
Publish Date:
February 2017
Volume 3, Issue 1

Published by

ISSN 2325-4637

Now accepting papers at http://structuralheartdisease.org

O F F I C I A L  J O U R N A L  O F  T H E  P I C S  F O U N D AT I O N

http://structuralheartdisease.org
http://www.scienceinternational.org
http://www.sidra.org/
http://www.picsymposium.com/


http://www.edwards.com/pulmonic


http://www.edwards.com


Editorial Board

Editor-in-Chief
Ziyad M. Hijazi	 Sidra Medical & Research Center 
	 (Doha-qatar)

Co-Editor-in-Chief

Horst Sievert	 CardioVascular Center  
	 Sankt Katharinen Hospital
	 (Frankfurt, Germany)

Assistant Editors
Damien Kenny	 Rush University Medical Center
	 (Chicago, IL)
Michael Kim	 University of Colorado  
	 (Aurora, CO)

Associate Editors
Clifford J. Kavinsky	 Rush University Medical Center  
	 (Chicago, IL)
Bray Patrick Lake	 PFO Research Foundation
	 (Boulder, CO)
John Messenger	 University of Colorado 
	 (Aurora, CO)

Managing Editor
Hussam Suradi	 Rush University Medical Center  
	 (Chicago, IL)

Editorial Board
Teiji Akagi	 Okayama University  
	 (Okayama, Japan)
Bagrat Alekyan	 Bakoulev Scientific Center for  
	 Cardiovascular Surgery
	 (Moscow, Russia)
Zahid Amin	 Children’s Hospital of Georgia 
	 (Augusta, GA)
Vasilis Babaliaros	 Emory University  
	 (Atlanta, GA)
Steven Bailey	 University of Texas, San Antonio
	 (San Antonio, TX)
Lee Benson	 Hospital for Sick Kids  
	 (Toronto, Canada)
Lisa Bergersen	 Boston Children’s Hospital
	 (Boston, MA)
Younes Boudjemline	 Hospital Necker
	 (Paris, France)
Elchanan Bruckheimer	 Schneider’s Children’s  
	 Medical Center
	 (Petach Tikva, Israel)
Maurice Buckbinder	 Stanford University
	 (Palo Alto, CA)
Massimo Caputo	 Rush University Medical Center 
	 (Chicago, IL) 
Mario Carminati	 San Donato Milanese
	 (Milan, Italy)
John Carroll	 University of Colorado Denver
	 (Aurora, CO)
John P. Cheatham	 Ohio State University 
	 (Columbus, OH)
Jae Young Choi	 Severance Cardiovascular Hospital  
	 (Seoul, Korea)
Antonio Colombo	 St. Rafaele Hospital
	 (Milan, Italy)
Costantino Costantini	 Hospital Cardiológico Costantini 
	 (Curitiba, Brazil)
Alain Cribier	 Charles Nicolle Hospital 
	 (Rouen, France)

Roberto Cubeddu	 Aventura Hospital 
	 (Miami, FL)
Bharat Dalvi	 Glenmark Cardiac Centre 
	 (Mumbai, India)Jo De Giovanni	
Birmingham Children’s Hospital  
	 (Birmingham, United Kingdom)
Helene Eltchanninof	 University Hospital 
	 (Rouen, France)
Maiy El Syed	 Ain Shams Univesity 
	 (Cairo, Egypt)
Thomas Fagan	 University of Colorado 
	 (Denver, CO)
Ted Feldman	 Evanston Northshore Hospital 
	 (Evanston, IL)
Olaf Franzen	 University Heart Center Hamburg 
	 (Hamburg, Germany)
Yun Ching Fu	 Taichung Veterans General Hospital 
	 (Taichung, Taiwan) 
David Gao	 Shanghai Children’s Medical Center 
	 (Shanghai, China)
Eulogio Garcia	 Hospital Clinico San Carlos 
	 (Madrid, Spain)
Marc Gewillig	 University of Lueven 
	 (Lueven, Belgium)
Matt Gillespie	 Children’s Hospital of Philadelphia 
	 (Philadelphia, PA)
Omer Goktekin	 BezmiAlem Vakif University 
	 (Istanbul, Turkey)
Steven Goldberg	 University of Washington 
	 (Seattle, WA)
William Gray	 Columbia University 
	 (New York, NY)
Eberhard Grube	 Heart Center Siegburg 
	 (Siegburg, Germany)
Rebecca Hahn	 Columbia University Medical Center 
	 (New York, NY)
Jeff Harrisberg	 Pediatric Cardiology 
	 (Gauteng, South Africa)



