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Abstract 

 
Background- Mechanical dyssynchrony is common in patients with heart failure and its presence predicts patient 

response to cardiac resynchronization therapy (CRT).The quantification of left ventricular dyssynchrony using 
tissue Doppler imaging (TDI) may improve the selection of these patients. We aimed to evaluate the prevalence 
of dyssynchrony in patients with heart failure and valvular heart disease with either normal or prolonged QRS 
durations. 

Methods- Patients with left ventricular (LV) systolic dysfunction and significant organic valvular heart disease were 
evaluated. Using conventional and tissue Doppler echocardiography, an interventricular mechanical delay >40 
ms was defined as significant interventricular dyssynchrony. Intraventricular dyssynchrony was evaluated using 
the calculation of the septal-to-lateral wall delay, the SD of the time from the Q wave to the peak systolic wave 
of 6 basal and 6 mid segments, and the maximum difference in the time from the Q wave to the peak systolic 
wave of all 12 segments.  

Results- Forty-four patients (22 female, mean age 47 ± 15.2 years) were evaluated. Interventricular dyssynchrony was 
present in 12 (27%) patients. Intraventricular dyssynchrony was present in 17 (39%) to 19 (43%) patients, 
depending on the method used. Interventricular and intraventricular mechanical dyssynchrony had a significant 
association with LV volume and QRS duration (independent of the type of valvular heart disease). We found 
almost perfect agreement between maximum difference and total dyssynchrony index (kappa = 0.91), and the 
overall agreement among septum-to-lateral delay, maximum difference, and total dyssynchrony index was good 
(kappa = 0.72). 

Conclusion- Although ventricular dyssynchrony in patients with valvular heart disease and LV dysfunction is not 
highly prevalent, it has a significant association with QRS duration and LV size (Iranian Heart Journal 
2009; 10 (2):5-14). 
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ardiac resynchronization therapy (CRT) is increasingly used in patients with heart failure (HF) and left ventricular 
(LV) systolic dysfunction.1–4   
CRT results in significant improvements in functional and clinical outcomes in a majority of patients.   

These benefits are observed regardless of an ischemic or non-ischemic cause of HF.5-11 
The only ventricular dyssynchrony marker to select patients for CRT included in HF guidelines was the presence of a 
wide QRS,13 but the electrocardiographic approach might not be sensitive enough for reliable identification of all 
patients with correctable mechanical dyssynchrony. Echocardiographic and Doppler studies provide non-invasive 
insights into cardiac function and regional dyssynchrony and may help to improve dyssynchrony detection. One of the 
most frequently used modalities for this purpose is tissue Doppler imaging (TDI). These techniques have the advantages 
of being non-invasive, easy, and inexpensive. DTI measurements of LV intraventricular dyssynchrony can be used to 
predict hemodynamic response after CRT.12A few studies have assessed the potential effect of biventricular pacing in 
patients with HF and significant primary valvular heart disease. Our literature review did not yield any study on 
mechanical dyssynchrony as assessed by echocardiography, including TDI, in these patients.  
The aim of this study was : (1) to determine the prevalence of interventricular and intraventricular dyssynchrony by 
Doppler echocardiography in consecutive patients with LV systolic dysfunction (with or without HF symptoms) and 
valvular heart disease by using different Doppler echocardiographic modalities, (2) to determine the association of LV 
size and QRS duration with left ventricular dyssynchrony in patients with LV systolic dysfunction  and various form of 
valvular heart disease, and (3) to assess the agreement among different Doppler echocardiographic methods to evaluate 
intraventricular cardiac dyssynchrony. 
 

Methods 
 
Patients 
In all, 44 consecutive patients were referred for echocardiographic studies. All of them had an LV ejection fraction (EF) 
which was assessed by Simpson’s method of equal or less than 35%. Exclusion criteria were: previous myocardial 
infarction or significant stenosis in coronary angiography for the exclusion of ischemic cardiomyopathy, patients with 
non-ischemic dilated cardiomyopathy, patients with prostheses and early after valve surgery with stunned myocardium, 
patients on CRT or paced, atrial fibrillation with rapid ventricular response, and patients with functional MR. All the 
patients’ clinical charts were used to obtain the clinical variables.  
A recent electrocardiogram was used to determine the electrocardiographic variables. 
 
