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ABSTRACT
Objectives: The aim of the study to evaluate the safety and efficacy of the transthoracic echocardiography
(TTE) guided secundum atrial septal defect (ASD) closure without balloon sizing, sedation or general
anesthesia in adults. 
Methods: We retrospectively evaluated 200 secundum ASD closure patients in the tertiary cardiology center.
Transesophageal echocardiography (TEE) was performed to all the patients at least one day before the
intervention by the procedure operators. The patients who were closed with a cribriform device, using more
than one device, with insufficient rim (<5 mm) (other than the anterior superior rim (aortic rim)), totally flail,
and complex interatrial septum anatomy were excluded from the analysis.The size of the ASD closure device
was chosen according to the largest diameter measured by TEE. ASD device was selected as 4 mm larger in
patients without anterior superior rim and 2 mm larger in other patients than the largest diameter measured in
2D-TEE. 
Results: In the remaining 166 patients, the procedure was performed with TTE and fluoroscopy guidance
without balloon sizing, sedation or general anesthesia. The procedure was performed through right femoral
vein. The patients age: 38.56 ± 14.72, gender: 57 male, 109 female, ASD size: 18.88 ± 5.99 mm, anterior
superior rim: 5.30 ± 4.04 mm, anterior inferior rim: 14.22 ± 6.46 mm, posterior superior rim: 17.16 ± 4.96
mm, posterior inferior rim: 16.67 ± 7.48 mm. ASD device size: 23.74 ± 6.59 mm. The procedure success rate
was 98,1% (163 patients). The complications; 1 patient device embolised, 2 patients device was not placed in
the correct position by TTE. 
Conclusions: TTE and fluoroscopy-guided secundum ASD closure without balloon sizing, sedation or general
anesthesia by experienced operators is a safe and effective procedure. 
Keywords: Atrial septal defect, transthoracic echocardiography, transesophageal echocardiography, closure,
sedation

In adults, the atrial septal defect (ASD) is the most
seen congenital heart disease after bicuspid aortic

valve. Four different types of ASDs have been
described. Secundum ASD is the most common type
and is seen in 80%. Percutaneous ASD closure, which
was first performed in 1974, has become the standard
treatment in appropriate cases today [1]. At the pres-

ent, surgical treatment of secundum ASD patients is
performed only in cases not suitable for percutaneous
treatment [2]. The procedure of percutaneous ASD
closure is generally performed with general anesthesia
and TEE or ICE guidance. Selection of the appropriate
device size for ASD closure is done by the balloon siz-
ing method. But, in recent years, percutaneous ASD
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closure is performed with TTE and sedation in suit-
able cases [3]. 
      In this study, we aimed to evaluate the safety and
effectiveness of percutaneous ASD closure under local
anesthesia, concomitant TTE and without balloon siz-
ing. 

METHODS

      We retrospectively evaluated 200 patients who
were performed percutaneous closure procedure in our
clinic and we included 166 patients who underwent
the percutaneous closure procedure with TTE. Patients
with complex Secundum ASD, need general anesthe-
sia, need sedation and TEE were not included our
study group. 
      Secundum ASD which closed with TTE and

patients with adequate rims except the aortic rim are
inclusion criteria for our study. Using more than one
device, cribriform ASD, inadequate rims except aortic
rim, secundum ASD which closed with TEE, the pro-
cedure performed with balloon sizing or under general
anesthesia and complex atrial septum are the exclu-
sion criteria for our study. General anesthesia was
performed in patients with complex ASD closure pro-
cedure (using more than one device, insufficient rims
with large ASD, etc.). If the patients need TEE guid-
ance for ASD closure we used sedation. We performed
the procedure with local anesthesia for all other
patients. 

