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Abstract
The aim of this study was to provide evidence of abnormalities of right ventricular (RV) and left ventricular (LV)
function using speckle tracking echocardiography (STE) in adults with ostium secundum-atrial septal defect (OSASD) and pulmonary hypertension (PH).
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Sixty-three adult patients with OS-ASD were enrolled. Control group (n=10) with mean pulmonary arterial pressure
(MPAP) ≤25 mmHg. Three PH groups were divided based on pulmonary artery systolic pressure (PASP): mild
(n=18), moderate (n=24) and severe (n=11). RV free wall strain (RVFWS) and LV global longitudinal strain
(LVGLS) were measured.

RVFWS and RV fractional area change were significantly lower in the severe PH group. No difference was found in
LVGLS among groups. The moderate PH group had significantly higher right atrial (RA) volume and RV impaired
relaxation. RVFWS had a positive correlation with PASP and MPAP.

STE is a valuable non-invasive technique to assess RV and LV systolic function in patients with OS-ASD.

Keywords: Atrial septal defect; Pulmonary hypertension; Strain; Congenital heart disease; Echocardiography;
Speckle tracking

Introduction
Atrial septal defect (ASD) is one of the most common congenital heart diseases with a probability of survival into
adulthood of up to 97% [1,2]. It is characterized by left-to-right shunting, which often results in right ventricular
(RV) volume overload. This can lead to the development of pulmonary hypertension (PH) [3-6] and ultimately RV
failure [7,8]. Early detection of RV dysfunction is critical to preventing its deterioration, and RV deformation
imaging is a valuable means of providing direct and objective evidence of early ventricular dysfunction in patients
with congenital heart disease which is characterized by strain on the RV free wall [9-13]. Speckle tracking
echocardiography (STE) has recently been recognized as a powerful tool that can provide noninvasive assessment of
right and left ventricular (RV, LV) function with high temporal resolution, independent of the angle and ventricular
geometry [14]. STE measures tissue deformation within the myocardium and is expressed as a percentage change.
Early diagnosis of PH in a patient with ASD is critical to assess right ventricular function, which can improve the
prognosis of these patients. There is a high degree of ventricular interdependency due to the interaction of the
interventricular septum during contraction [15]. In the PH disease setting, the RV undergoes hypertrophy and has
direct consequences on the left ventricle. Both clinical and experimental observations have demonstrated several
anomalies in the LV myocardium, including atrophic remodeling and reduced peak LV systolic pressure [16,17].
However, no information is available about the direct measurement of interventricular function in adults with OSASD. The present study aimed to investigate abnormalities of RV and LV function using speckle tracking
echocardiography in adults with OS-ASD and varying degree of PH.

Materials and Methods
Study population
Eighty-four adult patients with OS-ASD were assessed for a cross-sectional and analytical echocardiographic study
from March 2015 to October 2017. Exclusion criteria included mitral, aortic, tricuspid and pulmonic valve lesions
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(n=3), additional congenital heart diseases (n=7), coronary artery disease (n=4), heart failure (n=2) and poor acoustic
window (n=5). We approached and consecutively evaluated the remaining 63 patients in the Out-patient Clinic of
the National Institute of Cardiology Ignacio Chavez. The protocol of this study included twelve-lead resting
electrocardiograms and conventional and speckle tracking echocardiograms. When the echocardiograms were
performed, the patients were not receiving medical treatment.

All patients had complete clinical histories and signed consent forms. The study design was approved by the Ethics
Committee of the National Institute of Cardiology Ignacio Chavez and the protocol number is 15-921.

