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Evaluation of left ventricular functions by conventional 
echocardiography and tissue Doppler imaging in

children with rheumatic mitral regurgitation

Romatizmal mitral yetmezlikli çocuklarda geleneksel
ekokardiyografi ve doku Doppler görüntüleme ile

sol ventrikül fonksiyonlarının değerlendirilmesi

Introduction: We aimed to evaluate left ventricular functions in children with 
mitral regurgitation (MR) who were followed up with the diagnosis rheumatic 
carditis, by using conventional echocardiography and tissue Doppler imag-
ing (TDI) and compare the results with those of healthy control subjects.
Methods: 30 patients who were followed up with the diagnosis of MR due 
to sequel of rheumatic carditis in our pediatric cardiology clinic and 30 
healthy children aged between 5-15 years were included in the study. The 
patient group was categorized as mild-moderate MR (n=20), and severe MR 
(n=10). All echocardiographic and Doppler assessments were performed by 
a single expert pediatric cardiologist, who was blinded to the clinical and 
laboratory results of the study group.
Results: LV end-diastolic diameters were significantly increased in patient 
with severe MR compared to controls (4.62±0.82cm, 3.92±0.39 cm; p=0.008). 
Also LV end-systolic diameters were found significantly increased in pa-
tient with severe MR compared to controls (2.81±0.51, 2.43±0.25, p=0.01). 
There was no statistically significant difference between groups in terms 
of LV ejection fraction and fractional shortening (p>0.05). Although peak 
early diastolic myocardial velocity obtained with TDI did not show signifi-
cantly difference between the groups (p>0.05), peak atrial systolic velocity 
measured from the lateral and septal annulus were significantly increased 
in patients with severe MR when compared with controls and patients with 
mild--modarete MR (p<0.001, p=0.001; respectively).
Discussion and Conclusion: In our study, LV systolic and diastolic func-
tions obtained by conventional echocardiographic measurements, showed 
no significant difference between the controls and patients with MR. How-
ever, deterioration in subclinical LV systolic and diastolic function was de-
tected by TDI the patient group with MR.
Keywords: Left ventricular functions; mitral regurgitation; tissue Doppler 
imaging.

Amaç: Romatizmal kardit tanısı ile izlenen mitral yetmezlikli çocuklarda sol 
ventrikül fonksiyonlarını geleneksel ekokardiyografi ve doku Doppler görüntü-
leme yöntemiyle değerlendirip, sonuçları sağlıklı kontrol grubu ile karşılaştır-
mayı amaçladık.

Gereç ve Yöntem: Pediatrik kardiyoloji kliniğimizde romatizmal kardit sonrası 
mitral yetmezlik tanısı ile izlenen 30 hasta ve 5-15 yaşları arasında 30 sağlıklı 
çocuk çalışmaya dahil edildi. Hasta grubu hafif-orta dereceli mitral yetmezlik 
ve ağır mitral yetmezlik olarak sınıflandırıldı. Tüm ekokardiyografik ölçümler ça-
lışma grubunun klinik ve laboratuvar sonuçlarına kör olan uzman bir pediatrik 
kardiyolog tarafından yapıldı.

Bulgular: Ağır mitral yetmezlikli hastalarda sol ventrikül diyastol sonu çapları 
kontrol grubuna göre anlamlı derecede artış gösterdi (4.62±0.82 cm, 3.92±0.39 
cm; p=0.008). Yine sol ventrikül sistol sonu çaplarında ağır mitral yetmezlikli 
hastalarda kontrol grubuna göre anlamlı olarak artmış bulundu (2.81±0.51, 
2.43±0.25, p=0.01). Ejeksiyon fraksiyonu ve fraksiyonel kısalma açısından grup-
lar arasında istatistiksel olarak anlamlı fark yoktu (p>0.05). Doku Doppler görün-
tüleme yöntemiyle ölçülen erken diyastolik pik miyokard hızı gruplar arasında 
istatistiksel olarak anlamlı farklılık göstermediği halde (p>0.05), atriyal pik sisto-
lik hız, ağır mitral yetmezlikli hastalarda, hem kontrol hem de hafif-orta mitral 
yetmezlikli hastalara göre anlamlı derecede yüksek ölçüldü (sırasıyla p<0.001, 
p=0.001).

