of the 

predictors to CRT response still remains 

challenge[8]. 

In the present study, we sought to determine 

predictors of short-term clinical and 

echocardiographic response to CRT. 

METHODS 

This prospective cohort study involved forty cases 

indicated for CRT device. Our study was conducted 

in the cardiology departments, faculty of medicine, 

Zagazig University, and Al Agouza Police hospital 

at the period of two years; from October 2018 to 

October 2020. 

Written informed consent was obtained from all 

participants, the study was approved by the research 

ethical committee of Faculty of Medicine, Zagazig 

University and Al-Agouze Police hospital. The 

study was done according to The Code of Ethics of 

the World Medical Association (Declaration of 

Helsinki) for studies involving human. 

Before the start of the study and in agreement with 

the local regulations followed, the protocols and all 

corresponding documents were stated for approval 

by Institutional Review Board (IRB) from Faculty 

of Medicine, Zagazig University. 

Our study was prospective cohort comparative 

study in which cases before and six months after 

CRT device application were compared.  

Subjects and Sample size: Forty cases represent the 

target population of this study; all cases were 

evaluated according to clinical status (NYHA 

classification), ECG (QRS duration), 

echocardiographic findings and brain natriuretic 

peptide (BNP) levels before and six months after 

device implantation. They are divided into to two 

groups: group 1 who are responders to cardiac 

resynchronization therapy and group 2 who are non-

responders to cardiac resynchronization therapy. 

The study enrolled adult cases aged > 20 years, 

NYHA functional class > II symptoms despite 

optimal medical therapy, sinus rhythm, LV ejection 

fraction (LVEF) ≤ 35% and QRS duration ≥ 120 ms. 

We excluded cases with insufficient 

echocardiographic image quality, previous pacing 

by a pacemaker, atrial fibrillation, renal failure, 

current major hepatic disorder, surgery or major 

trauma, history of cerebrovascular stroke (CVS), 

recent infection or inflammatory conditions, 

malignancy and inability to give informed consent. 

All cases were subjected to Personal history (name, 

age, sex, residence and occupation) and past history 

(hypertension, diabetes, ischemic heart disorder, 

history of previous medical illness, and history of 

previous drug intake).  Full general examination 

(chest and abdominal examination) and clinical 

evaluation performed before CRT implantation and 

repeated at six months of follow–up. 

Electrocardiogram (12-lead ECGs with a paper 

speed of 25 mm/s and a gain of 10 mm/mV) were 

performed before and and six months after CRT 

implantation. Standard transthoracic 

echocardiographic examinations with Doppler 

studies were performed at base-line and six months 

follow-up. M-mode from the parasternal images 

were used to measure LV end-diastolic and end-

systolic dimensions and to measure septal to 

posterior wall motion delay (SPWMD) as a 

parameter of Intra-ventricular dyssynchrony[9]. 

Standard Doppler echocardiographic studies 

included the time between the onset of the QRS 

complex on the surface ECG and the onset of the 

left and right ventricle Pulsed Doppler waves were 

measured as the left and right ventricle pre-ejection 

intervals. 

At the baseline and six months follow-up, tissue 

Doppler imaging and LV dyssynchrony 

assessments were completed using two- and four-

chamber pictures, the sample volume was put in the 

LV basal and mid portions of the anterior, inferior, 

inferior septum, lateral, anterior septum, and 

posterior walls, and the time interval between the 

onset of the QRS complex and the maximum 

systolic velocity was measured for the 12 LV basal 

sections to assess the longitudinal movement of the 

LV to define LV desynchronization. The left 

ventricle systolic strain (global longitudinal strain) 

was assessed before and six months after CRT 

implantation using speckle tracking imaging. 

CRT was administered via the subclavian or axillary 

veins. The LV lead was inserted into the 

posterolateral vein, which was chosen based on the 

anatomical characteristics of the veins, and then 

connected to the appropriate electrode[10]. 

Blood samples were obtained for analysis of BNP 

levels before and six months after CRT implantation 

to assess the response. 

The response to CRT was assessed after six months 

by NYHA Class, QRS duration, echocardiographic 

findings and BNP Levels. Clinical responding was 

described as a change in NYHA class of  >1 without  

requiring hospitalization for heart failure[9, 10]. An 

absolute increase in LVEF of >10%   and/or a 

decrease in LV end systolic volume of >15 %  were  
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defined as echocardiographic responding [6, 7, 11, 

12].  A decrease in QRS period of >20 ms  was used 

to describe electrocardiographic responders[13]. 

