
Suez canal University Medical Journal Vol. 14 (1), 2011 
                                                                                       Pages 5-10 

 
 

 
Corresponding Author: abozeidheba@yahoo.com  

 

Left Ventricular Dysfunction in Asymptomatic Pediatric left 
ventricular outflow tract obstruction 
 
Heba MH Abozeid 
 
Pediatric Department, Zagazig University, Egypt. 

 

Abstract: 

Background: Tissue Doppler imaging (TDI) has improved the ability to detect subclinical changes 
in left ventricular (LV) function. The aim of this study was to investigate if asymptomatic patients 
with left ventricular outflow tract obstruction (LVOTO) had impaired LV systolic and diastolic 
function. Methods: Twenty-four asymptomatic patients with LVOTO and 26 healthy control sub-
jects were evaluated clinically and by conventional & tissue Doppler echocardiography. TDI 
evaluation of longitudinal and radial tissue velocities in systole and diastole was performed. Re-
sults: lower conventional pulsed-wave Doppler peak E & A velocities of trans-mitral filling were 
observed in patients with LVOTO compared to controls (81± 21& 77± 31 VS 66±14 & 58± 16 cm/sec, 
p < 0.01). Lower longitudinal tissue velocities were found in patients compared with controls in 
terms of peak systolic tissue velocity, peak early diastolic tissue velocity (Em), peak late diastolic 
tissue velocity (Am) & peak systolic strain (4.15±1.1, 4.3± 1.6, 5.5±1.5 cm/sec & -16.5±2.3% vs. 4.9±1, 
5.1±1.6, 6.3±1.4 cm/sec & -17.7±1.9 %, p < 0.05). No significant affection of radial tissue velocities 
was found in LVOTO patients. Conclusion: Subclinical LV systolic and diastolic dysfunction is pre-
sent in our patients demonstrated only in longitudinal myocardial fibres suggesting a differential 
effect of LVOTO on the LV musculature or early impairment of the longitudinal myocardial fi-
bres.  
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Introduction: 

The onset of clinical symptoms and left 
ventricular systolic dysfunction in patients 
with LVOTO determine a poor prognosis, 
the standard echocardiographic evalua-
tion of LV dysfunction, only based on 
measurements of the LV ejection fraction 
(EF), may be insufficient for an early as-
sessment of imminent heart failure. In 
contrary, 2-dimensional speckle tracking 
(2DS) seems to be superior in detecting 
subtle changes in myocardial function(1).  

Long-axis function, measured by tissue 
Doppler imaging (TDI), is a sensitive tool 
for left ventricular (LV) diastolic function  

 
 
assessment(2). Early diastolic velocity (Em) 
on TDI, in particular, has been widely used 
in clinical settings because of its easier ac-
quisition, less interference by normal 
variations in heart rate and loading condi-
tions, and higher accuracy than the con-
ventional spatial peak early mitral inflow 
velocity (E) in assessing diastolic func-
tion(3). The aim of this study was to inves-
tigate if asymptomatic patients with left 
ventricular outflow tract obstruction 
(LVOTO) had impaired LV systolic and dia-
stolic function. 
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Patients and Methods: 

This study included 24 asymptomatic pa-
tients with LVOTO, aged 22.8±21.6 months, 
including 4 patients with bicuspid aortic 
valves , 12 patients with AS , 5 patients 
with sub-AS and 3 patients with supra-AS, 
and with trans-aortic pressure gradient of 
42 to 69 mmHg.. Three patients were ex-
cluded because of technical damage of 
storage discs with insufficient quality of 
echocardiographic data. Twenty-six healt-
hy gender- and age-matched controls 
were included for comparison. Controls 
underwent similar echocardiographic and 
clinical examinations as the patients with 
LVOTO.  

All echocardiographic recordings were 
performed using a 7s & 12s -MHz trans-
ducers (Vivid-7; GE Ultrasound) with simul-
taneous ECG recording at The Echocardi-
ography Laboratory of Children's Hospital, 
Zagazig University. The recordings were 
performed from standard parasternal 
long- and short-axis and apical 4- chamber 
views. 