Sonuç: Çalışmamızda, geleneksel ekokardiyografik ölçümlerle elde edilen sol 
ventrikül sistolik ve diyastolik fonksiyonları açısından kontrol grubu ile mitral 
yetmezlikli hasta grupları arasında istatistiksel olarak anlamlı bir farklılık bulu-
namamıştır. Buna rağmen mitral yetmezlikli hasta grubunda sol ventriküler 
fonksiyonlardaki subklinik bozulma doku Doppler görüntüleme yöntemiyle 
saptanmıştır.

Anahtar Sözcükler: sol ventrikül fonksiyonları; mitral yetmezlik; doku Doppler 
görüntüleme.
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Although the incidence of acute rheumatic fever (ARF) has 
declined in recent years, it is still a majör cause of cardio-

vascular morbidity and mortality especially in developing 
countries. The Jones criteria, which was lastly updated in 2015, 
has been used as an important guide in ARF since 1944. Cardi-
tis, one of the major criteria, is the most important involve-
ment that determines the prognosis of the disease.[1]

In rheumatic carditis, all three layers of the heart (endo-
cardium, myocardium, pericardium) are affected at different 
levels. The most commonly involved site in the heart in the 
course of the disease is mitral valve, and the first sign is MR 
(MR). MR can be acute or chronic. In acute MR, left ventricu-
lar function suddenly deteriorates, pulmonary edema and 
consequent severe dyspnoea, orthopnea, and cyanosis occur. 
Chronic mitral insufficiency is more insidious and may not be 
detectable for a long time.[2]

The importance of echocardiographic evaluation in carditis 
has been emphasized in the 1992 revision of the Jones crite-
ria. Echocardiographic examination is not only important in 
the diagnosis of valve insufficiency, but also in assessing left 
ventricle (LV) functions and following-up of the patients.[3] 
Several parameters have been proposed to assess LV function 
in asymptomatic patients with MR, and LV ejection fraction 
(EF) is the most commonly used. While the assessment of EF 
depends on afterload, EF remains higher than normal during 
the compensated phase of chronic MR. When LV dysfunction 
develops, EF may decrease but remains within normal limits 
because of the reduced afterload. Left ventricular cavity di-
mensions and EF are indirect measurements of the intrinsic 
myocardial function and both reflect the hemodynamic con-
sequences of MR.[4] Therefore, new parameters for early detec-
tion of LV dysfunction are needed during follow-up of patients 
with MR to designate the true time of surgical treatment of the 
valve before irreversible LV dysfunction occurs.[5,6] 
Tissue Doppler imaging (TDI) is a method based on the princi-
ple of quantitatively assessing myocardial motion during the 
heart cycle, based on myocardial reflected Doppler signals. 
It was first described by Iseaz and his colleagues,[7] and was 
taken into clinical use by Mc Dicken et al. in 1992.[8] LV dysfunc-
tion can be measured by TDI using mitral annular velocities 
which reflect the contraction of longitudinal subendocardial 
fibers, and is believed to give an estimation of global left ven-
tricular systolic function with high feasibility and reproducibil-
ity.[5,9] In this study, we aimed to evaluate LV systolic and di-
astolic functions in children with MR who were followed up 
with the diagnosis of rheumatic carditis by using conventional 
echocardiography and TDI and compare the results with those 
of healthy controls. 

Materials and Method
Study Population
30 patients who were followed up with the diagnosis of MR 
due to sequel of RC in our pediatric cardiology clinic between 

January 2006 and March 2006 and 30 healthy children aged 
between 5-15 years were included in the study after receiving 
their informed consent. ARF diagnosis was based on modified 
Jones criterion (3). The patient group was categorized as mild-
moderate MR (n=20), and severe MR (n=10). Four patients with 
aortic regurgitatiom and one patient who had an abnormal 
blood pressure range were excluded from the study. The study 
was approved by the ethics committee of our institution.

