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Abstract 
 

Aims: This study sought the prognostic value of velocity vector imaging parameters and 
NT-proBNP level as independent predictors for the outcome in HF and examining the 
utility of NT-proBNP level compared to multiple VVI parameters which have not been 
clarified. 
 

Methods and Results: 108 patients with heart failure underwent speckle tracking with 
(VVI), systolic function and mechanical dyssynchrony parameters correlating with NT-
proBNP level and examined their influence on outcome. Average (velocity, strain, strain 
rate, displacement) ejection fraction, and intraventricular mechanical dyssynchrony based 
on: SD of time to peak velocity, SD of time to peak displacement and maximal temporal 
difference of time to peak systolic velocity were significantly associated with clinical 
events. 948pg/ml NT-pro BNP cutoff value reliable for prediction of cardiac events. In 
multivariate analysis was revealed that NT- proBNP and strain rate were identified as the 
independent predictors for cardiac events. VVI parameters compared with NT-proBNP 
levels, significant correlations were found between NT-proBNP level and longitudinal 
velocity (R = -0.650, P< 0.0001), displacement (R= -0.646, P<0.0001), strain (R = 0.681, 
P< 0.0001), strain rate (R = 0.691, P< 0.0001) and ejection fraction(R = -0.807, P< 
0.0001). Additionally, log NT-proBNP levels correlated moderately with systolic 
dyssynchrony (Ts-SD) and small correlation with (Ts-diff) but statistically significant.  In 
multiple linear model revealed that the ejection fraction was the strongest predictor of 
NT- proBNP level (Beta = - 0.907, P< 0.0001).   
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Conclusions - Longitudinal mechanical functions’ parameters assessed by VVI have the 
ability to further identify patients at higher risk of CV events. Use NT-proBNP cutoff 
value of 948pg/ml is easy and reliable for prediction of mechanical dysfunction and aid 
identification of patients at highest risk for future cardiac events. 
 
 

Key words: Chronic Heart Failure; vector velocity imaging, left ventricular 
dyssynchrony, NT-proBNP 
 
 
 

Introduction 

Heart failure constitutes a major health problem in the world and despite recent advances 
in pharmacological therapy often debilitating.1 With the aging of the population, the 
prevalence of CHF is expected to increase.2 Approximately third of the patients with 
heart failure demonstrate intraventricular conduction abnormalities. These conduction 
abnormalities are usually in the form of complete left bundle branch block (LBBB) or 
intraventricular conduction delays and are related to increased morbidity and        
mortality.3,4 

Left ventricular dyssynchrony has a deleterious effect on hemodynamic function and 
prognosis in patients with chronic heart failure.5,6 In addition, correction of dyssynchrony 
has been shown to improve immediate hemodynamics, symptoms, quality of life, 
exercise tolerance, and survival in patients with chronic heart failure.7-10 

 Chronic heart failure (CHF) is currently recognized as a clinical syndrome occurring not 
only as a result of rnechanical dysfunction of the ventricles, but also due to complex 
molecular, endocrine, neuroendocrine, and inflammatory changes.11 Neurohormonal 
activation plays a fundamental role in the onset and progression of heart failure and the use of 
biochemical markers as prognostic indicators in heart failure have expanded in the last 
decade. NT-proBNP has been studied as a biomarker of severity and prognosis of CHF in 
small studies12-15 and shown to be very reliable. The level of NT-proBNP remained predictive 
of death and of the combined end point of death and hospitalization. 

Ultrasound imaging of the heart continues to play an important role in diagnosis and 
management of patients with cardiovascular diseases. Recent advances in ultrasound 
technology and introduction of newer imaging modalities have enabled improved 
assessment of left ventricular myocardial function and mechanical synchrony. Tissue 
Doppler imaging and 2-dimensional speckle tracking allow more objective quantification 
of myocardial mechanic in the form of tissue velocities, displacement, strain, strain rate 
and mechanical dyssynchrony assessment. 

We performed this study to assess the prognostic value of multiple parameters derived 
from vector velocity imaging (VVI) and NT-proBNP level for predicting adverse cardiac 
events in patients with chronic heart failure, and examining the utility of NT-proBNP 
level compared to multiple VVI parameters. 
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Patients and Methods 

The study enrolled 150 patients with systolic and diastolic heart failure, presenting to the 
Cardiology Department of the University Kebangsaan Malaysia (UKM) Medical Center, 
have signs and symptoms according to European society of cardiology for heart failure 
(ESC clinical classification for HF). 