Non responders were defined as an unchanging or 

worsening of the clinical, echocardiographic, any 

hospital-stay for unprovoked worsening heart 

failure or cardiac death due to worsening heart 

failure during the first six months after CRT[7]. In 

our study non responders did not fulfill the criteria 

of the responders. 

STATISTICAL ANALYSIS 

Data were collected in a master sheet, coded, 

entered and analyzed using both SPSS version 22 

medical statistics software and Microsoft Excel v. 

2019.Data were presented as Mean ± standard 

deviation for quantitative variables & number and 

percentage for qualitative variables. Data were 

coded, entered and analyzed by computer package 

(version 10). Categorical data were compared using 

chi-square and calculated. The significance level 

was considered at P-value <0.05 for chi-square and 

when confidence interval of odds ratio (CI of OR) 

not including 1 in its range. Recorded data were 

analyzed using the statistical package for social 

sciences, version 20.0 (SPSS Inc., Chicago, Illinois, 

USA). 

RESULTS 

The study population consisted of 26 (65%) males 

and 14 (35%) females, with a mean age of 

59.78±10.25 years (range 35–76years old). At six 

months of follow-up, there was significant increase 

in the LVEF after pacing therapy (p < 0.001). Left 

ventricular volumes significantly decreased after 

CRT implantation (p < 0.001). LV end diastolic 

diameters and LV end systolic diameters 

significantly decreased (p < 0.001) (Table 1). 

From our study, there were 30 (75%) responders 

and10 (25%) non responders of final outcome. 

Depending on the response to CRT, the responders 

were sub classified as 60.0% patients were clinical 

responders, showing improvement of NYHA 

functional class after CRT, 40.0% patients revealed 

electrical response after CRT, and 60.0%patients 

were classified as echocardiographic responders 

(Figure 1). Non responders were all the cases who 

did not get any type of responding (according to the 

definitions of responding to CRT).  

Regarding to demographic data, the present study 

showed that the responders to CRT were more 

females (46.7% vs 0%; P 0.007) and younger age 

(57.8±10.9 vs 65.5±4.9; P 0.04) than non-

responders. (Table 2). 

Responders group had more patients with baseline 

NYHA class-III (86.7% vs 40%; P 0.01), more 

patients with non-ischemic cardiomyopathy (46.7% 

vs 0 %; P 0.007), more patients with LBBB (83.3% 

vs 30%; P <0.001), and lower levels of baseline 

BNP (518± 234 vs 723± 250; P 0.024) (table2).  

Furthermore, echocardiographic parameters of 

mechanical dyssynchrony (IVMD, SPWMD, and 

systolic dyssynchrony by TDI) are important tools 

that can be used to help identify potential responders 

to CRT, the difference between the two groups 

regarding to mechanical dyssynchrony at the level 

of baseline assessment was statistically significant 

(p <0.05) (Table 2). Regarding to global 

longitudinal strain (GLS) by speckle tracking, 

responders had patients with more negative GLS (-

6.7±1.8 vs -4±2.6: P 0.0.006). Furthermore, the 

improvement in GLS was more prominent in the 

responders as measured with delta GLS (5±2.6 vs 

2.5±1.3; P 0.005). (Figure 2).  

Univariate analysis revealed that significant 

predictors of good CRT response were LBBB 

Morphology, systolic dyssynchrony index >32ms, 

SPWMD, wide QRS duration, NYHA class III, 

younger Age (years), IVMD, BNP (lower levels), 

Etiology(DCM), and female gender. However, 

multivariate analysis did not find any significant 

predictors. Step wise forward conditional regression 

analysis demonstrated that LBBB Morphology, 

SPWMD, wide QRS Duration, IVMD, NYHA class 

III, and BNP were the best independent predictors 

of good CRT response with OR [7.055 (2.624- 

13.620) P=0.007, 5.216(2.376-14.159) P= 0.027, 

3.111 (1.823- 5.304) P=0.029, 0.581 (0.235- 1.443) 

P=0.038; 5.216 (2.376- 14.159) P=0.027; and 2.236 

(1.672- 2.991) P=0.043, and1.459 (1.351- 1.575) 

P=0.047] respectively (table 3).  

Receiver operating characteristics (ROC) curve was 

performed for QRS duration and demonstrated an 

area under the curve of 0.817 (0.694-0.943) with P 

value 0.015. The best cut off value for prediction of 

good CRT response was ≥145 with sensitivity 70% 

and specificity 70%. while the best cut off value of 

EF% was ≥25, with sensitivity of 80% specificity of 

66.7% and an area under the curve was 0.790 (0.672-

0.901) with P value 0.026 (Figure 3). 