Echocardiographic Evaluation 
Echocardiographic investigations were performed using 
Sonos 5500 (Hewlett-Packard Phillips Co., Holland) with 2.0–
4.0 MHz transducers. Echocardiograms were recorded on a 
1/2-inch VHS videotape. All echocardiographic and Doppler 
assessments were performed by a single expert pediatric 
cardiologist, who was blinded to the clinical and laboratory 
results of the study group. The measurements were obtained 
during 3 consecutive cardiac cycles and the average values 
were computed. Conventional echocardiographic evaluation 
from the parasternal long-axis view included LV end-diastolic 
diameter (LVEdD) and end-systolic diameter (LVEsD), septal 
and LV posterior wall thicknesses in diastole (LVPWd) and sys-
tole (LVPWs), EF, LV fractional shortening (FS), Interventricular 
septum diastolic thickness (IVSd), and Interventricular septum 
systolic thickness (IVSs).
Teichholz’s M-mode formula was used to calculate the LV 
ejection fraction and LV fractional shortening. All data were 
obtained according to the recommendations of the American 
Society of Echocardiography.[10] Grade of MR was determined 
according to the proportion of jet area to the left atrium di-
mention and the regurgitant fraction.[11] Transmittal flow pat-
terns were obtained by pulsed-wave Doppler echocardiog-
raphy from the apical 4-chamber view. Peak early velocity (E) 
and late diastolic velocity (A), the E/A ratio were measured. 
Tissue Doppler imaging velocities were obtained at the apical 
4-chamber orientation from two locations: the sample vol-
ume was positioned on the lateral and septal aspect of mitral 
valve annulus. Care was taken to minimize the incidence an-
gle between the Doppler beam and the direction of LV longi-
tudinal wall motion. Peak early diastolic myocardial velocity 
(Em), peak atrial systolic velocity (Am), and peak systolic my-
ocardial velocity (Sm) were measured by this technique. Also, 
time intervals; isovolumic contraction time (ICT), isovolumic 
relaxation time (IRT), ventricular ejection time (VET) was de-
termined. The Doppler-derived index of combined systolic 
and diastolic myocardial performance (Tei index: ICT + IRT / 
VET) was used to quantify global LV function.[12]

Statistical Analysis
Continuous variables are expressed as mean±SD (range). 
Normality assumptions were assessed before using para-
metric tests. Mann Whitney U test was used to compare the 
nonparametric data. Analysis of ANOVA was used to evaluate 
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differences of continuous variables among the three groups. 
A value of p<0.05 was used to indicate statistical significance. 
All statistical analyses were performed by SPSS for Windows, 
version 16.0 (SPSS Inc, Chicago, USA).

Results

The clinical and demographic findings of study population are 
given in Table 1. No significant difference was found between 
the groups in terms of age, gender, body surface area, systolic/
diastolic blood pressures and heart rate. 
In M-mode echocardiographic measurements; LVEdD values 
were significantly increased in patient with severe MR com-
pared to controls (4.62 ±0.82 cm, 3.92±0.39 cm; p=0.008). Also 
LVEsD values were found significantly increased in patient 
with severe MR compared to controls (2.81±0.51, 2.43±0.25, 
p=0.01). There was no statistically significant difference 
between groups in terms of EF and FS (p>0.05). M-mode 
echocardiographic measurements of study population were 
given in Table 2. 
In Pulsed Doppler echocardiographic measurements; E values 
were statistically significantly (in both p=0.001) increased in 
patients with severe MR (134.5±25 cm/Hg) when compared 
with controls (97.5±6.07cm/Hg), and patients with mild--
modarete MR (99.6±14.9cm/Hg). While A values were statis-

tically significantly (in both p<0.001) increased in patients 
with severe MR (106.9±30.7 cm/Hg) compared with controls 
(51.8±4.2 cm/Hg) and patients with mild--modarete MR 
(56.3±9.2 cm/Hg), there was no significant difference between 
controls and patients with mild--modarete MR (p>0.05). Also 
rate of E/A were statistically significantly (p<0.001, p=0.008) 
increased in patients with with severe MR (1.31±0.33) when 
compared with controls (1.89±0.22) and patients with mild--
modarete MR (1.78±0.21) although no difference was found 
between controls and patients with mild--modarete MR 
(p>0.05). Mitral flow measurements with pulsed-wawe Dop-
pler imaging in patients with severe MR and healthy controls 
are showed in Figure 1.