 Patients were recruited according to inclusion and exclusion criteria; patients with severe 
renal failure (serum creatinine >5mg/dl), no sinus rhythm, MI within 3 months, HF 
caused by cor pulmonale, congenital heart disease, constrictive pericarditis, hypertrophic 
or restrictive cardiomyopathy, ventricular thrombus were excluded. All patients gave 
their written informed consent to take part in the study. Among the 150 patients initially 
enrolled in the study, 6 patients passed away, 28 patients withdrew their consents and 7 
patients did not answer at the time of examination and one excluded due to inadequate 
quality of imaging, leaving 108 patients eligible for analysis. The study was approved by 
the local ethics committee of University Kebangsaan Malaysia. 

 

NT-proBNP measurment  

At the time of echocardiographic examination, a blood sample was collected into tubes 
containing- separating gel, processed, and frozen at – 80 Ċ for later measurement of NT-
proBNP using a commercially available automated immunoassay (Cobas e 411 analyzers, 
Roche Diagnostics).  

 

Echocardiography 

Recordings were made with the patient in the supine left lateral position during quiet 
respiration. Using an Acuson Sequoia c512 ultrasound system (Siemens, MountainView, 
CA) and 4V1c transthoracic transducer. The left ventricular ejection fraction was 
assessed by the biplane Simpson’s rule.16,17 

For VVI analysis, Digital cine loops were obtained at frame rates of 50 - 70 Hz per single 
cardiac beat on apical 4-chambers, 2-chambers, and 3-chambers views and the 2D images 
were acoustically captured. The secured images were saved in a MO disk for offline 
analysis. With the use of an offline analysis program (Syngo US Workplace 3.0, 
Simence; Acuson), the contour of endocardium was manually traced on the saved images 
before the analysis was performed. The tracing was performed repeatedly several times 
for the most appropriate endocardial contour. 

In the septum, lateral, inferior, anterior, antero-septal and posterior walls of the LV, the 
basal and mid segments, were subjected to the measurement for Longitudinal velocity, 
strain, strain-rate, displacement, and apical segments were prospectively excluded 
because of the relatively low velocity movement of the left ventricular apex.10,16,18 



 International Journal of Collaborative Research on Internal Medicine & Public Health 

 
 

 
 

    Vol. 4 No. 12 (2012) 

2047 

All of the echocardiographic parameters (velocity, strain, strain rate and displacement) 
which were obtained from VVI were measured by a single investigator from three cardiac 
cycles, and then averaged, which was performed twice. Dyssynchrony indexes were 
measured with the same B-mode speckle tracking software that angle independency and 
identifies cardiac motion by tracing along the endocardial border, the semiautomated 
tracking algorithm outlined the myocardium from frame to frame throughout the cardiac 
cycle, and velocity vectors, overlaid onto the B-mode image, were displayed with the 
direction and relative speed of the tissue. Tracking quality was verified for each segment 
with manual adjustment if necessary, provided velocity vector profiles of myocardial 
motion. 

Dyssynchrony was defined as the maximal difference in peak longitudinal velocity at the 
basal and mid segments in opposing walls per view and  time to regional peak velocity 
(Tvel), strain (Tst), strain rate (Tsr) and displacement (Td) were measured during the 
ejection phase, and the SDs between all 12 segments were used as a measure of 
dyssynchrony.19,20 

 

Statistical Analysis 

Data were analyzed using the statistical software (IBM SPSS Statistics version 20). 

Categorical data were expressed as numbers (%) and compared by using chi-square test. 
Data were tested for normality. Parametric data were expressed as mean ± standard 
deviation and compared by using 2- tailed student t- test. Non-parametric data were 
reported as median and 25th and 75th percentiles and compared by Mann Whitney U test. 
Log-transformation and square were used to achieve normality in distribution. 

Univariable simple linear regression analysis was used to determine correlation between 
echocardiographic parameters and age as independent variables with log NT-proBNP 
levels as dependent variables. Multivariable linear regression analysis model was used to 
determine correlations between variables as a model. Logistic regression analysis model 
was used to determine independent predictors of primary end points at the end of one 
year follow up. 

Receiver-operating characteristic (ROC) curve was performed to calculate the optimal 
cutoff values with its sensitivity and specificity for predicting the primary end points. P 
value of < 0.05 level was considered to be statistically significant. 

