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Corrected balloon occlusive diameter to determine device
size during percutaneous atrial septal defect closure
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ABSTRACT

Objective: The aim of this trial was to investigate the impact
of corrected balloon occlusive diameter (cBOD) on successful
performance of percutaneous atrial septal defect (ASD) clo-
sure.

Methods: The trial comprised 86 patients (60 female, 26
male; mean age 36.5+14.3) on whom percutaneous ASD
closure was performed. Patients were evaluated using trans-
esophageal echocardiography (TEE). Relation of the defect
to surrounding tissues and size of rims was also investi-
gated. Balloon sizing was performed intraoperatively on all
patients. Size of device was ascertained according to both
durability of rims and whether or not they formed significant
indentation, both of which determine cBOD.

Results: The ASD closure device was successfully implant-
ed in 84 (97.5%) patients. Mean maximum defect size was
17.4+5.9 mm, and mean color flow diameter was 16.8+5.4
mm. Mean maximum defect size at the moment of loss of
shunt flow was 18.4+5.9mm with TEE, and 18.8+6.1mm with
fluoroscopy. Mean size of Amplatzer occluder device was
20.0+6.5mm. Device embolization was observed in 2 pa-
tients. However, no death occurred during or after the pro-
cedure.

Conclusion: Percutaneous secundum ASD closure is a safe
and effective treatment modality in experienced centers. Uti-
lizing corrected balloon occlusive diameter may be of benefit
in deciding the size of ASD occluder device.

OZET

Amac: Bu calismada amacimiz perkitan atriyal septal defekt
(ASD) kapamasi konusunda klinigimizin deneyimlerini paylas-
mak ve ayrica ‘duzeltiimis balon okluziv ¢cap’in islem basarisi-
na etkisini arastirmaktir.

Yéntemler: Galismaya perkutan ASD kapamasi yapilan 86
hasta (60 kadin, 26 erkek; ortalama yas 36.5+14.3) alindi.
Hastalarin islem dncesi transozofajiyal ekokardiyografi (TOE)
ile isleme uygunlugu, defektin komsu yapilarla iliskisinin yani
sira rimlerin boyutu ile floppy olup olmadigi degerlendirildi.
Hastalarin tamamina islem esnasinda balon sizing ydontemi
uygulandi. Kullanilacak cihazin dlgustinde, rimlerin saglamli-
gina ve belirgin indentasyon olusturup olusturmamasina gore
belirlenen duzeltilmis balon okluziv ¢cap dikkate alindi.
Bulgular: Hastalarin 84’unde (%97.5) basarili olarak ASD ka-
pama cihazi yerlestirildi. TOE incelemesinde en yiuksek defekt
capi ortalamasi 17.4+5.9 mm, renkli akim genigligi ortalama-
sI 16.8+5.4 mm saptandi. Perkutan islem esnasinda TOE'de
sant akiminin kayboldugu andaki ortalama defekt ¢capi TOE ile
18.4+5.9 mm, floroskopik olarak 18.8+6.1 mm bdl¢uldu. Kullani-
lan Amplatzer occluder cihaz boyutu ortalamasi 20.0+6.5 mm
idi. Iki hastada cihaz embolizasyonu oldu. Islem esnasinda
veya takipte 6lum olmadi.

Sonuc: Sekundum tip ASD’lerin perkutan kapatiimasi tecrube-
li merkezlerde guvenli ve etkili bir tedavi yontemidir. Kapatma
esnasinda kullanilacak cihazin digusunun belirlenmesinde du-
zeltiimis BOD’nin kullaniimasi faydali olacaktir.
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SD is the most common congenital heart disease.

I Due to potential long-term complications,
treatment is recommended on diagnosis. Percutane-
ous ASD closure is a favorable alternative to surgery
in appropriate patients. Selection of correct size of oc-
cluder device is vitally important for success of the
procedure and long-term prognosis. B-mode diameter
and color flow diameter measured with echocardiog-
raphy and echocardiographic and fluoroscopic diam-
eters during balloon sizing are used in determining
device size.*?!

This trial shares the authors’ experience concern-
ing percutaneous ASD closure and outlines the results
of using corrected balloon occlusive diameter in de-
termining occluder device size.

METHODS

The trial included 86 patients aged >18 years from two
separate centers between May 2008 and April 2014,
and was approved by the local Ethics Committee. All
procedures were performed using the Amplatzer oc-
cluder device by the same physician at the 2 centers.
Patients were assessed for suitability for percutaneous
closure using transthoracic echocardiography (TTE)
and transesophageal echocardiography (TEE). Car-
diac dimensions, ventricular systolic functions and
function of valves were evaluated, and Qp/Qs ratios
and pulmonary artery pressures (4V2 + right atrial
pressure) were measured. The type and size of ASD,
size and mobility of rims and relevance of defect to
surrounding tissues were appraised with apical four-
chamber view, aortic short-axis and bicaval views of
TEE. Maximal diameters were obtained from both B-
mode and color flow views. The largest size was ac-
cepted as reference diameter.