Echocardiographic evaluation
Conventional transthoracic echocardiographic studies were performed using Vivid 9X-clear equipment (GE
Vingmed Ultrasound, Horten, Norway). The left ventricular ejection fraction (LVEF) was calculated using four and
two-chamber apical views by the modified Simpson method. LVEF was considered normal, when it was ≥52% for
men and ≥ 54% for women. The E and A wave velocities were measured with pulsed Doppler in the apical fourchamber plane, placing the sample volume at the tips of the mitral leaflets. Left atrial (LA) volume was calculated
with the area-length method in the apical four-chamber view and two-chamber view at end systole and it was
indexed by body surface area. The upper normal limit for LA volume index is 34 mL/m2.

Diastolic function was evaluated using pulsed Doppler in the apical four-chamber plane with the sample volume
placed at the tips of the mitral leaflets. E- and A-wave velocities (rapid filling and atrial contribution, respectively)
and E/A ratio were assessed.

Right ventricular end-diastolic diameter was measured in the apical four-chamber view, above the tricuspid valve;
the normal value was ≤43 mm. The RV wall thickness was measured by 2D echocardiography in the subcostal four
chamber view. A value ≥ 0.5 cm was considered abnormal. The right ventricular fractional area change (RVFAC)
was calculated in the apical four-chamber plane using the following formula: (end-diastolic area - end-systolic
area/end-diastolic area) ×100. The normal value was ≥35%. The tricuspid annular plane systolic excursion (TAPSE)
was measured using M-mode in the apical four- chamber plane, and a value of ≥16 mm was considered normal. The
tricuspid S-wave velocity was measured by tissue Doppler imaging, placing the sample volume at the basal portion
of the RV free wall in the apical four-chamber plane and the normal value was ≥9.5 cm/s. Tei index was calculated
by tissue Doppler velocity of the lateral tricuspid annulus, in the apical four-chamber view, and a value <0.54 was
considered normal. Diastolic function was assessed using pulsed Doppler in the apical four-chamber plane with the
sample volume placed at the tips of the tricuspid leaflets. E- and A-wave velocities (rapid filling and atrial
contribution, respectively) and E/A ratio were obtained. A ratio of tricuspid E/ e´ of the lateral tricuspid annulus was
measured for assessment of right ventricular diastolic function, and the normal ratio was ≥6.2.
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Right atrial (RA) volume was obtained using a single-plane method of disks, in the apical four-chamber view at end
systole and it was indexed by body surface area. The normal RA volume index is 25 ± 7mL/m2.

All the echocardiographic measurements were made according to the guidelines of the American Society of
Echocardiography and the European Association of Cardiovascular Imaging [18-20].

Measurements of the interatrial septal defect were made in the 4-chamber subcostal plane along its long axis and in
the modified apical four-chamber view by sliding the transducer medially from the apical four-chamber view toward
the sternal border. The shunt and its hemodynamic impact, across the ostium OS-ASD was assessed through a
combination of 2D-bidimensional, color flow Doppler and pulsed wave Doppler. The shunt flow was estimated by
pulsed Doppler of the pulmonary (Qp) to systemic (Qs) blood flow ratio. For quantification of the Qp/Qs ratio, the
systolic velocity time integrals (VTIs) of the RV and LV outflow, and the maximal systolic diameters of the
2

pulmonary and LV outflow tracts were measured. The estimation of the RV and LV outflow tract area (πr )
multiplied by the corresponding VTI provided the stroke volume for the right and left ventricles, respectively. The
Qp/Qs ratio was the ratio of the pulmonary to systemic stroke volumes (RV stroke volume/LV stroke volume)
[21,22].

Pulmonary arterial pressure assessment
The pulmonary artery systolic pressure (PASP) was calculated by tricuspid regurgitation velocity with continuouswave Doppler in the apical four-chamber view, using the simplified Bernoulli equation: PASP = 4 × (maximal TR
velocity)2 + right atrial pressure (RAP). RAP was estimated in the subcostal view according to the inferior vena
cava (IVC) size and collapsibility following a normal sniff: An IVC diameter < 2.1 cm that collapsed >50% with a
sniff suggested normal RA pressure of 3 mm Hg (range, 0–5 mm Hg), whereas an IVC diameter > 2.1 cm that
collapsed < 50% with a sniff suggested a high RA pressure of 15 mm Hg (range, 10–20 mm Hg). In scenarios in
which IVC diameter and collapse did not fit this paradigm, an intermediate value of 8 mm Hg (range, 5–10 mm Hg)
might be used, or, preferably, other indices of RA pressure could be integrated to downgrade or upgrade to the
normal or high values of RA pressure [18-20].

