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Abstract

Background: Percutaneous transcatheter closure
(PTCC) of atrial septal defect (ASD) may convert to a
long procedure. We aimed to identify predictors of pro-
longed procedure.

Methods: Under transesophageal echocardiography
and fluoroscopy guidance, 81 children with ASD un-
derwent PTCC. Retrospectively, medical charts, echo-
cardiographic recordings, catheterization reports
and fluoroscopic films were reviewed. Demographics,
echocardiographic measurements of ASD, dimensions
of the device and hemodynamic data were collected.
Prolonged procedure was defined as the duration from
device deployment out of the delivery sheath to its
release exceeding 10 minutes. A statistical model was
designed using stepwise logistic regression analysis.
Receiver operating characteristic curves were plotted
to find the best cut-off for significant predictors.
Results: The procedure was prolonged in 25 patients.
By monovariate analysis, the significant predictors for
prolonged procedure were smaller, and younger pa-
tients, larger ASD, smaller left atrial (LA) dimensions
and device waist ratios to weight, patient’s length, and
LA dimensions. By multivariate analysis, the significant
predictors were deficient septal rim toward superior
vena cava (SVC) and device waist diameter in relation
to patient’s length (best cut-off: < 12 mm and > 0.13, re-
spectively). In three cases (3.7%) the device embolized;
retrospectively possibly the cause is small used device

and in one combined with vigorous physical activity.
Conclusions: A short septal rim toward superior vena
cava and large device waist size in relation to patient
size and/or LA dimensions may predict prolonged pro-
cedure during PTCC of ASD.
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Introduction

Percutaneous Transcatheter Closure (PTCC) is the
current preferred treatment option for secundum
atrial septal defect (ASD) [1]. The advantages of cur-
rently used devices include relatively easy deploy-
ment, easy retrievability, and the ability to close even
large and fenestrated defects [2-5]. Contraindications
of PTCC are elevated pulmonary vascular resistance
and acute infections.

During the PTCC of ASD, sometimes the procedure
may get unduly prolonged. The causes for such pro-
longation and the potential of procedure failure are
related to the patient variables (clinical situation, de-
mographics of the patient, etc.) or to the cardiac or
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atrial septal anatomy (cardiac chamber size, defect
size and position, septal thickness, presence of extra
structure close to the defect, etc.) [6, 7]. In rare cases,
device-related factors (Cobra like deformity during
deployment) and delivery system deformity (kinking
or distortion) is the reason behind procedure prolon-
gation. These causes of prolongation may happen
separately or in combination. Such unexpected situ-
ations might increase the fluoroscopy time, radiation
dose, risk of complications and procedural failure.

Though some factors leading to procedure prolon-
gation have been reported sporadically [8], our aim
was to find the patient demographic, cardiac ana-
tomical and device-related factors that could foresee
procedure prolongation. Additionally, we report pro-
cedure failure and complications.

Methods and Patients

In a retrospective, cohort study, all children < 18
years (n = 89) who were referred for PTCC of their ASD
between October 2010 and October 2015 were in-
cluded in this study.

Under general anesthesia, patients were intu-
bated, a trans-esophageal-echocardiography (TEE)
(Philips Medical Systems, iE33, Andover, MA, USA),
was performed by one of the two experienced pedi-
atric cardiologists (MES, MOG) before starting cathe-
terization. The ASD and the atrial septum were eval-
uated in terms of defect size, number and position,
total septal length, measurement of all rims around
the defect, and the relation of the defect to the ad-
jacent structures, including the venae cavae, atrio-
ventricular valves, pulmonary veins and the coronary
sinus. In particular, measurement of rims toward the
atrioventricular valve (AV), pulmonary veins, ascend-
ing aorta and the rims toward inferior and superior
vena cavae were performed [9-10]. The patient was
sent for surgical closure if the ASD was too large that
the occluder device which will be used will affect the
adjacent structures, if there are more than two defi-
cient rims (< 5 mm) [1], if the rim was deficient and
flimsy toward the inferior vena cava or if the patient
had other associated cardiac lesions.

In our practice, the size of the occluder device (Am-
platzer Septal Occluder [ASO] or Occlutech) was se-
lected by adding 1 to 2 mm to color Doppler size of

the ASD [8, 11]. No balloon sizing of the defect was
performed. At the beginning of the study period, the
choice of the closure device (ASO; AGA Medical Cor-
poration, Golden Valley, MN, USA, or Occlutech, Flex
I, Helsingborg, Sweden) was based on availability
and patient age and size. However, during the study
period, we did not continue with this selection crite-
ria and device type selection depended on availabili-
ty and operator preference.

