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Background: The impact of device closure using an Amplatzer Septal Occluder (ASO) on atrial function in
patients with atrial septal defect (ASD) remains unknown. This study aimed to clarify the short- and mid-term
changes of left atrial (LA) and right atrial (RA) function after ASO implantation.

Methods: Forty-five patients with secundum-type ASD (30 treated by ASO and 15 treated by surgical closure [SC])
and 15 normal children (NC) as controls were investigated. The maximum (Max) and minimum (Min) areas of
both atria were measured from the apical four-chamber view via transthoracic echocardiography, and atrial disten-
sibility (Dis) was calculated as (Max—Min)/Min. The ASO group was further divided into two groups based on the
ratio of device length to total atrial septal length (D/L) as follows: L-ASO (>>0.85) and S-ASO (<0.85).

Results: LA Dis was significantly reduced in the ASO (1.10%0.22) and SC groups (1.0#+0.44) compared to that
in the NC group (1.51+0.25) (p<<0.001), and the rate of reduction was related to D/L in the ASO group. RA Dis
was also lower in the ASO (0.87%0.27) and SC groups (0.59%0.24) than in the NC group (1.38%0.37), but the
difference was not related to D/L. Max for both atria was similar between the ASO and NC groups whereas Min
was elevated for both atria in the ASO group.

Conclusion: Dis declined with D/L in both atria in the ASO and SC groups, and longer follow-up of atrial func-
tions is needed to clarify the potential risk of atrial arrhythmia or dysfunction.
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Maximum atrial area

Minimum atrial area

Fig. 1 Tow-dimensional echocardiograms from apical four-chamber
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Table 1 Clinical characteristics of three groups

ASO SC P (ASO-SC) NC P(ASO-NC)
Age of repair (y) 7.4+28 4.1+2.3 0.00063
Follow up duration(y) 1.2+0.3 7.3+3.4 <0.0001
Follow up Age (y) 8.6+2.7 115629 0.23 9.4+2.1 0.24
Sex (male:female) 17:13 9:6 NS 9:6 NS
Height (cm) 131+£18 145+18 0.031 13517 0.47
Weight (kg) 29+11 38+12 0.078 3112 0.48
BSA 1.03+0.25 1.24+0.27 0.071 1.07+0.28 0.68
HR (/min) 7211 718 1 7012 0.55
Qp/Qs 2.3x0.8 3.5*x1.1 0.00046 —

ASO: Device closure group using Amplatzer Septal Occluder, SC: Surgical closure group, NC: Normal control group, BSA: Body
surface area, HR: Heart rate, Qp/Qs: Ratio of pulmonary (Qp) to systemic (Qs) blood flow

Table 2 Clinical characteristics of S-ASO and
L-ASO

S-ASO L-ASO p

Age of repair (y) 8.5+2.5 6.2+2.6 0.025

Follow up duration (y) 1.1+0.3 1.3+0.4 0.028
Follow up Age (y) 9.6x24 75*26 0.038
Sex (male:female) 8:7 9:6 NS

Height (cm) 135+14  127+19 0.071
Weight (kg) 32+11 26+10 0.047
BSA 1.10+0.22 0.97+0.26  0.068
HR (/min) 71+10 72+12 0.66

S-ASO: Smaller device implantation group, L-ASO: Larger
device implantation group, BSA: Body surface area, HR:
Heart rate
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Table 3 Clinical data of S-ASO and L-ASO

S-ASO L-ASO p
Qp/Qs 1.8+0.2 2.8+0.9 <0.0001
Device size (mm) 12+2 20+4 <0.0001
LA-D(mm) 26+3 34+4  <0.0001
Max IAS length (L) (mm) 37+5 35+4 0.42
Max IAS length/LA-D 0.7+0.1 1.0=0.1 <0.0001

Max ASD size by TEE (mm) 10.3*+2.0 16.4+3.1 <0.0001
Device size/Max ASD size 1.2+0.1 1.2+0.1 1

S-ASO: Smaller device implantation group, L-ASO: Larger
device implantation group, Qp/Qs: Ratio of pulmonary (Qp)
to systemic (Qs) blood flow, LA-D: LA side device length,
Max: Maximum, IAS: inter atrial septum, ASD: Atrial septal
defect, TEE: Trans esophageal echocardiography
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Table 4 Atrial area and distesibility at follow up period of ASO group, surgical group and normal control

group
ASO SC NC P(ASO vs SC) P(ASOvs NC)  P(SC vs NC)

Max LA/BSA (cm?m?) 10.0+2.0 10.1+2.2 9.7+1.7 1 1 1
Min LA/BSA (cm?m?) 5.0+1.2 53+15 3.9+0.9 1 0.029 0.12
LA-Dis 1.10+0.22 1.00+0.44 1.51+0.25 0.0708 <0.0001 0.0045
Max RA/BSA (cm?/m?) 9.9+15 8.4+2.0 9.2+1.4 0.027 0.44 0.49
Min RA/BSA (cm?m?) 5.3+0.9 55+1.8 3.8+0.7 1 <0.0001 0.013
RA-Dis 0.87+0.27 0.59+0.24 1.38+0.37 0.0019 <0.0001 <0.0001