Echocardiographic determination of interventricular dyssynchrony 
Interventricular dyssynchrony was defined as a difference between the time from Q wave to the start of RV ejection and 
the time from Q wave to the start of LV ejection. A value greater than 40 milliseconds was considered abnormal. 
 
Echocardiography 
After a standard echocardiographic study, eligible patients for inclusion were informed about the study.  
Echocardiography was performed using a Vivid 7 (GE VingMed, Milwaukee, WI) equipped with a 2.5-MHz phased-
array transducer.  
DTI was performed from 2-chamber, 4-chamber, and apical long axis views with an optimal Doppler insonation angle 
(Fig. 1).  
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Fig. 1. Assessment of left ventricular intraventricular dyssynchrony by Doppler tissue imaging showing no difference in 
time to peak systolic velocity in base and mid of lateral wall. AVC, aortic valve closure; AVO, aortic valve opening 
 
 
LV volume and EF were evaluated by Simpson’s method and graded according to the ASE guidelines. The images were 
acquired with a sweep speed of 100 cm/s, with gains and filters optimized.   
TDI measurements were sampled from 3 cardiac cycles at each location and the results were averaged. Time from Q 
wave to peak systolic velocity of the 12 LV segments, basal and mid of anterior, inferior, lateral, septal, posterior, and 
anteroseptal were assessed by offline DTI.  
 
Echocardiographic determination of intraventricular dyssynchrony 
Intraventricular dyssynchrony was evaluated using 3 different methods.  
First, basal septum to basal lateral mechanical delay difference longer than 60 milliseconds was considered an 
intraventricular dyssynchrony marker.14 
Second, maximum difference in time to peak velocity of all 12 segments was compared, and intraventricular 
dyssynchrony was established when a maximum difference greater than 100 milliseconds was present.14  

Third, intraventricular dyssynchrony assessment using the SD of the time from the Q wave to the peak of the systolic 
wave of all 12 segments (total asynchrony index) established intraventricular dyssynchrony when the total asynchrony 
index was greater than 32.6.14 

 
Statistical Analysis 

The data were classified as mean ± standard deviation (SD) for intervals and frequency (relative frequency) for the 
categorical variables. Student's t, Mann Whitney U, Pearson's chi-square, and Fisher's exact tests were used to compare 
the different types of data between the two groups. McNemar and Cochrane’s Q tests were also used to compare the 
results among different asynchrony indices.  
Kappa statistics were calculated to show the agreements. Logistic regression models were fitted to determine the 
adjusted associations between each of the dyssynchrony indices (as dependent variables) and other independent factors.  
StataTM 8 for Windows (Stata Corporation, Texas, USA) was used for statistical analysis. 

 
 
Inter- and intra-observer variability 

All the echocardiographic examinations were performed by one board-certificated echocardiologist. For measuring 
intra- observer reliability, 10 records were randomly selected and the echocardiologist, who was blinded about the 
identity of the patients, re-evaluated the films to determine the four indices of dyssynchrony.  
Kappa statistics were calculated to investigate the agreement between the two sets of data. No difference was observed 
in the determination of dyssynchrony based on SLD and IVD on the first and second times, and then kappa ± SE was 
calculated as 1.00 ± 0.32.  
According to TAI, dyssynchrony was reported in 7 patients; but on the second time, dyssynchrony was diagnosed in 8 
patients. Kappa ± SE was calculated as 0.74 ± 0.31. Also, according to MD, dyssynchrony existed in 6 patients, 
whereas it existed in 7 patients on the second time and kappa ± SE was calculated as 0.78 ± 0.31 in this case. The 
agreement between the two evaluations can be considered as good to almost perfect.       