Table (1): Comparison between baseline and after 6months according to echo parameters. 

Echo parameters Baseline After six months Mean Diff. t-test p-value 

LVEDD (mm)           

Range 49 – 86 46 – 78 4.650 6.433 <0.001** 

Mean±SD 67.78±7.01 63.13±7.96 

LVESD (mm)            
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Echo parameters Baseline After six months Mean Diff. t-test p-value 

Range 13 – 77 30 – 68 6.350 6.035 <0.001** 

Mean±SD 57.60±9.78 51.25±9.57 

LVEDV(ml)             

Range 100 – 410 76 – 375 27.150 5.848 <0.001** 

Mean±SD 204.03±60.44 176.88±54.38 

LVESV(ml)           

Range 40 – 315 28 – 280 29.975 5.530 <0.001** 

Mean±SD 148.40±32.26 118.43±37.66 

EF%           

Range 17 – 35 21 – 63 -7.850 -5.207 <0.001** 

Mean±SD 27.05±4.59 34.90±11.62 

N= Number P= Probability of chance (significance), %= Percentage. Using: t-Independent Sample t-test; x2: 

Chi-square test; Wilcoxon z-test; p-value <0.05 S. LVEDD: left ventricular end diastolic diameter, LVESD:  

left ventricular end systolic diameter, LVEDV: left ventricular end diastolic volume, LVESV: left ventricular 

end systolic volume, EF: ejection fraction, SD: standard deviation.    

Table (2):  Comparison between responder group and non -responder group according to demographic data, 

baseline NYHA class, Ventricular dyssynchrony and BNP levels. 

   Responder  

(N=30) 

Non responder  

(N=10) 

Test p-value 

D
em

o

g
rap

h

ic 

d
ata 

Age (years) 57.87±10.90 65.50±4.93 4.53 0.040* 

Gender Male 16 (53.3% 10 (100.0%) 7.179 0.007* 

Female 14 (46.7% 0 (0.0%) 

Etiology ICM 16 (53.3% 10 (100.0%) 7.179 0.007* 

DCM 14 (46.7% 0 (0.0%) 

QRS morphology RBBB 5 (16.7% 7 (70.0%) 10.159 <0.001** 

LBBB 25 (83.3% 3 (30.0%) 

NYHA class 

Base-line 

Class-III 

(n=30) 

26 (86.7%) 4 (40%) x2=6.400 0.011* 

Class-IV 

(n=10) 

4 (13.3%) 6 (60%) 

V
en

tricu
l

ar 

d
y
ssy

n
ch

ro
n
y

 
b

y
 

co
n

v
en

ti

o
n
al ech

o
 

IVMD Baseline 61.50±27.87 35.80±8.77 z=8.11 0.007* 

After 6months 31.20±12.01 30.80±8.28 z=0.01 0.923 

SPWMD Baseline 116.40±40.10 75.50±19.64 t=9.51 0.004* 

After 6months 63.13±27.03 54.40±13.33 t=0.95 0.335 

BNP Baseline 518.53±234.77 723.80±250.92 5.55 0.024* 

After 6months 219.83±179.23 531.20±143.03 24.77 <0.001** 

N= Number P= Probability of chance (significance), %= Percentage, Using: t-Independent Sample t-test; x2: 

Chi-square test; Wilcoxon z-test; p-value <0.05 S. NYHA: New York Heart Association, IVMD: inter-

ventricular mechanical delay, SPWMD: septal to posterior mechanical delay, BNP: brain natriuretic peptide. 

 

Table 3: Univariate and Multivariate regression analysis to pick up predictors of good CRT response. 

Parameters Univariate analysis Multivariate (Step wise 

forward  

conditional regression) 

OR Lower Upper p-

value 

OR Lower Upper p-

value 

Age (years)  1.961 1.756 2.188 0.033*      

Sex (Female) 2.135 1.655 2.752 0.048*     

Etiology 1.643 1.565 1.725 0.042*     

IVMD  0.597 0.241 1.482 0.035* 0.581 0.235 1.443 0.038* 
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Parameters Univariate analysis Multivariate (Step wise 

forward  

conditional regression) 