Echocardiography procedure 
      TTE was performed to all ASD patients before the
procedure. Echocardiographic measurements of the
patients were done with X5-1 probe (EPİQ 7, Philips,
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Fig. 1. (A) Short axis image of ASD in TEE, anterior superior rim (aortic rim); (B) Four chamber image of ASD in TEE, an-
terior inferior rim; (C) Bi-caval image of ASD in TEE, posterior süperior and posterior inferior rim; (D) Maximal ASD di-
ameter in TEE; (E) ASD diameter and coronary sinus rim; (F) 3D image of ASD in TEE. 
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Nederland). Heart diameters and functions were meas-
ured. Qp/Qs value calculated. One day before the
procedure, TEE was performed to all the patients with
X7-2t probe (EPİQ 7, Philips, Nederland). In this
process, ASD diameter and rims were measured, and
their suitability for closure was evaluated. In the short
axis image ASD diameter, anterior superior rim, pos-
terior rim and narrowest atrial septum diameter, in the
bicaval image ASD diameter, posterior superior rim
and inferior rim, in four chamber image ASD diame-
ter, anterior inferior rim were measured (Fig. 1). The
widest diameter of ASD was measured at atrial end-
diastole. 

Closing procedure and device selection 
      The patients were taken to the hemodynami labo-
ratory. Sheat was placed in the right femoral vein after
local anesthesia. Fluoroscopy and TTE-guided, MP
catheter was passed from ASD to the left atrium and
the catheter was advanced to the pulmonary vein.
0,035-inch guidewire was placed into the pulmonary
vein through the catheter. The delivery catheter, suit-
able for the ASD device was advanced to the left
atrium over this guidewire. After that, ASD device
which determined according to TEE measurements
performed one day before the procedure was placed in
the appropriate position under the guidance of TTE
and fluoroscopy and the device was released. ASD
device size was determined according to the largest
ASD diameter which measured by 2D TEE. If the aor-
tic rim was adequated together with other rims of the
patient and septum was not flail, 2 mm wider device
than the maximal ASD diameter which measured by
TEE was selected, whereas 4 mm wider device was
selected in patient with the insufficient aortic rim. If
the atrial septum is flail and aortic rim is sufficient, we
chosed 4 mm wider device than the measured defect
diameter. We chosed 6-8 mm wider device, in patients
with flail atrial septum and insufficient aortic rim. We
considered the narrowest diameter of the septum while
choosing the device size. 
      One day before the procedure, aspirin 100 mg 1×1
and clopidogrel 75 mg 1×1 treatment were started and
this treatment was used for six months. Before the
procedure, 2 grams of ampicillin were given to the
patients. Endocarditis prophylaxis was recommended
for patients who underwent an interventional proce-
dure for 6 months after ASD closure. 

Statistical Analysis 
      Statistical analysis was performed with SPSS
(Statistical Package for the Social Sciences ver. 23,
SPSS Inc, Chicago, Illinois, USA) computer program.
Descriptive analysis was used to calculating to mean
value of the continuous variables. Frequency analysis
was used for calculating the categorical variables.
Numerical variables were expressed as mean ± stan-
dard deviation and categorical variables were
expressed as mean percentages. 

RESULTS

      Two hundred patients were evaluated for this ret-
rospective study and 34 of them were excluded.
Cribriform ASD device was used in 2 of these 34
patients. Two devices were used in 2 patients due to
two ASD defects. 30 patients were excluded from the
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study because of their rims were insufficient. The rea-
son for the exclusion of these complicated ASD
patients was that the percutaneous ASD closure per-
formed with TEE guidance. 
      Remaining 166 patients were evaluated. Percuta-
neous closure was performed successfully in 163 of
166 patients (98.19%) by TTE. 
      TEE had to be performed in 2 patients, because
correct position could not be provided or could not be
sure that it was in the correct position with TTE. ASD
device was successfully placed in both patients with
TEE. ASD device was embolized to right ventricle in
one patient due to flail rim. 

      Our patients were between 14-72 years old and
ASD device diameters were between 12-36 mm.
Demographic and laboratory features of our patients
are shown in Table 1. TTE, TEE data and ASD closing
device features of our patients are shown in Table 2. 