 
Results 

 
Baseline data 
In total, 44 patients (22 female, mean age 47 ± 15.2 years, range 16 to 76 years) were included.  Mean LVEF was 27 ± 
7.5%. Among the participants, 17 (0.39) had severe, 8 (0.18) had moderate, and 12 (0.27) had mild LV enlargement. In 
7 (0.16) cases, LV volumes were within normal range.  
Among the patients, QRS complexes were narrow (<120 milliseconds) in 19 (42.2%) patients, prolonged (>120 
milliseconds) in 18 (41%), and 120 milliseconds in 7 (15.6%). Of the 44 participants, we found significant organic 
mitral regurgitation (MR) in 15 (0.34), mitral stenosis (MS) in 26 (0.59), aortic insufficiency (AI) in 12 (0.27), and 
aortic stenosis (AS) in 9 (0.21) cases. Seventeen (0.39) patients had mitral and 8 patients had aortic valve prostheses. 
 
Dyssynchrony indices and their agreements     
The mean values for dyssynchrony indices were: 28 ± 23.2 msec for interventricular delay, 52 ± 30.9 msec for septum-
to-lateral delay, 85 ± 36.7 msec for maximum difference, and 33.1 ± 14.6 msec for total dyssynchrony indexes. 
Dyssynchrony was observed in 12 (0.27) patients according to inter-ventricular delay, 17 (0.39) patients according to 
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septum-to-lateral delay, 19 (0.43) patients according to maximum difference, and 19 (0.43) patients according to total 
dyssynchrony index. There was no significant difference in the diagnosis of dyssynchrony among the 3 intra-ventricular 
indices of asynchrony (Cochran's Q = 0.89, df = 2, P-value = 0.64). The agreement between the maximum difference 
and total asynchrony index was almost perfect (kappa = 0.91). Computing multi-rater kappa statistics showed that the 
overall agreement among septum-to-lateral delay, maximum difference, and total asynchrony index was good (kappa = 
0.72). The results of the intraventricular dyssynchrony indices were compared to inter-ventricular delay. The agreement 
was poor- good (kappa = 0.27). 
 
 
Table I. Associations between cardiac asynchrony according to total asynchrony index and other determinants* 
 

Asynchrony (TAI)  
Present 
(n = 19) 

Absent 
(n = 25) 

P 
value 

OR [95% CI] 

     
Age  years 51 ± 15.1 44 ± 14.8 0.11 - 
Sex   0.13 2.56 [0.75 – 8.78] 
Male (n = 22) 12 (0.63) 10 (0.40)   
Female (n = 22) 7 (0.37) 15 (0.60)   
QRS Wave Pattern   0.17 2.36 [0.69 – 8.06] 
Wide (n = 18) 10 (0.53) 8 (0.32)   
Narrow (n = 26) 9 (0.47) 17 (0.68)   
LVEF % 25 ± 8.1  28 ± 6.9  0.20 - 
LV Enlargement   0.03 - 
Severe (n = 17) 11 (0.58) 6 (0.24)   
Moderate (n = 8) 1 (0.05) 7 (0.28)   
Mild (n = 12) 7 (0.37) 5 (0.20)   
Normal (n =7 ) 0 7 (0.28)   
Mitral Stenosis   0.45 0.63 [0.19 – 2.11] 

Yes 
 (n = 26) 

10 (0.53) 16 (0.64)   

No 
 (n = 18) 

9 (0.47) 9 (0.36)   

Mitral 
Regurgitation 

  0.76 0.82 [0.23 – 2.91] 

Yes 
 (n = 15) 

6 (0.32) 9 (0.36)   

No  
(n = 29) 

13 (0.68) 16 (0.64)   

Aortic Stenosis   0.93 1.07 [0.24 – 4.67] 
Yes (n = 9) 4 (0.21) 5 (0.20)   
No  (n = 35) 15 (0.79) 20 (0.80)   
Aortic 
Insufficiency 

  0.05 3.82 [0.94–15.56] 

Yes (n = 12) 8 (0.42) 4 (0.16)   
No (n = 32) 11 (0.58) 21 (0.84)   
Mitral Valve 
Prosthesis 

  0.83 0.88 [0.26 – 2.99] 

