
Quantitative assessment of the left atrial myocardial deformation in 
patients with chronic mitral regurgitation by strain and strain rate 

imaging: an observational study 

Kronik mitral yetersizlikli hastalarda sol atriyal miyokardiyal deformasyonun gerilim (strain) ve 
gerilim hızı (strain rate) görüntüleme ile kantitatif olarak değerlendirilmesi: Gözlemsel bir çalışma

Address for Correspondence/Yaz›şma Adresi: Dr. Enbiya Aksakal, Atatürk Üniversitesi Tıp Fakültesi, Kardiyoloji Anabilim Dalı, Erzurum-Türkiye 
Phone: +90 442 316 63 33 Fax: +90 442 316 63 40 E-mail: drenbiya@yahoo.com

The summary of this study was presented at the ‘‘6th Congress of Update in Cardiology and Cardiovascular Surgery’’ in conjunction with ‘‘59th International 
Congress of European Society for Cardiovascular Surgery (ESCVS)’’ in April 15-18, 2010, İzmir-Turkey

Accepted Date/Kabul Tarihi: 11.01.2012 Available Online Date/Çevrimiçi Yayın Tarihi: 07.05.2012
©Telif Hakk› 2012 AVES Yay›nc›l›k Ltd. Şti. - Makale metnine www.anakarder.com web sayfas›ndan ulaş›labilir.

©Copyright 2012 by AVES Yay›nc›l›k Ltd. - Available on-line at www.anakarder.com
doi:10.5152/akd.2012.120

Enbiya Aksakal, Ziya Şimşek, Serdar Sevimli, Şule Karakelleoğlu, Mustafa Kemal Erol, 
İbrahim Halil Tanboğa1, Mustafa Kurt1 

Department of Cardiology, Faculty of Medicine, Atatürk University, Erzurum-Turkey
1Clinic of Cardiology, Erzurum Education and Research Hospital, Erzurum-Turkey

ABSTRACT
Objective: We evaluated regional left atrial (LA) myocardial deformations by strain (S) and strain rate (SR) imaging during LA pump, reservoir, 
and conduit phases in patients with chronic rheumatic mitral regurgitation (MR). 
Methods: This cross-sectional observational study included 42 patients with moderate-to-severe MR who had normal left ventricular (LV) func-
tion, and 36 healthy control subjects. Conventional echocardiographic data were used to calculate LV and LA dimensions, volumes and func-
tional indices (LA ejection fraction, LA active and passive emptying fraction). Longitudinal S/SR indices of the mid and superior segments of LA 
walls were measured during the three LA phases. Student t-test, Mann-Whitney U test, Chi-square test and Bland-Altman analysis were used 
for statistical analysis. 
Results: LV systolic functions were similar in the patient and control groups. LV diameters, LA diameters and LA volumes were greater in the patient 
group compared with the control group (p<0.05, p<0.001, and p<0.001). LA ejection fraction and LA active emptying fraction values were lower in 
the patient group than in the control group (56±7 vs. 63±5%, 33±9 vs. 40±4%, p<0.05 for both). During the three LA phases, longitudinal S/SR values 
were significantly lower in all the segments in the patient group compared with the control group (p<0.001 for S, p<0.001 and p<0.05 for SR).
Conclusion: Regional LA longitudinal myocardial deformations are observed to be impaired during all the mechanical phases in patients with 
moderate-to-severe MR. Volume overload, remodeling and rheumatic effects may be responsible for the LA myocardial dysfunction in these 
patients. (Anadolu Kardiyol Derg 2012; 12: 377-83)
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ÖZET
Amaç: Bu çalışmada romatizmal kronik mitral yetersizlikli (MY) hastalarda bölgesel sol atriyum (SA) miyokart deformasyonu gerilim (strain-S) ve 
gerilim hızı (strain rate-SR) görüntüleme ile SA’un pompa, depo ve kanal dönemlerinde değerlendirildi.
Yöntemler: Kesitsel ve gözlemsel bu çalışmaya orta-şiddetli MY olan normal sol ventrikül (SV) sistolik fonksiyonlarına sahip 42 hasta ve 36 sağlıklı 
kontrol birey alındı. Konvansiyonel ekokardiyografi ile SV ve SA boyutları, hacimleri ve fonksiyon belirteçleri (SA ejeksiyon fraksiyonu, SA aktif ve 
pasif boşalma fraksiyonu) ölçüldü. SA duvarlarının orta ve üst segmentlerinden longitüdinal S/SR değerleri, her üç mekanik dönemde ölçüldü. 
İstatistiksel değerlendirme için Student t-testi, Mann-Whitney U testi, Ki-kare testi ve Bland-Altman analizi kullanıldı.
Bulgular: Sol ventrikül sistolik fonksiyonları hasta ve kontrol grubunda benzer bulundu. Hasta grubunda SV çapları ile SA çapları ve hacimleri kontrol 
grubundan anlamlı derecede yüksek bulundu (p<0.05, p<0.001 and p<0.001). Hasta grubunda SA ejeksiyon fraksiyonu ve SA aktif boşalma fraksiyonu 
değerleri kontrol grubundan anlamlı derecede düşük bulundu (%56±7 ve 63±5, %33±9 ve 40±4; p<0.05 her ikisi için). Her üç SA mekanik dönemi için 
tüm segmentlerde hasta grubunda S/SR değerleri kontrol grubundan anlamlı derecede düşük bulundu (S için p<0.001, SR için p<0.001 ve p<0.05).