All procedures were performed by two experi-
enced interventional paediatric cardiologists (MES,
MOG). After right heart catheterization and confir-
mation of normal pulmonary artery pressure, the
occluder device was deployed through the delivery
sheath of recommended size under fluoroscopy and
real-time TEE. The device was released after careful
confirmation of good positioning and presence of
septal tissue between the device discs followed by a
gentle Minnesota wiggling [12, 13]. Additionally, we
made sure that the device was neither distorting the
ascending aortic configuration nor impinging on the
venae cavae and pulmonary veins, and that it was not
affecting the atrioventricular valve function. Within
24 hours after catheterization, all patients underwent
repeat transthoracic echocardiography, chest radiog-
raphy, and electrocardiography (ECG).

The Institutional Review Board at King Fahad Med-
ical City, Riyadh approved this study (IRB Log No. 15-
408). Informed consent was waived based on the ret-
rospective study design.

Data collection

Medical charts, echocardiographic recordings per-
formed before, during and after the procedure, cath-
eterization reports and recorded fluoroscopic films of
all patients were reviewed. Demographic data (age,
sex, weight, height and body surface area) were col-
lected.

Echocardiographic parameters

In the pre-procedural Transthoracic Echocardiog-
raphy (TTE) the defect size, number of defects (sin-
gle versus multiple) and position, total septal length,
measurement of the rims around the defect (rims to-
ward the atrioventricular (AV) valves, ascending aorta,
pulmonary veins, and venae cavae) were estimated.
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Moreover, the presence of additional features
were noted: aneurysmal tissue (a bulge > 10 mm in
the atrial septum that moved back and forth), septal
mal-alignment (deviation of the rims > 1.5 mm from
each other), presence of prominent Eustachian valve
and/or Chiari’s network, double septal contour (struc-
ture parallel to atrial septum usually in the left atri-
um), flimsy septal portion (thin floppy, pliable septal
tissue). The left atrial (LA) dimensions (coronal, lateral
and anteroposterior lengths) were measured and the
left atrial volume was calculated [14]. From an apical
four-chamber view, the tricuspid and mitral valve an-
nuli were measured. The right and left ventricle sizes
were measured from the parasternal long axis view.
The Z-values were calculated for all cardiac structures.
The degree of inter-ventricular septum flattening (0,
1, 2, 3) was documented, as an indicator of right ven-
tricular volume overload [15, 16].

Hemodynamics, catheterization and device-related
variables

The right ventricular and mean pulmonary artery
pressure, the systemic-to-pulmonary shunt ratio
(Qp:Qs), size, number and type of the device (Am-
platzer vs. Occlutech) and durations of fluoroscopy
and the procedure were documented. The fluoros-
copy films of all patients were reviewed offline. The
duration of device deployment was calculated from
starting of the deployment of the left atrial disc out
of the delivery sheath until the final release of the
device. If the deployment time exceeded 10 minutes,
the procedure was considered prolonged.

Statistical and data analysis

The patients were divided into two groups accord-
ing to the duration of deployment time: group | < ten
minutes; group |l > ten minutes, defined as prolonged
procedure. Ten minutes was selected as a cut-off-time
between short and prolonged procedure depending
on the fact that time from deployment to release of
the device was six to eight minutes in the majority
of our cases. Therefore, we decided that ten minutes
for device deployment (not the total procedure time)
would be a rational cut-off limit to define short and
prolonged procedure as the operator might consume
additional two to four minutes due to different rea-
sons which are not related to the procedure itself.

The groups were compared statistically to identify
the demographic, echocardiographic (anatomical),
and device-related or hemodynamic factors that pre-
dict procedure prolongation. The data are expressed
as the mean + the standard deviation (SD). The dif-
ferences between the means were calculated using
Student's t-test. The differences in categorical vari-
ables were analyzed using Chi-square tests. Receiver
Operating Characteristic (ROC) curves were designed
to determine the cut-off values for the significant
numeric variables that give the highest sensitivity
and specificity. A stepwise binary logistic regression
model was designed, taking procedure prolongation
time or non-prolongation as dependent variable. All
significant numerical and non-numerical parameters
in univariate analysis were taken as independent vari-
ables. In addition, the model was subjected to good-
ness-of-fit tests and a model without multicollinearity
was preferred over one with multicollinearity.