OR Lower Upper p-

value 

OR Lower Upper p-

value 

SPW MD  5.707 2.600 15.491 0.020* 5.216 2.376 14.159 0.027* 

BNP  1.682 1.557 1.816 0.040* 1.459 1.351 1.575 0.047* 

GLS  0.802 0.158 1.846 0.132     

QRS  duration 3.194 1.872 5.446 0.027* 3.111 1.823 5.304 0.029* 

 LBBB Morphology 8.134 3.025 15.702 0.006* 7.055 2.624 13.620 0.007* 

NYHA class III 2.446 1.829 3.272 0.031* 2.236 1.672 2.991 0.043* 

SDI  >32ms 7.570 4.002 21.260 0.010*     

OR= Odd Ratio, P= Probability of chance (significance), IVMD: inter-ventricular mechanical delay, SPWMD: 

septal to posterior mechanical delay, BNP: brain natriuretic peptide, GLS: global longitudinal strain, LBBB: 

left bundle branch block, NYHA: New York Heart Association: SDI: systolic dyssynchory index. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Responders to CRT (24 patients were clinical responders; 16 patients were electrical responders and24 patients 

were echocardiographic responders). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Bar chart between responder group and non-responder group according to Delta GLS. 
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Fig. (3): Receiver-operating characteristic (ROC) curve for prediction of Response using the EF%, GLS, QRS 

duration and BNP. 

Items Cut-off Sen. Spe. PPV NPV AUC (C.I.95%) p-value 

EF% ≥25 80% 66.7% 44.4% 90.9% 0.790 (0.672-0.901) 0.026* 

GLS   ≥ -10  69% 53.3% 33.3% 84.2% 0.603 (0.513-0.691) 0.066 

BNP ≤330 70% 63.3% 38.9% 86.4% 0.720 (0.622-0.823) 0.031* 

QRS duration ≥145 70% 70% 43.8% 87.5% 0.817 (0.694-0.943) 0.015* 

Receiver operating characteristics (ROC) curve was performed for EF% and demonstrated an area under the 

curve of 0.790 (0.672-0.901) with P value 0.026. The best cut off value for prediction of good CRT response 

was 25 with sensitivity 80% and specificity 66.7%. The table also clarified that, the BNP and demonstrated an 

area under the curve of 0.720 (0.622-0.823) with P value 0.031. The best cut off value for prediction of good 

CRT response was 330 with sensitivity 70% and specificity 63.3%.  While, the QRS duration and demonstrated 

an area under the curve of 0.817 (0.694-0.943) with P value 0.015. The best cut off value for prediction of good 

CRT response was 145 with sensitivity 70% and specificity 70%. 

DISCUSSION 

In our population, we studied different parameters 

including age, gender, clinical status (NYHA 

Class), etiology of heart failure, QRS morphology 

and duration, basal BNP level, basal echo 

parameters, degree of desynchronization by tissue 

Doppler imaging, and GLS in the prediction of 

responding for CRT therapy. 

Our results showed that we can depend on LBBB 

Morphology, NYHA class, basal ejection fraction 

(with cut-off value ≥25%), basal BNP (with cut-off 

value ≤330 pg/ml), clinical status (NYHA class), 

QRS duration (with cut-off value ≥145ms) LBBB 

morphology and etiology of heart failure in the 

prediction of the outcomes after CRT implantation. 

so we can use these measures to improve selection 

standards for patients who are candidates for CRT 

implantation, thus decreasing the frequent 

unsuitable implantation of biventricular pacing. 

In terms of the age, gender, and etiology of heart 

failure as predictors of response to CRT, our 

findings showed that these variables play a 

significant role in the prediction of response, which 

is consistent with Peter et al., [14]. study of 433 

cases with EF ≤35%   and QRS >120 ms. They 

followed up on their patients for six years after 

CRT implantation and discovered that female 

gender and non-ischemic cause were associated 

with better outcomes. Guido et al., on the other 

hand, found no important role for age or gender in 

the prediction of responding to CRT in 64 cases of 

heart failure scheduled for CRT implantation [15, 

16]. 

Our findings support previous research that 

suggests case characteristics including older age, 

male gender, right bundle branch block, and 

ischemic etiology are linked to less benefit from 

CRT[17, 18]. 

Molhoek et al., identified no differences in CRT 

responding in ischemic HF vs. idiopathic dilated 

cardiomyopathy classes, contrary to our findings 

and previous studies. In this analysis, however, 

response to CRT was characterized solely by an 

increase in NYHA functional class[5]. 

We looked at the impact of clinical status and basal 

NYHA class as a predictor, and our findings 

matched those of Vidal et al., who looked at 147 

cases with NYHA Class III, IV, a large QRS 

complex, and low systolic function (LVEF of 24+ 

7). The researchers concluded that cases in NYHA 

class III had better outcomes than cases in NYHA 

class IV, implying that this therapy could be 

effective earlier in the disorder progress[19]. 