The MPAP was determined by echocardiography, using the following formula= 0.60 x PASP + 2.1 mmHg [23].
According to 2015 ESC/ERS guidelines for the diagnosis of pulmonary hypertension (PH) [24], patients with mean
pulmonary arterial pressure (MPAP) greater than 25 mm Hg were considered to have PH. There were 10 patients
with MPAP lower than 25 mm Hg, and they made up the control group. Using the systolic pulmonary arterial
pressure (PASP), patients with PH (n = 53) were further divided into: mild (36-49 mm Hg), moderate (50-70
mm Hg), and severe (>70 mm Hg).
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Speckle tracking measurements
The patients were evaluated in the left lateral decubitus, using Vivid 9 X-clear (GE) equipment with software for
ventricular mechanics. A region of interest was traced with a point-and-click approach on the endocardium of the
RV free wall at the end of diastole in an apical four-chamber view. A larger region of interest was subsequently
generated and manually adjusted near the RV epicardium. The program automatically divided the RV free wall into
three segments and performed analysis of the deformation frame by frame with a frequency between 50 and 80
frames per sec in deep expiration (Figure 1). This process allowed an automated confirmation of the contour and
generated deformation values. The three segments were averaged, and the value was considered to be the RV free
wall strain (RVFWS), in which the normal value of RVFWS was given as -29.0 ± 4.5% based on the 2015
ASE/EACVI guidelines [12-14,18-20]. Left ventricular global longitudinal strain (LVGLS) was defined as the
average of peak systolic strain values of the 17-segment model and it was assessed in the apical four chamber, two
chamber and three chamber views, a LVGLS value <-20% was considered abnormal. The LV circumferential and
radial deformation was performed using the short axes at the level of the mitral valve, papillary muscles and apex,
where these normal values were more than – 23.3% and +40%, respectively [18,25].

Figure 1: Measurement of RV peak systolic strain by 2D STE, averaged over the three segments of the RV free wall
in RV-focused apical four chamber view, (-28.6%).

Statistical analysis
Continuous data variables were expressed as mean (±standard deviation) or median (interquartile range) according if
the data followed normal distribution using the Kolmogorov-Smirnov test if they did not. To assess differences
between groups of PH, we performed an ANOVA or a Kruskal-Wallis test wherever appropriate. Further
comparisons among groups were performed using the Tukey or Dunn’s post hoc test wherever appropriate. To
assess the correlation between RVFWS and hemodynamic parameters we used the Pearson’s and coefficient
analysis. A partial correlation analysis was also performed to adjust for covariates. Aditionally, a non-linear
regression analysis was performed to evaluate the best fit to our model between both variables. Both methods were
adjusted for age, body superficial area, RV fractional area change and right performance index, which are known
covariates that modifies RV function. To predict the optimal cut-off values to predict RV dysfunction based on
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PASP we assessed it by evaluating the area under the curve (AUC) of receiver operating characteristic (ROC)
curves. The optimal cut-off value was defined as closest to 1 in the top left corner, using the Youden method. The
ROC curve of RVFWS was compared against those of the conventional transthoracic echocardiographic parameters
(tricuspid annular plane systolic excursion, S wave velocity, RV performance index, and RV fractional area change).
Finally, the intra and interobserver variability was assessed in 12 patients. We extracted the intraclass correlation
coefficients using the average measures of the PASP, MPAP and RV and LV strains between previously obtained
measurements and the actual measurements. A second independent echocardiographer who was not involved in the
first measurements performed the echocardiographic evaluation of the previously mentioned parameters. All
statistical analyses were performed with the Social Package for Social Sciences (SPSS, version 23) and the graphs
were done using GraphPad Prism (Version 8.0). A p value ≤0.05 was considered as statistically significant.

