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Background: Tissue Doppler is a promising method that allows the measurement of time of systolic and diastolic tissue velocities. 
Ventricular dyssynchrony was assessed in patients with heart failure. In sub-Saharan Africa, very few studies have focused on ventricular 
dyssynchrony in healthy subjects.
Objectives: The purpose of this study was to measure time-to-peak of systolic and diastolic velocities of different segments of left ventricle 
and apply ventricular dyssynchrony markers to healthy black African subjects.
Patients and Methods: Fifty healthy black African were enrolled consecutively over a period of 3 months. Time-to-peak systolic velocities 
(TS) and Time-to-peak early diastolic velocities (TE) were measured at the four basal segments of left ventricle. Five dyssynchrony markers 
were assessed: difference between maximal time-to-peak systolic velocity and minimal time-to-peak systolic velocity, time between septal 
time-to-peak systolic velocity and lateral time-to peak systolic velocity, standard deviation of time-to-peak systolic velocity of the four 
basal segments, difference between maximal time-to-peak early diastolic velocity and minimal time-to-peak early diastolic velocity, and 
standard deviation of time-to-peak early diastolic velocity of the four basal segments.
Results: The frequency of some dyssynchrony markers was similar to that of other studies. The difference between maximal time-to-peak 
systolic velocity and minimal time-to-peak systolic velocity was correlated with age and was higher among women. The prevalence of 
diastolic dyssynchrony was higher in black African subjects.
Conclusions: Large-scale studies on the healthy black African population could assess the relationship between diastolic dyssynchrony 
and changes in myocardial performance related to racial differences.
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1. Background
Ventricular dyssynchrony appears to be an important 

concept in patients with heart failure (1, 2). Tissue Dop-
pler is a promising method that allows the measurement 
of time of systolic and diastolic velocities. Several systolic 
and diastolic mechanical dyssynchrony markers were 
used: between left ventricle and right ventricle (interven-
tricular dyssynchrony) or between the walls of left ven-
tricle (intraventricular dyssynchrony) (3-6). Cardiac re-
synchronization therapy (CRT) is widely practiced in the 
treatment of patients with chronic heart failure with ven-
tricular conduction abnormalities (7, 8). However, 30% of 
these patients remain non-responders despite a selection 
based on effective criteria (9, 10). A better understanding 
of the synchronization of contraction and relaxation on 
the physiological scale is required (11). Reference values 
are absolutely necessary (5).

2. Objectives
In sub-Saharan Africa, few studies have focused on ven-

tricular dyssynchrony in healthy subjects. The purpose of 
this study was to measure time-to-peak systolic and dia-
stolic velocities of different left ventricle segments and 
apply dyssynchrony markers to a healthy black African 
population.

3. Patients and Methods
Fifty healthy black African volunteers were enrolled 

between January and March 2014. They had no cardiovas-
cular risk factor or chronic or acute diseases. Their physi-
cal and electrocardiographic examinations were strictly 
normal. Subjects with hypertension, diabetes, a medical 
condition, a medical long-term treatment were excluded. 
Inclusion was performed after verbal informed consent 
of patients.

Echocardiographic examination was performed using a 
“General Electric VIVID 7 PRO” ultrasound device put in 
service in 2006. A probe of 3.5 MHz was used and patients 
were installed in left lateral decubitus position. Standard 
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two-dimensional echocardiography mode, time-motion 
and Doppler were performed. The measurements were 
performed according to the recommendations of the 
American Society of Echocardiography (12). Systolic ejec-
tion fraction of left ventricle was calculated using the bi-
plane Simpson method.

3.1. Doppler Examination
Diastolic left ventricular function was assessed by trans-

mitral flow (E wave peak, A wave peak, deceleration time 
of E wave). The activation of the tissue Doppler function 
allowed to assess the longitudinal tissue velocities at the 
level of the basal segments. A model of assessment of bas-
al segments of the 4 walls was used to assess the regional 
systolic function of left ventricle in apical four- chamber 
and two-chamber Views. The studied walls were: lateral, 
anterior, septal and inferior. Three velocities were re-
corded: positive systolic Sa wave, protodiastolic Ea wave 
and telediastolic Aa wave. Figures 1 and 2 show the time 
of systolic velocity and the time of diastolic velocities of 
the mitral annulus in tissue Doppler imaging for anterior 
and septal segments. At least four cardiac cycles were re-
corded for each section.

