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Background: The aim of the present study was to investigate the effects of the left ventricular outflow gradient on tissue 
doppler imaging (TDI) values in patients with hypertrophic cardiomyopathy (HCM).   
Methods: This prospective observational study was conducted in a tertiary referral heart hospital (Tabriz, Iran) from 
March 2004 to March 2008. Fifty two patients (28 men and 24 women) with definite diagnoses of HCM were selected for 
the study. 2D, M-mode echocardiography and TDI were performed for all patients. In TDI, the velocities of myocardium 
was measured at lateral and septal corner of the mitral valve annulus in peak early diastolic (Ea), peak late diastolic (Aa) 
and peak systolic (Sa). Then, the TDI velocities were compared in patients with left ventricle outflow gradient less and more 
than 30 mmHg. 
Results: The mean age of the patients was 42.13 ± 12.22 years. All patients were in New York Heart Association functional 
class I or II. The mean EF was 55 ± 7%. It was found that TDI velocities are reduced in patients with HCM, compared to 
normal vaues and Ea in septal corners of the mitral annulus was reduced more in patients with left ventricle outflow  
gradient > 30 mmHg (5.3±1.6 vs 7.1±1.2, P=0.01).  
Conclusion: TDI findings specially peak early diastolic (Ea) mitral annular velocity are good parameters in HCM patients 
assessment.  
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Introduction 
 
Hypertrophic cardiomyopathy (HCM) is an 
autosomal dominant disorder characterized by 
unexplained left ventricular hypertrophy and 
abnormal diastolic relaxation.1-3 This disease 
represents the leading cause of sudden cardiac death 
(SCD) in children and young adults.4 In general, 
HCM development is rare before puberty and may 
not develop until later in life.5 Today, more than 
200 different genetic mutations have been identified 
to cause the disease. The development of signs and 
symptoms in HCM is slow, therefore, making early 
diagnosis often difficult.6-7 The early detection of 
the disease to begin treatment is the ultimate goal in 
symptomatic HCM. In past few decades the 
conventional echocardiography has been a way for 
detecting HCM.8 Many studies have indicated that 
the conventional echocardiography is unreliable in 
predicting the clinical status of HCM patients, 
including cardiac symptoms and exercise capacity, 
primarily due to their dependence on loading 
conditions.9 Therefore, Tissue Doppler Imaging 
(TDI), which uses doppler to quantify the velocity 
of tissue rather than blood, has been the more recent 
substitute method introduced as a sensitive clinical 
tool for detecting structural abnormities such as 
HCM over a decade.8,10 This method allows 
quantitative measurement of myocardial systolic 
and diastolic velocities and provides the potential 
for load-independent assessments of diastolic 
function.1, 10 Additionally, TDI can demonstrate 
abnormalities in systolic and early diastolic 
velocities at the pre-clinical stage and can be used 
to identify people who carry an abnormal gene. 
Thus, it is a good method for early detection of 
HCM.6 Several studies have recently been 
conducted to investigate the usefulness of TDI in 
detecting HCM.  For instance, Matsumura et al. 
(2002) measured TDI values of 85 patients with 
HCM and compared them with 60 normal controls. 
The study showed that early diastolic mitral annular 
velocities measured using TDI are reduced in 
patients with HCM, compared to normal controls.10 
The aim of the present study was to investigate the 
TDI values in Iranian HCM patients. The effect of 
Left Ventricular Outflow Gradient was also 
investigated. 

Methods  
 
Fifty-two patients with definite diagnoses of 
Hypertrophic cardiomyopathy (HCM) were studied 
from March 2004 to March 2008.  The study was 
conducted at the echocardiography laboratory of 
Madani Heart Hospital of Tabriz Medical School. 
The study was approved by the ethic committee of 
Tabriz University of medical sciences. Diagnosis of 
HCM was confirmed by echocardiographic 
evidence of hypertrophied interventricular septum 
(interventricular septum thickness ≥15 mm) without 
any other disease-inducing left ventricular 
hypertrophy .The patients were selected on the basis 
of the following criteria: Normal sinus rhythm and 
heart rate less than 90 beat /min during the time of 
Tissue Doppler study, left ventricle ejection fraction 
more than 45% with normal left ventricle cavity 
dimension.  
 
Echocardiography Protocol 
 
Echocardiographic studies were performed with a 
commercially available echocardiography 
equipment (VIVID7, GE, USA) using 2.5 MHZ 
transducer. 2D, M-mode and Tissue Doppler 
Imaging (TDI) data were obtained through 
transethoracic echocardiography (TTE). For the 
purpose of further investigation, our patients were 
divided into two groups according to their left 
ventricular outflow gradient (group A: LV outflow 
gradient≤ 30 mmHg, and group B: LV outflow 
gradient more than 30 mmhg. In this study the 
velocity of myocardium was measured at lateral and 
septal site of mitral valve annulus in peak early 
diastolic (Ea), peak late diastolic (Aa) and peak 
systolic (Sa).  
 

