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Abstract : Since approval of Food & drug administration (FDA) on Cardiac resynchronization therapy (CRT) 

in 2001, CRT become one of the mainstay in treatment of patients with heart failure and left bundle branch 

Block (LBBB). Hence ; specific echocardiographic parameters is mandatory to identify patients who did 

respond and those who didn’t respond to CRT and to extent of linking baseline Dyssynchrony parameters & risk 

factors history of Ischemic Heart Disease & diabetes with their response.  

The aim of this study is to identify the role of Longitudinal strain & Dyssynchrony parameters in three months 

follow up of patients with CRT. 

Study Population: eighteen patients with symptomatic Heart Failure with symptomatic Heart failure & New 

York Heart Association functional classification (NYHA) class II or IV symptoms, all patients included in this 

Study were with Sinus rhythm, prolonged QRS >120 milliseconds & their Left ventricular EF < 35%. All 

patients treated with CRT in Cardiology Unit, Baghdad Teaching Hospital, Medical City, Baghdad-Iraq.  

Method: in this Before & After study, different methods for Evaluation of ventricular synchrony were used, 

Both Convectional Echocardiography for Dyssynchrony parameters, ejection fraction (%) & Longitudinal Stain 

Imaging using Speckle tracking were made to all patients at Baseline and three months after implantation of 

CRT. 

Results: at three months, all patients show significant improvement in EF% from 26.02(2.8) to 36.94(8.32) 

(p0.014), SPWMD from (206.27±47.30) to (37.89±7.56) (p0.023), IVMD from (48.33±17.04) to (25.77±7.00) (p 

0.002), while GLS show non-significant change (p0.16).  

Conclusion, conventional synchrony parameter not enough to predict cardiac future remodeling, Longitudinal 

Strain is useful tool to identify early cardiac remodeling before being clinically significant.  

Keywords: Global Longitudinal Strain, Dyssynchrony, Cardiac resynchronization therapy, Left ventricular 

Function  
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I. Introduction 
Assessment of cardiac Function Using strain or Myocardial Deformation imaging considered one of 

promising advancement in echocardiography, where strain represent the percentage of deformity between two 

defined regions along with extent of shortening in myocardial Muscle [1]. Speckle Tracking Technique, depend 

on specific coherent speckles in the myocardial tissue to identify the regions that are passively moving from 

those contracting actively [2]. Global longitudinal strain gives information on Sub-endocardial fibers band, 

decrease in GLS function as measured by Strain, may be attributed to many factors including Diabetes, 

Hypertension, renal insufficiency, valvular Heart Diseases, infiltrative cardiomyopathies & hypertrophic 

cardiomyopathies [3]. Evaluation of cardiac synchrony & myocardial deformation using speckle tracking 

technique depend on assessment of time to reach peak strain or maximum contraction across different cardiac 

Regions. Predicting outcomes& Identifying patient who will benefit from Cardiac resynchronization therapy 

depend on the level of synchrony identify by regional timing & the contractile function reflected by myocardial 

peak strain [4-6]. 

Favorable Hemodynamic benefits from Cardiac resynchronization therapy, first time were observed in 

one case in mid-1990, and from that time observational studies start evaluating the Acute hemodynamic effect & 

cardiac performance measure of CRT [7].then in  2001, when Food & drugs administration (FDA)approve first 

CRT device, New Era of heart failure management was started [8],Evidence based medicine of CRT devices 
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where ensured by the update of  the American College of Cardiology/American Heart Association (ACC/AHA) 

heart failure guideline in 2005 , where CRT strongly supported with Class I indication for the heart failure 

patients management[9]. These guideline recommendations were updated as well in 2013 along with defining 

the manifestation of change in ventricular conduction as ventricular Dyssynchrony [10]. definition of 

Ventricular Dyssynchrony depend on the duration of QRS of more than 120ms using electrocardiogram. this 

mean, that up to one-third of patients with heart failure (systolic) have ventricular Dyssynchrony, adding to 

inadequate blood ejected by failing heart, Dyssynchrony in heart failure patients linked to increased mortality 

