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Background: Atrial function could be affected by many cardiac disorders. Recently Strain imaging has been employed for the assessment 
of atrial function in several disorders involving atria.
Objectives: We aimed to measure the right atrial function by this method in adult patients with surgically corrected Tetralogy of Fallot 
(TOF).
Patients and Method: Forty six adult patients with TOF who underwent total correction surgery in childhood and had severe pulmonary 
regurgitation and fulfilled the criteria of ACC/AHA guideline for PVR enrolled. The control group included 50 healthy adults with matched 
age and sex. Standard transthoracic echocardiography was performed on both groups which myocardial velocities and strain imaging 
indices were obtained from their RA free wall.
Results: The myocardial velocities and deformational indices of RA free wall were significantly compromised in TOF patients compared 
with normal subjects. There was no correlation between RA function data measured by strain imaging and RV volume measured in CMR.
Conclusions: In light of our findings, we concluded that RA function is severely diminished in adult patients with TOF. It would play an 
important role in pathophysiological process of the right sided heart failure in these patients.
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Implication for health policy/practice/research/medical education:
 Our study, entitled “Quantitative assessment of right atrial function by strain imaging in patients with totally corrected tetralogy of Fallot”, deals with 

the feasibility of measuring the regional longitudinal strain/strain rate profiles in the right atrium wall to quantify right atrium functions in patients 
with Tetralogy of Fallot(TOF). This study concentrated on the analysis of the right atrium deformation properties in patients with TOF and demonstrated 
a diminished right atrium function in this group of patients.
Copyright © 2013, Iran University of Medical Sciences; Licensee New Pub Ltd. This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

1. Background
Atrial function could be affected in many cardiac disor-

ders. The three components of the atrial function are: 1) 
the reservoir function, storing blood when the tricuspid 
valve is closed and releasing stored blood when it opens; 
2) the conduit function, transferring passive blood direct-
ly from the coronary and systemic veins to the RV when 
the tricuspid valve is open; and 3) the booster pump func-
tion, contracting the atrium in late diastole to complete 
ventricular filling (1-10). One of the modalities to evaluate 
atrial function is strain imaging. According to the previ-
ous studies on the deformational properties of the left 
atrium (LA) (2, 6, 10) and the right atrial function (RA) (1, 
3, 5, 7, 8), the systolic strain and strain rates represent the 
atrial reservoir function and the early and late diastolic 
strain rates show the conduit and booster functions, re-
spectively. Previous studies have reported that pathologi-

cally altered atrial function can profoundly affect the car-
diac performance.

2. Objectives
We aimed to measure the regional longitudinal strain 

and strain rate profiles in the right atrial wall to quantify 
the right atrial function in patients with totally corrected 
tetralogy of Fallot ( TOF).

3. Patients and Method

3.1. Patient Selection
Forty-six adult patients with a diagnosis of TOF who un-

derwent total correction surgery in childhood and had 
severe pulmonary regurgitation (PR) and fulfilled the cri-
teria of American college of cardiology/American heart 
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association (ACC/AHA) guideline for pulmonary valve re-
placement (PVR) (11-13) enrolled. All of the patients were 
assessed by cardiac magnetic resonance (CMR) regarding 
their pulmonary regurgitation severity and right and 
left ventricular size and function. The control group was 
comprised of 50 healthy volunteer adults with matched 

age and sex. The normal subjects were chosen by taking 
into account history, physical examination, ECG, and 
echocardiography. The study was approved by the eth-
ics committee of Rajaie Cardiovascular, Medical and Re-
search Center, and informed consent was obtained from 
all the patients.