Patients with pulmonary/systemic blood flow ratio
>1.5 and right ventricular dilatation and pulmonary
artery pressure/systemic arterial pressure <2/3 were
included in the trial. ASD closure was not performed
to patients with sinus venosus defect, primum ASD or
additional cardiac disease necessitating surgery.

Cardiac catheterization was performed on all pa-
tients to measure intracardiac pressures and shunt ra-
tio. The left femoral artery was catheterized with a 6F
sheath, and the right femoral vein with a 7F sheath.
Unfractionated heparin 100 unit’kg was adminis-
tered to all patients. A 6F NIH catheter was advanced

through the right
atrium’ rlght ventri- ASD  Atrial septal defect
cle and pulmonary op
artery and pressure cBOD Corrected balloon occlusive diameter
records of the right
cardiac chambers g,
were obtained. 7z
Blood gas samples 7%
were taken from the
pulmonary artery and superior and inferior vena cava.
The catheter was then advanced to the left atrium via
the ASD and left atrial pressure was monitorized. The
right upper pulmonary vein (RUPV) was then cath-
eterized and a blood gas sample obtained. The shunt
from left atrium to right atrium was visualized after
injection of a contrast agent into the RUPV at the left
anterior oblique position. Following detailed assess-
ment, patients were given general anesthesia and the
TEE probe was intubated. TTE was used in only 2
patients with local anesthesia. All others were admin-
istered general anesthesia. Defect diameter and rims
were measured.

Abbreviations:

Balloon occlusive diameter

LUPV  Left upper pulmonary vein

RUPV  Right upper pulmonary vein
Stretched balloon diameter
Transesophageal echocardiography

Transthoracic echocardiography

A 6F Cournand catheter was advanced through the
right femoral vein to the right atrium, from there to
the left atrium via the ASD, and finally to the left up-
per pulmonary vein (LUPV). A super stiff exchange
guide wire was then advanced to the LUPV via the
catheter and the catheter retrieved. After removal of
the sheath in the right groin, a balloon sizing catheter
was forwarded to the ostium of the LUPV via a guide
wire without a sheath. The sizing balloon was inflated
with contrast agent diluted with saline at a ratio of 1/3,
with this method, it was understood that the balloon
markers on ASD. Balloon sizing was determined by
means of TEE. The balloon was inflated to cessation
of shunt flow in short-axis TEE view. An average of
fluoroscopic and echocardiographic defect diameters
was calculated, and this became balloon occlusive di-
ameter (BOD). During the procedure, a 24 mm bal-
loon was used if the reference defect diameter was
20 mm or less, and a 34 mm AMPLATZER® Sizing
Balloon II was used if it was greater than 20 mm.

Corrected balloon occlusive diameter (cBOD),
which was determined by durability of rims and for-
mation of indentation, was of assistance in deciding
device size. If indentation of the inflated balloon was
bilateral, the measured diameter was used as device
diameter. In the event of unilateral indentation or bi-
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lateral minimal indentation, 2 mm was added to the
measured defect size when the defect was smaller
than 20 mm, and 4 mm added when the defect was
20 mm or larger. In instances, where unilateral com-
plete indentation on one side and minimal indentation
on the other, 1 mm was added to the measured defect
size when the defect was smaller than 20 mm, and 2
mm added when the defect was 20 mm or larger. This
correction of device size was called cBOD. An AM-
PLATZER® device was implanted to all patients. De-
termination of device size is demonstrated in Figure 1.

The balloon catheter was then retrieved. The de-
livery system, including sheath and dilatator, was
advanced through the LUPV over the guidewire,
and then dilatator and guidewire were withdrawn
completely. The occluder device was loaded into the
system and forwarded toward the end of the sheath
with care taken to prevent an air embolism. The sys-
tem was withdrawn slightly and the sheath withdrawn

to open the left side of the device while keeping it
fixed. The system was then withdrawn a little to rest
the left wing of the device on the atrial septum. This
position was confirmed by TEE, and the sheath was
further retrieved to liberate the right wing of the de-
vice at the left anterior oblique cranial (left 35, cranial
35) position. After checking that the rims were inside
the device, it was left on the septum. Patients were
discharged after 24 hours of surveillance and control
echocardiography. Acetylsalicylic acid of 300 mg and
75 mg of clopidogrel were prescribed for 6 months
post-procedure. Patients were followed up with elec-
trocardiogram, echocardiography and clinically at
first and sixth month.

Statistical analysis

Data were analyzed with the SPSS software ver-
sion 16.0 for Windows. Variables were presented as
meantstandard deviation.