Results
Patient characteristics
Demographic and clinical characteristics of the study population are presented in Table 1. Briefly, we included 63
patients with previous diagnoses of OS-ASD, 49 (77.7%) were female and 53 with PH (84%). Our control group
consisted of 10 (15.8%) patients without PH. Further classification of PH included: 18 (28.5%) with mild, 24 (38%)
with moderate and 11 (17.5%) patients with severe PH. Patients with moderate PH were significantly older than the
control and mild PH groups.

Table 1: Demographic findings of adult ASD patients with PH
Control

Mild

(n = 10)

(n = 18)

(n = 24)

(n = 11)

Age (years)

33.2 ± 9.1

33.7 ± 13.0

48.8 ± 13.6*,#

47.5 ± 16.0

Women (n, %)

6 (60.0%)

13 (72.2%)

20 (83.3%)

10 (90.9%)

Weight (kg)

69.3 ± 12.3

65.3 ± 14.0

64.6 ± 13.2

67.3 ± 13.73

Height (m)

1.61 ± 0.10

1.62 ± 0.10

1.54 ± 0.08#

1.54 ± 0.06

26.7 ± 3.8

24.8 ± 4.1

27.1 ± 4.6

28.4 ± 6.5

1.74 ± 0.19

1.68 ± 0.20

1.64 ± 0.20

1.67 ± 0.15

1 (n, %)

5 (50%)

14 (77.8%)

15 (62.5%)

1 (9.1%)

2 (n, %)

5 (50%)

4 (22.2%)

8 (33.3%)

10 (90.9%)

3 (n, %)

0

0

1 (4.2%)

0

PSAP (mm Hg)

34.1 ± 2.0

43.2 ± 3.5*,#,&

57.7 ± 5.1#,&

92.6 ± 17.5&

PMAP (mm Hg)

22.7 ± 1.2

28.5 ± 2.4*,#,&

37.2 ± 3.1#,&

58.9 ± 11.0&

Parameters

BMI (kg/m2)
2

2

BSA (cm /m )

PH

Moderate

PH

Severe

PH

NYHA Functional class
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Abbreviations: ASD: atrial septal defect, BMI: body mass index, BSA: body surface area, PH: pulmonary
hypertension, MPAP: mean pulmonary arterial pressure, PASP: pulmonary artery systolic pressure. Values are
expressed as mean ± SD. The * symbol denotes p<0.05 when severe PH was compared to controls, the ‘#’ symbol
when p<0.05 comparing severe PH to mild PH, and the ‘&’ symbol when p<0.05 comparing severe PH to moderate
PH.

Echocardiographic evaluation
Echocardiographic evaluation among our groups of study are presented in Table 2. RV free wall thickness, tricuspid
E/e’ and RV RVFAC were all significantly greater in the severe PH group compared to control, mild and moderate
groups. The moderate PH group showed significantly higher values of right atrial volume and E/A tricuspid ratio
compared to the control group. There were no differences in TAPSE, S wave velocity, RV performance index and
LVEF among groups.
Table 2: Echocardiographic characteristics

Control

Mild

Parameters

(n = 10)

LA volume (ml/m2)

PH

Moderate PH

Severe PH

(n = 18)

(n = 24)

(n = 11)

29.5 ± 5.9

31.6 ± 10.4

34.8 ± 10.4

34.1± 12.2

RA volume (ml/m2)

40.1 ± 10.5

50.8 ± 14.6

69.3 ± 32.9*

66.1 ± 24.2

RV thickness (mm)