Univariate and multivariate stepwise logistic re-
gression was used to identify the most significant
predictors of procedure prolongation. Moreover, the
odds ratios were calculated. The level of statistical sig-
nificance was set at p < 0.05. All statistical analyses
were performed using IBM, SPSS Statistics version 22
(SPSS, Inc., Chicago, USA).

Results

Eighty-nine patients with ASD were referred for
PTCC. After pre-procedure TEE, eight patients were
not considered for PTCC of the defect due to large de-
fect in relation to patient size (that the occluder de-
vice which will be used will affect the adjacent struc-
tures) in three patients, deficient rims around the
defect (< 5 mm, mainly the rim toward inferior vena
cava) in three patients, and sinus venosus defect type
in two patients.

Percutaneous transcatheter closure of the ASD
was performed on 81 patients. Using the criteria de-
scribed in the methods section, the procedure du-
rations were short in 56 patients (group I) and pro-
longed in 25 patients (group Il). Tables 1 and 2 show
the differences between the two groups with respect
to general demographics, variables related to the
defect, cardiac chambers, and atrioventricular valves
dimensions, degree of ventricular septum flattening,
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Table 1. Demographic and echocardiographic characteristics of ~ Table 1 (cont.).
patients in two groups (short vs. prolonged procedure time).
Group | (n=56) Group Il (n=25)
Group | (n=56) Group Il (n=25) Short proce- Prolonged pro-
Short procedure Prolonged pro- Groups dure time cedure time P-value
Groups time cedure time P-value
LA, MV, LV dimensions (cont.)
General demographics LA (Lateral) length, 33.16 +7.48 38.08 £9.89 0.017
Age 6.98 +3.92 447 +386 0.009 indexed to BSA
Male 41.8% 41.7% 0.990 LA (A-P) length, 2695+73 3267 +959 0.005
_ indexed to BSA
Weight (kg) 219+ 118 1514+806  0.013
LA volume cm? 199+104 148+ 106 0.050
Height (cm) 11462 £2004 9692+ 16.77 <0.001
MV annulus —0.02 £ 0.81 —-0.18+1 0476
Body surface area 0.8+0.3 0.6 +0.25 0.005 (Z-score)
mZ
() LVEDD size -12+£15 -0.86+ 1.54 0.363
Defect related variables (£-5core)
ASD size 11.8 +3.99 127391 0706 LV'SF 3363£356 353845 0.081
ASD shife/patient/s 0.64+£0.28 0.93+037 <0.001 TV, RV dimensions, degree of septal flattening
wei
J ) ) TV annulus size 2467 £3.32 22+3.28 0.001
ASD size/patient’s 0.10 £ 0.03 0.13£0.04 0.014 )
length TVannulussize( 1.14+0.59 1.04 +0.83 0.528
) Z-score)
Aneurysm devia- 16.1% 16% 0.994 .
tion > 10 mm RV size (Z-score) ~ 894 +1.59 838+ 2.05 0.198
Prominent eusta- 5.5% 8.3% 0.629 Degree of septal 16.4% 41.7% 0.016
chian valve flattening > 2
Chiari network 10.9% 12.5% 0.838 o
Data are presented as mean + standard deviation or as number (percentage)
Double contour  1.8% 8.3% 0.164 of patients. ASD = atrial septal defect. SVC = superior vena cava. AV = atrioven-
) . tricular valve. IVC = inferior vena cava. LA = left Atrium. A-P = anterior-poste-
Flimsy rims 18% 37% 0.065 rior. MV = mitral valve. LVEDD = left ventricular end diastolic dimension. LVSF
Septal malalign-  3.6% 4.0% 0910 = left ventricle shortening fraction. TV = tricuspid valve; RV = right ventricle.
ment
Margins around the defect device-related parameters, hemodynamic parame-
SVCrimlength  13.13+£298  1166+291  0.050 ters, and procedure-related details.
Superior rim 1173 4343 1246 4 427 0426 . The patients in group Il were significantly younger,
length lighter and shorter than those in group I: (4.5 years SD
AV valve rim 1235+ 506 10.9 + 3.82 021 3.9 vs. 6.9 years SD 3.9; p =0.009), (15.1 kg SD 8.06 vs.
length 21.9kg SD 11.8; p=0.013), (96.9 cm SD 16.8 vs. 114.6
Aortic rim length  6.09 + 2.08 555+ 194 0.290 cm SD 20.04; p < 0.001).
VCrim length 1219+ 427 11.2+34 0.339 . .
Defect (ASD), atrial septum and adjacent structures
LA, MV, LV dimensions The ratio of ASD size (mm) in relation to the patient
LA (coronal) 3582+677  3171+68 0.015  Wweight (kg) and length (cm) was significantly larger
length in group Il patients: (0.93 SD 0.37 vs. 0.64 SD 0.28; p
LA (lateral) length 25.62 # 5.25 22334563 0.014 < 0.001), (0.13 SD 0.04 vs. 0.1 SD 0.03; p = 0.014), re-
LAAP) length 2047 +3.92 1904 + 454 0.160 spectively. Incidence of all non-numerical variables
was higher in group Il but these differences did not
LA (coronal) 46.73 £ 11.05 5425 +14.18 0.013