Introduction

Chronic mitral regurgitation (MR) causes increased left 
ventricular (LV) and left atrial (LA) preload. Due to preservation 
of LV ejection fraction (EF), most of the patients remain asymp-
tomatic for many years. Compensation of regurgitant volume by 
LA enlargement plays an important role in the generation of MR 
symptoms. However, this vicious cycle leads to LV volume over-
load which eventually results in LV and LA dysfunction (1, 2). LA 
remodeling caused by MR is target organ damage (3). LA 
remodeling causes chronic inflammatory changes, myocyte 
hypertrophy, interstitial fibrosis, impaired elastic properties 
with elevated pressure, and dimensional enlargements (4, 5). LA 
enlargement is an important risk factor for atrial fibrillation, 
undesired cardiovascular events, stroke, and sudden cardiac 
death (1, 2, 6, 7). 

Unlike LV, the atrial walls have a unique contraction/relax-
ation cycle due to having longitudinal and circumferential muscle 
bundles arranged in a complex manner (8). Atrial mechanical 
cycle is consisted of three phases: reservoir phase (RP) during LV 
systole, conduit phase (CP) during early and mid-period of the 
ventricular diastole, and pump phase (PP) which enhance LV fill-
ing during late diastole (9-11). Although LA volumes assessed by 
conventional echocardiography provide information about the 
global function, it remains inadequate for the quantitative assess-
ment of myocardial function separately during each of these 
phases. LA dysfunction in patients with atrial fibrillation and 
myocardial infarction has been shown with tissue Doppler imag-
ing (TDI) (12, 13). However, angle dependence and loading condi-
tions limit the use of TDI in MR. Strain (S) and strain rate (SR) 
imaging modalities, derived from color TDI, are less affected from 
loading conditions, adjacent segments and translational heart 
motion. S/SR imaging methods have been used in the assessment 
of LV function in many cardiovascular diseases (14-17).  
S/SR imaging derived from TDI has been validated by quantita-
tive assessment of regional LA deformation in healthy subjects 
(10, 14). In a few studies, LA deformation has been shown to be 
affected in various etiologies. While Moustafa et al. (18) showed 
decreased LA global S/SR measurements in primary chronic MR 
patients, Borg et al. (19) reported increases in LA deformation 
indices in patients with degenerative MR. 

However, LA deformation indices in rheumatic MR have not 
been evaluated according to LA three mechanical phases. 

Therefore, in this study, we aimed to evaluate LA deforma-
tion by S/SR imaging during each of the three LA phases (pump, 
reservoir and conduit phases) in patients with chronic rheu-
matic MR.

Methods

Study design
This study was designed as a cross-sectional observational 

study. 