5.5 ± 0.7

6.4 ± 1.3

6.9 ± 1.3

8.6 ± 2.6*,#,&

RV basal diameter (mm)

49.5 ± 6.5

50.8 ± 6.7

51.8 ± 7.0

51.4 ± 5.7

RV medial diameter (mm)

44.7 ± 8.0

44.1 ± 7.5

47.0 ± 6.1

46.2 ± 5.8

RV longitudinal diameter (mm)

77.5 ± 9.0

80.5 ± 8.8

77.7 ± 9.6

79.0 ± 7.7

RVFAC (%)

42.3 ± 6.9

44.6 ± 9.2

37.9 ± 4.7#

31.5 ± 7.5*,#

TAPSE (mm)

26.8 ± 6.3

25.3 ± 4.8

24.2 ± 4.1

22.1 ± 5.9

S wave velocity (cm s-1)

14.8 ± 3.5

14.3 ± 2.7

13.7 ± 3.2

12.7 ± 1.8

RV performance index

1.8 ± 0.5

1.5 ± 0.6

1.4 ± 0.7

1.3 ± 0.7

E tricuspid wave

0.67 ± 0.22

0.75 ± 0.26

0.57 ± 0.21

0.55 ± 0.22

A tricuspid wave

0.55 ± 0.28

0.62 ± 0.23

0.68 ± 0.28

0.67 ± 0.27

#

E/A tricuspid ratio

1.3 ± 0.3

1.3 ± 0.4

0.9 ± 0.3

Tricuspid

8.0 ± 2.9

7.9 ± 1.8

9.8 ± 3.0

12.3 ± 5.4*,#

ASD diameter (mm)

27.3 ± 6.2

27.6 ± 6.2

33.1 ± 8.8

30.4 ± 7.5

Shunt

2.5 ± 0.5

2.8 ± 0.8

3.2 ± 1.0

2.8 ± 1.0

LV end-diastolic volume (ml)

110.5 ± 19.2

114.5 ± 14.4

122.4 ± 12.1

124.2 ± 15.3

E/e’
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LV end-systolic volume (ml)

48.2 ± 2.2

49.1 ± 2.3

50.1 ± 5.2

52.1 ± 3.2

LV ejection fraction (%)

62.4 ± 7.2

63.51 ± 6.3

65.21 ± 7.7

65.81 ± 5.9

E/A mitral ratio

1.3 ± 0.3

1.3 ± 0.4

1.1 ± 0.6

0.9 ± 0.4

Abbreviations: RVFAC: right ventricular fractional area change, ASD: atrial septal defect, LA: left atrium, LV: left
ventricle, PH: Pulmonary hypertension, RA: right atrium, RV: right ventricle, TAPSE: tricuspid annular plane
systolic excursion. Values are expressed as mean ± SD. The * symbol denotes p<0.05 when severe PH was
compared to controls, the ‘#’ symbol p<0.05 when comparing severe PH to mild PH, and the ‘&’ symbol p<0.05
when comparing severe PH to moderate PH

Ventricular and atrial deformation parameters
We found that RVFWS and septal longitudinal strain were significantly decreased in the severe PH group compared
to control and mild PH groups (Table 3, Figure 2A). However, no differences were detected in LVGLS (Figure 2B),
LV global circumferential strain (LVGCS, Figure 2C) and LV global radial strain (LVGRS), among control and PH
groups. In our correlation analysis, we found that RVFWS was positively correlated with PASP (r = 0.402; 95% CI:
0.316-0.490) (Figure 2A) and MPAP (r = 0.415; 95% CI: 0.328-0.502) and found that RVFWS explained the 20%
and 20.4% of the variability of both measurements, respectively. (Figure 3, Supplementary Table 1).

