(6) Results

6.1 ASD patients versus normal controls and comparison of the effects of catheter
and surgical ASD closure on right atrial function (section 1)

There were no significant difference in age or heart rate between normal subjects and
ASD patients. There was no significant difference in heart rate before and after ASD
closure in either the surgical or catheter groups.

6.1.1 Two-dimensional echocardiography
In ASD patients the right atrial Amin (p=0.003), Aa (p=0.000) and Amax (p=0.001) were
significantly higher than in normal subjects (figure 7). There was no significant
difference in right atrial active emptying area fraction between the two groups (figure 8).
The right atrial active emptying area (p=0.000) (figure 9) and active/passive emptying
area ratio (p=0.001) (figure 10) were also significantly higher in ASD patients than in
normal subjects. The detailed comparison between normal subjects and ASD patients is
shown in table 4. In ASD patients right atrial active emptying area was significantly
correlated with right atrial Aa (r=0.815, p=0.000) (figure 11) and Qp/Qs (r=0.416,
p=0.028). There were no significant correlations between right atrial active emptying
area fraction and right atrial Aa or Qp/Qs. In both closure groups right atrial Amin, Aa, and
Amax were significantly reduced after the procedures (tables 5 and 6). After ASD closure
right atrial active emptying area fraction showed a significant diminution in the surgical
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group (p=0.002) while preserved in catheter group (figure 12). The detailed
2-dimensional echocardiographic results of both the ASD closure groups are shown in
tables 5 and 6.
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Table 4

Comparison of right atrial performance measured by 2-dimensional

echocardiography between normal subjects (n=30) and patients before ASD closure
(n=30)

Normal subjects

Patients before

p

ASD closure
Median (range)

Median (range)

RA Amin (cm2)

5.2 (1.4-10.9)

7.1 (2.6-20)

0.003

RA Aa (cm2)

6.8 (2.3-15.1)

11.8 (4-28.8)

0.000

RA Amax (cm2)

10.4 (3.7-23.4)

16.3 (4.7-38.9)

0.001

29 (9-59)

34 (11-61)

0.164

RA active emptying area (cm2)

1.8 (0.7-7.2)

3.5 (1.3-9.3)

0.000

RA active/passive emptying area ratio

0.5 (0.2-9.5)

1.0 (0.1-9.6)

0.001

RA active emptying fraction (%)

Aa: atrial area measured at onset of atrial “kick”; Amax: atrial area measured when it
reaches maximum; Amin: atrial area measured when it reaches minimum; ASD:
secundum type atrial septum defect; RA: right atrium
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Table 5 Comparison of right atrial performance measured by 2-dimensional
echocardiography before and after ASD surgical closure (n=11)

Before closure

After closure

Median (range)

Median(range)

RA Amin (cm2)

8.0 (2.7-20.0)

5.7 (1.7-12.4)

0.093

RA Aa (cm2)

14.8 (6.3-28.8)

6.5 (3.1-15.4)

0.012

RA Amax (cm2)

17.3 (9.1-38.9)

9.9 (5.2-17.6)

0.012

RA active emptying fraction (%)

36 (23-61)

20 (1-57)

0.002

RA active emptying area (cm2)

5.5 (2-9.3)

1.6 (0.1-3)

0.017

1.4 (0.6-6.8)

0.8 (0.1-3.7)

NS

RA active/passive emptying area ratio

p

Aa: atrial area measured at onset of atrial “kick”; Amax: atrial area measured when it
reaches maximum; Amin: atrial area measured when it reaches minimum; ASD:
secundum type atrial septum defect; RA: right atrium
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Table 6

Comparison of right atrial performance measured by 2-dimensional

echocardiography before and after ASD catheter closure (n=19)

Before closure

After closure

Median (range)

Median (range)

RA Amin (cm2)

7.3 (2.6-18.9)

7.8 (1.5-37.0)

NS

RA Aa (cm2)

11.1 (4.0-25.0)

7.8 (2.9-22.2)

0.022

RA Amax (cm2)

16.1 (4.7-32.2)

12.1 (6.5-27.7)

0.027

33 (11-52)

29 (3-65)

NS

RA active emptying area (cm2)

3.3 (1.3-8.6)

2 (0.4-6.4)

0.062

RA active/passive emptying area ratio

0.7 (0.1-9.6)

0.5 (0.2-5.2)