length, indexed
to BSA

reach statistical significance.
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Table 2. Device-related characteristics and hemodynamic and
procedural characteristics of patients in two groups (short vs.
prolonged procedure time).

Group I (n=56) Group Il (n=25)
Short procedure Prolonged pro-

Groups time cedure time P-value
Device related variables

Device waist size  13.13 £4.21 14.28 £4.89 0.281
Device LA disc 2632 +486 25.06 =646 0334
size

Device waist di-  0.71 £0.31 1.04+044 <0.001
ameter / patient’s

weight

Device waist di-  0.12 +£0.04 0.15+0.05 0.003
ameter / patient’s

height

Device waist 044 +0.56 041+011 0.791
diameter/total

septal length

Device waist 037 £0.11 046 +0.14 0.003
diameter/LA

coronal length

Device waistdi- 053 +0.18 067 +£0.23 0.006
ameter/LA lateral

length

Device waist 0.66+0.22 0.77 £0.25 0.039
diameter/LA (A-P)

length

LA disc size/LA 0.75+0.16 081+0.2 0218
coronal length

LA disc size/LA 1.07 £0.28 1.19+042 0.134
Lateral length

LA disc size/LA 133+032 138+045 0.580
(A-P) length

LA disc size/total  0.88 +1.06 0.72+£0.19 0.469
septal length

Hemodynamic-related variables

RV systolic 2791 +7.38 3248 +£9.87 0.027
pressure

PA mean 1648 +39 19.78 +6.79 0.008
pressure

PA Systolic 2427 £5.65 26.39 £ 8.06 0.186
pressure

PA Diastolic 9.77 £3.37 11.65 +4.09 0.037
pressure

Qp:Qs 1.74 +0.68 1.8+£0.71 0.733

Table 2 (cont.).

Group | (n=56)
Short proce-

Group Il (n=25)
Prolonged pro-

Groups dure time cedure time P-value
Procedure-related variables

Time between de- 6+ 2.1 40.72 + 57 <

vice deployment & 0.001

release(min)

Procedure time 498 +18.13 9332+454 <
(min) 0.001
Fluoroscopy time 1092 + 6.71 2592+1536 <
(min) 0.001

Data are presented as mean + standard deviation or as number (percentage)
of patients. LA = left atrium. A-P = anterior-posterior. RV = right ventricle. PA =
pulmonary artery PA. Qp:Qs = pulmonary flow : systemic flow.

Procedure failures and complications

Device embolization occurred in three patients
(3.7%), within one week in one patient and the next
day, after closure, in two patients. The first patient
had a central 11 mm defect which was closed by 10.5
mm Occlutech, Flex Il device. The closure procedure
went smooth. The patient presented to the emergen-
cy department with chest pain one week after closure
of the defect. The symptoms started on the previous
day after jumping on the trampoline. Echocardiog-
raphy revealed that the device embolized to the left
ventricular outflow tract. In the second patient, there
was central 12 mm defect with some aortic rim defi-
ciency (5 mm) and double septal contour. The defect
was closed by 12 mm Amplatzer septal occluder. Next
day, echocardiography before discharge revealed that
the device embolized to the left atrium. Both patients
were referred for surgical removal of the device and
defect closure. In the third patient, there was an eight
mm central defect and double septal contour. The de-
fect was closed by 9 mm Amplatzer septal occluder.
Next day, chest X-ray before discharge revealed that
the device embolized to the descending aorta. It was
retrieved through a percutaneous trans-arterial ap-
proach and the defect closed successfully by using a
bigger (12 mm) Amplatzer septal occluder.