Yes (n = 17) 7 (0.37) 10 (0.40)   
No (n = 27)  12 (0.63) 15 (0.60)   

Aortic Valve 
Prosthesis 

  0.05 5.31 [0.93–30.20] 

Yes (n = 8) 6 (0.32) 2 (0.08)   
No (n = 36) 13 (0.68) 23 (0.92)   

Mitral Valve 
Prosthesis due to 
MS 

  0.05 0.21 [0.04 – 1.12]  

Yes 
 (n = 11) 

2 (0.11) 9 (0.36)   

No (n = 33) 17 (0.89) 16 (0.64)   

 
LVEF: left ventricular ejection fraction; OR: odds ratio; CI: confidence interval* Parentheses represent relative frequency of data in each column.  
Numbers after ± represent standard deviations.  
 
Determinants of total asynchrony index   
The relationships between TAI and other variables are presented in Table I. No association was found between TAI and 
age, sex, and QRS wave pattern. Among patients with asynchrony, 10 (0.53) had wide and 9 (0.47) had narrow QRS 
wave patterns. On the other hand, in patients with negative findings, 8 (0.32) had wide and 17 (0.68) had normal 
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patterns (P-value = 0.17). LV size had a significant relationship with asynchrony (P- value = 0.03). Severe enlargement 
of LV was associated with asynchrony (Fig 2).  
 

 
 
Fig. 2 Total Asynchrony Index, in patients with valvular heart disease and various degrees of QRS duration. 
 
Mild and moderate enlargement did not have any associations with asynchrony (Table I). A logistic regression model 
was fitted and revealed that after adjustment for all the above-mentioned variables, none of the valvular heart diseases 
had a significant association with TAI. 
 
Determinants of septum-to-lateral delay (SLD) 
It was observed that only QRS duration, aortic stenosis (AS), and mitral valve prosthesis due to MS were related to this 
index of asynchrony. Among patients with asynchrony, 10 (0.59) had wide and 7 (0.41) had narrow QRS wave patterns. 
In patients with negative findings, 8 (0.30) had wide and 19 (0.70) had normal patterns (P-value = 0.05; OR = 1.05 [CI 
95%: 0.95–12.05]). No association was observed between LV size and asynchrony (P-value =0.13, Table II). The 
prevalence of AS was greater in patients with asynchrony (P-value =0.05; OR =4.36 [CI95%: 0.92–20.47]). Similar to 
TAI, the asynchrony was associated with the less number of MVR (MS), OR = 0.11 [CI95%: 0.01 – 0.93]; P- value 
=0.02).  
Other factors did not show any relationship with SLD (Table II).  
 
Table II. Associations between cardiac dyssynchrony according to septum–to-lateral asynchrony index (SLA) 
and other determinants* 
 

Asynchrony (SLA)  
Present 
(n = 17) 

Absent 
(n = 27) 

P 
value 

OR [95% CI] 

Age  years 51 ± 14.9 45 ± 15.1 0.18 - 
Sex   0.35 1.79 [0.52 – 

6.10] 
Male (n = 22) 10 (0.59) 12 (0.44)   
Female (n = 22) 7 (0.41) 15 (0.56)   
QRS Wave Pattern   0.05 1.05 [0.95–

12.05] 
Wide (n = 18) 10 (0.59) 8 (0.30)   
Narrow (n = 26) 7 (0.41) 19 (0.70)   
LVEF % 26 ± 8.1  28 ± 7.1  0.35 - 
LV Enlargement   0.13 - 
Severe (n = 17) 9 (0.53) 8 (0.30)   
Moderate (n = 8) 1 (0.06) 7 (0.26)   
Mild (n = 12) 7 (0.41) 5 (0.18)   
Normal (n =7) 0 7 (0.26)   
Mitral Stenosis   0.20 0.44 [0.13 – 

1.54] 
Yes (n = 26) 8 (0.47) 18 (0.67)   
No (n = 18) 9 (0.53) 9 (0.33)   
Mitral Regurgitation   0.89 1.10 [0.30 – 