NS

RA active emptying fraction (%)

p

Aa: atrial area measured at onset of atrial “kick”; Amax: atrial area measured when it
reaches maximum; Amin: atrial area measured when it reaches minimum; ASD:
secundum type atrial septum defect; RA: right atrium Tissue Doppler imaging (TDI)
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6.1.2 Tissue Doppler imaging
According to the tissue Doppler imaging evaluation there were no significant differences
of strain rate systolic (SSR), early diastolic (ESR) and late diastolic (ASR) peaks in right
atrial lateral wall or in atrial septum between ASD patients and the normal subjects (table
7, figure 13). After surgical closure the ASR measured by tissue Doppler imaging at the
right atrial lateral wall (p=0.047) was significantly reduced while the parameter remained
unchanged at the atrial septum (figures 14 and 15). In the catheter group none of the
locations showed a significant change in ASR before and after the interventional closure
(figures 14 and 15). Detailed comparison of the TDI results before and after ASD closure
is shown in tables 8 and 9.
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Table 7

Comparison of right atrial performance measured by tissue Doppler

imaging in normal subjects (n=30) and patients before ASD closure (n=30)

Normal subjects

Patients before

p

ASD closure
Median (range)

Median (range)

SSR (1/s)

5.9 (0.8-9.8)

5.7 (2.4-11.8)

NS

ESR (1/s)

5.6 (0.6-11.4)

5.5 (1.5-11.1)

NS

ASR (1/s)

4.0 (0.6-11.9)

4.6 (0.3-11.1)

NS

ASR: late diastolic peak strain rate; ASD: secundum type atrial septum defect; ESR: early
diastolic peak strain rate; SSR: systolic peak strain rate; SR: strain rate
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Table 8

Comparison of right atrial regional performance measured by tissue

Doppler imaging before and after surgical closure (n=11)

Before closure

After closure

p

Median (range)

Median (range)

SSR (1/s)

5.7 (2.5-11.8)

3.4 (2.2-6.2)

0.006

ESR (1/s)

5.3 (2.2-8.7)

3.5 (2.5-6.6)

0.022

ASR (1/s)

5.3 (0.3-11.1)

2.9 (0.5-6.2)

0.047

SSR (1/s)

2.1 (1.5-5.5)

1.7 (1.5-3)

NS

ESR (1/s)

2.9 (0.7-6.8)

3.3 (1.1-7.1)

NS

ASR (1/s)

2.4 (0.7-6.4)

1.7 (0.8-5.2)

NS

RA lateral wall

Atrial septum

ASR: late diastolic peak strain rate; ESR: early diastolic peak strain rate; RA: right atrium;
SSR: systolic peak strain rate; SR: strain rate; TDI: tissue Doppler imaging
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Table 9

Comparison of right atrial regional performance measured by tissue

Doppler imaging before and after catheter closure (n=19)

Before closure

After closure

p

Median (range)

Median (range)

SSR (1/s)

5.6 (2.4-10.8)

5.1 (2.5-10)

NS

ESR (1/s)

5.5 (1.5-11.1)

5 (1.8-8.1)

NS

ASR (1/s)

3.9 (0.7-7.6)

4 (0.8-15)

NS

SSR (1/s)

2.4 (0.4-3.4)

2.7 (1.5-10.1)

NS

ESR (1/s)

2.4 (0.9-6.9)

3 (0.5-6.7)

NS

ASR (1/s)

1.6 (0.2-5.6)

2.8 (0.6-6.3)

NS

RA lateral wall

Atrial septum

ASR: late diastolic peak strain rate; ESR: early diastolic peak strain rate; RA: right atrium;
SSR: systolic peak strain rate; SR: strain rate; TDI: tissue Doppler imaging
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6.2 Right atrial pump function and its relation to right ventricular function in
patients following corrective surgery of TOF (section 2)

There were no significant difference in age or heart rate between the normal subjects and
the patients after corrective surgery of tetralogy of Fallot.