Study population
The study population consisted of 42 rheumatic moderate-

to-severe MR patients (26 women and 16 men; mean age, 43±6.2 
years) with normal LV systolic function (EF > 50%), and age- and 
gender-matched 36 normal subjects (22 women and 14 men; 
mean age, 41±7.3 years), who were admitted to cardiology out-
patient clinic in Atatürk University Faculty of Medicine between 
September 2009 and December 2009. The candidates had nor-
mal echocardiographic evaluation. Patients with hypertension, 
diabetes mellitus, atrial fibrillation, atrioventricular conduction 
anomalies, valvular heart disease other than MR, history of isch-
emic heart disease or revascularization, history of valvular sur-
gery, acute coronary syndromes, LV systolic dysfunction, seg-
mental wall motion abnormalities, pericardial disease, other 
causes of MR (ischemic, degenerative or myxomatous), as well 
as patients whose LA had an inadequate imaging quality, were 
excluded from the study. 

Written informed consent was obtained from each of the 
patients and the study was approved by the institutional review 
board.

Two-dimensional and Doppler echocardiography
All patients underwent an echocardiographic examination in 

left lateral position by a GE Vivid 7 system (GE Vingmed 
Ultrasound AS, Horten, Norway) device using a 3.5 MHz trans-
ducer. End-expiratory echocardiographic records were obtained 
from standard apical 4-chamber, 2- chamber, apical long -axis, 
and parasternal long -axis views during three cardiac cycles. 
The entire data were transferred to a workstation for further 
offline analysis (EchoPAC PC; GE Vingmed Ultrasound AS, 
Horten, Norway). Echocardiographic assessment and measure-
ments were performed according to the recommendations of 
the American Society of Echocardiography (20). LV end-diastolic 
and end-systolic diameters, LA diameters and volumes were 
calculated from two-dimensional echocardiographic views. 
LVEF was also calculated by averaging the Simpson and Teicholz 
methods (10, 20). Transmitral flow velocity during early filling (E)  
velocity was obtained by pulsed wave Doppler in the apical 
4-chamber view. TDI was used to measure mitral annular veloc-
ities. The early diastolic velocity (E’) was obtained in both the 
mitral septal and lateral annulus. The mean of the lateral and 

Sonuç: Orta-şiddetli MY’li hastalarda bölgesel SA longitüdinal miyokart deformasyonu her üç mekanik dönemde de bozulmuştur. Bu hastalarda SA 
miyokart fonksiyon bozukluğundan hacim yüklenmesi, yeniden şekillenme ve romatizmal etkiler sorumlu olabilir.
(Anadolu Kardiyol Derg 2012; 12: 377-83)
Anahtar kelimeler: Deformasyon, gerilim, gerilim hızı, mitral yetersizlik, sol atriyum
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septal E’ was used for average E’. The ratio of E/E’ was calcu-
lated by using average E’. LA antero-posterior diameter was 
measured based on the parasternal long-axis, whereas superi-
or-inferior and septo-lateral diameters were measured from 
apical 4-chamber views. All of the LA volumes were calculated 
using the biplane area length (apical 4- and 2- chamber) method 
and they were indexed to body surface area (20). The following 
volume indices were also calculated: maximal (LAVmax), mini-
mal (LAVmin), and pre-atrial contraction (LAVpre) volumes. 
Based on these volumes, the following LA function markers 
were measured: LA expansion index (LAEI) by (LAVmax- LAVmin) 
/ LAVmin x100 formula, LA active emptying fraction (LAAEF) by 
(LAVpre - LAVmin) / LAVpre ×100 formula, LA passive emptying 
fraction (LAPEF) by (LAVmax - LAVpre) / LAVmax ×100 formula, 
LA stroke volume (LASV) by LAVmax- LAVmin formula, and LA 
ejection fraction (LAEF) by (LASV / LAVmax) × 100 formula (10, 
20-22). 

Assessment of mitral regurgitation
Patients with moderate (mitral regurgitant fraction 30-49%) 

and severe MR (mitral regurgitant fraction ≥50%), consistent 
with the recommendations of American Society of 
Echocardiography, were included in the study (23). The mitral 
regurgitant fraction was calculated from mitral annulus and LV 
outflow tract by pulsed-wave Doppler. 