In the current study, responders to CRT had 

significantly wider base-line QRS duration than 

non-responders group (152 ± 24.9 ms vs. 130.7 ± 
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24 ms respectively, P < 0.0001). The results are in 

agreement with prior data which revealed 

significant CRT benefit in HF patients with QRS ⩾ 

150 ms[20, 21, 22].  

A larger LVEF was correlated with 

echocardiographic responding in the Multicenter 

Automatic Defibrillator Implantation Trial with 

Cardiac Resynchronization Therapy (MADIT-

CRT) study. However, a sub-analysis of results of 

the predictors of response to CRT trial 

(PROSPECT) found no difference in responders to 

CRT (23, 24).  Depending on research populations, 

there has been some contradictory evidence in the 

literature on the effect of baseline LV dimensions 

on CRT responding[22, 23, 24].       

In contrast to our study, the MADIT-CRT trial 

showed that a larger LV was associated with 

echocardiographic responding, but sub-analysis of 

PROSPECT found no difference in responders[24, 

25].  

In our population, non-responders had greater 

base-line LV volume, lower LVEF and GLS. Our 

results are in agreement with Park et al. who 

established that base-line LV volume was a 

Predictor of echocardiographic responders to 

CRT[26]. 

Enlarged LV volumes may be a marker of HF 

progression and impairment of contractile function 

[27]. Smaller LVEDD and LVESD were found to 

be predictors of CRT response in this research, 

which was close to results from an earlier study that 

found LVEDD ≤ 67   mm was correlated with CRT 

responding after six months of follow-up[28]. 

When it came to the prognostic value of baseline 

LVEF, we discovered a connection with less 

extreme cases, such as in the MADIT sub-analysis, 

where cases with higher LVEF had a higher 

response rate. Direct comparisons of outcomes are 

difficult or impossible since various inclusion 

criteria and meanings of CRT responding were 

used[29]. 

Our results may donate information to new 

guidelines. Currently, CRT is most strongly 

recommended for symptomatic HF patients with a 

LVEF≤30% or 35% with a QRS duration≥150 ms 

and LBBB, with a weaker recommendation for 

cases without LBBB and in less prolonged QRS 

(120 or 130 ms)[30, 31, 32].  The most recent 

guidelines from the European Society of 

Cardiology focused on the importance of not 

implanting CRT in cases with QRS<130 ms based 

on the Echo CRT study[33, 34]. 

The systolic dyssynchronous index (Ts-SD-12) 

was able to predict the response to CRT in this 

research. Two broad, multicenter prospective 

studies - Predictors of Response to Cardiac 

Resynchronization Therapy (PROSPECT)[23]  and 

the resynchronization therapy in narrow QRS study 

(ReThinQ)[35] used echocardiographic criteria to 

select patients for CRT and did not find association 

between echo-based indices of mechanical 

dyssynchrony and CRT gain, raising concerns 

about the need for echocardiography. 

In our sample, the best cut-off value of GLS for 

good CRT response was -10% or more negative 

values. Contrary to our results, another study using 

the asynchrony index of two-dimensional strains 

and a segmented three-dimensional volume curve 

showed that this is not effective predictor of   

reverse remodeling[36]. 

Based on prior literature on the prognosis of 

patients with HF in hospitals, the author chose a 

GLS with predefined limit of 9% (or greater 

negative value) in order to be associated with a 

lower risk. 

Miyazaki et al. studied 42 patients with HF who 

underwent CRT.  BNP was measured at baseline 

and three to six months after CRT. He discovered 

that responders (n = 29, 69%) had significantly 

lower baseline levels and a significant greater 

decrease at the BNP levels than non-

responders[37].    Which is consistent with our 

results. 

 Study Limitations: 

The study had some limitations; limited sample 

size, heterogeneity of CRT responding 

definition, the short term follow up, absence of 

definite solution of the problem, and subjective 

evaluation of NYHA functional class. Finally, 

the site of implantation of CRT was not 

correlated with the degree of response.  

CONCLUSIONS 

We concluded that pre-implantation independent 

Predictors of good CRT response are LBBB 

morphology, septal to posterior wall mechanical 

delay, wide QRS duration, interventricular 

mechanical delay, NYHA functional class III, and 

lower levels of BNP. Large scale study is 

recommended for further verification of study 

results. 

REFERENCES 

1. Moss AJ, Hall WJ, Cannom DS, Klein H, 

Brown MW, Daubert JP, et al. Cardiac-

resynchronization therapy for the prevention of 

heart-failure events. N Engl J Med. 2009 Oct 

1; 361(14):1329-38. 

