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NPEMMYLLEECTBA KOMMbIOTEPHON TOMOIPA®UN CEPALIA NMPU TPAHCKATETEPHOM
3AKPbITUN EDEKTA MEXXNPELCEPAHON NEPEFTOPOAKWN C MOMOLLbIO CENTAJIbHOIO

OKKJTIOAEPA AMIMJIATLLEPA

Jinyoung Song1, Yang Min Kim2, Toibayeva Aigerim3

Llenb. BesonacHas koppekuus aedekra MexnpeacepaHon neperopogku (AMMM)
MOXeT ObITb OCYLLECTBIEHA NYTEM TPAHCKATETEPHOrO 3aKPbITUS, C UCMOJb30BAHNEM
centanbHoro okkmioaepa Avnnatuepa (COA). Mpu 3TOM BM3yanusaums 1 oueHka
cteneHn AMIM MOryT BINOAHATLCS C MOMOLLbIO KOMMbIOTEPHOV Tomorpadum (KT)
cepaua. Lienbto paHHoro nccnepnosanmns Geina oLieHka xapakrepuetvk AMIM npu KT
1 cpaBHeHne meToaa KT ¢ oueHkoi BbipakeHHocTU MM 6anioHHbIM KaTeTepoMm.
Marepuan u metopbl. Peaynbratbl. Y 44 GonbHbix ¢ JMMM oueHka avametpa
LledekTa v [nHbI ero kpaes Oblna BbinonHeHa ¢ nomoLubio KT cepaua. Bee nauyeHTs
ObInn pasgeneHbl Ha ABe rpynnbl, B 3aBMCUMOCTU OT TOrO, 6bina M AOMNOAHUTENBHO
BbINOJIHEHA OLeHKa BbipakeHHoCcTV MM 6annoHHbIM kateTepoM (Mpynna 2) nnm Het
(Tpynna 1). B GonblumHcTBe cnyyaeB BbisBasnuck MMM annvnconpHoi hopmbl,
C MakcumanbHeiM amameTpom 19,66,5 CM ¥ MWUHMMANbHLIM AMAMETPOM
15,5+5,3 cM. 3a UCKIIOYEHNEM [BYX MALWMEHTOB, Y BCEX 60JbHbIX OblM XOPOLLO BbIpa-
XeHbl NepefHue 1 3agHre kpas fgedekta. B Ipynne 1, no cpasHeruio ¢ Mpynnoi 2,
6blIM JOCTOBEPHO HIMKE OTHOLLIEHWE pa3mepa OKKtogepa K HaMbonbLLIEMY AnameTpy
OMMN (1,120,1 npoTue 1,3%0,2, COOTBETCTBEHHO) 1 OTHOLLEHWE 061aCTM OKKIloepa
K n3mepeHHoii npu KT obnacTu pedexta (1,6+0,3 npotris 2,2+0,9, COOTBETCTBEHHO).
Saimoyenme. KT cepaua MOXeT yCreLwHO NPUMEHSTLCS A1 OLIEHKM XapakTepUCTUK
AMMMN nepep, TpaHckaTeTepHbIM 3akpbiTneM gedekta ¢ nomowpto COA. Mo cpasHe-
HUIO C OLEHKON BbipaxeHHocTv AMIM 6annoHHbIM KateTepoM, KT cepaua no3so-
NSeT MCNoNb30BaThb OKKMIOAEP MEHbLUEr0 AnameTpa.

Nowadays, transcatheter closure of an atrial septal
defect (ASD) with an Amplatzer septal occluder (ASO)
(AGA medical, Golden Valley, MN) is a safe and effective
method and a good alternative to an operation. An accu-
rate evaluation of the ASD is crucial for successful tran-
scatheter closure. Transesophageal echocardiography
(TEE) has been accepted as an excellent method for the
complete evaluation of an ASD in transcatheter closure
[1], and balloon sizing to decide the appropriate size of the
device during the procedure has been generally accepted
[2, 3]. But these are tricky procedures because the balloon
sizing technique can be inaccurate and troublesome in
some circumstance [4] and the TEE, which should be per-
formed under general anesthesia with intubation, is associ-
ated with various potential risks [5, 6]. In particular, bal-
loon oversizing has been reported as a high risk for fatal
erosion after ASO implantation [7]. Meanwhile, cardiac
computed tomography (CT), which that shows superb
spatial and temporal resolution with a short scanning time,
is regarded as a good tool for the morphologic evaluation
of congenital heart diseases [8, 9].