Figure 1. (A) Complete indentation was seen. BOD was measured as 24mm
and 24 mm device was implanted. (B) Bilateral minimal indentation was dem-
onstrated. BOD was 19.5 mm and 24 mm device was implanted. (C) Unilat-
eral indentation was shown, on the contrary, any indentation on the contralat-
eral side was not seen. BOD was 21.4 mm and 26 mm device was implanted.
(D) Unilateral significant indentation and contralateral minimal indentation
was demonstrated. BOD was 14 mm and 15 mm device was implanted.




Corrected balloon occlusive diameter to determine device size during percutaneous atrial septal defect closure 423

RESULTS

Eighty-six patients (60 female, 26 male; mean age
36.5+14.3) were enrolled in the trial. Mean defect
size measured with TEE was 15.8£5.8 mm in the
four-chamber view, 14.6+6.1 mm in the aortic short-
axis view, and 16.1+£5.6 mm in the bicaval view.
Mean maximum defect size was 17.4+5.9 mm and
color flow diameter was 16.8+5.4 mm. Patients’ de-
mographics and echocardiographic parameters before
procedure are shown in Table 1.

A single occluder device was implanted to all pa-
tients successfully, although one patient had 2, and a
second had 3 defects. In these 2 patients, the central
and largest defect was occluded, with peripheral de-
fects also successfully occluded by the wings of the
same device.

Despite all possible maneuvers being attempted,

the device could not be implanted in 2 patients be-
cause the aortic rims were too short (1-2 mm) and
the defects larger than 3 cm. These defects were re-
paired surgically. Overall success of the procedure
was 97.5%.

No death occurred among the patients who under-
went transcatheter-based closure of an ASD during
hospital stay or after discharge. No complication arose
except device embolization in 2 patients (2%). In the
first of these, the posteroinferior rim was too floppy
and short (4 mm). Device embolization to pulmonary
artery after 2 hours of procedure was seen although
defect size measured by sizing balloon was 28 mm
and a 32 mm device had been implanted. The device
was removed and the defect was repaired surgically
owing to unstable hemodynamics in the patient. This
patient has been under follow-up for 3 years without
any complaint. In the second case of embolization,

Table 1. Demographic, echocardiographic and ASD characteristics of patients

Cases (n=86)

n % Mean+SD
Age (years) 36.5+14.3
Female gender 60 69.7
Ejection fraction (%) 62.8+3.9
Left ventricle end-diastolic diameter (mm) 44.3+4.0
Left ventricle end-systolic diameter (mm) 26.8+4.2
Left atrium diameter (mm) 35.1+5.1
Right atrium diameter (mm) 39.8+5.8
Right ventricle diameter (mm) 40.3+7.1
Pulmonary-to-systemic blood flow (Qp/Qs) 2.0+0.5
Pulmonary artery pressure (mmHg) 44.2+3.2
Left atrial pressure (mmHg) 6.6+3.0
Right atrial pressure (mmHg) 4.6+2.7
Transesophageal echocardiography-derived max defect size (mm) 17.4+5.9
Transesophageal echocardiography-derived mean defect size (mm) 15.5+5.4
Transesophageal echocardiography-derived defect size (4 chamber, mm) 15.8+5.8
Transesophageal echocardiography-derived defect size (aortic short axis, mm) 14.6+6.1
Transesophageal echocardiography-derived defect size (bicaval, mm) 16.1£5.6
Transesophageal echocardiography-derived max color flow diameter (mm) 16.8+5.4
Fluoroscopy-derived corrected balloon occlusive diameter (mm) 18.8+6.1
TEE-derived corrected balloon occlusive diameter (mm) 18.4+5.9
Device size (mm) 20.0+6.5

SD: Standard deviation.
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defect size was 1 cm. However, the interatrial septum
was severely aneurysmatic. After leaving the device
on the atrial septum, it was realized that it was not
covering the septum completely and attempts were
made to attach the device again. However, it emboli-
zed to the left atrium and then to the distal of the left
subclavian artery. It was eventually withdrawn with
a snare using a 10F delivery system via the contra-
lateral femoral artery. Percutaneous ASD closure was
attempted in another session and complete occlusion
was obtained successfully.

One patient suffered from left arm weakness after
the procedure. Detailed assessment showed that the
patient’s left arm had been placed under his head dur-
ing general anesthesia and mild damage to the bra-
chial plexus had occurred. At 3 months follow-up, the
patient had recovered completely.

Thrombus was demonstrated in the device during
implantation by means of TEE. Additional intrave-
nous heparin was administered to the patient and the
device was retrieved. After flushing with saline and
washing the thrombus away, the device was implant-
ed. No thrombus was observed at 24 hour control and
first month visits, at which control TEEs were free of
thrombus. No clinical embolic event occurred during
2 years follow-up.

Minimal residue was ascertained in only 2 patients.
However, no residue was observed on TEE performed
1 month after the procedure.