2. Tang AS, Wells GA, Talajic M, Arnold MO, 

Sheldon R, Connolly S, et al.   Cardiac-

resynchronization therapy for mild-to-

moderate heart failure. N Engl J Med. 2010 

Dec 16; 363(25):2385-95. 

3. Imamura T, Chung B, Nguyen A, Sayer G 

and Uriel N. Clinical implications of 

hemodynamic assessment during left 

https://doi.org/10.21608/zumj.2021.73478.2202


https://doi.org/10.21608/zumj.2021.73478.2202                 Volume 30, Issue 1.1, ـJanuary 2024, Supplement Issue 

Moussa, M., et al      273 | Page 

 

ventricular assist device therapy. Am J Cardiol. 

2018 Apr 1; 71(4):352-8. 

4. Ypenburg C, Roes SD, Bleeker GB, 

Kaandorp TA, de Roos A, Schalij MJ, et al.   
Effect of total scar burden on contrast-

enhanced magnetic resonance imaging on 

response to cardiac resynchronization therapy. 

Am J Cardiol. 2007 Mar 1; 99(5):657-60. 

5. Molhoek SG, Bax JJ, van Erven L, Bootsma 

M, Boersma E, Steendijk P, et al. 
Comparison of benefits from cardiac 

resynchronization therapy in patients with 

ischemic cardiomyopathy versus idiopathic 

dilated cardiomyopathy. Am J Cardiol. 2004 

Apr 1; 93(7):860-3. 

6. Pouleur AC, Knappe D, Shah AM, Uno H, 

Bourgoun M, Foster E, et al. Relationship 

between improvement in left ventricular 

dyssynchrony and contractile function and 

clinical outcome with cardiac 

resynchronization therapy: the MADIT-CRT 

trial. Eur Heart J. 2011 Jul 1;32(14):1720-9. 

7. Kronborg MB, Mortensen PT, Kirkfeldt RE 

and Nielsen JC. Very long term follow‐up of 

cardiac resynchronization therapy: Clinical 

outcome and predictors of mortality. Eur J 

Heart Fail. 2008 Aug;10(8):796-801. 

8. Singh JP, Fan D, Heist EK, Alabiad CR, 

Taub C, Reddy V, et al. Left ventricular lead 

electrical delay predicts response to cardiac 

resynchronization therapy. Heart Rhythm. 

2006 Nov 1;3(11):1285-92. 

9. Auricchio A and Prinzen FW. Non-

responders to cardiac resynchronization 

therapy: The magnitude of the problem and the 

issues. Circ J. 2011; 75: 521-527. 

10. Steffel J, Robertson M, Singh JP, Abraham 

WT, Bax JJ, Borer JS, et al. The effect of 

QRS duration on cardiac resynchronization 

therapy in patients with a narrow QRS 

complex: a subgroup analysis of the EchoCRT 

trial. 2015 Aug 7;3. Eur Heart J.6(30):1983-9. 

11. Ypenburg C, van Bommel RJ, Borleffs CJ, 

Bleeker GB, Boersma E, Schalij MJ, et al. 
Long-term prognosis after cardiac 

resynchronization therapy is related to the 

extent of left ventricular reverse remodeling at 

midterm follow-up. J Am Coll Cardiol. 2009 

Feb 10; 53(6):483-90. 

12. Rickard J, Kumbhani DJ, Popovic Z, 

Verhaert D, Manne M, Sraow D, et al. 

Characterization of super-response to cardiac 

resynchronization therapy. Heart Rhythm. 

2010 Jul 1; 7(7):885-9. 

13. Frederic AS, Martins RP, Defaye P, Hidden‐

Lucet FR, Mabo P, Daubert JC, et al. 

Reverse electrical remodeling by cardiac 

resynchronization therapy: prevalence and 

clinical impact. J Cardiovasc Electrophysiol. 

2012 Nov;23(11):1219-27. 

14. Peter PH., Abdul Ghani , Delnoy,  Ahmet A 

, Anand R., Ramdat M,  Jaap JJ. etal., 

Predictors and long‐term outcome of super‐

responders to cardiac resynchronization 

therapy,Clin Cardiol. 2017 May; 40(5): 292–

299. 

15. Guido R, Matteo B, Mauro B , Matteo 

Z,  Biagini E, Gallelli I, etal.,  Exercise stress 

echo is superior to rest echocardiography in 

predicting left ventricular reverse remodelling 

and functional improvement after cardiac 

resynchronization therapy . Eur Heart J. 

(2009)30,89-97.  

16. Arshad A, Moss AJ, Foster E,  Padeletti 

L, Barsheshet A, Goldenberg I,  et al. 