[11]. The Responders rate for CRT appear to be approximately 75% & 25% are considered as non-responders, 

these rates similar to responders & non-Responders rate for drugs therapies in Heart failure. different factors 

may contribute in determining response to CRT, including sub-optimal timing of Atrioventricular & VV, 

suboptimal left ventricular lead placement, progression of heart Failure & ventricular Scar [12]. The Responders 

rate for CRT appear to be approximately 75% & 25% are considered as non-responders, these rates similar to 

responders & non-Responders rate for drugs therapies in Heart failure. different factors may contribute in 

determining response to CRT, including sub-optimal timing of Atrioventricular & VV, suboptimal left 

ventricular lead placement, progression of heart Failure & ventricular Scar [12]. 

 

II. Material & Methods 
The study involved Eighteen (18) subjects with Heart Failure-typical LBBB with mean age of 

64.84±6.94, all of them were admitted to the cardiology Unit in Baghdad Teaching Hospital, Medical City, 

Baghdad-Iraq, due to conventional indication for cardiac resynchronization therapy. Patients recruited in the 

study suffered from heart failure with functional classification of New York Heart Association (NYHA), class 

III or IV symptoms. All patients were with a prolonged QRS duration ≥120ms but sinus rhythm, <35% of left 

ventricular ejection and were on maximally tolerated medical therapy. All patients were evaluated before and 

after implantation of cardiac resynchronization therapy through physical examination, electrocardiography, 

echocardiography by both speckle tracking technique and conventional method. echocardiography was 

performed in all patients by a single operator using a Philips Machine , Model CX50 Compact X-treme System 

echocardiography machine with a probe model S5-1 [1-5MHZ]  for measurements of  standard 2D imaging, 

color flow mapping, continuous wave (CW) and pulsed wave (PW) Doppler and tissue Doppler imaging (TDI) 

.Convectional echocardiography was performed, according to recommendations of American society of 

echocardiography in 2005[13].Left ventricular function were assessed by using biplane Simpson's rule. 

 

Interventricular mechanical delay or Dyssynchrony (IVMD) which is the difference in the time of left 

ventricular contraction to right ventricular contraction, measured by calculating the difference between left 

ventricle out flow tract and right ventricular out flow tract by both continues wave & pulsed wave Doppler 

image of Aortic and pulmonary flow. IVMD of > 40ms defined as high value[14]. Intraventricular 

Dyssynchrony, refer to the difference in the time of contraction between septum to posterior wall, M-Mode with 

septal to posterior wall motion delay(SPWMD) were used to asses’ intraventricular motion delay, values of 

more than 130ms was considered as high. Two dimensional speckle tracking were used for measurement of 

longitudinal strain by dividing the left ventricle into 6 regions and system automatically calculate the 

longitudinal strain. Statistical analysis made by using Microsoft Excel for data entry then all data were analyzed 

using statistical Package for the Social Sciences (SPSS) v.22 (sample T test, Independent T test, Chi Square & 

Pearson correlation were used) .data presented in both Mean & Standard deviations with P value of <0.05 

considered as statistically significant.  

 

 

III. Results 
Study result show that fourteen patients (78%) show significant improvement in echocardiographic 

parameter and defined as CRT responders, whereas four Patients (22%) show no signification improvement in 

echocardiographic parameters and defined as Non- Responders. Baseline characteristics for both group are 

illustrated in table 1.it is very clear there is no significant difference between two group in baseline 

characteristics except for history of ischemic heart disease and diabetes where significantly lower in Responders 

group (p 0.015, p0.0002 respectively) and this may be due to diabetes increase both ischemic and non-ischemic 

cardiomyopathy 

 
Baseline Characteristics Responder Non Responder P Value * 

Age ,years 65.21(7.5) 63.50( 5.1) NS 

Male/Female 8/6 3/1 NS 

Weight ,Kg  85.28(13.30) 82.00(8.9) NS 

Height ,meter 1.72(.048) 1.68(0.067) NS 

BMI ,kg/m2 28.57(3.35) 29.3(5.51) NS 
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Hypertension  85% 100% NS 