Strain and strain rate imaging
Evaluation of LA deformation parameters (S and SR) were car-

ried out by tissue velocity imaging using a frame rate of 160-200 s-1 
and three consecutive beats were recorded from apical 4- and 
2- chamber views (24). During this process, frame rate was 
increased by narrowing the sector angle to 15-30° and the wall to 
be recorded was positioned in the center of the sector to minimize 
the artifacts and then it was re-aligned so as to achieve a parallel 
direction of the evaluated motion as near to the direction of the 
insonating beam as possible (25). From these records, by using 
Echopac PC software program, S and SR parameters were calcu-
lated from LA mid and superior segments of lateral wall, inter-
atrial septum, anterior and lateral walls during each mechanical 
period (10, 26, 27) (Fig. 1 and 2). Because of the thin atrial wall, a 
narrow sample volume (2×6 mm) was selected (27). 

Ten data sets were randomly selected and analyzed. For the 
assessment of intra-observer variability, the analyses were 
repeated twice by the same observer within one week. For the 
inter-observer variability assessment, a second independent 
observer repeated the analyses. 

Statistical analysis
Statistical analyses were performed by SPSS, version 12.0 

for Windows (SPSS Inc., Chicago, IL, USA). Continuous variables 
are expressed as mean±standard deviation or median (inter-
quartile range) values. p<0.05 was recognized as statistically 
significant. Independent Student t-test or Mann-Whitney U test 

were used to compare the continuous variables. Categorical 
variables were evaluated by the Chi-square test. Interobserver 
and intraobserver agreements were assessed by Bland-Altman 
analysis and intraclass correlation coefficient (ICC). 

Results
 
Baseline measurements
The baseline characteristics of the study population are sum-

marized in Table 1. There was no significant difference between the 
groups with regard to age, sex, body mass index, blood pressure 
and heart rate. Patient group had significantly increased LV end-

Variables Controls Patients *p
  (n=36) (n=42)

Age, years 41.0±7.3 43.0±6.2 0.8

Gender, M/F  14/22 16/26 0.77

Body mass index, kg/m2 27.4±3.7 28.2±4.3 0.72

Systolic blood pressure, mmHg 118±10 120±12 0.82

Diastolic blood pressure, mmHg 76±6 74±7 0.53

Heart rate, beat/min  78±11 81±13 0.52

NYHA class (1/2/3/4) 34/2/0/0 35/5/2/0 >0.05

Left ventricle 

 End-diastolic diameter, mm  46 (41-51) 52 (45-60) 0.01

 End-systolic diameter, mm  27±3 33±5 0.001

 Ejection fraction, %  62±5 60±4 0.67

 Mitral E/E’ ratio 7.8±2.9 10.7 ±3.5 0.001

Left atrium

 Septal- lateral diameter, mm   35±3 50±8 <0.001

 Superior- inferior diameter, mm 39±4 58±12 <0.001

 Anterior-posterior diameter, mm  33±3 48±9 <0.001

 Minimal volume, mL 20 (13-26) 46 (26-65) <0.001

 Maximal volume, mL 52 (41-62) 101 (44-142) <0.001

 Pre-atrial contraction volume, mL 33±4 69±34 <0.001

 Stroke volume, mL  36±3 72±26 <0.001

 Minimal volume index, mL/m2  12.3±2.3   29.8±13.2 <0.001

 Maximal volume index, mL/m2 31.4±4.4 63.2±24.7 <0.001

 Pre-atrial contraction volume 21.1±2.9 45.4±22.3 <0.001
 index, mL/m2     

 Active emptying fraction, %  40±4 33±9 0.01

 Passive emptying fraction, %  34±6 36±10 0.34

 Expansion  index, %  163±12 114±27 <0.001

 Ejection fraction, %  63±5 56±7 0.01

Results are shown as mean±standard deviation, median (minimum-maximum values) 
and numbers/percentages
*Student t-test, Mann-Whitney U test and Chi-square test
E - peak  transmitral flow velocity during early filling, E` - mitral annular flow velocity 
during early filling, F - female, M - male, NYHA - New York Heart Association 

Table 1. Clinical and conventional echocardiographic parameters of the 
study population

