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Abstract

Background: One of the inclusion criteria for applying atrial septal defect (ASD) closing procedure is an increased pulmonary-to-
systemic blood flow ratio (Qp/Qs). Eccentricity index (EI) is associated with ventricular dysfunction in patients with pulmonary
hypertension.
Objectives: As ASD patients have overload volume and pressure in their pulmonary arteries, we tried to test this hypothesis if EI and
Qp/Qs ratio are possibly associated.
Patients andMethods: This study is a correlation study. 64 patients with primary diagnosis of secundum type ASD enrolled in this
study and echocardiography was performed for all of them. Data were analyzed by SPSS as well as descriptive and statistical tests.
Results: Bivariate correlation test showed that there was a positive and significant association between Qp/Qs ratio and EI (r = 0.502,
P = 0.001). Linear regression analysis showed that there was a linear association between Qp/Qs ratio and EI (Beta = 1.765, P = 0.001).
Conclusions: We found that EI and Qp/Qs ratio are significantly and positively associated and Qp/Qs ratio can be easily estimated
by measuring EI in secundum type ASD patients.
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1. Background

Atrial septal defect (ASD) is a congenital heart dis-
ease that can be routinely diagnosed by echocardiogra-
phy. The flow of blood through the atrial septal defect usu-
ally causes left to right shunt which can be estimated by
the pulmonary-to-systemic blood flow ratio (Qp/Qs). The
greater the left-to-right blood flow is, the greater the risk
of long-term complications will be. As reviewed by Kra-
suski (1), one of the inclusion criteria for applying ASD clos-
ing procedure is an increased Qp/Qs ratio, and it is recom-
mended to close the defect if the pulmonary blood flow is
at least 50% greater than the systemic blood flow (Qp/Qs
≥ 1.5). However, determination of the ratio of pulmonary
blood flow to systemic blood flow is a challenging proce-
dure and calculating this ratio by an alternative and eas-
ier method would be desirable. The eccentricity index (EI),
measure of septal displacement, could be calculated in the
parasternal short-axis view at both end-systole and end-
diastole (2). This has been reported with adverse outcomes
in patients with primary pulmonary hypertension (3). As
ASD patients with high EI are most closely associated with
the overload volume and pressure in their pulmonary ar-
teries and also EI is associated with the ventricular dysfunc-

tion in patients with pulmonary hypertension, we tried to
test this hypothesis if EI and Qp/Qs ratio are possibly asso-
ciated.

2. Objectives

As ASD patients have overload volume and pressure in
their pulmonary arteries, we tried to test this hypothesis if
EI and Qp/Qs ratio are possibly associated.

3. Patients andMethods

3.1. Study Population

This study is a correlation study. The study participants
were selected from those subjects with primary diagnosis
of ASD who had been referred to the adult clinic of echocar-
diography in Razavi Hospital, Mashhad, Iran during the
year 2013. All the patients with isolated secundum type ASD
were included in this study. These patients had no previous
history of smoking, hypertension, chronic obstructive pul-
monary disease, diabetes mellitus, ischemic, myocardial
or valvular heart disease, prior cardiac surgery, the pacer
or defibrillator wire, RVOT obstruction, and PAH≥ 55. The
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patients also had no apparent major disease. Finally, 64
patients fulfilled the inclusion criteria and enrolled in the
study (82% Females and 18% males).

3.2. Cardiac Imaging

Standard resting transthoracic echocardiographic ex-
amination was done for all the patients. The used equip-
ment included VIVID 7, GE Vingmed Ultrasound (USA), as
well as RA and LA area indexes were measured from Apical
4 chamber view by planimetry. Pulmonary Artery Systolic
Pressure (PASP) was estimated from the systolic pressure
gradient between the right atrium and right ventricle by
the peak continuous-wave doppler velocity of the tricuspid
regurgitation jet using the modified Bernoulli equation,
and then this value was added to the right atrial pressure
estimated from the inferior vena cava size and collapsibil-
ity with respiration, as previously validated and described
in other studies (4, 5). To assess the Qp/Qs ratio, we used
the recommended method by American society of echocar-
diography (6). Ventricular septal position was quantified
using the EI described by Ryan et al. (2). Briefly, after iden-
tifying an appropriate end-diastolic stop frame, the follow-
ing diameters were drawn using electronic calipers: D1 is
the diameter bisecting the papillary muscles and D2 is the
diameter orthogonal to D1, and finally EI equals the ratio
D2/D1. It should be noted that a value of 1.0 for EI means a
perfectly circular left ventricle.