3.91] 
Yes (n = 15) 6 (0.35) 9 (0.33)   
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No (n = 29) 11 (0.65) 18 (0.67)   
Aortic Stenosis   0.05 4.36 [0.92–

20.47] 
Yes (n = 9) 6 (0.35) 3 (0.11)   
No (n = 35) 11 (0.65) 24 (0.89)   
Aortic Insufficiency   0.10 3.10 [0.78–

12.12] 
Yes (n = 12) 7 (0.41) 5 (0.18)   
No (n = 32) 10 (0.59) 22 (0.82)   
Mitral Valve Prosthesis   0.72 0.79 [0.23 – 

2.79] 
Yes (n = 17) 6 (0.35) 11 (0.41)   
No (n = 27)  11 (0.65) 16 (0.59)   
Aortic Valve Prosthesis   0.13 3.33 [0.68–

16.35] 
Yes (n = 8) 5 (0.29) 3 (0.11)   
No (n = 36) 12 (0.71) 24 (0.89)   
Mitral valve prosthesis 
due to MS 

  0.02 0.11 [0.01 – 
0.93]  

Yes (n = 11) 1 (0.06) 10 (0.37)   
No (n = 33) 16 (0.94) 17 (0.63)   

 LVEF: left ventricular ejection fraction; OR: odds ratio; CI: confidence interval * Parentheses represent relative frequency of data in each column.  Numbers after ± 
represent standard deviations.  

In the multivariate analysis, a logistic regression model was fitted. All the factors failed to show a significant 
association with SLD after adjustment. 
 
Determinants of maximum difference (MD) 
The data are presented in Table III. Asynchrony based on this index was related to LV size and QRS duration.  
Among patients with asynchrony, 10 (0.59) had wide and 7 (0.41) had narrow QRS wave patterns. In patients with 
negative findings, 8 (0.30) had wide and 19 (0.70) had normal patterns (P-value =0.05; OR =1.05 [CI 95%: 0.95–
12.05]). Results in Table III show that similar to TAI, severe enlargement of the LV was associated with asynchrony 
and normal LV size was related to normal cardiac function (P-value =0.02).  
No significant relationships were observed between MD and other factors like age, sex, and valvular diseases and 
prosthesis. 
 
Determinants of interventricular delay (IVD)   
No relationship was found between IVD and age, sex, valvular diseases and prosthesis (Table IV). 
 Among patients with dyssynchrony, 10 (0.83) had wide and 2 (0.17) had narrow QRS wave patterns. In patients with 
normal hearts, 8 (0.25) had wide and 24 (0.75) had normal patterns. This result showed that wide QRS pattern had a 
significant association with IVD (P-value <0.001; OR = 14.93 [CI 95%: 2.70–83.3]). Low precision of the result (wide 
CI 95%) restricted its usage.  
It was shown that LV size had a positive relationship with IVD (P-value = 0.002) (Fig 3).  
 
 
 
 
 
 
Table III. Associations between cardiac asynchrony according to maximum difference (MD) and other 
determinants * 
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LVEF: Left Ventricular Ejection Fraction; OR: Odds Ratio; CI: Confidence 
Interval 

* Parentheses represent relative frequency of data in each column.  
Numbers after ± represent standard deviations  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table IV. Associations between cardiac asynchrony according to inter-ventricular delay (IVD) and other 
determinants * 
 
 
 
 
 
 

LVEF: left ventricular ejection fraction; OR: odds ratio; CI: confidence interval 
* Parentheses represent relative frequency of data in each column.  Numbers after ± represent standard deviations.  
 