LV internal dimensions, septal and pos-
terior wall thicknesses were measured as 
recommended by the American Society of 
Echocardiography(4-6). The LV ejection frac-
tion & Fractional shortening were calcu-
lated using the modified Simpson’s rule 
from biplane 4-chamber and long-axis 
views(7). LV diastolic function was as-
sessed by the peak velocities of the pulsed  
Doppler transmitral E & A filling waves(8). 
Apical color TDI loops (4-chamber views) 
were used. In patients and controls with 
suboptimal views, minor changes from the 
recommended 4-chamber positions were 
performed to align the segment of inter-
est at the centre of the 2D-sector. Peak 
systolic and diastolic longitudinal early 
(Em) and atrial (Am) tissue velocities were 
measured in the basal and middle seg-
ments of the LV septal, lateral, inferior, 

and anterior walls. Peak tissue velocities 
from these 8 segments were averaged to 
get an evaluation of overall LV longitudinal 
systolic and diastolic function (Figure 1). 
Strain, which is a measure of tissue de-
formation, is the relative change in length 
of a myocardial segment, expressed as a 
percentage, where shortening (longitudi-
nal axis) refers to a negative value and 
thickening (radial axis) to a positive value. 
Strain is calculated as (lt - lt0)/lt0, where lt 
is the length of the segment at time t, and 
lt0 is the initial length.9 Radial tissue ve-
locities and strain from the posterior wall, 
septum, lateral and anterior walls using 
loops from parasternal short-axis views, 
were measured and averaged. 10–12 
measurements of all M-mode, 2-dimens-
ional, and pulsed Doppler data were aver-
aged from 1 heart cycle while the tissue 
velocities and strain were measured from 
3 consecutive heart cycles to maximise TDI 
data acquisition. 

Statistical analysis: 

Data were expressed as sample mean ± 
SD. For comparison of the data, unpaired 
Student’s t test & Chi-square test were per-
formed. Values of 0.05 or less was re-
garded as statistically significant & p val-
ues of 0.01 or less was considered as high-
ly significant(10,11). 

Results: 

Clinical characteristics of patients with 
LVOTO and the controls are listed in Table 
1. Eighteen of the patients had LV hyper-
trophy as measured by electrocardiogra-
phy, and 15 showed other pathologic find-
ings, such as decreased R wave progres-
sion on anterior chest leads (n = 3); right 
bundle branch block or left bundle branch 
block (n=12); sinus bradycardia for age 
(n=2). All ECG results were normal in the 
controls. 
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The LV ejection fractions and fractional 
shortening were similar in patients and 
control groups (65.1±8.1 & 42.5±7.8 vs. 
64.2±7.5 & 40.1±6.7%, respectively, p val-
ues >0.05). LV septal and posterior wall 
thicknesses were significantly increased in 
the patients with LVOTO compared with 
the controls (Table 2). Peak systolic longi-

tudinal tissue velocity (4.15±1.1 vs. 
4.9±1cm/s, p<0.01) and strain (-16.5±2.3% 
vs. -17.7±1.9%, p < 0.05, (Table 3) were sig-
nificantly lower in the LVOTO group than 
in the control group. Other differences in 
TDI indices of LV diastolic relaxation be-
tween patients with LVOTO and controls 
are listed in Table 3. 

 
 

Table 1: Clinical characteristics of patients with LVOTO and controls 
Variable Patients with AS 

(n= 24) 
Controls 
(n=26) 

p value 

Age (months) 22.8±21.6 31.2±24 0.19 
Gender: 

- Male 
- Female 

 
15 (62.5%) 
9 (37.5%) 

 
16 (61.5%) 
10 (38.5%) 

 
0.9 

Weight (kg) 9.3±5 12.5±4.9 0.03* 
Height (m) 0.76±0.17 0.86±0.19 0.05* 
Systolic blood pressure (mmHg) 87±7.9 86.1±8.1 0.8 
Diastolic blood pressure (mmHg) 60±3 59.1±4 0.6 
Heart rate (beats/min) 110±15 105±14 0.07 

*= statistically-significant 
 
 

Table 2: Left ventricular M-mode and trans-mitral flow by conventional pulsed Doppler in  
patients with LVOTO and controls  
Variable Patients with AS 

(n=24) 
Controls 
(n=26 ) 

p value 

M-mode: 
- End-diastolic diameter (cm) 
- End-systolic diameter (cm) 
- Septal wall thickness (cm)  
- Posterior wall thickness (cm)  
- Ejection fraction (%) 
- Fractional shortening (%) 