The diastolic left ventricular function was also as-
sessed by the E/Ea ratio as recommended by the Ameri-
can Society of Echocardiography (12). Ea wave peak of 
the lateral segment was chosen for E/Ea ratio (12). Sub-
jects who had diastolic dysfunction with abnormal E/A 
or E/Ea ratio (13), heart rate more than 100 bpm (beats 
per minute) or less than 50 bpm were excluded. Time-to-
peak systolic velocity (from the onset of QRS complex to 
the peak of Sa wave) and time-to-peak diastolic velocity 
(from the onset of QRS complex to the peak of Ea wave) 
were measured for each segment. When Sa wave had 
several peaks, the measurement took into account the 
first peak (5, 13). All Doppler measurements were taken 
at least 3 times and the result used was the average of 
the measurements.

The following markers of dyssynchrony were calculat-
ed. Threshold values are shown in parentheses: 1. TS max: 
Difference between maximal and minimal time-to-peak 
systolic velocity (40 ms) (14). 2. TS sep-lat: Difference be-
tween time-to-peak systolic velocity of the septal wall and 
time-to- peak systolic velocity of the lateral wall (65 ms) 
(15). 3. TS SD: standard deviation of time-to- peak systolic 
velocity of all walls (33 ms) (16). 4. TE max: Difference be-
tween maximal and minimal time-to-peak diastolic ve-
locity (40 ms) (3). 5. TE SD: standard deviation of time-to-
peak early diastolic velocity of all walls (25 ms) (17)

3.2. Statistical Analysis
Data were analyzed using EPI INFO software version 

3.5.1. Categorical variables were expressed as number 
followed by percentage. Quantitative variables were ex-
pressed as Mean ± Standard Deviation or median (inter-
quartile range). Student test was used for comparison of 

means. Pearson correlation coefficients were calculated 
by linear regression. P < 0.05 was considered significant.

Figure 1. Intervals Measurements in Anterior Basal Segment

1, Time-to-peak systolic velocity: from the onset of the QRS to the peak of 
Sa wave; 2, Time-to-peak early diastolic velocity: from the onset of the QRS 
to the peak of Ea wave.

Figure 2. Intervals Measurements in Septal Basal Segment

1, Time-to-peak systolic velocity: from the onset of the QRS to the peak of 
Sa wave; 2, Time-to-peak early diastolic velocity: from the onset of the QRS 
to the peak of Ea.

4. Results

4.1. Conventional Characteristics
Fifty subjects were studied. The average age was 35.3 

± 9.1 years with extremes of 24 and 54. Half of the sam-
ple was male. There were no significant differences be-
tween males and females for epidemiological, clinical, 
electrocardiographic and echocardiographic conven-
tional data (Table 1). The ethics committee approved 
the study and all volunteers signed informed consent 
forms.
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4.2. Left Intraventricular Systolic Dyssynchrony
 Table 2 shows the comparison of markers of left intra-

ventricular systolic dyssynchrony according to gender. 
Sixty percent of patients had a TS max above the thresh-
old value. For TS sep-lat and TS SD, the prevalence of sys-

tolic dyssynchrony was respectively 14 and 94% (Table 3). 
TS max was strongly correlated with age. However, there 
was no correlation between age and the other systolic 
dyssynchrony markers: TS sep-lat and TS SD (Table 4).

Table 1.  Comparison of Epidemiological, Clinical, Electrocardiographic and Conventional Echocardiographic Data Between Males 
and Females a, b

All Subjects (n = 50) Females (n = 25) Males (n = 25) P Value c

Age, y 35.3 ± 9.1 32.8 ± 7 37.9 ± 10.4 0.10
BMI, kg/m2 22.7 ± 2.3 22.3 ± 2.4 23.1 ± 2.2 0.26
HR, bpm cycles/min 67.4 ± 9.4 69.5 ± 9.8 65.3 ± 8.7 0.56
SBP, mmHg 119.9 ± 11.7 117.5 ± 12.4 122.3 ± 10.8 0.16
DBP, mmHg 71.1 ± 7.7 70.6 ± 6.5 71.5 ± 8.9 0.35
PRd, ms 155.8 ± 26.6 151.6 ± 26 160 ± 27 0.23
QRSd, ms 79.5 ± 2.1 79 ± 4 80 ± 2 0.15
LVd, mm 46.3 ± 3.9 45.8 ± 4.2 46.9 ± 3.7 0.35
LVs, mm 27.8 ± 3.4 27.9 ± 3.3 27.8 ± 3.6 0.90
LAs, mm 33.3 ± 3.1 33.2 ± 2.9 33.4 ± 3.3 0.70
LVEF 0.70 ± 0.04 0.69 ± 0.05 0.70 ± 0.04 0.37
E/A ratio 1.15 ± 0.31 1.14 ± 0.32 1.15 ± 0.29 0.90
DTE, ms 166 ± 44 165 ± 43 166 ± 42 0.93
E/Ea ratio 8.1 ± 2.6 8 ± 2.5 8.1 ± 2.4 0.89
a  Abbreviations: BMI: Body mass index, HR: Heart rate, bpm: beat per minute, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, PRd: PR 
duration, QRS: QRS complex duration, LVd: Left ventricle end-diastolic diameter, LVs: Left ventricle end-systolic diameter, LAs: Left atrial end-systolic 
diameter, LVEF: Left Ventricle Ejection Fraction, DTE: Deceleration time of E wave
b  Data are presented as Mean ± SD.
c  Data are presented as male vs. female.