Table 1. General Characteristics of the Studied Sample

General Characteristics TOFaPatients (n = 46) Normal Subjects (n = 50) P value

Age, y b 25.2 ± 5.7 29 ± 14 > 0.05

Sex, No. (%) 33/13 40/35

Male 33 (71.7) 35 (70)

Female 13 (28.3) 15 (30)

BSAa, m2 1.67 ± 0.12 1.78 ± 0.65 > 0.05

Systolic BPa 107.5 ± 20 120.0 ± 10.7 > 0.05

Diastolic BP, 68 ± 10 77.3 ± 5.2 > 0.05

Heart Rate, 84 ± 12 67 ± 14 > 0.05

LVEFa, 55.9±2 60 ± 5 > 0.05

RA area Index, cm/m2 17.5 ± 3.8 6.6 ± 1.3 < 0.001

RV Sm, cm/s, 9.1 ± 1.6 13 ± 1.7 < 0.001

IVCasize, mm 22 ± 3.4 10 ± 2 < 0.001

RVEDDa, mm 48 ± 1 26.5 ± 3.9 < 0.001

TAPSEa, mm 17 ± 3 25 ± 3 < 0.001

RVadiastolic volume index in CMRa, ml/m2 159 ± 8.5 ---
a Abbreviations: BP, blood pressure; BSA, body surface area; CMR, cardiac magnetic resonance; IVC, inferior vena cava; LVEF, left ventricular ejection 
fraction; RA, right atrium; RV, right ventricle; RVEDD, right ventricular end diastolic diameter; TAPSE, tricuspid annular plane systolic excursion; TOF, 
tetralogy of fallot.
b All the data are shown with Mean ± SD 

3.2. Echocardiographic Study
A complete two-dimensional (2D) color Doppler echo-

cardiogram was performed in each subject using a com-
mercial GE Vivid 7 with a 3-MS variable frequency har-
monic phased array transducer. The LV global systolic 
function was evaluated in terms of the EF, employing the 
biplane Simpson method. The RV systolic function was 
evaluated in accordance with the American Society of 
Echocardiography guidelines for the echocardiographic 
assessment of the right heart in adults (14) using the 
following parameters: Tricuspid annular plane systolic 
excursion (TAPSE) and tissue Doppler–derived tricuspid 
lateral annular systolic velocity (RVSm).TAPSE < 16 mm, 
and RVSm velocity < 10 cm/s indicated RV systolic dys-
function. The RA area was measured at the end-systole in 
the four-chamber view.

3.3. Strain Rate Imaging in the Right Atrium
Real-time 2-D color Doppler myocardial imaging data 

were recorded from the RA, using standard four cham-
ber apical views at a high frame rate (> 150 FPS) and the 
narrowest sector angle possible. The data obtained were 

stored in digital format and analyzed offline with dedi-
cated software (Echopac Vivid 7). The method used for 
acquiring and analyzing the strain imaging of RA was 
based on our previous report ( 7 ). The region of inter-
est for acquiring strain analysis was the right atrial lat-
eral wall between 6 o’clock and 9 o’clock. The region of 
interest was kept at the center of the ultrasound sector 
to ensure the accuracy of the insonation angle with the 
long-axis motion. A sample volume of 3-4 mm was uti-
lized for the calculation of the longitudinal strain rate. 
During the RV systole, the RA acts as a reservoir and col-
lects blood from the caval veins while the tricuspid valve 
is closed; this process results in the enlargement of the 
RA. Also during the RV systole, the passive stretching of 
the RA walls leads to the longitudinal lengthening of the 
RA, which is recorded as a positive S and SR value. During 
early diastole, the RA acts as a conduit for passive emp-
tying and as a booster pump during atrial contraction 
in late diastole. And finally during RV diastole, the atrial 
shortening occurs which is recorded as a negative SR val-
ue. This method made the calculation of the parameters 
of peak systolic strain (S), peak systolic strain rate (SR), 
early diastolic strain rate (EDSR), and late diastolic strain 
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rate (LDSR) possible (Figure 1). Three consecutive beats in 
each view were analyzed and averaged.

Figure 1. Right Atrial Strain Rate Analysis
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3.4. Statistical Analysis
All the analyses were conducted using IBM SPSS satis-

tic 19 (IBM corp.Armonk, NY) to compare the strain im-
aging data the patients and normal subjects. All data 
were initially analyzed using the Kolmogorov-Smirnov 
test to assess the normality. Categorical variables are 
presented as numbers and percentages and quantita-
tive variables as mean ± standard deviation (SD). The 
Student’s t-test was performed comparison of interval 
variables between two sub-groups. The Pearson’s prod-
uct-moment correlation coefficient was utilized to find 
the correlations between interval data. A P-value of 0.05 
was considered statistically significant. Inter-observer 
variability and intra-observer variability were calculat-
ed as the absolute difference divided by the average of 
the two observations for all the parameters. Ten cases 
were analyzed for the calculation of the inter- and intra-
observer variability.