Cardiac chambers and valve annulus measurement
The left atrium (i) coronal, (i) lateral and (iii) antero-

posterior lengths and (iv) its volume was significant-

ly smaller in Group Il. These differences were found
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Table 3. Univariate analysis and multivariate stepwise logistic regression analysis for prolonged procedure time.

Univariate analysis Multivariate analysis
Variables P-value Odds ratio 95% Cl P-Value Odds Ratio 95% Cl
Demographics-related variables
Height (cm) 0.013 35 1.27-9.62
Body surface 0.027 2.96 1.11-7.89
area (m2)
ASD size/weight  0.008 379 1.37-1045
ASD size/length  0.042 2.78 1.02-7.59
Device waist 0.004 4.8 1.58-14.55
size/patient’s
weight
Device waist 0.004 48 1.58-14.55 0.006 7.28 1.78-29.85
size/patient’s
length

Left atrium & anatomy-related variables

LA coronal 0.07 245 0.92-6.53
length

LA lateral length  0.012 3.64 1.3-10.23
LA coronal 0.046 2.7 1.0-7.26
length, indexed

LA lateral length, 0.046 2.7 1.0-7.26
indexed

LA A-P length, 0.065 2.5 0.93-6.71
indexed

Device waist 0.046 2.7 1-7.26
diameter/LA, A-P

length

Device waist 0.013 35 1.27-9.62
diameter/LA

coronal length

Device waist di-  0.008 3.79 1.37-10.45
ameter/LA lateral

length

SVC rim size 0.006 4.54 1.46-14.08 0.011 6.89 1.56-30.44
Tricuspid valve  0.008 3.93 14-11.07
annulus size

Hemodynamics & procedure related variables

PA mean P 0.04 2.8 1.03-7.61
Procedure time  <0.001 16.36 5.02-53.31
(min)

Fluoroscopy time <0.001 1047 3.46-31.71
(min)

Cl=confidence interval; LA = left atrium; A-P = antero-posterior; SVC = superior vena cava; LVEDD = left ventricular end diastolic dimension; RV = right ventricle;
PA = pulmonary artery

Journal of Structural Heart Disease, June 2018 Volume 4, Issue 3:69-78
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in absolute and indexed measurements (relative to
body surface areas). The values of the four respective
parameters after indexing in group Il versus group |,
respectively, were as follows: (i) left atrium coronal
54.2 mm SD 14.18 vs. 46.7 mm SD 11.05 (p = 0.013);
(i) left atrium lateral 38.08 mm SD 9.8 vs. 33.16 mm
SD 7.48 (p = 0.017); (iii) left atrium anteroposterior
32.67 mm SD 9.59 vs. 26.9 mm SD 7.3 (p = 0.005); and
(iv) left atrium volume 19.9 cm? SD 10.4 vs. 14.8 cm?
SD 10.6 (p = 0.05). Only the absolute left atrium ante-
ro-posterior dimension was not significantly different
between the two groups. Further, the degree of sep-
tal flattening was more in patients in Group Il (41.7%
vs. 16.4, p = 0.016), indicating greater right ventricle
volume overload caused by larger Qp:Qs.

Device related parameters

The ratios of the device waist diameter to the pa-
tient weight and length were significantly larger in
group II: respectively (1.04 SD 0.44 vs. 0.71 SD 0.31, p
<0.001) and (0.15 SD 0.05 vs. 0.12 SD 0.04, p = 0.003).
Moreover, the ratios of the device waist diameter to
left atrial coronal, lateral and antero-posterior lengths
were significantly larger in group Il: respectively (0.46
SD 0.14 vs. 0.37 SD 0.11, p = 0.003); (0.67 SD 0.23 vs.
0.53SD 0.18, p=10.006); (0.77 SD 0.25 vs. 0.66 SD 0.22,
p = 0.04).