DISCUSSION

      We found that in adult population TTE and fluo-
roscopy-guided percutaneous secundum ASD closure
without balloon sizing, sedation or general anesthesia
at experienced operators is a safe and effective proce-
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dure. 
      Previously, especially in pediatric patients, percu-
taneous ASD closure was performed with TTE [4].
There are some study showing that ASD closure was
performed with TTE in adults [3]. Today, success in
ASD closure is over 98% [5]. Success in this case has
been achieved concomitant with TEE and balloon siz-
ing. In our cases, this success was achieved with TTE. 
      Standard recommendation in ASD closing
processes in < 11 mm defects, it is the closure of the
defect with a 2-4 mm wider device than the defect
diameter measured by TTE, without balloon sizing.
These types defects are generally seen in pediatric
patients and TTE imaging is usually enough. For 11-
24 mm sized defects, the defect can be closed with a
device at the measured maximum defect diameter by
balloon sizing method (fluoroscopy; LAO at 15° and
TEE). For 24-32 mm defects, the defect can be closed
with 2 mm wider device than stretched defect diame-
ter by measurement balloon sizing method
(fluoroscopy; LAO at 15° and TEE). Defects with
inadequate aortic rim can be closed with 4 mm wider
device than the stretched defect diameter by measure-
ment balloon sizing method and in these defects,
atrium roof rim and posterior rim should be sufficient. 
      The ratio of device size and septum size is impor-
tant for ASD closure [6]. If the ratio of device size to
the septum size is < 0.58, complications that may
occur after the procedure will be less common [6]. If
this rate increases, the risk of developing arrhythmia
increases after the procedure (such as AF, SVT, AV
block). In our study, the ratio device to defect diameter
is 0.58. Choosing a large device also creates a large
device area in the heart by making a mushroom effect
and that prolongs the epithelialization time of the
device. These problems occur in devices with two
standard discs and one waist part. Today, different
shaped and more elastic devices are available. With
these devices, possible complications are tried to be
minimized [2, 7]. 
      Our patients consisted of the adult population and
there was no ASD smaller than 10 mm. In our
patients, we performed TEE the day before the proce-
dure and we selected the device according to this TEE
measurement. TEE imaging performed by operator
who had done ASD closure procedure. ASD diameters
change in the systolic and diastolic phase, for this the
ASD diameter should be measured at the atrial end-

diastole and at the widest defect size [8]. We deter-
mined the device size according to the widest ASD
diameter which measured atrial end-diastole with
TEE. One of the factors in the choice of device size is
the narrowest diameter of the atrial septum in the end-
diastole. The diameter in the short axis imaging is the
narrowest diameter. The rims of ASD closure devices
are 7-8 mm and the device size is 14-16 mm wider
than the waist of the device in total. That is, it should
be evaluated whether the ASD devices to be placed
will fit into the narrowest atrial septum, taking in to
account the wing lengths. 
      As seen from our successful procedure results, it
is seen that our device selection is correct. The impor-
tant thing is that operator should be experienced in
TEE imaging, and the pre-procedure imaging should
be performed by the operator. We must say that 2D
images provide more accurate information when
choosing the device size. Because 3D images are
reconstructed images and defect boundaries may not
be clearly visible especially in flail and thin septum,
they should not be used in device size selection. How-
ever, 3D images provide very clear information for
understanding the shape of the ASD and anatomy of
the septum. This imaging modality will be very help-
ful in percutaneous ASD closure procedures,
especially in ASD patients with complex anatomy.
Two-plane modality in 3D probes also facilities the
evaluation of ASD. 
      Operator experience is important for the correct
device and diameter selection in ASD closure. Posi-
tioning the device parallel to the septum during the
closing procedure will provide to settle the device cor-
rectly. Some devices and delivery systems have made
changes in the delivery system, like moving head for
this purpose [7]. In standard devices, the operator tries
to provide a parallel position to the septum by chang-
ing the delivery angles. Various maneuvers,
techniques, and assistive devices can be used to posi-
tion the device in the correct position. These
maneuvers, techniques and assistive device are used
especially in large and complex ASD. 
      Maneuvers and techniques are clockwise rotation
maneuvers, tulip bud technique, Greek maneuver,
right and left upper pulmonary vein technique, left
atrium roof technique. Assistive device techniques are
Hausdorf sheath technique, SSH technique or Kutty’s
method, Boosfeld-Spies technique, wire assisted tech-
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nique, dilatator or catheter asisted technique, balon
asisted technique and Nounou technique. 
      Clockwise rotation maneuvers; the device, which
is advanced to the left atrium, is directed to the right
upper pulmonary vein with clockwise rotation, after
that opening the left disk of ASD device in the left
atrium and then pulling the delivery system to open
the right disk of ASD device in right atrium. It is the
first maneuver to make the ASD device parallel to the
septum in which patients without aortic rim [9]. 
Tulip bud technique; the device is protruded to form a
tulip bud in the left atrium. It aligns adjacent to and in-
plane of ASD. The delivery system is withdrawn in
quick succession [9]. 
      Greek maneuvers; the left disc and 2/3 of the right
disc of the device are opened in the left atrium, the
delivery system and ASD device are positioned by
pulling back to the septum and the right disc is
opened. With this maneuver, the left disc protrusion is
prevented from into the right atrium [10]. 
      Right and left upper pulmonary vein technique;
this technique is applied by opening the left atrium
disc in the upper left or upper right pulmonary vein
then extending the device, after that opening the right
atrium disc in the right atrium, the device is pulled
back to bring the left atrium disc to the correct posi-
tion. If the left disc which opened in the pulmonary
vein can not be opened by pulling, the left disc can be
released by pushing forward with the right atrial disc
delivery cable (contrarian technique) [9]. The left
upper pulmonary vein technique is applied in patient
with large ASD who without aortic rim and other rims
are flail. The right upper pulmonary vein technique is
applied in patients with inadequate aortic and poste-
rior rim, with aneurysmatic inter-atrial septum, with
flail rims, and patients with a not too big ASD diame-
ter [9]. 
      Left atrium roof technique; the left disc is opened
between the interatrial septum and the upper left pul-
monary vein in the left atrium roof, the device is
extended and the right atrial disc opens in the right
atrium then the device is pulled and placed at the inter-
atrial septum from the left atrium roof. It is used in
patients with small left atrium and with both aortic and
posterior rim are inadequate [9]. 
      Hausdorf sheath technique; it is the use of this
delivery system (Hausdorf sheath), the end of which
is shaped. This technique uses for large ASD with