4. Results 
Among the 46 TOF patients, the mean of age 25.2 ± 

5.7, 33 (71.7%) were male and 13 (28.3%) were female. All 
the patients were symptomatic [New York Heart Asso-
ciation (NYHA) class III] and had remarkable exercise 
intolerance assessed by standard exercise tests and se-
vere pulmonary regurgitation based on the CMR and 
echocardiography criteria. Table 1 depicts general char-
acteristics, echocardiography and CMR data of patients 
versus normal subjects.

The RA tissue velocities and deformational indices were 
severely compromised in patients compared with nor-
mal subjects (Table 2).

Table 2. Right Atrial Myocardial Velocities and Deformation Indices in TOFversus Normal Subjects

Velocities and Deformation Indices TOF Patients (n = 46) Normal Subjects (n = 50) P value

Systolic Velocity , cm/sb 4.5 ± 1.3 9.2 ± 1.6 <0.001

Early diastolic velocity, cm/sec 3.9 ± 1.6 9.5 ± 1.8 <0.001

Late diastolic velocity , cm/sec 2.7 ± 1.2 8.3 ± 2.1 <0.001

RASa 73.4 ± 32 132 ± 51 <0.001

RASRa, 1/s 2.7 ± 1.1 6.3 ± 3.0 <0.001

RAEDSRa, 1/s 2.7 ± 1.5 5.4 ± 1.7 <0.001

RALDSRa, 1/s 3 ± 1.5 4.5 ± 2.2 <0.001
a Abbreviations: RAEDSR, right atrial early diastolic strain rate; RALDSR, right atrial late diastolic strain rate; RAS, right atrial strain; RASR, right atrial 
strain rate
b All the data are shown with Mean ± SD

As has shown in Table 2, peak RA systolic strain, indi-
ces of atrial reservoir function (SR) were severely di-
minished in TOF patient versus normal subjects [73.4 
± 32 versus 132 ± 51 (P < 0.001) and 2.7 ± 1.1 versus 6.3 ± 

3.0 (P < 0.001)]. EDSR and LDSR (indices of conduit and 
booster function of atrium) were also significantly com-
promised in TOF patients versus normal subjects [2.7 ± 
1.5 versus 5.4 ± 1.7 (P < 0.001) for EDSR and 3 ± 1.5 versus 
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4.5 ± 2.2 (P < 0.001) for LDSR]. There was no correlation 
between RA deformational indices and other echocar-
diographic data including RV (right ventricle) size, 
TAPSE, RVSm, RV fractional area change and RA area. (r 
= 0.05-0.2 with no significant p values). The mean of RV 
diastolic volume index was 159 ± 8.5 milliliter/m 2. We 
also found no correlation between this CMR index -as 
the most important CMR variable in the assessment of 
TOF patients with severe PR- and the decision making 
for PVR, and RA deformational indices (r = 0.1-0.2 with 
no significant p values). The intra-observer variability 
for the peak RA systolic strain, SR, EDSR, and LDSR was 
12.4 ± 10%, 12.1 ± 11%, 13.2 ± 8%, and 10.8 ± 5%, respectively; 
and the inter-observer variability for the peak RA systol-
ic strain, SR, EDSR, and LDSR was 13.2 ± 3 %, 14.2 ± 9%, 12.3 
± 10%, and 11.4 ± 7%, respectively.

Strain Rate Imaging of right atrium in a normal subject. 
The sample volume (3-4mm) was placed in the right atrial 
lateral wall at an apical four- chamber view.