Statistical Analysis 
 
All the obtained data were analyzed by SPSS 
software version 16.0 (SPSS Inc, Chicago, IL). 
Continuous data are expressed as mean values ± SD. 
Student’s t-test was used to assess the significant 
differences of mean values between patients with 
left ventricle out flow gradient and intraventricular 
septum thickness. A P-value ≤0.05 was considered 
statistically significant.  
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Results 
 
Fifty-two patients with definite diagnosis of 
hypertrophic cardiomyopathy participated in the 
present study. Twenty-four patients (46.15 %) were 
females and 28 patients were males. The mean age 
of the patients was 42.13 ± 12.22 years. All patients 
were in New York Heart Association functional 
class I or II and the mean EF of the patients was 55 
± 7%. As mentioned before, in this study the 
velocity of myocardium was measured at lateral and 
septal site of mitral valve annulus in peak early 
diastolic (Ea), peak late diastolic (Aa) and peak 
systolic (Sa). Table 1 shows the measured TDI 
velocities of all patients. The comparison of TDI 
velocities between the two groups are shown in 
Table 2. 
 
Table 1- Color TDI velocities in patients with  Hypertrophic 
cardiomyopathy 
 

 Patients (n=52) 
Ea (Lat)                     7.2 ± 2.1 
Aa (Lat)                      6.3 ± 1.2 
Sa (Lat)                      9.9 ± 1.6 
Ea (Sept)                       6.9 ± 1.5 
Aa (Sept)                       6.4 ± 1.3 
Sa (Sept)                       9.8 ± 2.3 
 
Peak velocities, values in cm/sec  
Mean ± SD 

 
Table 2- Comparison the results of color TDI velocities  
according to left ventricle outflow gradient 
 
  Group ALV 

n=31 
Group BLV 

n=21 
P Value 

Ea (Lat) 7.6 ± 2.2 7.1 ± 2.4 0.12 
Aa (Lat) 6.3 ± 1.3 5.9 ± 1.4 0.04 
Sa (Lat) 9.8 ± 1.3 10.3 ± 2.1 0.25 
Ea (Sept) 7.1 ± 1.2 5.3 ± 1.6 0.01 
Aa (Sept) 5.9 ± 1.1 5.1 ± 1.5 0.03 
Sa (Sept) 10.0 ± 2.3 9.3 ± 1.8 0.22 
 
TDI: Tissue Doppler Imaging; LV: Left Ventricle; 
Group ALV: LV outflow gradient≤ 30 mmHg;  
Group BLV: LV outflow gradient> 30 mmHg;  
Peak velocities, values in cm/sec  
Mean ± SD 

 
 

 
 
 

Discussion 
 
We have demonstrated that echocardiographic 
evaluations of the patients with HCM based on left 
ventricular outflow gradient had good correlation 
with diastolic dysfunction severity. As shown in 
table I, all myocardial velocities decreased in the 
patients with HCM in comparison to the normal 
values. Recent studies have shown that TDI is a 
reliable method for early detection of HCM in 
genotype-positive patients before the onset of 
hypertrophy.9-12 Reduced systolic and diastolic TDI 
velocities have a high sensitivity and specificity for 
identifying mutation of HCM carriers. Serial 
echocardiographic evaluation of patients with 
initially genotype positive but phenotype negative 
showed further reduction in TDI velocities and 
subsequent development of hypertrophy and 
diastolic function impairment during follow up.6-7 
Impaired LV relaxation is a prominent diastolic 
abnormality in patients with HCM.11-13 However, 
mitral inflow and pulmonary venous flow 
assessments may not be sensitive for the detection 
of high filling pressures. Despite the patients who 
had LV systolic dysfunction, the simultaneous 
echocardiography and invasive homodynamic study 
revealed no significant correlation between mitral 
inflow or pulmonary venous flow parameters and 
filling pressures.14 There is a good correlation 
between LV filling pressure, mitral inflow E 
velocity, and TDI diastolic MV annular velocities 
(Ea).16 Reduced TDI early diastolic velocities that 
have been detected in our study indicate that 
diastolic abnormalities may precede the onset of 
hypertrophy.14-16 In addition, TDI has been used to 
monitor the response of invasive therapies such as 
ethanol ablation or myectomy. Therefore, TDI 
could be a valuable tool to select for the HCM 
patients; also interestingly we observed positive 
correlation between reduced Ea septal and LVOT 
gradient and this finding could be useful in 
diagnosis obstructive forms of HCM.  
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