Hemodynamic parameters and procedure times

The right ventricle systolic pressure and the mean
pulmonary artery pressure were significantly high-
er in group II: respectively (32.48 mmHg SD 9.87 vs.
27.91 mmHg SD 7.38; p = 0.027), (19.78 mmHg SD
6.79 vs. 16.48 mmHg SD 3.9; p = 0.008). Additionally,
the total procedure time, the fluoroscopy time and
time between the beginning of device deployment
and release were significantly longer in group II: re-
spectively (93.32 min SD 45.4 vs. 49.8 min SD 18.13; p
<0.001), (25.92 min SD 15.36 vs. 10.92 min SD 6.71; p
< 0.001), (40.72 min SD 57 vs. 6 min SD 2.1; p < 0.001).

Predictors of procedure prolongation

Monovariate analysis revealed that the signifi-
cant predictors of prolonged procedure were as fol-
lows: smaller and younger patients, larger ASD size,
smaller LA dimensions, and larger device waist ratio
to body weight, body length and LA dimensions (Ta-

ble 3). Multivariate analysis by backward stepwise
logistic regression revealed that deficient septal rim
toward superior vena cava (odds ratio: 6.89 [95% Cl
1.56 — 30.44], p = 0.011; best cut-off value < 12 mm)
and large device waist diameter in relation to patient
body length (odds ratio 7.28 [95% Cl 1.78 - 29.85], p =
0.006; best cut-off value > 0.13) were significant pre-
dictors for prolonged procedure (Table IlI).

The Receiver operating characteristic (ROC) curves

ROC curves for the SVC rim length and for the ra-
tio of the device waist diameter to patient length
revealed that the cut-off points that gave sensitivi-
ty close to 95% and the highest specificity were rim
length 12 mm and ratio 0.13 (Figures 1 and 2). The
ROC curves for the ratio of device waist diameter to
left atrial coronal, lateral and anteroposterior lengths
are presented in Figure 3. The best cut-off values were
0.4,0.59 and 0.67, respectively.

Discussion

Sensitivity

1-Specificity

Figure 1. ROC curve for the SVC rim size. Area under the curve
was 0.63 (95% confidence interval 1.56 - 30.44, p = 0.011). The
circle represents the optimal cut-off values which give the best
sensitivity and specificity. ROC = Receiver-operating characteris-
tic; SVC = Superior venae cava.
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Figure 2. ROC curve for the ratio of the Device Waist Diameter to
Patient’s Length. Area under the curve was 0.72 (95% confidence
interval 1.78-29.85, p = 0.006). The circle represents the optimal
cut-off values which give the best sensitivity and specificity. ROC
= Receiver-operating characteristic.

The results show that shorter septal rim towards
superior vena cava and larger closure device waist
diameter in relation to body height were predictors
of procedure prolongation during percutaneous
transcatheter closure of the atrial septal defect. The
best cut-off values for these predictors were 12 mm
and 0.13, respectively. Monovariate analysis revealed
that the ratio of device waist diameter to left atrium
(LA) dimensions may also predict procedure prolon-
gation.

The findings support the common knowledge that
the complexity of any intervention is increased by
small patient size [17]. The relations of device waist
diameter to weight and length are significant predic-
tors. It has been reported that patient weight can be
used as a guide for device size selection. The criteria
proposed that device diameter (in mm) to weight (in
kg) ratio should be less < 1.5 [18]. In the current study,
multivariate analysis showed that the device waist di-
ameter in relation to the height of the patients seems
to be statistically more important than its relation to
weight. Ko et al. reported that a larger defect, smaller

Figure 3. ROC curve for the ratio of the Device Waist Diame-
ter to LA Anterior-posterior Length, LA coronal length, LA lateral
length. Areas under the curve were 0.65 (95% Cl =1-7.26,p =
0.046), 0.70 (95% Cl =1.27 - 9.62, p = 0.013), and 0.689 (95% Cl =
1.37 - 1045, p = 0.008) respectively. ROC = Receiver-operating
characteristic; LA = Left atrium; Cl = Confidence Interval.

posterior-superior rim, smaller retro-aortic rim and
smaller ratios of the LA dimensions to the device size
predicted the need to apply modified methods for
ASD device closure, leading to prolongation of the
procedure. Based on their results, they speculated
that the relationship between device size and left atri-
al anteroposterior dimension is the most important
one [8]. It is interesting that though we defined pro-
longed procedure differently (length of deployment
time > ten minutes), we came to a similar result. The
relationship between the device waist size and the
left atrial anteroposterior dimension seems to be an
important variable; a ratio > 2:3 predicted an increase
in the complexity and duration of the intervention.