In this report, we describe our experience using cardiac
CT not only for the evaluation of ASD size but also for the
selection of the appropriate size of device.

Material and Methods
Between November 2009 and February 2011, a total of
44 patients with secundum ASD confirmed at transtho-
racic echocardiogram (TTE) who were considered as suc-
cessful candidates for transcatheter closure with ASO were
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enrolled in the study. The transcatheter closure was sched-
uled in appropriate patients according to the following
criteria; moderate left to right shunt with symptoms or
evidence of right heart volume overload that suggest pul-
monary to systemic blood flow ratio of 1,5 or greater; body
weight of 15 kg or greater; sufficient surrounding rims
except a retro-aortic rim; secundum ASD with a long axis
shorter than 38mm measured by TTE without the evi-
dences of pulmonary hypertension in TTE. The patients
with known congenital heart disease other than ASD,
concomitant serious infection or significant atrial arrhyth-
mia were excluded. TTE was performed by one of three
experienced pediatric cardiologists using 5 or 3 MHz
transducer. Standard TTE evaluation with color Doppler
examination was performed in the subcostal, apical four-
chamber, parasternal views. An experienced radiologist
performed cardiac CT with 64-MDCT scanner at resting
without sedation. The target heart rate was around 70 beats
/minute. When necessary, a beta antagonist was used. This
cardiac CT examination was limited to the heart with
ECG gating for the best images during end-systole to early
diastole. After the examination, the raw data were recon-
structed by a specialized radiologist. The largest size of the
ASD was measured at end-systole. The images were
reconstructed in various perspectives, including the four-
chamber view, short —axis view, oblique sagittal view and
coronal view so that the maximal lengths of the rims adja-
cent ASD were measured. The en-face image from the
right atrial side could be visualized as to measure the long-
est diameter (a) and the shortest diameter (b) of ASD at
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Table 1
The general characteristics of atrial septal defects
Min Max Mean S.D
Age (yr) 10,0 770 41,3 154
Body weight (Kg) 32 77 57,7 92
Op/Qs 1,0 6,0 2,7 1,0
Longest diameter (mm) 8,0 34,0 19,6 6,5
Shortest diameter (mm) 4,0 31,0 15,5 543
*Defect area (mmz) 25,1 827,4 262,3 163,7
AS 0 17 21 315
Rims (mm) Al 8,2 32,6 18,8 3,5
PS 4,2 31,6 172 58
PI 4,4 39,1 2818 6,1
Post 11,0 36,0 21,7 76

Commentary: *defect area = 3,14 (longest diameter/2) (shortest diameter/2);
AS - anterior-superior; Al - anterior-inferior; PS — posterior-superior; Pl - posterior-
inferior; Post — posterior; Min — minimal value; Max — maximal value; S.D - standard
deviation.

The general characteristics of atrial septal defects showing various eccentricities
and the shortest anterior superior rims.

ventricular end-systole (Fig. 1). We expressed non-circu-
larity of the defects as VI- (bz/az). From the en-face
image, the area of the defect was calculated by the area
formula as 3,14*a*b/4 and the area of the device as 3,14*
(device size) 2/4. And we measured the lengths of 5 rims on
CT images: anterior superior rim, anterior inferior rim,

A TS
AR o

Figure 1. Three dimensional reconstructed image of atrial septal defect. The defect
is secundum defect and not circular but ovoid. a, longest diameter of defect; b,
shortest diameter of defect; SVC, superior vena cava; IVC, inferior vena cava; CS,
coronary sinus; AO, aorta; RV, right ventricle; TSM, trabecular septo-marginalis; PA,
pulmonary artery.

Table 2
The differences between two groups

Group 1 Group 2 P

Mean S.D Mean S.D
Longest diameter (mm) 22,1 6,0 16,6 5,8 0,005
Shortest diameter (mm) 17,6 49 12,9 4,7 0,003
Defect area (mm’) 3255 170,7 186,6 119,4 0,003
*Ratio of area 1,6 0,3 2,2 0,9 0,006
*Ratio of diameter 1,1 0,1 1,3 0,2 0,019

Commentary: *Ratio of area = area of device waist/defect area, *Ratio of diameter
= device size/longest diameter; Min — minimal value; Max - maximal value; S.D -
standard deviation.