 

Results 

Patient’s characteristics 

For the 108 patients included in the study, mean age was 59 + 10 years (range 31 - 81 
years), there were 20 female (18.5%) and 88 male (81.5%), hypertensive was 74/108 
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(68.5%) diabetes mellitus was 46/108 (42.6%), coronary artery disease was 85/108 
(78.7%), dyslipideamia was 79/108 (73.1%).  

Mean left ventricular ejection fraction (LVEF) was 38.10 +13.27, of the 23/108 patient 
(21.5%) with LVEF >50% and 85/108 patient (78.5%) with LVEF < 50%. 

Baseline clinical and echocardiographic data of the patients are summarized in Table 1.  

 

NT-proBNP level  

The median NT-proBNP level among the 108 patients with systolic and diastolic heart 
failure in this study was 709.60 pg/mL (range 5–17100 pg/ml; inter-quartile range (IQR) 
= 197.85–2116.50 pg/mL).  

 

Correlation of NT-proBNP level and vector velocity imaging parameters (VVI)   

Simple linear regression analysis (having only one predictor) was performed between log 
NT-proBNP levels as dependent parameter and age and other independent parameters of 
cardiac function and mechanical LV dyssynchrony indices derived from VVI were shown 
in Table 2. There was a strong, negative and highly significant correlation between 
ejection fraction and log NT-proBNP level (R = -0.807, P< 0.0001).R2= 0.651 which 
implies that 65% of NT-pro BNP variations is explained by the EF. No correlation was 
found between age and log NT-proBNP level.   

The correlation between the parameters derived from VVI (average longitudinal velocity, 
longitudinal displacement) and log NT-proBNP level were strong, negative, and highly 
significant (R = -0.650, P< 0.0001 and R= -0.646, P<0.0001) respectively.R2= 0.423 and 
0.417, which implies that 42.3% and 41.7% of NT-pro BNP variations is explained by the 
longitudinal velocity and displacement respectively. The correlation between average 
longitudinal Strain, strain rate and log NT-proBNP level were strong and highly 
significant R = 0.681, P< 0.0001 and R = 0.691, P< 0.0001) respectively. R2= 0.464, 
0.478, which implies that 46.4%, 47.8% of NT-pro BNP variations is explained by the 
longitudinal strain and strain rate respectively. Additionally, log NT-proBNP levels 
correlated moderately with systolic dyssynchrony Tv-SD (R= 0,360, P< 0.0001) and 
small correlation with systolic dyssynchrony Tv-diff (R= 0.276, P< 0.004, but 
statistically significant. Fig 1a b c d e. 

This study revealed that there were no relation between NT-pro BNP level and age, septal 
to lateral delay, antero-septal to posterior delay and standard deviation of time to peak 
systolic strain, strain rate and displacement. 

Analysis with a multiple linear regression model to confirm the important variables 
correlating with NT-proBNP, revealed that NT-proBNP levels to be independently 
related to Age, ejection fraction, longitudinal systolic velocity, strain rate, maximal 
temporal difference of time to peak systolic velocity, septal to lateral delay were 
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significantly correlated to NT-proBNP levels Table 2. Adjusted R2=0.75, p<0.0001, 
which implies that 75% of variability in NT-proBNP is explained by these independent 
variables in this model, and the ejection fraction was the strongest predictor of NT- 
proBNP level (Beta = - 0.907, P< 0.0001). 

 

NT-proBNP and cardiac outcome 

At one year, 36 of 108 patients (33.3%) reached the primary end point; there were 23 of 
36 (63.88%) hospitalizations for heart failure deterioration and 13 of 36 (36.12%) cardiac 
death. Significant characteristics of patients with and without cardiac events at one year 
are listed in Table 3. Patients with high baseline NT-proBNP were more prone to cardiac 
events than those with low NT-proBNP.                                                

In the ROC curve analysis a 948 pg/mL NT-proBNP cutoff value revealed sensitivity75% 
and specificity of 29%, for the prediction of incident cardiac events. The AUROC in 
predicting cardiac events was found to be 0.778 with high discrimency power for NT-
proBNP Fig. 2 a b c d . 

NT- proBNP with p value was 0.037 and strain rate with P value was 0.029, were 
identified as the independent predictors of cardiac events at the end of 12 months 
respectively. 

 

Vector velocity imaging (VVI) parameters analysis 

The results of cardiac function and mechanical LV dyssynchrony indices assessed by 
VVI are displayed in Table 1. parameters which were measured from 12 segments and 
then averaged, such as cardiac velocity, strain , strain rate and displacement;  there were  
significant difference (p- 0.0001) in these parameters between the two groups of clinical 
events. 