Although Em values obtained with TDI did not show signifi-
cantly difference between the groups (p>0.05), Am values 
measured from the lateral and septal annulus were signifi-
cantly increased in patients with severe MR when compared 
with controls and patients with mild--modarete MR (p<0.001, 
p=0.001; respectively). All findings of study population that 
were measured by TDI are given in Table 2. Mitral annulus 
motions from the apical 4-chamber view with tissue Doppler 
imaging in patients with severe MR and healthy control are 
expressed in Figure 2.

Table 1. Clinical and demographic data of study population

	 Patients with healty	 Patients with mild-	 Patients with	 p
	 control (n=30)	 modarete MR (n=20)	 severe MR (n=10)

Age (year)	 10.73±2.4	 10.7±2.6	 10.4±2.5	 >0.05
Female/male ratio	 14/16	 9/11	 4/6	 >0.05
Body surface area (m2)	 1.06±2.6	 1.07±2.7	 1.04±2.4	 >0.05
Systolic/diastolic blood pressure (mmHg)	 85±10	 86±8	 88±12	 >0.05
	 63±8	 61±10	 65±5
Haert rate (pulse/m)	 85±12.5	 88 ± 9.5	 90 ± 10.5	 >0.05

Table 2. M-mode echocardiographic measurements of study population

	 Patients with healty	 Patients with mild-	 Patients with	 p1	 p2	 p3

	 control  (n=30)	 modarete MR (n=20)	 severe MR (n=10)

LVEdD (cm)	 3.92±0.39	 4.31±0.42 	 4.62±0.82	 >0.05	 0.008	 >0.05
LVEsD (cm)	 2.43±0.25	 2.71±0.31	 2.81±0.51	 >0.05	 0.01	 >0.05
LWPWd (cm)	 0.58±0.11	 0.62±0.09	 0.65±0.12	 >0.05	 >0.05	 >0.05
LVPWs (cm)	 0.95±0.13	 1.03±0.12	 1.03±0.13	 >0.05	 >0.05	 >0.05
IVSd (cm)	 0.65±0.13	 0.61±0.11	 0.61±0.11	 >0.05	 >0.05	 >0.05
IVSs (cm)	 1.03±0.16	 0.98±0.12	 0.96±0.11	 >0.05	 >0.05	 >0.05
EF	 68.2±3.8	 66.6±4.3	 68±3.9	 >0.05	 >0.05	 >0.05
FS	 38.1±2.1	 37±3.2	 37.9±3.1	 >0.05	 >0.05	 >0.05

MR: MR; LVEdD: Left ventricle end-diastolic diameter; LVEsD: Left ventricle end-systolic diameter; LVPWd: Left ventricle posterior wall diastolic thicknesses; LVPWs: Left ventricle 
posterior wall interventricular systolic thickness; IVSd: Interventricular septum diastolic thickness; IVSs: Interventricular septum systolic thickness; EF: Left ventricle ejection fraction; 
FS: Left ventricle fractional shortening; p1: p value of comparison between controls and mild-modarete MR 1; p2: p value of comparison between controls and severe MR; p3: p value 
of comparison between mild-modarete MR and severe MR.
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Discussion

In developing countries, rheumatic heart disease continues 
to be a major public health problem and contributes to sig-
nificant cardiac morbidity and mortality. Rheumatic carditis 
results usually in MR in childhood.[13] LV functions in patient 
with MR may deteriorate over time and may not be detected 
by classic echocardiographic methods. For this reason new 
and more effective methods are needed for early diagnosis of 
ventricular disfunctions.[5] Although in our study no significant 
difference was foud between patients with rheumatic valvuli-
tis and healthy children in terms of left ventricular functions 
by conventional echocardiography, TDI revealed LV systolic 
and diastolic disfunctions in patients with severe MR.