The group 1 refers the patients not using a balloon sizing technique and the group
2 refers the patients using a balloon sizing technique during transcatheter device
closure. These showed statistically significant differences between two groups
except eccentricity.

posterior rim, posterior superior rim and posterior inferior
rim (Fig. 2).

Transcatheter closure was performed by one of three
pediatric cardiologists under the guide of an intra-cardiac
echocardiogram (ICE) or TEE. Especially transcatheter
closure under general anesthesia was done only when the
guide of TEE was necessary. The patients were divided into
two groups by the operator: not using a balloon sizing tech-
nique by one operator (group 1), and using a balloon sizing
technique by one of other two operators (group 2) during
transcatheter device closure. The device size depended on
size of the defects and the flexibility of the adjacent rims
around the defect. The size of the device was decided by the
operator with stop flow technique in group 1. On the other
hand, the size of the device in group 2 was decided on the
basis of the longest diameter measured from cardiac CT
before transcatheter closure. The size of ASO was 2 or 4 mm
larger than the longest diameter measured from cardiac CT.

The data were expressed as mean * standard deviation
and we compared the ratios of the device size to the longest
diameter measured on CT between groups 1 and 2. We also
compared the ratio of the device area to the defect area
calculated based on cardiac CT images between group 1
and 2. For statistical analysis, we used SPSS program of
11.5 version and significant difference was defined when
p-values <0,05.

The study protocol was approved by the institutional
review board.

Results

We studied 44 patients (9 males and 35 females). The
age of the patients ranged from 10 to 77 years (41,3+15,4).
Body weights ranged from 32 to 77 kg (57,7£9,2). The
shunt ratio checked by cardiac catheterization was 2,711,0
(Tab. 1). Cardiac CT was done successfully without any
complications. After CT evaluation, all ASDs were closed
successfully with an ASO.

Characteristics of the ASDs (Table 1)

The longest diameters of the defects ranged from 8,0 to
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Figure 2. (A) Three dimensional image showing different four rims surrounding defect. D, atrial septal defect; AS, anterior superior; Al, anterior inferior; PS, posterior-
superior; PI, posterior-inferior; SVC, superior vena cava; TV, tricuspid valve; AO, aorta. (B) Arrow in axial tomography image indicating posterior rim deficiency. PV, pulmonary
vein. (C) Arrow indicating anterior superior rim deficiency. AO, aorta. (D) Image indicating posterior superior rim deficiency. SVC, superior vena cava. (E) Image indicating

posterior inferior rim deficiency. IVC, inferior vena cava.

34,0 mm (19,6%6,5); the shortest diameters from 4,0 to
31,0 mm (15,5%5,3). The area was 262,3+£163,7 mm".

The majority of defects were of the oval not circular
type with an eccentricity of 0,57£0,20 (0,0—0,9). The
5 rims had various lengths. The lengths of the anterior
superior rims were 2,1+3,5 mm, those of the anterior infe-
rior rims were 18,8+5,8 mm, those of the posterior rims
were 21,7+6,6 mm, those of the posterior superior rims
were 17,246,2 mm, and those of the posterior inferior rims
were 23,3+7,6 mm. The anterior superior rim was absent
in 29 defects and the posterior inferior rims were less than
10 mm in only 2 patients.

Between Group Differences (Table 2)

Among 44 patients, 24 patients (4 males and 20
females) were in group 1 and the others 20 patients
(5 males and 15 females) were in group 2. The ages and
body weights of the two groups were not significantly dif-
ferent (42,7+11,9 yr vs 39,7+18.,9 yr and 57,749.4 kg vs
57,719,2 kg). The longest diameters and the shortest
diameters of group 1 were longer than those of group 2
(22,1£6,0vs 16,658 mmand 17,6+4,9 vs 12,9+4,7 mm).
So, the defect areas of group 1 were larger than those of
group 2 (325,5+170,7 mm’ vs 186,6+119,4 mm’), When
we compared the ratios of the occluder area to the defect
area, those of group 1 were significantly smaller than those
of group 2 (1,6%0,3 vs 2,240,9, p<0,05). The ratios of the
device size to the longest diameter measured on CT
between groups 1 and 2 were significantly different
(1,1+0,1 vs 1,3%0,2, p<0,05).