The LV intraventrcular delay based on standard deviation of time to peak systolic 
velocity (Tv- SD) with p value (0.006), time to peak systolic displacement(Td- SD) with 
p value (0.02) and maximal time difference between 12-segments (Tv-diff) with p value 
(0.03) were significant. But the LV intraventrcular delay based on standard deviation of  
time to peak systolic strain(Tst-SD) with p value (0.186) and time to peak systolic strain 
rate (Tsr-SD) with p value (0.306)] were statistically not significant. S-L delay and AS-P 
delay were provided no significant differences between the two groups of clinical events. 

Clinical and echocardiographic data between two groups are summarized in (Table 3). 

   

VVI parameters and Cardiac outcome 

Clinical and echocardiographic parameters were investigated for their predictive value for 
clinical events by bivariate and multivariate analysis. 
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In bivariate analysis, all categorical variables were found statistically not significant, 
cardiac function such as: average( velocity, strain, strain rate, displacement) , ejection 
fraction, NT-pro BNP and intraventricular mechanical dyssynchrony based on Tv-SD, 
Td-SD and Ts-diff, were significantly associated with development of clinical events 
with p values  (p=0.0001, p=0.0001, p=0.0001, p=0.0001, p= 0.0001, p=0.0001, p=0.006, 
p=0.02,0.03) respectively Table 3. 

In multivariate logistic regression analysis was revealed that all these parameters were 
entered in the model which predicts 37% of variation in clinical events at the end of 12 
months was explained by the model. The overall accuracy of this model to predict 
subjects having clinical events was 73% with 42% sensitivity and 89% specificity. 
Positive predictive value (PPV) was 65.2% and negative predictive value (NPV) was 
75.3%. The receiver operator characteristic (ROC) curves were constructed to determine 
the optimal cutoff value for NT-pro BNP, average strain, average strain rate and Ts-SD 
Fig. 2 a b c d for predicting clinical events at one year, the overall sensitivity and 
specificity of different parameters using ROC curves were compared. 

 

Discussion   

Two-dimensional speckle tracking has enhanced the ability to assess regional and global 
myocardial properties noninvasively because of its angle independence, which overcomes 
the limitations of tissue Doppler imaging.21,22 The specific method used in this analysis, 
velocity vector imaging has been validated.23-27 Moreover, these methods allow 
retrospective analysis of echocardiographic images obtained under standard conditions 
and do not require collection of raw data. 

Early two-dimensional strain and SR images based on the speckle tracking 
echocardiographic (STE) technique were developed to overcome the angle dependence of 
DTI.28,29 In the past, DTI and STE have been time consuming, and the high variability in 
DTI, as well as the computational complexity and immature algorithm presented by early 
STE, limited their application to the human heart.30-32 Recently, the STE technique has 
been improved and used effectively in the study of cardiac function.33 

VVI is an advanced echocardiographic method that is based on STE. In gray scale 
images, interference by backscattered ultrasound from neighboring structures results in a 
random, speckled pattern. 

Parameters       Cut-off           AUC     Sensitivity      Specificity 

NT-proBNP 948 0.778 75% 29% 
Average Strain -8.62 0.774 75% 71% 
Average Strain 
rate 

-0.53 0.767 78% 63% 

Tv - SD 62.24 0.653 64% 54% 
Tv - diff  184.50 0.611 56% 47% 
Td - SD 87.35 0.620 59% 56% 
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This gives each small area a unique pattern that remains relatively constant from one 
frame to the next.33 With the optimized pattern-matching algorithm, VVI can accurately 
track these speckles frame by frame, and through reconstructing the deformation and 
motion, the motion of flow and tissue can be analyzed. The advantage of VVI is that it is 
self-updating. Special reference settings are applied, including valvular annulus, chamber 
borders and tissue motion, as well as the relatively static reference point provided by the 
software. All of the above make the tracking process more precise. VVI is faster than 
conventional STE, and obtaining each patient’s parameters may take approximately 5 
min, which is less time than in routine STE study. 

LV systolic function is commonly considered normal if the GEF and FS are normal. But 
the GEF and FS only reflect the global cardiac contractile function and do not take the 
regional systolic abnormality into consideration. 