deficiency of anterior and/or aortic rim [11]. 
      Straight Side-Hole sheath technique or Kutty’s
method; Mullin sheath end of side is cut to be atrau-
matic and angled (Uses Mullins Transeptal sheath, 1
to 2 F sizes larger than the minimum recommended
sheath for ASD device). This method is used in inad-
equate inferior or anterosuperior (aortic) rims [11, 12]. 
Boosfeld-Spies technique; in this technique, 12F Cook
Mullins-type sheath (Cook Medical) end-side of it is
cut to be atraumatic and angled. This sheath is used as
a delivery system. This technique is used in large and
inadequate rim ASD [13]. 
      Wire assisted technique; a wire is used to prevent
left atrial disc to protrude into the right atrium. The
wire can be inserted from the same delivery sheath or
another sheath. It can be performed from the same
sheath using thinner wire like 0,018-inch. This wire
must be pulled back before the device is released [14]. 
      Dilatator or catheter assisted technique; a multi-
purpose/JR/dilator catheter is placed in the left atrium
across the ASD to prevents prolapse left atrial disc to
the right atrium. This technique is used in large ASD
and inadequate anterior, anterior süperior (aortic),
and/or posterior rims [15]. 
      Ballon assisted technique; this method needs two
entries; first entry is for the delivery system and the
second entry is needed to send balloon over the
guidewire in which located in the right or left upper
pulmonary vein. Firstly, the left disk of the ASD
device is opened in the left atrium then the balloon is
inflated, and after the left disk remains in the proper
position with the balloon, the delivery system is pulled
back and the right disk is opened. Balloon prevents the
prolapse of the left atrial disc into the right atrium.
After the device is positioned, the balloon is deflated
and pulled. This technique is used for large ASD with
flail and inadequate rims [16]. 
      Nounou technique; the device is positioned using
Agilis catheter. 20 mm and smaller ASD devices can
be used with this technique. The reason is that catheter
diameter is not suitable for larger devices [17]. 

Limitations 
      The limitations of this study are that the study is
done retrospectively and not included a group to com-
pare. However, this study contains a detailed
examination and has been done with sufficient number
of patients, for this, it is capable of guiding operators
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who will perform a closure procedure. 

CONCLUSION

      In suitable cases of adult secundum ASD, percu-
taneous ASD closure can be performed with TTE and
fluoroscopy guidance without balloon sizing and gen-
eral anesthesia, with expert operators.
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