Procedure and Follow Up

The device sizes implanted ranged from 9 mm to 38 mm
(median = 24 mm). There were some combined findings on
CT. Most of the combined findings were associated with the
coronary artery, all of which were clinically insignificant
except one case. In that case, a stent in the left main coro-
nary artery was implanted successfully immediately after the
ASO implantation. In another patient, a patent ductus arte-
riosus was combined with ASD and they were closed simul-
taneously. A balloon assisted technique was used for closure
of the largest defect (34 mm) in group 1. There were no
significant complications during the procedure except tran-
sient arrhythmia. No embolization of the device was noticed
after the implantation. The follow-up echocardiogram was
done 6 months later in a limited number of cases and
showed no significant residual leak except for one patient
who had mild pulmonary hypertension, and two defects of
which one defect was left open intentionally.

Discussion

Transcatheter closure of a secundum atrial septal defect
with Amplatzer septal occluder has become an alternative
to surgery which has a morbidity associated with sternot-
omy, cardiopulmonary bypass and perioperative complica-
tions, especially in old ages. The accurate assessment of
the location, the size of the ASD and the surrounding rims
is essential not only for determining whether device clo-
sure is appropriate, but also, for determining the appropri-
ate device size.
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Cardiac CT has high spatial and time resolution allow-
ing acquisition of good images of normal and pathologic
features of the cardiovascular system in great detail in as
little as 10 seconds [8, 10]. Even though TEE can show the
entire anatomy of an ASD and facilitates monitoring of
transcatheter procedures for implantation of ASO [1, 11]
it is associated with some inconveniences. Ko et al reported
that there were no significant differences between cardiac
CT and TEE in measurement of ASD size. They also
reported that cardiac CT is helpful for revealing coexisting
anomalies that could be overlooked on TEE [12].

We can acquire three dimensional reconstructed images
that are helpful for identifying the features of ASD. As we
expected, most of the defects were ellipsoids with various
degrees rather than circles. But we chose the size of the
ASO on the premise of a circular defect. We chose the size
of the ASO on the basis of the longest diameter of the
ASD. There were a few ellipsoidal defects with a severe
degree of eccentricity (0,9) in our series, but after implan-
tation of the ASO, no specific complications were found.
But in our opinion, considering the eccentricity can allow
one to choose a smaller ASO.

For the transcatheter closure of an ASD, identifica-
tion of deficient rims is very important. Most of the
cases that went to surgical closure had a deficient rim
in the posterior-inferior area with a large defect. ASD
with anterior-superior or retro aortic rim deficiency
was very common in our series, but as the previous
reports had said it didn’t matter of the successful
device [13—15]. But the posterior-inferior rim has
been accepted as an absolute check point for deciding
the transcatheter device closure of an ASD. Durong-
pisitkul et al reported that an adequate posterior infe-
rior rim (at least 10mm long) was very important for
successful ASD closure with an ASO. But TEE was not
adequate for measurement of the posterior inferior rim
in some of their patients [16]. On the other hand, car-
diac CT can accurately show the posterior-inferior
rims, which ranged from 4,4 mm to 39,1 mm in our
series. Two patients with a posterior-inferior rim defi-
ciency of less than 10 mm (8,1 mm and 4,4 mm) were
included in our series with a successful closure; the
defect sizes were 34 mm and 32 mm for the longest
diameter. This means that cardiac CT can play an
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Usefulness of cardiac computed tomography in transcatheter closure of atrial septal defect with amplatzer

septal occluder
Jinyoung Song1, Yang Min Kimz, Toibayeva Aigerim3

Background: Atrial septal defect (ASD) can be closed safely by transcatheter
closure with an Amplatzer septal occluder (ASO) with cardiac computed tomography
(CT) being used to image and evaluate the ASD. The purpose of this study was to
evaluate the characteristics of Secundum ASD by CT and to determine whether
cardiac CT is an alternative to balloon sizing.

Methods and Results: Forty-four ASD cases were evaluated by cardiac CT. we
measured the defect diameters and lengths of the rims. The patients were divided
into two groups: not using a balloon sizing technique (group 1), and using a balloon
sizing technique (group 2). Most ASD cases showed ellipsoid defects with 19,6+6,5
cm for the longest diameter and 15,55,3 for the shortest. Except for two patients,
they had sufficient posterior-inferior rims. We observed that the ratios of the device
size to the longest diameter and the ratios of the occluder area to the defect area
measured on CT were significantly smaller in group 1 than those in group 2 (1,1%0,1
vs 1,3+0,2 and 1,6%0,3 vs 2,2+0,9).

Conclusions: Cardiac CT is useful for evaluating ASDs for transcatheter closure
with an ASO. It can allow the operator to select a smaller size device than when using
a stretched balloon sizing technique.
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