MADIT-CRT Executive Committee. Cardiac 

resynchronization therapy is more effective in 

women than in men: the MADIT-CRT 

(Multicenter Automatic Defibrillator 

Implantation Trial with Cardiac 

Resynchronization Therapy) trial. J Am Coll 

Cardiol. 2011; 57:813-820. 

17. Egoavil CA, Ho RT, Greenspon AJ and 

Pavri BB. Cardiac resynchronization therapy 

in patients with right bundle branch block: 

analysis of pooled data from the MIRACLE 

and Contak CD trials. Heart Rhythm. 2005 Jun 

1;2(6):611-5. 

18. Zabarovskaja S, Gadler F, Braunschweig F, 

Ståhlberg M, Hörnsten J, Linde C, et al. 

Women have better long-term prognosis than 

men after cardiac resynchronization therapy. 

Europace. 2012 Aug 1;14(8):1148-55. 

19. Vidal B, Delgado V, Mont L, Poyatos S, 

Silva E, Angeles C M. Decreased likelihood 

of response to cardiac resynchronization in 

patients with severe heart failure.  Eur J Heart 

Fail. 2010 Mar;12(3):283-7. 

20. Sipahi I, Carrigan TP, Rowland DY, 

Stambler BS, Fang JC. Impact of QRS 

duration on clinical event reduction with 

cardiac resynchronization therapy: meta-

analysis of randomized controlled trials. 

Archives of internal medicine. 2011 Sep 

12;171(16):1454-62. 

21. Stavrakis S, Lazzara R and Thadani U. The 

benefit of cardiac resynchronization therapy 

and QRS duration: a meta-analysis. J 

Cardiovasc Electrophysiol. 23 (2012), pp. 163-

168, CrossRefView Record in ScopusGoogle 

Scholar 

22. Tzeis S. Cardiac resynchronization therapy – 

newer data on how to increase responders. 

Hosp Chron 2014; 9 (3): 162-166. 

https://doi.org/10.21608/zumj.2021.73478.2202
https://pubmed.ncbi.nlm.nih.gov/?term=Sebag+FA&cauthor_id=22697464
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28294364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delnoy%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=28294364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adiyaman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28294364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramdat%20Misier%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=28294364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smit%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=28294364
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490391/
https://pubmed.ncbi.nlm.nih.gov/?term=Ziacchi+M&cauthor_id=18987095
https://pubmed.ncbi.nlm.nih.gov/?term=Ziacchi+M&cauthor_id=18987095
https://pubmed.ncbi.nlm.nih.gov/?term=Biagini+E&cauthor_id=18987095
https://pubmed.ncbi.nlm.nih.gov/?term=Gallelli+I&cauthor_id=18987095
https://pubmed.ncbi.nlm.nih.gov/?term=Padeletti+L&cauthor_id=21310317
https://pubmed.ncbi.nlm.nih.gov/?term=Barsheshet+A&cauthor_id=21310317
https://pubmed.ncbi.nlm.nih.gov/?term=Goldenberg+I&cauthor_id=21310317
https://doi.org/10.1111/j.1540-8167.2011.02144.x
https://doi.org/10.1111/j.1540-8167.2011.02144.x
https://scholar.google.com/scholar_lookup?title=The%20benefit%20of%20cardiac%20resynchronization%20therapy%20and%20QRS%20duration%3A%20a%20meta-analysis&publication_year=2012&author=S.%20Stavrakis&author=R.%20Lazzara&author=U.%20Thadani
https://scholar.google.com/scholar_lookup?title=The%20benefit%20of%20cardiac%20resynchronization%20therapy%20and%20QRS%20duration%3A%20a%20meta-analysis&publication_year=2012&author=S.%20Stavrakis&author=R.%20Lazzara&author=U.%20Thadani


https://doi.org/10.21608/zumj.2021.73478.2202                 Volume 30, Issue 1.1, ـJanuary 2024, Supplement Issue 

Moussa, M., et al      274 | Page 

 

23. Rickard J, Brennan DM, Martin DO, Hsich 

E, Tang WW, Lindsay BD, et al. The impact 

of left ventricular size on response to cardiac 

resynchronization therapy.  Am Heart J. 2011 

Oct 1;162(4):646-53. 

24. Van Bommel RJ, Bax JJ, Abraham WT, 

Chung ES, Pires LA, Tavazzi L, et al. 
Characteristics of heart failure patients 

associated with good and poor response to 

cardiac resynchronization therapy: a 

PROSPECT (Predictors of Response to CRT) 

sub-analysis.  Eur Heart J. 2009 Oct 

1;30(20):2470-7. 