In the present prospective study, we demonstrated that global longitudinal functions’ 
parameters of  left ventricular systolic dysfunction (velocity, displacement, strain and 
strain rate) assessed by VVI is an independent predictors of adverse cardiac events 
(cardiac death and hospitalization for worsening heart failure) intraventricular mechanical 
dyssynchrony based on Tv-SD, Td-SD and Tv-diff. may contribute to adverse prognosis 
and development of adverse cardiac events, that is independent of measures of ventricular 
function. Several studies are recognized mechanical dyssynchrony as an independent 
predictor of cardiac events and worse survival in patients with heart failure.5,6 

We found that analyses of Tst or Tsr and S-L delay or AS- P delay were not significantly 
different with respect to predictive value, although Tsr has some potential advantages in 
that it measures the timing of true myocardial contractile motion rather than simply 
passive myocardial motion. 

This study utilized the previously proven predictor biochemical marker NT- proBNP and 
has been adjusted for clinical and echocardiographic covariates in multivariate regression 
and found that NT-proBNP and strain rate was independent predictors of adverse cardiac 
events. Nevertheless, it should be noted that these methods are cumbersome and are not 
recommended as a method to assess synchrony but were used in this analysis as a tool to 
understand the pathophysiological link between synchrony and outcome independently of 
global or regional systolic function. However, this study was the first study provided 
further data on correlations between NT proBNP level and longitudinal mechanic 
functions’ parameters derived from VVI ( velocity, displacement, strain, strain rate) and 
intra-LV mechanical dyssynchrony based on (Tv-SD, Td- Tv-diff.) that have been shown 
significant correlations.  

After adjustment for clinical and VVI parameters we found age, EF, velocity, strain rate, 
Tv-diff. and S-L delay were correlate with NT- proBNP.  

The results of this study have several important implications. 

First,  independent of the LVEF and NT-proBNP,  longitudinal mechanic function of LV 
derived from VVI ( velocity, displacement, strain, strain rate) and intra-LV mechanical 
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dyssynchrony based on (Tv-SD, Td-SD, Tv-diff.) influence the outcome of heart failure 
patients and  have a much higher risk of worsening and a severe prognosis of mortality. 

Second, the presence of intra-LV mechanical dyssynchrony based on (Tst-SD, Tsr-SD,   
S-L delay, AS-P delay) does not influence the outcome of heart failure patients. 

Third, significant correlations were found between NT-proBNP as independent predictor 
and VVI parameters (velocity, displacement, strain, strain rate, Tv-SD, Tv-diff.). 

 

Conclusion 

VVI is an effective angle independent echocardiographic method that can be used to 
assess global and regional myocardial dysfunction in patients with heart failure. VVI 
recordings and NT-proBNP level have the ability to further identify patients at higher risk 
of death, development of clinically overt HF.  In addition, these prognostic parameters 
may select patients who are potential responders to non-pharmacologic HF treatment; 
however, further studies need to be done to introduce this technique widely in clinical 
practice. The implications of these research findings are breaking a new ground in heart 
failure monitoring and therapy, so the earlier treatment can be administrated to high risk 

patients as HF management program. 

 

Limitation 

This study has several important limitations. 

First, although B-mode–based speckle tracking techniques may be more robust than 
Doppler-based methods, a number of factors can reduce data quality, including lateral 
resolution in the far field, out-of-plane motion, and image dropout, a high-quality image 
is required, like all quantitative echocardiographic methods and special care must be 
taken to draw the outline of an ROI. Second, the deformation of myocardium is three-
dimensional, but currently, VVI only offers a two dimensional plane.  

Third, patients with systolic and diastolic HF were included in this study. 
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Table 1: Baseline Clinical and Echocardiographic Characteristics of the Study      
Population 

 

Clinical variables                                                            Study Sample (n=108)  

   Age, y                                                                                         59.47 (+10.60) 

   Male sex, %                                                                                88 (81.5%) 

   Female sex, %                                                                            20 (18.5%) 

   Hypertension, %                                                                          74 (68.5%) 

   Diabetes mellitus, %                                                                    46(42.6%) 

   CAD, %                                                                                       85 (78.7%) 

   Dyslipideamia, %                                                                        79 (73.1%) 

  Median NT- pro BNP                                                                     709.60                           

(pg/ml; IQR)                                                                             (19785-2116.50) 

 

Echocardiographic                                                                    variables                                                                          

LVEF %                                                                                  38.10(+13.28) 

systolic velocity, cm/s (Median)                                                 1.92 (1.3-2.6) 

Average strain, %                                                                        - 9.77 (+4.99) 

            Average strain rate, s-1                                                                0.56 (+0.27) 

 Average Displacement, cm/s                                                     3.81(+1.82)                                               