ASO: Device closure group using Amplatzer Septal Occluder, SC: Surgical closure group, NC: Normal control group, Max: Max-
imum, Min: Minimum, LA: Left atrium, RA: Right atrium, BSA: Body surface area, Dis: Distensibility

Table 5 Atrial area and distesibility change after ASD closure of S-ASO and L-ASO

Before Post (after 1-3 days)

S-ASO L-ASO p S-ASO L-ASO p
Max LA/BSA (cm?/m?) 11.0+2.3 10.4+1.8 0.65 11.1x2.4 9.4+2.2 0.074
Min LA/BSA (cm?/m?) 5.3+1.6 47+11 0.41 5.2+1.6 48+1.2 0.31
LA-Dis 1.33+0.47 1.24+0.34 0.92 1.38+0.34 1.04+0.26 0.0051
Max RA/BSA (cm?/m?) 13.56+2.3 16.4+2.6 0.0048 11.3+1.8 12.9+2.6 0.056
Min RA/BSA (cm?m?) 6.7+1.2 8.1+1.4 0.054 6.0+0.8 7.1+1.7 0.018
RA-Dis 1.03+0.29 1.06+0.24 0.097 0.91+0.27 0.83+0.26 0.53

Follow up

S-ASO L-ASO p
Max LA/BSA (cm?/m?) 9.9+2.1 10.3+2.0 0.21
Min LA/BSA (cm?/m?) 49+1.4 5.8+1.1 0.3
LA-Dis 1.21+0.26 0.99+0.12 0.011
Max RA/BSA (cm?/m?) 9.9+1.7 9.8+1.4 0.90
Min RA/BSA (cm?/m?) 5.1x1.0 5.5+0.8 0.18
RA-Dis 0.97+0.34 0.78+0.17 0.065

ASO: Device closure group using Amplatzer Septal Occluder, SC: Surgical closure group, NC: Normal control group, S-ASO:
Smaller device implantation group, L-ASO: Larger device implantation group, Max: Maximum, Min: Minimum, LA: Left atrium,
RA: Right atrium, BSA: Body surface area, Dis: Distensibility; (Maximum atrial area—Minimum atrial are)/Minimum atrial area

iR RA-Dis 13 ASO #f (0.87+0.27), SC &
(0.59%0.24) & &1C, NCHE (1.38%0.37) KO HE
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Table 6 Cardiac function parameters of three groups

ASO SC NC P (ASOvs SC) P (ASOvs NC) P (SCvs NC)
LV EDV/BSA (ml/m?) 58.4+11.2 57.6+10.6 62.0+11.3 0.84 0.49 0.47
LV ESV/BSA (ml/m?) 21.0+3.8 22.7+43 23.9+6.6 0.46 0.26 0.72
LV EF (%) 64+5 61+4 62+5 0.26 0.69 0.69
TMF-E (cm/s) 106+20 93+19 97+14 0.33 0.36 0.76
TMF-A (cm/s) 50+15 4111 37+13 0.071 0.042 0.33
TMF-E/A 2.3+0.7 2.4+0.4 3.0+x1.3 0.41 0.22 0.35
IVS-S’ (cm/s) 7514 7.5+1.3 8.1+1.2 1 0.29 0.19
Lat-S’ (cm/s) 8.8+2.6 7.9+1.4 9.3+2.3 0.66 0.66 0.47
IVS-E'" (cm/s) 11.9£2.8 13.4x2.4 14.0£2.6 0.078 0.032 0.57
IVS E/E’ 9.2+25 7.1+1.7 7.1x£1.6 0.03 0.022 1
Lat-E’ (cm/s) 17.0+x3.4 16.3+3.7 17.2x3.9 1 1 1
Lat E/E’ 6.4+1.8 5.9x1.1 5.9+1.3 1 1 1
TTF-E (cm/s) 59+12 61+11 51+8 1 0.1 0.055
TTF-A (cm/s) 35+156 34+10 26+4 1 0.015 0.078
TTF-E/A 1.8x0.5 1.9+0.6 2.0+0.5 1 0.36 1
RV-S’ (cm/s) 12.5+2.0 9.1£2.8 11.6x1.7 0.00026 0.47 0.0029
RV-E' (cm/s) 14.8+3.2 11.2+2.0 14125 0.0017 0.51 0.0063
RV-E/E’ 3.9+1.3 5.6x3.2 3.7+0.7 0.0092 1 0.0012

ASO: Device closure group using Amplatzer Septal Occluder, SC: Surgical closure group, NC: Normal control group, LV: Left
ventricle, RV: Right ventricle, EDV: End diastolic volume, ESV: End systolic volume, EF: Ejection fraction, TMF: Trans mitral
flow, TTF: Trans tricuspid flow, E: E wave, A: A wave, IVS: Inter ventricular septum, Lat: Lateral site wall in LV, S’: Maximum

height of Tissue Doppler flow in systolic phase, E': Minimum height of Tissue Doppler flow in early diastolic phase