Table 3: Parameters of RV and LV mechanical deformations

Control

Mild

(n = 10)

(n = 18)

(n = 24)

(n = 11)

RV FWS (%)

-26.3 ± 5.2

-26.3 ± 5.2

-26.7 ± 6.0

-18.9 ± 8.2 *,#,&

Septal LS (%)

-26.2 ± 4.3

-23.7 ± 6.5

-24.4 ± 4.0

-17.2 ± 7.6 *,#,&

LV GLS (%)

-22.3 ± 3.2

-21.7 ± 3.1

-23.0 ± 3.5

-22.8 ± 4.0

LV GCS (%)

-19.5 ± 4.1

-16.2 ± 9.3

-18.0 ± 4.6

-18.8 ± 3.3

LV GRS (%)

40.6 ± 10.7

41.9 ± 6.8

36.0 ± 10.5

34.3 ± 13.1

Parameters

PH

Moderate

PH

Severe

PH

Abbreviations: RL FWS: right ventricular free wall strain, Septal LS: septal longitudinal strain, LVGLS: left
ventricular global longitudinal strain, LVGCS: left ventricular global circumferential strain, LV GRS: left
ventricular global radial strain. Values are expressed as mean ± SD. The * symbol denotes p<0.05 when severe PH
was compared to controls, the ‘#’ symbol p<0.05 when comparing severe PH to mild PH, and the ‘&’ symbol
p<0.05 when comparing severe PH to moderate PH.
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Figure 2: Comparison of mechanical deformation among PH groups. (A) RV free wall strain, (B) LV global
longitudinal strain, and (C) LV global circumferential strain from the control and three PH groups. Values are means
± SD. The * symbol denotes p<0.05 when severe PH was compared to controls, the ‘#’ symbol when p<0.05
comparing severe PH to mild PH, and the ‘&’ symbol when p<0.05 comparing severe PH to moderate PH. LV: Left
ventricular, PH: Pulmonary hypertension, RV: Right ventricular, SD: Standard deviation.

Figure 3: Correlations of RVFWS with pulmonary artery systolic pressure (A; PASP), and mean pulmonary arterial
pressure (B; MPAP). Red line represents the predicted values according to the quadratic fit between each variable.
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Supplementary Table 1: Unadjusted and adjusted correlation and regression analyses for RV longitudinal strain
with PASP and MPAP. Covariates for the adjusted models: age, body superficial area, right ventricular fractional
area change, and right performance index.

Parameter
RV

Free

Un-adjusted

Adjusted

Wall

Strain

PASP

MPAP

PASP

MPAP

Correlation

0.402

0.415

0.350

0.338

coefficient

(0.218-0.622)

(0.193-0.615)

(0.098-0.559)

(0.084-0.550)

B-coefficient

1.377

0.906

0.976

0.630

R2

0.200

0.204

0.381

0.348

Non-linear
regression analysis

Abbreviations: PASP= Pulmonary artery systolic pressure; MPAP= Mean pulmonary arterial pressure.
Finally, exploring the capacity of RVFWS and conventional transthoracic echocardiographic parameters (RV FAC,
TAPSE, RV performance, S wave velocity) to predict RV dysfunction based on the PSAP, we found that RVFWS
(AUC: 0.801; 95% CI: 0.684-0.918, p<0.0001) and RV fractional area change (AUC: 0.800; 95% CI: 0.691-0.906,
p<0.0001) were useful predictors of RV dysfunction in PASP≥ 60 mmHg (value selected based on the accepted cutoff point in the literature). The first with a cut-off value less than -25.6% presents a better specificity (83%) and the
second with a cut-off value of less than 38% presents better sensitivity (81%), (Table 4, Figure 4).
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Table 4: AUCs indicating the ability of RV free wall longitudinal strain and conventional transthoracic
echocardiographic parameters (RV fractional area change, TAPSE; RV performance index, S wave velocity) to
predict RV dysfunction based on PASP ≥60 mmHg.