Hematoma was seen in the groins of 2 patients
at arterial entry, and in one patient’s groin at venous
entry. However, none necessitated surgery and recov-
ered with medical follow-up.

Mean patient follow up duration was 1442 months.
Frequent atrial extrasystoles leading to symptoms
were observed in four patients and treated with beta
blockers. No additional antiarrhythmic drug was
needed. Rashes were observed in 4 patients owing to
acetylsalicylic acid and in one patient due to clopi-
dogrel. Single, instead of dual, antiaggregant therapy
was continued in these patients. One patient, who was
implanted with a 24 mm occluder device, complained
of positional chest pain until the 3% month. His echo-
cardiographic findings were all normal, and his com-
plaint resolved.

Balloon sizing was performed on all patients.

Mean defect size at the moment of loss of shunt flow
was 18.4+5.9 mm with TEE and 18.8+6.1 mm with
fluoroscopy. Mean size of Amplatzer occluder device
was 20.0£6.5 mm. The smallest device size was 9 mm
and the largest device size was 38 mm.

DISCUSSION

This trial shares long-term data on 86 patients who
underwent percutaneous ASD closure performed by
the same physician in 2 different centers. The most
important features of the trial are that septal defect
size was measured with balloon sizing by means of
TEE and fluoroscopy in all patients, the most conve-
nient device size was chosen according to rim dura-
bility and cBOD, and that long-term data is reported.

Selection of proper size of device is very impor-
tant for successful ASD closure. If too large a size is
chosen, it may result in erosion of surrounding tissues
and perforation, while too small a device can cause
instability, embolization or residual shunt.[*7

Because of the 3-dimensional structure of the
atrial septum, sizing the defect from different cross
sections with TEE is important to specify the size of
device. TEE is vitally important to evaluate the mor-
phology, size and rims of an ASD.®% Device erosion
risk is higher in patients with shorter aortic and/or
superior rims.’! Nevertheless, Li et al. reported suc-
cessful ASD closures in patients with insufficient
superior-anterior rim (<4 mm). In this trial, TTE was
used instead of TEE and a similar complication ratio
was observed, except for a mild increase in risk of de-
vice malposition. Thus, Li et al. stated that TTE might
be safe, particularly in patients with a central small
secundum ASD.!" In our trial, TEE was performed
before the procedure on all except 2 patients, whose
ASDs were small and central and therefore closed by
means of TTE.

Studies have been done to investigate the neces-
sity of balloon sizing in percutaneous closure since
the first years of the procedure.*!""%] Quek et al. re-
ported that balloon sizing does not give extra informa-
tion and may lead to oversizing of ASD diameter.!'"
On the other hand, Vinijarnsorn et al. stated that while
balloon sizing does not cause oversizing, it does not
enhance success of the procedure. Estimated device
size was calculated as defect size + 4.2 mm in their
trial.'? None of these trials concerned themselves
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with rim structure when, in fact, one of the most im-
portant determinants of device stability, presence of
residue flow or device embolization is the floppy or
stiff structure of the rim. Therefore, this structure
should be kept in mind while specifying device size.

Balloon occlusive diameter (BOD) and stretched
balloon diameter (SBD) have been used via echocar-
diography and fluoroscopy for balloon sizing.™!!¢l
BOD is the balloon diameter when the shunt flow is
over on echocardiography without any deformity to
the sizing balloon, while SBD is the balloon diam-
eter when indentation is present on the sizing balloon.
Residue may be detected or embolization of device
may occur if device size is chosen to match BOD in
patients with floppy rims. On the other hand, if SBD is
used, the defect may become enlarged or an oversize
device may be implanted, which may lead to erosion
in the long term. Therefore, to overcome these com-
plications, BOD should be corrected according to rim
durability.

Balloon sizing has been performed for many years.
However, it may have some disadvantages such as ar-
rhythmias, oversizing the defect, hypotension owing
to deterioration of diastolic filling, particularly when
indentation is seen or SBD is measured.!'”! The aim
is not to stretch the septum, which may expand the
defect, and to implant the correctly sized device. Bal-
loon sizing with cBOD was performed on all patients
in this trial, and no complication due to balloon sizing
was encountered.

Currently, percutaneous ASD closure can be per-
formed with high success and low complication rates
in experienced centers. Major complication rates are
reported as 3-5% in various trials.'>!®2] Our com-
plication rate was 2%, which is compatible with the
literature. There was no death resulting from the pro-
cedure. However, device embolization was detected
in 2 patients, the probable cause of which were severe
septal aneurysm in one and inadequate posteroinferior
rim in the second. Occurrence of device embolization
is known to be high, particularly in patients with a
scanty posteroinferior rim.

The authors consider it advantageous to use cor-
rected BOD during ASD closure to determine device
size.
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