Asynchrony (IVD)  
Present 
(n = 12) 

Absent 
(n = 32) 

P 
value 

OR [95% 
CI] 

51 ± 17.7 45 ± 14.1 0.27 - Age  years 
 
Sex 

  0.18 0.39 [0.40 – 
1.56] 

Male (n = 22) 4 (0.33) 18 (0.56)   
Female (n = 22) 8 (0.67) 14 (0.44)   
QRS Wave Pattern   <0.00

1 
14.93[2.70–
83.3] 

Wide (n = 18) 10 (0.83) 8 (0.25)   
Narrow (n = 26) 2 (0.17) 24 (0.75)   
LVEF % 23 ± 6.9  29 ± 7.1  0.02 - 
LV Size   0.002 - 
Severe enlargement 
 (n = 17) 

9 (0.75) 8 (0.25)   

Moderate enlargement  
(n = 8) 

2 (0.17) 6 (0.19)   

Mild enlargement  
(n = 12) 

1 (0.08) 11(0.34)   

Normal Size (n =7 ) 0 7 (0.22)   
Mitral Stenosis   0.45 0.60 [0.16 – 

2.29] 
Yes (n = 26) 6 (0.50) 20 (0.63)   
No (n = 18) 6 (0.50) 12 (0.37)   
Mitral Regurgitation   0.95 0.96 [0.23 – 

3.89] 
Yes (n = 15) 4 (0.33) 11 (0.34)   
No (n = 29) 8 (0.67) 21 (0.66)   
Aortic Stenosis   0.22 0.27 [0.33 – 

2.46] 
Yes (n = 9) 1 (0.08) 8 (0.25)   
No (n = 35) 11 (0.92) 24 (0.75)   
Aortic Insufficiency   0.58 1.50 [0.36–

6.35] 
Yes (n = 12) 4 (0.33) 8 (0.25)   
No (n = 32) 8 (0.67) 24 (0.75)   
Mitral Valve Prosthesis   0.80 1.19 [0.31 – 

4.60] 
Yes (n = 17) 5 (0.42) 12 (0.38)   
No (n = 27)  7 (0.58) 20 (0.62)   
Aortic Valve Prosthesis   0.87 0.87 [0.15 – 

5.03] 
Yes (n = 8) 2 (0.17) 6 (0.19)   
No (n = 36) 10 (0.83) 26 (0.81)   
Mitral valve prosthesis 
due to MS 

  > 
0.99 

1.00 [0.22 – 
4.63]  

Yes (n = 11) 3 (0.25) 8 (0.25)   
No (n = 33) 9 (0.75) 25 (0.75)   

Asynchrony (MD)  
Present 
(n = 19) 

Absent 
(n = 25) 

P 
value 

Age  years 52 ±14.9 44 ± 14.8 0.09 

OR [95% CI] 
 
 

Sex   0.36 1.75 [0.52 – 5.24] 
Male (n = 22) 11(0.58) 11 (0.44)  
Female (n = 22) 8 (0.42) 14 (0.56)   
QRS Wave 
Pattern 

  0.17 2.36 [0.69 – 8.06] 

Wide (n = 18) 10 
(0.53) 

8 (0.32)   

Narrow (n = 26) 9 (0.47) 17 (0.68)  
LVEF % 25 ± 8.1  28 ± 6.9  0.20 

- 

LV Enlargement   0.02 - 
Severe (n = 17) 11(0.58) 6 (0.24)   
Moderate (n = 8) 2 (0.10) 6 (0.24)   
Mild (n = 12) 6 (0.32) 6 (0.24)   
Normal Size (n =7 
) 

0 7 (0.28)   

Mitral Stenosis   0.45 0.63 [0.19 – 2.11] 
Yes (n = 26) 10(0.53) 16 (0.64)   
No (n = 18) 9 (0.47) 9 (0.36)   
Mitral 
Regurgitation 

  0.74 1.24 [0.35 – 4.35] 

Yes (n = 15) 7 (0.37) 8 (0.32)   
No (n = 29) 12(0.63) 17 (0.68)   
Aortic Stenosis   0.93 1.07 [0.24 – 4.67] 
Yes (n = 9) 4 (0.21) 5 (0.20)   
No (n = 35) 15(0.79) 20 (0.80)   
Aortic 
Insufficiency 

  0.21 2.30 [0.60–9.02] 

Yes (n = 12) 7 (0.37) 5 (0.20)   
No (n = 32) 12(0.63) 20 (0.80)   
Mitral Valve 
Prosthesis 

  0.40 0.59 [0.17 – 2.05] 