25. Goldenberg I, Moss AJ and Hall WJ. 
Predictors of response to cardiac 

resynchronization therapy in the multicenter 

automatic defibrillator implantation trial with 

cardiac resynchronization therapy (MADIT-

CRT). Circulation 2011; 124(14): 1527-1536. 

26. Park MY, Altman RK, Orencole M, Kumar 

P, Parks KA, Heist KE, et al. Characteristics 

of responders to cardiac resynchronization 

therapy: the impact of echocardiographic left 

ventricular volume. Clinical cardiology. 2012 

Dec;35(12):779-80. 

27. Buck S, Maass AH, Nieuwland W, Anthonio 

RL, Van Veldhuisen DJ and Van Gelder IC. 

Impact of interventricular lead distance and the 

decrease in septal-to-lateral delay on response 

to cardiac resynchronization therapy. 

Europace. 2008 Nov 1;10(11):1313-9. 

28. Achilli A, Peraldo C and Sassara M. 
Prediction of response to cardiac 

resynchronization therapy: the selection of 

candidates for CRT (SCART) study. Pacing 

and Clinical Electrophysiology. 2006; 29(s2): 

S11-S19.  

29. Rinkuniene D, Bucyte S and Ceseviciute K. 

Predictors of positive response to cardiac 

resynchronization therapy. BMC 

Cardiovascular Disorders 2014; 14(1): 55. 

30. Kutyifa V, Kloppe A, Zareba W, Solomon 

SD, McNitt S, Polonsky S, et al. The 

influence of left ventricular ejection fraction on 

the effectiveness of cardiac resynchronization 

therapy: MADIT-CRT (Multicenter Automatic 

Defibrillator Implantation Trial With Cardiac 

Resynchronization Therapy). J Am Coll 

Cardiol. 2013 Mar 5;61(9):936-44. 

31. Jessup M, Abraham WT and Casey DE. 
focused update: ACCF/AHA Guidelines for 

the Diagnosis and Management of Heart 

Failure in Adults: a report of the American 

College of Cardiology Foundation/American 

Heart Association Task Force on Practice 

Guidelines: developed in collaboration with 

the International Society for Heart and Lung 

Transplantation. Circulation 2009; 119: 1977–

2016. 

32. McMurray JJ, Packer M, Desai AS, Gong J, 

Lefkowitz MP, Rizkala AR, et al. 
Angiotensin–neprilysin inhibition versus 

enalapril in heart failure. N Engl J Med. 2014 

Sep 11; 371:993-1004. 

33. Stevenson WG, Hernandez AF, Carson PE, 

Fang JC, Katz SD, Spertus JA, et al. 

Indications for cardiac resynchronization 

therapy: 2011 update from the Heart Failure 

Society of America Guideline Committee.  J 

Card Fail. 2012 Feb 1;18(2):94-106. 

34. Ponikowski P, Voors AA and Anker SD. For 

the Authors/Task Force Members. 2016 ESC 

guidelines for the diagnosis and treatment of 

acute and chronic heart failure: The task force 

for the diagnosis and treatment of acute and 

chronic heart failure of the European Society 

of Cardiology (ESC). Developed with the 

special contribution of the Heart Failure 

Association (HFA) of the ESC. Eur Heart J. 

2016; 37 (27): 2129-200. 

35. Ruschitzka F, Abraham WT, Singh JP, Bax 

JJ, Borer JS, Brugada J, et al. Cardiac-

resynchronization therapy in heart failure with 

a narrow QRS complex. N Engl J Med. 2013 

Oct 10;369(15):1395-405. 

36. Beshai JF, Grimm A, Nagueh SF, Baker JH, 

Beau SL, Greenberg SM, et al. Cardiac-

resynchronization therapy in heart failure with 

narrow QRS complexes. N Engl J Med. 2007 

Dec 13;357(24):2461-71. 

37. Miyazaki C, Redfield MM, Powell BD, Lin 

GM, Herges RM, Hodge DO, et al. 

Dyssynchrony indices to predict response to 

cardiac resynchronization therapy: a 

comprehensive prospective single-center 

study. Circulation: Heart Failure. 2010 

Sep;3(5):565-73 

 

How to cite 
Moussa, M., al-shaer, M., Radwan, H., Mohammad, M. Short Term Predictors of Success after Cardiac 
Resynchronization Therapy. Zagazig University Medical Journal, 2024; (266-274): -. doi: 
10.21608/zumj.2021.73478.2202 
 

https://doi.org/10.21608/zumj.2021.73478.2202