Parameters

AUC

95% CI

P value

RV fractional area change

0.800

0.691-0.906

P < 0.0001

TAPSE

0.595

0.447-0.743

P = 0.217

S wave velocity

0.563

0.418-0.743

P = 0.418

Tei index RV

0.535

0.384-0.685

P = 0.654

RV FWS

0.801

0.684-0.918

P < 0.0001

Abbreviations: AUC: Area under the curve, PASP: Pulmonary arterial systolic pressure, RV: Right ventricular,
TAPSE: tricuspid annular plane systolic excursion, RV FWS: right ventricular free wall strain. P < 0.05 denotes
significant difference.

Figure 4: ROC curves exhibiting abilities of RVFWS, RV performance index, S wave velocity, TAPSE and

Archives of Clinical and Biomedical Research

Vol. 4 No. 4 – August 2020. [ISSN 2572-9292].

284

Arch Clin Biomed Res 2020; 4 (4): 274-291

DOI: 10.26502/acbr.50170104

RVFAC to predict RV dysfunction in patients with OS-ASD with PH. The cut-off point for RVFAC was 38% with
sensitivity = 81.8% and specificity = 75% and for RVFWS of -25.6 % with sensitivity = 72.7% and specificity =
82.5%.
OS-ASD: Ostium secundum-Atrial septal defect, PH: Pulmonary hypertension, ROC: Receiver operating
characteristic, RV: Right ventricular, TAPSE: Tricuspid annular plane systolic excursion.
We obtained a 0.944 (95% CI 0.677-0.983, p<0.001) interclass coefficient, which is a strong indicator that the
measurements performed during our study were consistent, independent of the observer.

Discussion
In patients with ASD the elevated levels of PASP are flow dependent, caused by increased flow on the right side
owing to the left-to-right shunt. Severe PH in patients with significant atrial shunts usually develops more slowly as
a response to the increased pulmonary blood flow with remodeling of the pulmonary arteries [26,27].

In this study, we investigated abnormalities of RV and LV function using speckle tracking echocardiography in
adults with ostium secundum ASD and varying degrees of PH. We did not find any statistically significant
differences among any RV diameters; furthermore, only those with severe PH had increased RV thickness compared
to our control group.

We found that the RV free wall strain and RV fractional area change were decreased in the severe PH group
compared to the control group, but no effect on LVGLS was detected among the control and the three PH groups.
We also observed no difference in LV ejection fraction among three PH groups compared to the control group, but
type I diastolic dysfunction (impaired relaxation) was observed mainly in the group with severe PH. These findings
were consistent with those of previous studies that suggested that global two-dimensional strain could be a better
parameter for predicting clinical events in acute heart failure than LV ejection fraction [28]. It is important to
mention, that there are no universal normal values for strain. The strain values vary substantially from vendor to
vendor, and for this reason the EACVI and ASE initiated the Strain Standardization Task Force to develop an
academic-industrial consortium that could reach a consensus on a list of standard definitions and nomenclature for
the clinical parameters evaluated with 2D speckle tracking technology and to create a common standard [29].

The results indicate that chronic RV pressure overload in PH patients directly affects the systolic performance of the
right ventricle but not the left ventricle. Moreover, RVFWS had a positive correlation in a non-linear (quadratic) fit
with PASP and MPAP. Furthermore, these were not attributable to larger volumes or larger ventricular size as we
did not find differences in our groups; thus, they correlated with the pathophysiological mechanisms that explained
that RV dysfunction leads to a decreased PASP and MPAP. This suggests that RVFWS could potentially be used to
evaluate the RV function in patients with OS-ASD and PH. RVFWS was a better index of RV function than TAPSE,
MPI, S wave velocity or RVFAC.
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Additionally, RV impaired relaxation and a significantly higher tricuspid E/e´ ratio were found in patients with OSASD and moderate to severe HP compared to controls and those with mild PH, indicating an increase in RV filling
pressure. Cossio-Aranda et al. (2016) found that tricuspid E/e’ ratio>6.2 is a predictor of right ventricular diastolic
dysfunction in patients with OS-ASD [30]. Utsunomiya et al. [31] also demonstrated that tricuspid E/e´ is a
powerful predictor of cardiac events in patients with chronic PH, suggesting the prognostic importance of RV
diastolic dysfunction.