Aksakal et al.
Left atrial myocardial deformation

Anadolu Kardiyol Derg 
2012; 12: 377-83 379



diastolic and end-systolic diameters (for both p<0.05, respectively), 
whereas LVEF was comparable between the groups (p>0.05). 
Patient group had significantly increased LA diameters and vol-
umes (p<0.001). While the conventional LA function parameters, 
namely LAAEF, LAEI and LAEF, were significantly lower in the patient 
group (p<0.05, p<0.001, and p<0.05, respectively), there was no sig-
nificant difference between the two groups in terms of LAPEF 
(p>0.05). There was significant difference between the control 
group and MR patients in regarding E/E’ ratio (p=0.001) (Table 1). It 
was observed that the New York Heart Association (NYHA) score 
did not show any notable correlation with that of the strain param-
eters in the reservoir, conduit and pump period (r<0.25, p>0.05).

Left atrial deformation measurements
S and SR measurements for each of the three LA phases 

were obtained from a total of 624 segments in 78 subjects. The 

analysis of LA longitudinal S revealed that the patient group had 
significantly lower S values in both mid and superior segments 
of the walls during each mechanical phase, compared with the 
control group (p<0.001) (Table 2). When patient and control 
groups were compared for LA longitudinal SR measurements, 
we found that patients had significantly lower SR in both mid 
and superior segments of the walls during each mechanical 
phase, compared with the control group (superior segments of 
anterior and lateral walls in PP, p<0.05; superior segments of the 
inferior wall both in PP and early RP, p<0.05; and all other seg-
ments during all three phases, p<0.001) (Table 3). 

Inter-observer and intra-observer agreement results for S 
measurements of PP, RP and CP were as follows: 11.6±4.2% / 
10.2±3.8% (ICC: 0.89, 95% CI 0.81-0.96), 8.8±3.6% / 7.3±2.8% (ICC: 
0.87, 95% CI 0.80-0.95), and 7.4±3.1% / 6.6±2.9% (ICC: 0.90, 95% CI 
0.83-0.96), respectively; whereas same results for the SR mea-

Figure 1. Apical 4-chamber strain measurements 
CP - conduit phase, PP - pump phase, RP - reservoir phase

Figure 2. Apical 4-chamber strain rate measurements  
CP - conduit phase, ERP - early reservoir phase, LRP - late reservoir phase, PP - pump phase, 
SR - strain rate

Left atrial     Left atrial strain, %

mechanical phases Lateral Inter-atrial septum Anterior Inferior

 Group Mid Superior Mid Superior Mid Superior Mid Superior

Pump phase Control -26±4.8 -25.4±4.7 -26.2±4.8 -26.1±4.4 -27.3±4.6 -26.3±4.8 -24.2±4.5 -24.0±4.6

 Patient -19.3±4.1 -19.4±4.3 -19.1±4.4 -19.8±4.1 -19.8±4.5 -21.1±4.3 -19.4±4.7 -20.6±4.3

 *p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Reservoir phase Control 62.6±6.9 60.8±7.1 67.5±8.2 63.6±8.0 64.3±7.6 62.8±8.4 60.5±8.2 59.6±7.9

 Patient 41.1±8.4 42.7±10.8 43.7±9.1 44.4±10.2 47.6±10.4 48.2±10.7 48.4±11.2 48.8±10.7

 *p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Conduit phase Control -47.8±6.4 -46.4±6.6 -47.1±6.5 -45.7±6.2 -48.4±6.7 -46.5±6.5 -44.7±6.4 -41.2±5.8

 Patient -25.7±5.4 -28.1±6.6 -26.4±5.6 -27.4±5.4 -28.5±6.8 -29.7±6.4 -27.4±5.9 -29.5±5.8

 *p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Results are shown as mean±standard deviation 

*Student t-test and Mann-Whitney U test

Table 2. Left atrial myocardial longitudinal peak systolic strain parameters

Aksakal et al.
Left atrial myocardial deformation

Anadolu Kardiyol Derg 
2012; 12: 377-83380



surements of CP, early RP, late RP and PP were as follows: 
4.6±1.2% / 4.1±1.1% (ICC: 0.84, 95% CI 0.72-0.95), 12.2±2.4% / 
14.1±3.7% (ICC: 0.79, 95% CI 0.70-0.88), 16.8±2.1% / 19.3±3.4% 
(ICC: 0.78, 95% CI 0.67-0.88), and 19.7±4.1% / 20.6±3.9% (ICC: 0.79, 
95% CI 0.68-0.91), respectively.