5. Discussion
The present study assessed the RA function using myo-

cardial deformation properties in severely symptomatic 
TOF patients who had severe pulmonary regurgitation 
and were candidate for PVR. Our findings demonstrate a 
significant decrease in the deformational indices of the 
RA in TOF patients compared with the normal subjects. 
Recently, the utility of atrial performance for estimating 
cardiovascular risks, guiding therapy and decision mak-
ing in various clinical settings becomes increasingly 
clear. Assessment of atrial size, anatomy and function 
can be performed with different imaging techniques 
(1-10). Quantification of atrial myocardial function by 
strain imaging has been recently proposed. The impor-
tance of right atrial function has prompted many inves-
tigators to focus on it via SRI in patients with different 
types of cardiovascular disorders (4, 5, 7). The strain rate 
imaging allows the non-invasive functional quantifica-
tion of the right atrial function analyzing the deforma-
tion properties independent of cardiac rotational mo-
tion and the tethering effect. The previous studies on 
the deformational properties of the LA and the RA func-
tion state that the systolic strain and strain rate repre-
sent the atrium reservoir function and the early and 
late diastolic strain rates demonstrate the conduit and 
booster functions, respectively (3, 5, 8). The reduction in 
the RA strain and strain rate indices in our patients sig-
nifies that all three components of RA function have se-
verely compromised. This severe RA dysfunction could 
be secondary to longstanding hemodynamic loads or 
the direct involvement of the atrial myocardial fibers by 
the pathologic changes related to the congenital heart 
disease process. Right ventricular volume overload, due 
to pulmonary regurgitation and/or tricuspid regurgita-

tion in TOF patients will elevate right atrial pressure and 
volume (11, 12). Moreover, these patients have all had in-
tra cardiac surgery with the use of cardiopulmonary by-
pass and a right atrial scar, the sequel of the atriotomy 
necessary for the cannulation or visualization of intra 
cardiac structures. This scarring would lead to the loss 
of atrial compliance and compromise of atrial reservoir 
function. So, either due to the elevated right ventricu-
lar pressure or as a result of increased right ventricu-
lar volume, the right atrial wall is often stretched in 
patients with corrected TOF. These all together will not 
only lead to a compromised atrial function, but also to 
a high prevalence of atrial arrhythmias (7). Hui W et al. 
(15) study showed that tissue Doppler derived strain rate 
can provide quantitative analysis of the regional right 
atrial performance in patients with TOF. They assessed 
50 asymptomatic patients following corrective surgery 
of tetralogy of Fallot, and concluded a significantly re-
duced right atrial active fractional area of emptying, 
along with a reduced peak strain rate. Despite severe RA 
dysfunction, we found no correlation between deforma-
tional indices and other echocardiographic parameters 
and/or RV diastolic volume index in CMR. Considering 
this finding accompanied with the result of Hui W et al. 
(15) study, it could be concluded that RA dysfunction is 
present in all TOF patients at early stages even in asymp-
tomatic ones and would not be a useful index for deter-
mining the time for PVR in symptomatic patients with 
TOF. The long-term prognosis of adult patients with con-
genital heart disease is insufficiently known and largely 
dependent on the right-sided cardiac function (7). RA 
strain imaging properties could be considered as a non-
invasive and comprehensive tool to assess the right side 
chambers function in patients with congenital heart 
disease including TOF. Patients with higher atrial strain 
imaging values seem to have a better right atrial perfor-
mance. The prognostic significance of RA dysfunction 
and changes in RA function indices measured by SRI fol-
lowing PVR should be addressed in further studies.

5.1. Study Limitations
Similar to other Doppler modalities, tissue Doppler-

derived strain measurements are dependent on the di-
rection of the Doppler angle. Therefore, interpretation of 
the SR should be performed cautiously if tissue direction 
deviates more than 30° from the direction of the ultra-
sonic beam. In light of our findings, we concluded that 
RA function is severely diminished in adult patients with 
TOF. It could play an important role in pathophysiology 
of the right sided heart failure in this group of patients 
and should be addressed in further studies. Strain Rate 
Imaging of right atrium in a normal subject. The sample 
volume (3-4mm) was placed in the right atrial lateral wall 
at an apical four- chamber view.
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