The most common site for erosions after ASD tran-
scatheter closure is the free wall of the left atrium or
the posterior aspect of the aorta [19], which repre-
sent the two boundaries of the anteroposterior axis
of the left atrium. This could indicate that oversizing
the device in relation to the left atrial anteroposterior
diameter may increase the risk of procedure difficul-
ties and prolongation.
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It has been argued that the relation between the
device left atrial disc volume and the left atrial vol-
ume might be a more sensitive predictor [20]. In this
study, we used the device diameter in relation to left
atrial dimensions. The volume of the left atrial disc is
the result of its diameter and thickness. The thickness
of the disc is a constant and the changes in its vol-
ume is the result of the changes in its diameter which
constantly related to device waist diameter. However,
volumes relations could be a more useful predictor.

In this study, we defined procedure prolongation
as deployment time beyond ten minutes. This cut-
off time limit was selected depending on our expe-
rience, where the time from deployment to release
of the device was six to eight minutes in the majority
of the cases. Thus, we decide ten minutes would be
a rational limit to define short and prolonged proce-
dure as the operator might consume additional short
time. The deployment time could be affected by re-
peated attempts to deploy the device, using different
deployment methods (balloon-assisted deployment,
right pulmonary vein etc.), using more than one de-
vice, loss of device memory (Cobra deformity), deliv-
ery sheath distortion, and difficulty of getting clear
TEE images to confirm proper and stable device po-
sitioning. All these variables are influenced by the
experience of the operator and the echocardiogra-
pher. Skilled operators and experienced echocar-
diographers can achieve shorter deployment times.
However, the effect on deployment time due to the
operator experience would be relatively same in all
procedures. Equipment failure during procedure can
also prolong the deployment time however we did
not experience such type of difficulty in this study.

The study showed that the rim toward superior
vena cava as a significant predictor for procedure pro-
longation.The ROC curve resulted in a cut-off value of
the rim < 12 mm. We find this value is far much longer
than what is usually considered to be deficient (i. e. 5
mm) [1]. Such result may need to be studied further.

Device embolization occurred in three patients
(3.7%). The first patient came to the emergency de-
partment one week after closure with a complaint
of chest pain. The symptoms started on the previous
day after jumping on the trampoline. Echocardiog-
raphy showed that the device embolized to the left
ventricular outflow tract. The embolization was con-

sidered to be due to a relatively small device and the
vigorous physical activity which should be avoided
at least for three months after the procedure. In the
second patient, echocardiography before discharge,
next day, revealed that the device embolized to the
left atrium. Similarly, in the third patient, chest X-ray
before discharge revealed that the device embolized
to the descending aorta. Retrospectively, we could
assume that embolization could have been avoided
by using bigger closure devices to get better device
fixation and stability; especially in the presence of
double septal contour in the two patients and short
aortic rim in one.

Three patients who were eventually referred for
surgical closure of the defect (two after device em-
bolization and one because of device mal-position
which was irretrievable due to distorted sheath) and
one had device embolization which was retrieved
percutaneously. All patients belonged to the pro-
longed group and have an SVC rim (8,9, 9, 11 mm)
shorter than the cut-off length (12 mm). This finding
may indicate that while the three other variables are
only predictors of procedure prolongation, a shorter
SVC rim might predict the risk of embolization in ad-
dition to procedure prolongation.

Limitations of the study

The major limitations of this study are its retro-
spective nature and the relatively small number of
patients. An additional limitation is that the results
are from a single center experience. The effect of rim
deficiency toward inferior vena cava was not studied
as such, as patients with such rim deficiencies were
sent to surgery without further attempts at PTCC.

The prolonged procedure group was significantly
younger than the other group. It also differed from
the other group in other variables that could be used
as predictors, but the differences between the groups
were not statistically significant, possibly because of
the relatively small number of patients.

Conclusions

This study reinforces previously published litera-
ture reporting that the percutaneous transcatheter
closure of atrial septal defect is riskier and may unex-
pectedly convert into a difficult and prolonged pro-
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cedure in younger and smaller patients. The relation-
ship of the closure device diameter to body size and
left atrial size can be used as a predictor of the risk of
experiencing difficulties and prolongation. The septal
rim toward the superior vena cava is another predic-
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tor of procedure difficulty and prolongation, and it
might even predict the risk of embolization. Further
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studies on larger patient populations are needed to
confirm our findings.
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