It is known that echocardiographic measurements are influ-
enced by age, gender, heart rate and blood pressure values.
[11] There was no significant difference between the groups in 
terms of these parameters in our study. EF and LVEsD are most 
commonly used parameters to show left ventricular dysfunc-

tion in patients with MR.[10,11] In our study, LVEdD and LVEsD, 
measured by M-mode, were significantly higher in patients 
with MR than in healthy controls. While LVEdD was signifi-
cantly higher in patients with severe MR than in patients with 
mild-moderate MR, LVEsD values did not show significant dif-
ference between the two groups. In addition, EF and FS were 
measured as normal in all groups and there was no difference 
between the groups.

The variables obtained from the mitral flow with Doppler are 
the basis for the evaluation of diastolic function, but are in-
fluenced by many physiological factors, especially changes in 
the filling pressure. E wave, A wave, E wave deceleration time 
and A wave duration are used to assess mitral flow.[14] While E 
and A wave velocities did not differ in patients with mild MR 
when compared to the control group, there was a significant 
increase in the patients with severe MR when compared with 
both the control group and patients with mild MR. This finding 
suggests that diastolic functions deteriorate as the degree of 
MR progresses.

Figure 1. Mitral flow measurements with pulsed-wawe Doppler imaging in patients with severe MR (left) and healthy control (right).  E: Early 
mitral diastolic velocity; A: Late mitral diastolic velocity.

Figure 2. Mitral annulus motions from the apical 4-chamber view with tissue Doppler imaging in patients with severe MR (left) and healthy 
control (right). Em: Peak early diastolic myocardial velocity; Am: Peak atrial systolic velocity; Sm: Peak systolic myocardial velocity.
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Mitral annular velocity measurements with TDI method are 
reported to have less preliminary dependence on conven-
tional Doppler values. For this reason, it is suggested that LV 
long axis functions investigated with TDI method to detect LV 
function impairment is more sensitive than EF measurement 
by conventional method and tissue Doppler examination is 
recommended recently.[15] In the early period of diastolic dys-
function, a decrease in Em and a slight increase in both IRT and 
Am may be detected by TDI. Em velocity is associated with my-
ocardial relaxation velocity, since it represents early diastolic 
myocardial conraction. It is accepted that EM is a parameter 
showing ventricular relaxation independent from volumetric 
loading.[14,16] In our study, there was a slight decrease in the Em 
velocities measured from the lateral and septal annulus in pa-
tients with severe MR, but there was no difference between 
the groups. Am velocities obtained from annuli were signif-
icantly higher in patients with severe MR compared to both 
control and patients with mild MR. 

The effect of myocardial relaxation on ventricular filling in 
younger children is more than atrial contraction. Thus, Em is 
higher than Am and the Em/Am ratio is greater than 1. Em/
Am ratio> 1 is considered normal and this measurement is not 
affected by angle and is valid for many wall segments.[17] In our 
study, the Em / Am ratio in the septal and lateral margins was 
found to be higher than 1 in all 3 groups and were significantly 
higher at both annuli in patients severe MR than in the other 
groups. ICT ve IVT values measured from both annuli were 

significantly higher in patients with severe MR than controls 
and patients with mild MR. The IRT is a continuation of the 
systolic heart cycle, which is dependent on systolic functions 
in addition to left ventricular relaxation.[15] IRT is prolonged in 
patients with impaired relaxation. In our study, IRT values were 
significantly higher in patients with severe MR compared with 
controls and patients with mild MR.

Long-acting peak myocardial velocities during the systolic 
ejection phase are reported to be relatively independent from 
afterload and reflect left ventricular contractility. In early de-
tection of systolic dysfunction, a reduction in peak systolic 
myocardial velocities detected on TDI suggested to be useful.
[18,19] Sm velocity in adults being above 5.95 cm / s has been 
reported to have sensitivity and specificity rates of 79% and 
83%, respectively, to distinguish diastolic and systolic heart 
failure.[20] In our study, Sm velocity measured from septal an-
nulus of the mitral valve was significantly higher in patients 
with severe MR than in the other groups, but when measured 
from the lateral annulus it was significantly higher in patients 
with severe MR only from controls. However, the values for 
all three groups remained within the normal value limits re-
ported in the literature.[20]

The Tei index was first published by Tei and his colleagues in 
1995 in a group of patients with cardiomyopathy. Clinical use 
is fairly easy since this index can easily be obtained by doppler 
echocardiographic examination and pre-afterload changes 
are not affected by heart rate and blood pressure changes.