Furthermore, we used speckle tracking echocardiography to assess regional RV function. It is known that during
systolic contraction, RV longitudinal shortening provides the predominant contribution to ejection of blood, rather
than circumferential shortening [32]. Thus, the measurement of RVFWS has been proposed as a useful means of
examining RV hemodynamic changes in healthy individuals and in patients living with PH [9,10]. In our results, we
found that RVFWS was significantly lower in the severe PH group. This is consistent with previous findings of
lower RV lateral wall global longitudinal strain in ASD patients compared to controls [11]. Interestingly, these
investigators showed that patients who already had undergone surgery in childhood demonstrated a decrease in peak
systolic RVFWS [11]. We hypothesize that the decreased RVFWS is a compensatory consequence of chronic
volume overload prior to surgical closure. This supposition is supported by the fact that severe PH patients with no
medical history of ASD also exhibited the decrease of RVFWS [9,14,33,34]. However, a previous study using a
similar imaging technique has reported significantly higher RVFWS from ASD patients compared to the control
group and the RVFWS was reduced in the same patients after ASD closure [35]. We are aware of such
discrepancies; the control group in our study had ASD, and that could explain the higher RVFWS values of our
control group compared to their group.

We found that the RVFAC was significantly lower in the severe PH group. This was in agreement with a prior study
of severe PH patients with OS-ASD using two-dimensional echocardiography [36]. The decrease in RVFAC could
be directly comparable to our previous finding using a rodent PH model that demonstrated a decrease in the extent
of shortening in isolated RV muscles from the PH group compared to the control group. The mechanism underlying
diminished shortening could be decreased velocity of shortening [14,37] as a result of a shift in the myosin heavy
chain from fast to slow [38-40] and increased fibrosis in the RV myocardium in the PH model [41].

A noteworthy contribution of this study was the evaluation of regional LV function in OS-ASD patients with
varying degrees of PH. Our results revealed no differences in global longitudinal, circumferential and radial strain in
the LV among three PH groups compared to the control group. This finding aligns with a previous study of ASD
patients that reported no difference in LV global and segmental longitudinal strain compared to controls [11]. We
also note that comparable results of no difference in circumferential fiber shortening are consistent with those seen
in a previous study on PH patients with no ASD [42].
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RVFWS had a positive correlation with PASP. This is in agreement with a previous study [9] and supports the value
of RVFWS for the assessment of RV systolic function using speckle tracking echocardiography.

Limitation
Our study included a small number of patients in a prospective single center study; larger populations in future
studies will be necessary to determine the utility of RVFWS for evaluating RV systolic function. A second
limitation is the inclusion of patients of different genders in the same group. There was a greater proportion of
female patients in this study. Gender differences exist in the prevalence of PH [43-46] with a striking
female-to-male ratio of nearly 4-to-1. A gender comparison study will be crucial for future scientific consideration.
Third, right heart catheterization was not included in this study. Inasmuch as catheterization is the gold standard for
differentiating precapillary pulmonary hypertension from post-capillary PH.

Fourth, in patients with very severe TR, the Doppler envelope may be cut off because of an early equalization of RV
and RA pressures, and the simplified Bernoulli equation may underestimate the RV-RA gradient.

Conclusion
Patients with ostium secundum-ASD and PH develop RV systolic dysfunction and biventricular diastolic
dysfunction. Speckle tracking echocardiography is a valuable non-invasive technique to assess RV and LV systolic
function in these patients.

Abnormal RVFWS can be a useful predictor of the severity of PH in adult patients with OS-ASD.
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