3.3. Statistical Analysis

Data were expressed as mean ± SD (for parameters
with a normal distribution). We performed a regres-
sion analysis to investigate the correlation between EI and
Qp/Qs. The P value < 0.05 was considered significant.

4. Results

The mean age of the subjects was 36.34 ± 13.03 that
it showed most patients were middle aged. The echocar-
diographic findings of the patients have been presented
in Table 1. of the subjects with Qp/Qs ≤ 1.5 were also nor-
mal. In patients with secundum ASD, it was determined
that defects were usually eccentrically shaped rather than
circular; which 17 of them (26.5%) had a defect with ma-
jor axis length/ minor axis length > 1.5 (in case of present-
ing multiple defects, only the largest defect was assessed
for eccentricity). None of the patients had defects with ex-
treme eccentricity (major/minor axis length > 2.30). When
Bivariate correlation (pearson correlation) was performed
between Qp/Qs and other variables, we found that there
was an interestingly positive and significant association
between Qp/Qs ratio and EI, confirming our hypothesis (r

= 0.60, P = 0.001) and RA/LA (r = 0.41, P = 0.001) (Table
2). When linear regression was performed, we found that
there was a linear association between Qp/Qs ratio and EI
(Beta = 1.765, P = 0.001, 95% confidence interval 1.504 - 3.69).
This result yielded the following equation:

(1)
Qp

Qs
ratio = 1.765× EI

Table 1. Echocardiographic Measurements of the Patients

RA area (mm) 22.69± 9.51

LA area (mm) 14.83 ± 4.14

RA/LA area 1.54 ±0.39

Defect Size (mm) 2.34 ± 0.93

PAP (mmHg) 45.72 ± 11.68

Qp/Qs Ratio 2.78 ± 0.86

EI index 1.41 ± 0.25

Abbreviations: EI, eccentricity index; LA, left atrium; PASP, pulmonary artery
systolic pressure; RA, right atrium.

Table 2. Correlation Between Eccentricity Index and Other Variablesa

Variable r P Valueb

Age 0.8 0.535

RA area 0.36 0.006

LA area 0.9 0.486

RA/LA area 0.41 0.001

Defect Size 0.30 0.038

PAP 0.43 0.001

Qp/Qs Ratio 0.502 0.001

Abbreviations: EI, eccentricity index; LA, left atrium; RA, right atrium; PAP, pul-
monary artery pressure.
aSpearman’s correlation test was used for analysis.
bCorrelation is significant at the 0.05 level (2-taited).

5. Discussion

We found that there is a linear association between
Qp/Qs ratio and EI, supporting our hypothesis. To the best
of our knowledge, this is the first study reporting the asso-
ciation between EI and Qp/Qs ratio. Thereafter, instead of
directly measuring Qp/Qs ratio, which is a time consuming
procedure, we can assess the EI values and hence estimate
Qp/Qs ratio using in Equation 1. We also observed that there
is a positive association between Qp/Qs ratio and EI con-
firming the previous results. It has been previously sug-
gested that systolic EI appears to be an easily obtained vari-
able that should be routinely included in the identification
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of right ventricle dysfunction in patients with pulmonary
hypertension (7). In the latter study, it was found that there
is a negative correlation between systolic EI, pulmonary
vascular resistance, transpulmonary gradient, and cardiac
index, indicating the efficacy of EI in predicting outcome
of these patients (7). Another result of this study was that
there was a negative correlation between age and EI. In con-
trast, Nielsen and colleagues found that the older age and
therefore longer exposure to overload right ventricle vol-
ume did not correlate with either right ventricle pressure
or EI (8). This difference can be explained by the results
found in patients with primum ASD, but we have investi-
gated this association in patients with secundum type ASD.

In conclusion, we found that EI and Qp/Qs ratio were
significantly and positively associated and the regression
analysis also confirmed our results. Although results of the
present study should be further confirmed by other stud-
ies with larger sample size, our results indicate that instead
of measuring Qp/Qs ratio, which is a challenging proce-
dure, EI values can be helpful to estimate the Qp/Qs ratio,
and this will help physicians to decide when ASD (secun-
dum) should be fixed.

It is noteworthy that this statement as a hypothesis re-
quires further studies with larger sample size.

5.1. Limitations
The first limitation of this study was that we assessed

the association between EI and Qp/Qs only in adult pa-
tients, while investigating this association in children
would be necessary in future studies. Another limitation
was that we only studied patients with secondum type ASD
while it is interesting to perform other studies in order to
find if there is any correlation between EI and Qp/Qs ratio
in patients with another ASD types, and ventricular septal
defect. And the final limitation was that we did not seper-
ate hyperkinetic patients.
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