Diabetes Mellitus  14% 75% 0.015 

Dyslipidemia 71% 100% NS 

IHD 14% 100% 0.0002 

HF 50% 75% NS 

Table 1: Baseline characteristics for Responders & Non- responders, all values are in 
means (standard Deviation ) , P<0.05 considered as Statistical significant , BMI= 

Body Mass Index, IHD= Ischemic Heart disease, HF= Heart Failure 

 

Main echocardiographic outcome before and after 3 months of CRT implantation are shown in table 2, 

responder group of patients, the ejection fraction significantly improved (26.77 ±3.72 to 43.14± 5.72) with 

p0.0001, global longitudinal function not significantly increase in responders’ patients (8.63±1.16) to 

(8.93±1.78), Interventricular Mechanical Delay evaluation after months show significantly improved in 

responder’s patients (49.67±17.63) to (25.92 ± 756) p 0.002. Septal to posterior wall motion delay evaluation 

after 3 months, were also improved among responders group from (216±48.84) to (36.92±8.07) p <0.001. 

In non-responder’s patients, Dyssynchrony evaluation after 3 months show no significant improvement 

in Ejection fraction (25.75 ±1.25) to (28.17±2.38) p0.414, global longitudinal strain decrease but not statistical 

significant after 3 months (8.77±2.9) to (7.55±1.70) p 0.161. Septal to posterior wall motion delay also show 

±significant improvement after 3 months (170.75±13.37) to 79.50±310) p 0.114, interestingly the 

interventricular Mechanical delay improved in the non-responder’s patients )43.90±16.26) to 19.50±13.47) 

p0.029.   

 

 

 

IV. Dsicussion 
Quantification and characterization of myocardial deformity can be easily recognized by recently 

developed Speckle-tracking echocardiography (STE) technique & this confirmed by massive increase in the 

number of publications on STE in the last decade.[15] This study involves Eighteen (18) patients who were 

treated with Cardiac Resynchronization Therapy (CRT). Baseline demographics demonstrate a high proportion 

of patients with underlying Hypertension (88%), diabetes mellitus (27%), Dyslipidemia (77%), & ischemic 

heart disease (33%) as the cause of heart failure.  Baseline characteristics of the Subjects recruited into this 

study are comparable to previous studies of heart failure patients receiving Cardiac Resynchronization therapy. 

Baseline mean left ventricular ejection fraction of 26.5% are consistent with severe left ventricular systolic 

dysfunction, and compare similarly, with the degree of left ventricular dilatation and dysfunction seen in studies 

by Yu et al.[16] And the CARE-HF study[17] (median ejection fraction 25%).  

In terms of echocardiographic response, varying degrees of reverse remodeling have been reported 

following CRT. Yu et al report improvement in ejection fraction increased from 25.9% to 33.9%[16], values 

comparable to the results reported in this study (26.55 % To 39.8%). In Bax et al. show less improvement in  

Left ventricular ejection fraction  from 23% to 28%, the more modest remodeling perhaps reflecting the higher 

volumes and more severe left ventricular dysfunction present before CRT in this cohort of Subjects[18]. Overall 

the results of CRT in the current study appear to be representative of the effects of CRT in previously reported 

studiesWhen comparing responders to non-responders in our Study, echocardiographic responders demonstrated 

significant increases in ejection fraction, however global longitudinal strain showed no change in either. 

Parameters of inter-ventricular Dyssynchrony have also been shown to have some role in the prediction 

of response to CRT. Wiesbauer et al reported that Inter-ventricular mechanical delay were able to predict 

response to CRT at cut-off values of  60ms [19]. Although the values were significantly different between 

responders and non-responders, In This Study Inter-ventricular mechanical delay was not significantly different 

between responders (49.67 ±17.6) and non-responders (43.90±16.2) with (P= 0.56). Several studies have 

reported on the utility of speckle tracking strain parameters for the prediction of response to CRT, however; 

prediction of response to CRT remains unclear. Results from the current study are consistent with the reports of 

Variable 

Responder (78%)  

P value* 

Non – Responder (22%)  