 
3±0.6 
1.49±0.4 
0.5±0.1 
0.43±0.1 
65.1± 8.1 
42.5±7.8 

 
3±0.5 
1.6±0.5 
0.34±0.1 
0.32±0.1 
64.2± 7.5 
40.1±6.7 

 
0.8 
0.3 

0.000 

0.000 
0.8 
0.2 

Trans-mitral flow (by pulsed Doppler): 
- E velocity (cm/s)  
- A velocity (cm/s)  
- E/A ratio  

 
81±21 
77±31 
1.05±0.6 

 
66±14 
58±16 
1.1 ±0.8 

 
0.004** 
0.008** 
0.16 

*= statistically-significant; **=highly statistically-significant 
 

 
 
 
 
 
 

 

Figure 1: A tissue Doppler image from a 
patient with LVOTO showing low Em. 
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Table 3: TDI-derived longitudinal and radial peak systolic and diastolic velocities and systolic 
strain in patients and in controls 

Variable Patients 
(n=24) 

Controls 
(n= 26 ) 

p value 

Longitudinal velocities: 
- Peak systolic tissue velocity (cm/s) 
- Peak Em diastolic tissue velocity (cm/s) 
- Peak Am diastolic tissue velocity (cm/s) 
- Peak systolic tissue strain (%)  

 
4.15±1.1 
4.3±1.6 
5.5±1.5 
-16.5±2.3 

 
4.9±1 
5.1±1.6 
6.3±1.4 
-17.7±1.9 

 
0.01** 

0.08* 
0.05* 
0.05* 

Radial velocities: 
- Peak systolic tissue velocity (cm/s) 
-  Peak early diastolic tissue velocity (cm/s) 
- Peak systolic tissue strain (%) 

 
3.7±1 
5.6±2 
+39.1±14.5 

 
3.6±1.1 
5.7±2.4 
+35.8±13 

 
0.7 
0.8 
0.3 

*= statistically-significant; **=highly statistically-significant 
 

 

Discussion 

It has been proposed that abnormal dia-
stolic measurements do not necessarily 
reflect intrinsic diastolic disease because 
they are greatly affected by age, systole & 
abnormalities of ventricular activation(13). 
Patients with LVOTO could develop symp-
toms despite having a normal LV ejection 
fraction & fractional shortening, and this 
has been attributed to diastolic dysfunc-
tion associated with increased diastolic 
stiffness and elevated filling pressures(14).  

Our data suggest early and late diastolic 
dysfunction in LVOTO patients evidenced 
by reduced peak Em and Am diastolic tis-
sue velocities in patients vs. control. Our 
patients with LVOTO were found to have 
subclinical impaired systolic LV function as 
measured by decreased peak systolic tis-
sue velocities and strain despite having 
maintained systolic function in terms of 
conventional FS & EF. Our findings agree 
with previous studies that showed re-
duced early systolic & early diastolic ve-
locities as measured by TDI(15, 16). In ex-
perimental studies, peak systolic longitu-
dinal tissue velocities and strain have 
demonstrated good correlations with in-
vasive measurements of LV +dP/dt and 
stroke volume, respectively(17,18). More-

over, we believe that our finding of no af-
fection of systolic radial tissue velocities 
and strain in patients with LVOTO empha-
sizes that this group of patients have im-
paired LV systolic function with a differen-
tial effect on myocardial fibers.  

Similar to the subjects in those studies, 
our LVOTO group also showed diastolic 
dysfunction by conventional pulsed wave 
Doppler trans-mitral E & A velocities, 
which supports the view that LV systolic 
dysfunction develops in parallel with dia-
stolic dysfunction(19,20). Impaired relaxa-
tion in LVOTO as a consequence of LV hy-
pertrophy has been demonstrated by oth-
ers, but the patients in those studies had 
more severe LVOTO(21). In a study including 
patients with severe AS, Bruch et al(22) 
demonstrated a high E/E' septal ratio and a 
good correlation with invasive LV filling 
pressures. The significant increases we 
observed in LV septal and posterior wall 
thicknesses in patients with LVOTO have 
previously been demonstrated by oth-
ers(23). 
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