Table 7 Cardiac function parameters of S-ASO

and L-ASO
S-ASO L-ASO p

LV EDV/BSA (ml/m?) 56.4+9.5 60.2+12.3 0.45
LV ESV/BSA (ml/m?) 21.1+3.6 20.8+4.0 0.91
LV EF (%) 62+4 65+6 0.21
TMF-E (cm/s) 100+17 111+ 20 0.18
TMF-A (cm/s) 47+13 53+17 0.32
TMF-E/A 2.3+0.7 2.3+0.7 0.98
IVS-S’ (cm/s) 8.1+1.6 7.0+1.0 0.055
Lat-S’ (cm/s) 9.6+3.4 8.1+1.3 0.17
IVS-E’ (cm/s) 13.0+3.2 11.0+2.0 0.040
IVS-E/E’ 7.9+1.9 10.4+2.3 0.0078
Lat-E’ (cm/s) 16.6+3.8 17.4+29 0.32
Lat-E/E’ 6.3+1.9 6.6+1.7 0.6
TTF-E (cm/s) 53+12 64-+7 0.014
TTF-A (cm/s) 35+20 35+9 0.28
TTF-E/A 1.7+x05 1.9+0.6 0.59
RV-S’ (cm/s) 12.5+2.8 12.5+1.0 0.48
RV-E' (cm/s) 14.6+3.3 15.0+3.2 0.25
RV-E/E’ 3.3+1.3 45+1.0 0.026

S-ASO: Smaller device implantation group, L-ASO: Larger
device implantation group, LV: Left ventricle, RV: Right
ventricle, EDV: End diastolic volume, ESV: End systolic
volume, EF: Ejection fraction, TMF: Trans mitral flow, TTF:
Trans tricuspid flow, E: E wave, A: A wave, IVS: Inter ven-
tricular septum, Lat: Lateral site wall in LV, S’: Maximum
height of Tissue Doppler flow in systolic phase, E': Mini-
mum height of Tissue Doppler flow in early diastolic phase

ARNRBERSBSFRIME £33F FE5HS

THEICEETH > . RV-E/E'E SCIHTHEILE
ETH-Tz.

DEEEFHAOBRYE (CV) IEDWLWTDIEET (Table
8,9)

FEREOEREHI OB OV T, Ak
T 3BRICEE 2 b > 72h, /Dm0
M ASOBEDIE5DE (CV: 0.17) BKEM -
fe. GRICDWTIE, BKHEBENE & INmREHE O
HIRMICBWT, ASOBDIXS5DE (CV:0.19,0.16)
ERED ST DEOMEMECDONTIE, AREMENE
THREMOA R 2h, HETIEASO B (CV:
0.25) & SCHt (CV:0.29) TREWVWHERTH -z,

TINA AY A T KX 2 mEEEH O F B DWT
ORBGFITIE, EBEmAHEMEICHBNT, S-ASO B
(CV: 0.08), L-ASO#t (CV:0.13) &7xbD, T3 A
YA XPKEVEESDENKREL Ko T

BROFLSD

1. DFEDOHBEETIE, ASO i T O LR D
37, TNA AT A R KB EEATRD
whhote. FEMEEERIZ ERRHC IR L T
BEEZENSMENL, EHICTNA AT A AHKE
W L-ASO HEDIE 5 A S-ASO HEICLENIE R L, 1
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Table 8 Measurement reproducibility of 3 groups by CV

ASO SC NC P (ASO vs SC) P (ASO vs N) P (SC vs N)
Max LA area 0.10 0.06 0.06 0.071 0.071 0.87
Min LA area 0.17 0.08 0.12 0.0017 0.012 0.95
LA-Dis 0.20 0.21 0.17 1 1 0.51
Max RA area 0.19 0.06 0.07 <0.0001 <0.0001 0.93
Min RA area 0.16 0.09 0.09 0.0055 0.0021 0.84
RA-Dis 0.25 0.29 0.13 1 0.016 0.0025

CV (Co variation)=Standard deviation/mean. ASO: Device closure group using Amplatzer Septal Occluder, SC: Surgical closure
group, NC: Normal control group, Max: Maximum, Min: Minimum, LA: Left atrium, RA: Right atrium, BSA: Body surface area,
Dis: Distensibility; (Maximum atrial area—Minimum atrial are)/Minimum atrial area

Table 9 Measurement reproducibility of S-ASO
and L-ASO by CV

S-ASO L-ASO p
Max LA area 0.08 0.13 0.017
Min LA area 0.14 0.20 0.078
LA-Dis 0.18 0.21 0.59
Max RA area 0.16 0.21 0.056
Min RA area 0.15 0.17 0.55
RA-Dis 0.23 0.27 0.45

CV (Co variation)=Standard deviation/mean. S-ASO:
Smaller device implantation group, L-ASO: Larger device
implantation group, Max: Maximum, Min: Minimum, LA:
Left atrium. RA: Right atrium, Dis: Distensibility; (Maximum
atrial area—Minimum atrial are)/Minimum atrial area
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