P value* 
Before 

Pacemaker 

Implantation 

3 Months after 

Pacemaker 

Implantation 

Before 

Pacemaker 

Implantation 

3 Months after 

Pacemaker 

Implantation 

EF ,% 26.77(3.72) 43.14(5.72) p<0.001 25.75(1.25) 28.17(2.38) 0.414 

GLS ,% 8.36(1.16) 8.93(1.78) P0.058 8.77(2.94) 7.55(1.70) 0.161 

IVMD ,ms 49.67(17.63) 25.92(7.56) 0.002 43.90(16.26) 19.50(13.47) 0.029 

SPWMD ,ms 216.42(48.84) 36.92(8.07) p<0.001 170.75(13.37) 79.50(3.10) 0.114 

Table 2 : echocardiographic parameters before & 3 months after CRT ,all values are in Mean (standard Deviation) , P<0.05 

considered statistically significant ,  EF% = ejection fraction ,GLS = Global Longitudinal strain , IVMD = interventricular 
Mechanical Delay , SPWMD = septal to posterior wall motion delay 
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Knebel et al & Miyazaki et al, in that no significant differences between responders and non-responders were 

found in the baseline speckle tracking parameters of Dyssynchrony measured[20][21]. 

Zhang et al. demonstrated that ischemic etiology of heart failure was associated with a higher rate of 

death and hospitalization than non-ischemic etiology following CRT[22]. Analysis of data from the CARE-HF 

study also demonstrated a lesser degree of reverse remodeling in Subjects with ischemic compared to non-

ischemic etiology.[23] In our study, the result comparable to these studies, there is significant difference as (14 

%) of Responders patients have history of ischemic heart disease compared to (100%) of Non-Responders 

Subjects have history of ischemic heart disease (P=0.0002). 

Whether ischemic etiology really affected the benefits of CRT is not known. In one study, it has been 

reported that the poor outcomes of Ischemic Cardiomyopathy Subjects were directly related to the large scar 

burden and fewer viable cardio myocytes.[24] Hence, the apparent lower usefulness of CRT in the Ischemic 

cardio myopathy  subgroup might be related to the disease itself rather than the lower efficacy of CRT 

treatment. In our study, a more favorable outcome was noticed in the Non-Ischemic Cardiomyopathy subgroup. 

Patients with Diabetes mellitus & Heart Failure show worse prognosis due to multiple etiology for heart failure 

in Diabetic Patients like dyslipidemia with atherosclerosis & hypertension; previous studies shows that diabetic 

patient usually more sickening than non-diabetic patients with significant high prevalence of atrial fibrillation, 

left ventricular enlargement, renal impairment & high systolic pulmonary pressure ,all these finding may be 

related to altered myofirillar proteins, that is frequently observed in patients with diabetes[25]. benefits & 

outcomes of CRT with magnitude of remodeling might be diminished with accumulation of interstitial fibrotic 

tissue in relation to diabetes [26].efficiency of CRT may be altered by cardiac abnormalities & systemic changes 

made by Diabetes, the impact of diabetes on the patients with diabetes and heart failure first time presented in 

small study by Kies et al, , this study showed that on follow up after 6 months , response & survival were similar 

between both diabetic and non-diabetic patients.[27] these results confirmed by CARE-HF study [17],however , 

other studies show difference between diabetic and non-diabetic patient in left ventricular ejection fraction 

recovery (p=0.057) . 

Moreover, other studies showed that diabetic patient especially those treated with insulin and treated 

with CRT, have worse prognosis compared to non-diabetic patients. [17], [27] and this may be due to higher 

prevalence of ischemic etiology of Heart failure in those patients leading to less effect of CRT on remodeling of 

left ventricle in those patients resulting in poor echocardiographic changes [28]  In this study the result of 

diabetic and non-diabetic patients were comparable these results with 14% of responders were non-diabetic vs 

75% of non-responders were diabetics (p0.015) 

 

V. Conclusion 
Different Dyssynchrony parameter should be used to predict response to CRT, yet Echocardiography is 

gold standard, global longitudinal strain may be useful toll to identify myocardial deformity before being 

clinical significant. The authors recommend to include more patients and for longer duration to have more 

significant results.  
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