 Tv-SD (ms)                                                                                62.31(+21.64)  

 Tv-diff (ms)                                                                               187.27(+59.88)     

Tst-SD (ms)                                                                                121.24 (+65.22)                                     

Tstr-SD (ms)                                                                                68.86 (+27.13)  

Td-SD, ms (Median)                                                                    87 (53.5-130.15) 

S-L delay, ms (Median)                                                               50.5 (31-119.5)                  

As-P delay, ms (Median)                                                             41 (0 - 83.5) 

Tv-SD, time to peak systolic velocity; Tv-diff, maximal temporal difference of Tv; Tst-SD, time to peak 

systolic strain ; Tsr-SD, time to peak systolic strain rate; Td-SD, time to peak systolic displacement; S-L, 

septal to lateral delay; As-P, antero-septal to posterior delay. 
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Table 2: Linear regression in univariate and multivariate analysis Correlation of log NT-

proBNP levels to age and VVI parameters 

 

 

 Univariate linear regression                                              Multiple linear regression 

                           R              R
2
                 P                                 β                       P                   

Age                   0.005          0.00           0.959                       0.224               0.0001 

LVEF               -0.807         0.651         0.0001                     - 0.907              0.0001 

Strain                 0.681          0.464         0.0001                                                          

Strain rate          0.691          0.478        0.0001                     - 0.238                0.026 

Displacement    -0.646        0.417         0.0001                                                       

            Velocity             -0.650       0.423         0.0001                     -0.262                  0.002 

S-L delay            0.044       0.002         0.649                        0.232                 0.0001 

As-P delay          0.080        0.006         0.409                                                          

Tv-SD                0.360        0.130          0.0001                                                    

Tv-diff               0.276       0.076            0.004                       0.124                0.026 

Tst-SD               0.181         0.033          0.061                                                                      

Tsr-SD               0.135        0.018           0.165                                            

Td-SD               0.161        0.026            0.095                                              

 
           For abbreviations see Table 1 
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Table 3: Clinical and Echocardiographic Parameters between Two Groups 
 

 

                                                                         Clinical Events 

                                                                    No                           Yes 

                                                                 (n _ 72)                   (n = 36)         pValue 

                                                                                                                                                                  

Clinical variables 

Age (yrs)                                                 60 +11                    57+ 9                 0.242 

Female gender (%)                                    75                             25 

Male gender    (%)                                  64.8                          35.2                  0.381 

Ischemic origin (%)                                64.7                          35.3                  0.406                                              

Diabetes mellitus (%)                             60.9                          39.1                  0.271                                        

Hypertension (%)                                   67.6                          32.4                  0.770 

Dyslipideamia (%)                                 65.8                          34.2                  0.759 

            NT-proBNP                     840.5 +993.5                  3614.6 +4520.9               0.0001 

                                                                                                         

          Echocardiographic variables 

 LV ejection fraction (%)                       42.2 + 12              29.9 + 11            0.0001                       

systolic velocity cm/s                           2.3 ± 1                    I1.5 + 0.7            0.0001 

Average strain cm/s                          -11.34 + 5                  -6.7 + 3.5            0.0001         

Average strain rate cm/s                  -0.64 + 27                 - 0.40 + 0.19         0.0001 

Average Displacement cm/s             4.4 + 1.8                     2.7 + 1.2            0.0001          

Ts-SD (ms)                                       57.9 + 18.4                 71.19 +24.8        0.006                                             

Ts-diff (ms)                                     178.14 + 56.3               205.5 + 62.2       0.030 

Tst-SD (ms)                                    115.3 + 64.2                133 + 66.5           0.186                     

Tstr-SD (ms)                                    67.7 + 29.6                  71.2 + 21.5          0.306                                 

Td-SD (ms)                                     92.8 + 56.7                114.9 + 64.5           0.020     

S-L delay ms                                       64.6                           86.8                    0.106                                    

As-P delay ms                                     54.7                            61.7                   0.599    

           For abbreviations see Table 1 
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Figure 1: Scatter plots showing the correlation between log NT-proBNP level 

and (A) ejection fraction; (B) longitudinal strain; (C) longitudinal strain rate; (D) 

longitudinal displacement;(E) longitudinal velocity. 
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Figure 2: Receiver-operator characteristic curves analysis (AUROC) of NT-

proBNP, Strain rate, Strain, Tv-SD, in predicting cardiac events and determine the 

optimal cut-off value of (A) NT-proBNP. (B) Strain (C) rate Strain. (D) Tv-SD. 
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