Table 2.  Comparison of Left Ventricle Dyssynchrony Markers Between Males and Females a

All Subjects (n = 50) Female (n = 25) Male (n = 25) P Value b

TS max, ms c 52 (25.66) 59 (50.66) 33 (17.55) < 0.01
TS sep-lat, ms d 37 (14.51) 50 (22.61) 28 (3.48) 0.01
TS SD, ms e 45 (40.54) 46 (29.49) 43 (41.56) 0.93
TE max, ms f 22 (15.33) 23 (15.33) 22 (15.33) 0.38
TE SD, ms g 9 (7.15) 9 (7.14) 9 (7.15) 0.63
Median of markers number 2 (1.2) 2 (2.3) 1 (1.2) 0.01
a  Data are presented as median (inter-quartile range).
b  Data are presented as male vs. female.
c  Difference between maximal and minimal time-to-peak systolic velocity.
d  The maximum delay between septal time-to-peak systolic velocity and lateral time-to-peak systolic velocity.
e  Standard deviation (SD) of time-to-peak systolic (TS) velocity of the four basal segments.
f  Difference between maximal and minimal time-to-peak early diastolic velocity.
g  Standard deviation (SD) of time-to-peak early diastolic (TE) velocity of the four basal segments.

Table 3.  Abnormal Dyssynchrony Markers Frequencies According to the Sex a

Dyssynchrony Markers All Subjects (n = 50) Females (n = 25) Males (n = 25)

TS max 30 (60) 20 (40) 10 (20)

TS sep-lat 7 (14) 5 (10) 2 (4)

TS SD 47 (94) 25 (50) 22 (44)

TE max 9 (18) 5 (10) 4 (8)

TE SD 4 (8) 2 (4) 2 (4)
a  Data are presented as NO. (%).
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Table 4.  Correlation Coefficients of Dyssynchrony Markers 
With Age

Pearson's Coefficient (r) P Value

TS max a 0.81 0.04

TS sep-lat b 0.71 0.07

TS SD c -0.09 0.64

TE max d 0.53 0.03

TE SD e 0.25 0.03
a  Difference between maximal and minimal time-to-peak systolic 
velocity.
b  The maximum delay between septal time-to-peak systolic velocity 
and lateral time-to-peak systolic velocity.
c  Standard deviation (SD) of time-to-peak systolic (TS) velocity of the 
four basal segments.
d  Difference between maximal and minimal time-to-peak early 
diastolic velocity.
e  Standard deviation (SD) of time-to-peak early diastolic (TE) velocity of 
the four basal segments.

1 marker
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3 markers
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12%
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34%

42%

Figure 3. Distribution of Normal Subjects With Respect of Number of Dys-
synchrony Markers

4.3. Left intraventricular Diastolic Dyssynchrony
Data of left intraventricular diastolic dyssynchrony 

markers and their comparisons according to gender are 
shown in Table 2. The overall prevalence of diastolic dys-
synchrony (according to threshold values) was 18% for TE 
max and 8% for the TE SD (Table 3). There was a mean cor-
relation between the TE max and age. There was a small 
but significant increase in TE SD with age (Table 4). Figure 
3 showing distribution of healthy subjects according to 
the number of dyssynchrony markers. All subjects had at 
least one dyssynchrony marker. Table 2 shows the compar-
ison between male and female according to the median 
of dyssynchrony markers number. Dyssynchrony markers 
frequencies according to the sex are indicated in Table 3.

5. Discussion
Several studies have used tissue Doppler to study left in-

traventricular dyssynchrony in healthy subjects in order 
to determine normal ranges of reference. African studies 
on ventricular dyssynchrony are very poorly document-

ed. To our knowledge, this is the first study that assessed 
systolic and diastolic left intraventricular dyssynchrony 
markers in a healthy black African population. The me-
dian value of TS max was 52 (25, 66) ms. An Iranian study 
shows a prevalence of 69.2% on the basis of this marker 
(5). Despite the differences in threshold value (78 ms for 
Sadeghian et al. (5) and 40 ms in this study) and evalu-
ation model (12 segments for Sadeghian et al. (5) and 4 
segments in this study), the prevalence of dyssynchrony 
according to the TS max was similar. For Kwon et al. (4), 
the average value of TS max was 72 ms with an evaluation 
model of 12 segments and a threshold value of 100 ms. 
However, the chosen peak when Sa wave showed several 
peaks was not specified. Lafitte et al. (18) found a mean 
value of 21 ± 12 ms for the TS max.