Discussion

Our study results based on the quantitative S/SR imaging 
demonstrated that patients with chronic rheumatic MR had 
impaired regional longitudinal LA myocardial deformation during 
each mechanical phase. Conventional echocardiographic find-
ings in patients with MR showed that LA dimensions and vol-
umes were increased, and global function parameters such as 
LAAEF, LAEI, and LAEF were decreased. In S/SR imaging, 
patients with MR had lower S/SR values for the mid and supe-
rior segments of all walls during all three phases, compared 
with the control group. Conventional and quantitative echocar-
diographic findings in patients with MR suggest that volume 
overload, dimensional enlargement, remodeling and rheumatic 
effects may play a role in the myocardial dysfunction of LA. 

The principal hemodynamic function of the LA is to regulate 
filling of LV throughout the RP, CP and PP. Approximately 42% of 
the stroke volume is stored by the reservoir function of LA (28). 
The peristaltic-like movement of LA contraction, which begins at 
the superior aspect near the pulmonary veins, may minimize the 
backward atrial regurgitation flowing to the pulmonary veins, 
while moving blood towards the mitral annulus and the LV (29). 
Evaluation of LA myocardial function with conventional echo-
cardiographic methods is very difficult and complex due to 

absence of appropriate objective methods. Parameters that 
significantly affect loading conditions such as LAEF, LAAEF, 
LAPEF and LAEI, while providing general information about the 
function of LA, cannot provide quantitative data about segmen-
tal and regional myocardial function of LA (5, 9). TDI and TDI-
derived S/SR imaging have been shown to be more specific than 
conventional echocardiographic markers in the assessment of 
regional and global LA function. Moreover, they have been 
shown to play a role in determining the early period of subclini-
cal disease (30). Our results demonstrated a significant deterio-
ration in the LA reservoir function which shows LA filling during 
LV systole, LA conduit function that mediates filling of LV during 
diastole, LA pump function which provides support to LV filling 
and LAEF in patients with MR. Increased LA volume and 
mechanical load as a result of chronic MR, contributes to the 
development of atrial fibrillation (5, 7, 31). Atrial fibrillation devel-
ops in 48% of MR patients receiving medical therapy within a 
follow-up of ten years. Increased LA volume and atrial fibrilla-
tion have been found to be associated with increased mortality 
and morbidity, including sudden cardiac death (2, 3, 6, 7, 32-34). 
Surgical treatment is recommended as a class II indication in 
cases of new onset atrial fibrillation with MR (35).

In their study, Moustafa et al. (18) showed that LA volume 
indices (except LAPEF) were impaired in relation to the degree 
of MR, patients with mild MR had comparable S/SR measure-
ments relative to the control group, and the moderate-severe 
MR group had significantly lower S/SR values compared with 
the healthy subjects and mild MR patients. Moreover, in our 
study, there was no significant difference between the patient 
and control groups with regard to LAPEF, and our S/SR measure-

Left atrial      Left atrial myocardial strain rate, s-1 

mechanical phases Lateral Inter-atrial septum Anterior Inferior

 Group Mid Superior Mid Superior Mid Superior Mid Superior

Pump phase Control -4.4±0.8 -4.2±0.8 -4.8±0.6 -4.9±0.9 -4.6±0.8 -4.4±0.7 -4.4±0.8 -4.2±0.8

 Patient -3.4±0.9 -3.7±0.9 -3.5±0.9 -3.7±1.0 -3.7±0.9 -3.8±0.9 -3.6±0.8 -3.7±0.7

 *p <0.001 0.01 <0.001 <0.001 <0.001 0.01 <0.001 0.01

Early reservoir Control 5.3±0.9 5.2±1.0 5.8±1.0 5.8±1.0 5.6±0.9 5.4±1.0 5.2±0.8 4.9±0.9

phase Patient 4.0±1.0 4.2±1.0 4.2±1.0 4.3±1.1 4.3±1.0 4.4±0.9 4.2±0.8 4.3±1.0

 *p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01

Late reservoir Control 6.3±1.1 6.1±1.0 6.7±0.9 6.3±0.8 6.4±0.9 6.1±1.0 6.2±0.9 6.1±0.9

phase Patient 4.1±1.1 4.4±1.2 4.3±1.1 4.4±1.2 4.4±1  4.6±1.2 4.5±1.1 4.5±1.2

 *p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Conduit phase Control -7.9±1.0 -7.6±0.9 -7.4±1.1 -7.7±0.7 -7.7±0.9 -7.4±1.0 -7.1±1.0 -6.9±0.9