Table 3. Tissue Doppler echocardiographic measurements of study population

		  Patients with healty	 Patients with mild-	 Patients with	 p1	 p2	 p3

		  control (n=30)	 modarete MR (n=20)	 severe MR (n=10)

Lateral annulus
	 Em (cm/s)	 17.6±1.8	 17.9±1.8	 15.8±4.2	 >0.05	 >0.05	 >0.05
	 Am (cm/s)	 7.1±0.8	 7.55±1.3 	 13.9±3.7 	 >0.05	 <0.001	 0.001
	 Em/Am 	 2.54±0.33	 2.45±0.51 	 1.4±0.65 	 >0.05	 <0.001	 <0.001
	 Sm (cm/s)	 9.92±1.7	 10.8±1.6	 11.1±1.6 	 >0.05	 0.01	 >0.05
	 ICT	 52.3±7.2	 54.7±7.3	 59.9 ±13.3	 >0.05	 0.006	 0.01
	 IRTm 	 53.4±7.5	 50.8±7.3 	 57.6±8.7 	 >0.05	 0.004	 0.001
	 VET	 288.3±15.5	 278.3±27.5 	 237.1±44.6	 >0.05	 0.001	 0.002
	 Tei index	 0.35±1.65	 0.36±0.14 	 0.48±0.16 	 >0.05	 0.002	 0.006
Septal annulus						    
	 Em (cm/s)	 14.1±1.06	 13.7±1.45	 12.3±2.7	 >0.05	 >0.05	 >0.05
	 Am (cm/s)	 6.5±0.55	 6.9±0.86 	 11.3±2.6 	 >0.05	 <0.001	 0.001
	 Em/Am 	 2.54±0.33	 2.45±0.51 	 1.4±0.65 	 >0.05	 <0.001	 <0.001
	 Sm (cm/s)	 8.6±0.78	 8.7±0.83	 10.2±0.86 	 >0.05	 0.01	 0.02
	 ICT	 52.3±6.3	 52.2±6.6 	 57.6±11.2 	 >0.05	 0.001	 0.001
	 IRT	 51.4±6.9	 49.9±6.7 	 64.3±12.7 	 >0.05	 0.004	 0.002
	 VET	 283.6±15.6	 274.7±25.6 	 243.6±35.8 	 >0.05	 0.002	 0.01
	 Tei index	 0.35±1.4	 0.35±0.19 	 0.46±0.12 	 >0.05	 <0.001	 0.001

MR: MR; E: Early diastolic velocity; Em: Peak early diastolic myocardial velocity; Am: Peak atrial systolic velocity; Sm: Peak systolic myocardial velocity; VET: Ventricular ejection time; 
ICT: Isovolumic contraction time; IRT: Isovolumic relaxation time; p1: p value of comparison between controls and mild-modarete MR 1; p2: p value of comparison between controls 
and severe MR; p3: p value of comparison between mild-modarete MR and severe MR.
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[12] The Tei index is a sensitive parameter showing the global 
function of the left ventricle. The normal value of the Tei index 
for the left ventricle is reported to be 0.30-0.37.[21] In our study, 
TEI index was measured at normal limits in patients with mild-
to-moderate MR and healthy controls, but significantly higher 
in patients with severe MR than other both groups. In patients 
with severe chronic MR, the progressive reduction in tissue 
Doppler velocities without a decrease in EF value is consid-
ered to be a stimulating finding indicating that LV systolic 
functions progressively deteriorate.[17]

Study Limitations 
Our study had some limitations, such as small sample size of 
patients with severe MR, the patients were taking different 
treatments and novel biomarkers such as BNP and NT-ProBNP 
levels were not measured.

Conclusion 

In our study, LV systolic and diastolic functions obtained by 
conventional echocardiographic measurements, showed no 
significant difference between the controls and patients with 
rheumatic valve disease. However, deterioration in subclinical 
LV systolic and diastolic function was detected by TDI the pa-
tient group with rheumatic MR. We think that close follow-up 
of LV functions is important to estimate prognosis in those 
with severe MR. More prospective work is needed in this topic.

Conflict of interest: There are no relevant conflicts of interest to 
disclose.
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