With TS sep-lat marker, 14% of subjects had Dyssynchro-
ny. This result was consistent with that of Kwon et al. (4). 
Sadeghian et al. (5) and Miyazaki et al. (19) found higher 
prevalence: 41.5% and 50%. However, Lafitte et al. (18) have 
reported an average of 17 ± 9 ms for the TS sep-lat in normal 
subjects. TS SD median was 45 (40, 54) ms and the preva-
lence of dyssynchrony according to this marker was high-
er than that of other studies. Sadeghian et al. (5) showed a 
prevalence of 66.2% on TS SD basis. Variability in the preva-
lence of systolic dyssynchrony index could be linked to 
individual and spontaneous differences of excitation-con-
traction coupling process rather than a pathological situa-
tion. In addition, the high temporal resolution of Doppler 
techniques may reveal minor regional differences having 
no physiological and clinical significance (20).

Prolonged time-to-peak systolic velocities associated 
with variability of the excitation-contraction coupling 
process could explain the high prevalence of systolic 
dyssynchrony in healthy black Africans. Despite this 
variability, the correlation between TS max and age was 
high. Poerner et al. (21) found similar results and recom-
mended consideration of this finding in clinical practice. 
Concerning TS SD and TS sep-lat, no correlation with age 
was found. The results of Ng et al. (6) are similar. Women 
had a higher TS max. Sadeghian et al. (5) showed that the 
TS SD and TS sep-lat were higher among women.

In our black African population, significant variations 
according to age and gender were observed for TS max. 
Diastolic dyssynchrony was assessed with two mark-
ers: TE max and TE SD. TE max median was 22 (15, 33) ms. 
The prevalence of diastolic dyssynchrony based on this 
marker was 18%. It was higher than that of Schuster et 
al. (3). TE SD median was 9 (7, 15) ms, in agreement with 
the results of several studies (3, 4, 6, 22). However, the 
prevalence of dyssynchrony according to this marker 
was higher in our study. The diastolic dyssynchrony ap-
pears to be more common in our population. It has been 
proven that the relative parietal thickness was greater in 
healthy black subjects. It is not accompanied by signifi-
cant changes in conventional Doppler parameters of the 
diastolic function of the left ventricle (23). This increase 
in relative parietal thickness observed in black Africans 
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could be deleterious. Koren et al. (24) demonstrated that 
the relative increase in parietal thickness predisposed to 
high risk of cardiovascular events, although ventricular 
mass was normal. Kwon et al. (4) showed that hyperten-
sive patients with significant relative parietal thickness 
had more diastolic dyssynchrony. Studies should be con-
ducted to understand the relationship between relative 
parietal thickness and diastolic dyssynchrony in healthy 
subjects. TE max and TE SD were correlated with age. Ng 
et al. (6) found similar results. The alteration of the car-
diovascular system by the progression of atherosclerosis 
related to age is believed to cause an increase in the after-
load, ventricular hypertrophy and a degradation of the 
function of relaxation of left ventricle (25, 26).

There was no significant gender difference with regard 
to diastolic dyssynchrony markers in concordance with 
the results of Ng et al. (6). All subjects had at least one 
dyssynchrony marker. Forty-two percent (42%) of sub-
jects had two dyssynchrony markers. These results are 
very similar to those of Sadeghian et al. (5) who showed 
in his series that 67% of healthy subjects had at least two 
dyssynchrony markers. Women had more dyssynchrony 
markers than men (P = 0.01). Sadeghian et al. series (5) 
showed that 83.9% of women had at least two ventricu-
lar dyssynchrony markers. Overall, in black and white 
healthy subjects, women appear to have more ventricu-
lar dyssynchrony than men.

The first limitation of the study was the small sample 
size and lack of inclusion of older subjects. Indeed, it 
was difficult to identify elderly subjects without factors 
of cardiovascular risk.  Subjects were considered healthy 
on the basis of the examination, clinical, electrocardio-
graphic and echocardiographic examination. Coronary 
angiography and laboratory tests have not been per-
formed because of insufficient technical platform.

This study shows significant prevalence of left systolic 
and diastolic intraventricular dyssynchrony in healthy 
black Africans. Large-scale studies on the healthy black 
African population could assess the relationship be-
tween diastolic dyssynchrony and changes in myocardial 
performance related to racial differences.
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