 Patient -5.2±1.0 -5.5±1.0 -5.5±1.0 -5.5±1.1 -5.5±1.1 -5.7±1.1 -5.3±1.0 -5.5±1.1

 *p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Results are shown as mean±standard deviation 

*Student t-test and Mann-Whitney U test

Table 3. Left atrial myocardial longitudinal strain rate parameters
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ments were consistent with moderate-severe MR patients in 
this study. Similarly, Shin et al. (28) showed that patients with MR 
had significantly lower LA S measurements when compared to 
healthy subjects. On the contrary, Borg et al. (19) reported 
increases in LA deformation indices in relation to the increases 
in LA volumes in patients with degenerative moderate-severe 
MR. In this study, it is concluded that increased LA volume 
causes higher atrial compliance, raised preload causes higher 
contractile function according to Starling’s law, and myocyte 
hypertrophy leads to increases in deformity indicators. However, 
in the summary section, it was interestingly put forward that 
despite the increases in indicators of LA deformation and con-
tractile functions, LA contribution to LV filling was reduced. The 
results of our study with regard to LA volumes and functional 
indicators conform to those in this study, with the exception that 
our S/SR value was different. Borg et al.’s (19) study population 
is relatively older than ours. While Borg et al. (19) found the end 
systolic diameter not to be different from the control group; EF 
values were significantly higher than the control group. In our 
study, on the other hand, end systolic diameter values in patients 
were substantially higher than the control group whereas there 
were no differences in EF between these groups in our study. 
Therefore, all these causes are effective factors on the different 
outcomes of the results. The lower value of our S/SR can probably 
be related to the rheumatic character of MR in our study. In rheu-
matic heart disease, a previous rheumatic illness has been shown 
to play a contributing role in LA and LV dysfunctions (36-38). 

Cameli et al. (39) used a new technique of two-dimensional 
speckle tracking echocardiography which revealed that indica-
tors of longitudinal LA deformation were increased in mild MR 
patients; however, they were decreased in moderate and severe 
MR patients. While the increase in mild MR patients was associ-
ated with the increase in LA compliance, the decrease in mod-
erate and severe patients was correlated to chronic MR-related 
structural abnormalities such as myocyte hypertrophy, intersti-
tial fibrosis, and reduced metalloproteinase secretion. At the 
end, they concluded that indicators of LA deformation could be 
used to identify LA functions during the early stage of asymp-
tomatic MR.

Study limitations
The most important limitation of our study was the artifac-

tual effects and the implemented S/SR techniques such as seen 
in TDI and S/SR studies. However, minimizing the screen win-
dow in order to raise the resolution and positioning the heart 
wall parallel to the ultrasound waves, reduced these errors to a 
minimum. Second limitation of our study was the lack of confir-
mation of LA functions via invasive methods in asymptomatic 
MR patients, which could have been an unethical step. However, 
in LV studies, S/SR indicators have been shown to match with 
the results of invasive methods. Third, patients with AF were not 
included in the study because LA demonstrates an extra contri-
bution to the myocardial dysfunction. Four, mild MR patients 

were excluded from the study. Final limitation was the small 
number of our study sample, which required dividing the patients 
into moderate and severe MR groups. 

Conclusion

Patients with chronic rheumatic MR exhibit abnormal LA 
longitudinal myocardial functions during all three mechanical 
stages, which can be evaluated quantitatively by S/SR imaging. 
Moreover, S/SR imaging can also be used for the serial follow-
up of quantitative LA deformation (S/SR) data in chronic rheu-
matic MR patients. Therefore, it can be helpful in evaluating the 
MR progress and establishing the right timing for surgery before 
occurrence of irreversible myocardial damage. However, further 
studies involving large case series and long-term patient follow-
ups are required. 
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