6.2.1 Two dimensional echocardiographic examination
In TOF patients the right atrial Amin (p=0.000), Aa (p=0.000) and Amax (p=0.013) were
significantly higher than in normal subjects (figure 16). The right atrial active emptying
area fraction (p=0.005) (figure 17) was significantly lower, while the active/passive
emptying area ratio (p=0.001) (figure 18) was significantly higher in TOF patients when
compared to normal subjects. Detailed comparison between normal subjects and TOF
patients is shown in table 10. There was no difference in right atrial active emptying area
fraction between the TOF patients with right ventricular ejection fraction more than 50%
and those with right ventricular ejection fraction less than 50%. Comparison of the two
ejection fraction groups is shown in table 11.
Two of the patients undergoing magnetic resonance tomography, and three of the other
30, showed a Doppler pattern of restrictive right ventricular physiology, which was
diagnosed when antegrade pulmonary flow in late diastole was detected throughout the
respiratory circle [54, 55].
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Table 10 Comparison of right atrial performance measured by two- dimensional
echocardiography between normal subjects (n=30) and TOF patients (n=50)

Normal subjects

TOF patients

p

Median (range)

Median (range)

RA Amin (cm2)

6.1 (2.5-10.9)

9.9 (4.3-24.8)

0.000

RA Aa (cm2)

8.1 (4.2-15.1)

12.5 (6.2-27.2)

0.000

RA Amax (cm2)

12.8 (7.5-23.4)

15.7 (7.2-29.2)

0.013

25 (9-52)

18 (1-56)

0.005

RA active emptying area (cm2)

1.8 (0.9-7.2)

2.4 (0.2-8.8)

NS

RA active/passive emptying area ratio

0.4 (0.2-0.9)

0.9 (0.1-3.3)

0.001

RA area parameters

RA active emptying fraction (%)

Aa: atrial area measured at onset of atrial “kick”; Amax: atrial area measured when it
reaches maximum; Amin: atrial area measured when it reaches minimum; RA: right
atrium; TOF: tetralogy of Fallot
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Table 11 Comparison of the TOF patients with right ventricular ejection fraction
more than 50% and those with right ventricular ejection fraction less than 50%

RV EF ≥ 50%

RV EF < 50%

n=8

n=12

Mean (range)

Mean (range)

Age (years)

12 (10-30)

16 (8-28)

NS

Heart rate (bpm)

61 (50-84)

66 (55-88)

NS

ESV / BSA (ml / m2)

39 (26-58)

46 (33-106)

0.069

EDV / BSA (ml / m2)

81 (64-126)

84 (45-150)

NS

RA TDI derived ASR (1/s)

2.6 (1.1-3.6)

3.6 (1.5-7.1)

0.021

19 (3-25)

13 (6-29)

NS

RA active emptying area fraction (%)

p

bpm: beats per minute; BSA: body surface area; EDV: end diastolic volume; EF: ejection
fraction; ESV: end systolic volume; RA: right atrium; RV: right ventricle; ASR: peak late
diastolic strain rate; TDI: tissue Doppler imaging; TOF: tetralogy of Fallot
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6.2.2 Tissue Doppler imaging
According to the tissue Doppler imaging evaluation the RA lateral wall SSR (p=0.000),
ESR (0.038) and ASR (p=0.002) peaks were significantly reduced in TOF patients
compared to normal subjects (table 12, figures 19 and 20). In TOF patients with right
ventricular ejection fraction less than 50% right atrial tissue Doppler derived SR A peak
was significantly higher than in those with right ventricular ejection fraction more than
50% (p=0.021) (figure 21).
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Table 12 Comparison of right atrial and right ventricular performance measured
by tissue Doppler imaging between normal subjects (n=30) and TOF patients
(n=50)

Normal subjects

TOF patients

Median (range)

Median (range)

p

Right atrial tissue Doppler derived
strain rate
SSR (1/s)

6.4 (2.7-10.3)

4.6 (0.7-10)

0.000

ESR (1/s)

5.9 (1.9-11.7)

4.3 (0.7-11.5)

0.038

ASR (1/s)

5.2 (2.2-11.8)

3.2 (0.2-7.7)

0.002

SSR (1/s)

3.5 (1-5)

1.8 (0.9-2.6)

0.000

ESR (1/s)

3.5 (1.3-5.5)

2.3 (1.4-4.2)

0.016

ASR (1/s)

2.5 (0.4-4.6)

1 (0.3-1.7)

0.001

Right

ventricular

tissue

Doppler

derived strain rate

ASR: late diastolic peak strain rate; ESR: early diastolic peak strain rate; SSR: systolic peak
strain rate; SR: strain rate; TOF: tetralogy of Fallot
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