Yes (n = 17) 6 (0.32) 11 (0.44)   
No (n = 27)  13(0.68) 14 (0.56)   
Aortic Valve 
Prosthesis 

  0.20 2.62 [0.54–12.72] 

Yes (n = 8) 5 (0.26) 3 (0.12)   
No (n = 36) 14(0.74) 12 (0.88)   
Mitral valve 
prosthesis due to 
MS 

  0.05 0.21 [0.04 – 1.12]  

Yes (n = 11) 2 (0.11) 9 (0.36)   
No (n = 33) 17(0.89) 16 (0.64)  
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But unlike other indices, only severe enlargement was associated with asynchrony and the difference among other 
degrees of enlargement or normality between the two groups was not important (Table IV).  
 
 

 
 
 
Fig. 3.  Graph showing distribution of interventricular delay.   
 
 

Discussion 
 
Our study describes the prevalence of interventricular and intraventricular dyssynchrony in a series of consecutive 
patients with valvular heart disease and significantly decreased LV systolic function. Until now, according to our 
literature review there has been no other study to evaluate the presence of cardiac dyssynchrony in such patients.   
We found 27% interventricular dyssynchrony, which is not highly prevalent compared to  the previously reported 
interventricular dyssynchrony in patients with ischemic and non-ischemic heart failure (26% in those patients with 
normal QRS complexes and 55% in those patients with prolonged QRS complexes).15 Our results were not completely 
comparable with previous studies because the patient selection and study design were different. Interventricular 
dyssynchrony had a significant association with QRS duration and LV enlargement. 
 
 
 
Intraventricular dyssynchrony was present in 39% to 43% of our patients, depending on the method used. Perez de Isla 
et al. found a wide range of variability in the prevalence of intraventricular dyssynchrony irrespective of QRS duration. 
They reported a prevalence of intraventricular dyssynchrony between 20.8% and 72.8% for patients with narrow QRS 
and between 26.2% and 79.6% for patients with prolonged QRS and suggested that this variability was dependent on 
the method and criteria used to establish the dyssynchrony. 
In other studies, intraventricular dyssynchrony in patients with ischemic and non-ischemic heart failure ranges between 
40% and 75%, based on QRS duration.15-18 
Our intraventricular dyssynchrony prevalence is at the lower range of all studies, and more studies are needed  to 
evaluate the prevalence of dyssynchrony by QRS complex and echocardiography methods to prove which one is a 
better predictor of acute hemodynamic,19 clinical,20 and echocardiographic21-24 response in patients undergoing 
biventricular pacing. We found a significant positive association with QRS width and intraventricular dyssynchrony (by 
septum to lateral delay and maximum difference methods). 
Intraventricular dyssynchrony by TAI and MD had a significant association with LV size. Bader et al. reported 56% 
intraventricular dyssynchrony in patients with QRS width <120 milliseconds with no significant association between 
the width of the QRS complex and inter or intraventricular dyssynchrony.18 
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The Perez de Isla study showed enormous discrepancies among different methods, but we found almost perfect 
agreement between maximum difference and total dyssynchrony index (kappa=0.91), and the overall agreement among 
septum-to-lateral delay, maximum difference and total dyssynchrony index was good (kappa = 0.72).16 
In our study, there was no significant association between interventricular and intraventricular dyssynchrony and 
various types of valvular heart disease, but additional studies are needed in this specific group of patients. 
 
Study limitations 
We had a limited number of patients with valvular heart disease and LV systolic dysfunction, and we did not determine 
the cause and effect between these two parameters. The presence of ventricular dyssynchrony is a determinant of CRT 
responders; and until now, definite parameters to detect those patients who will benefit from 
this treatment have remained unknown. The lack of an echocardiographic gold standard is a limitation in all 
dyssynchrony evaluation studies. 

 
Conclusion 

 
This study indicates that ventricular dyssynchrony  in patients with valvular heart disease and LV dysfunction  is  not 
highly prevalent but has independent association with QRS duration and LV enlargement and these two parameters can 
predict a higher prevalence of inter- and intraventricular dyssynchrony.   
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