William E. Hellenbrand	 Yale University 
	 (New Haven, CT)
James Hermiller	 The Care Group  
	 (Indianapolis, IN)
Howard Herrmann	 University of Pennsylvania 
	 (Philadelphia, PA)
David Holmes	 Mayo Clinic 
	 (Rochester, MN)
Noa Holoshitz	 Rush University Medical Center
	 (Chicago, IL)
Ralf Holzer	 Sidra Medical & Research Center
	 (Doha, Qatar)
Eric Horlick	 University of Toronto 
	 (Toronto, Canada)
Reda Ibrahim	 Montreal Heart Institute 
	 (Montreal, Canada)
Michel Ilbawi	 Rush University Medical Center
	 (Chicago, IL)
Frank Ing	 LA Children’s Hospital
	 (Los Angeles, CA)
Alexander Javois	 Hope Children’s Hospital 
	 (Oak Lawn, IL)
Thomas Jones	 Seattle Children’s Hospital 
	 (Seattle, WA)
Saibal Kar	 Cedars Sinai Medical Center 
	 (Los Angeles, CA)
Clifford Kavinsky	 Rush University Medical Center
	 (Chicago, IL)
Joseph Kay	 University of Colorado  
	 (Denver, CO)
Damien Kenny	 Rush University Medical Center 
	 (Chicago, IL)
Morton Kern	 University of California Irvine  
	 (Irvine, CA)
Michael Kim	 University of Colorado  
	 (Aurora, CO)
Seong-Ho Kim	 Cheju Halla General Hospital 
	 (South Korea)
Susheel Kodali	 Columbia University Medical Center  
	 (New York, NY)
Jackie Kreutzer	 Pittsburgh Children’s Hospital 
	 (Pittsburgh, PA)
Shelby Kutty	 Children’s Hospital and University 
	 of Nebraska Medical Center 
	 (Omaha, NB)
Bray Patrick-Lake	 PFO Research Foundation  
	 (Boulder, CO)
Michael Landzberg	 Boston Children’s Hospital  
	 (Boston, MA)
Geoffrey Lane	 Royal Melbourne Hospital 
	 (Melbourne, Australia)
Roberto Lang	 University of Chicago  
	 Medical Center 
	 (Chicago, IL)
John Lasala	 Barnes Jewish Hospital,  

	 Washington University 
	 (St. Louis, MO)
Martin B. Leon	 Columbia University  
	 (New York, NY)
Daniel Levi	 UCLA Medical Center
	 (Los Angeles, CA)
Scott Lim	 University of Virginia Health System
	 (Charlottesville, VA)
Michael Mack	 Baylor Healthcare System 
	 (Plano, TX)
Francesco Maisano	 University of Zurich
	 (Zurich, Switzerland)
Raj Makkar	 Cedars Sinai Medical Center 
	 (Los Angeles, CA)
Robert March	 Rush University Medical Center
	 (Chicago, IL)
Gwen Mayes	 VP National Patient  
	 Advocate Foundation
	 (Washington, DC)
Pat McCarthy	 Northwestern Memorial Hospital 
	 (Chicago, IL)
Doff McElhinney	 New York University 
	 (New York, NY)
John Messenger	 University of Colorado 
	 (Denver, CO)
Friedrich Mohr	 Herzzentrum Universitaet Leipzig 
	 (Leipzig, Germany)
Tarek Momenah	 Prince Salman Cardiac Center 
	 (Riyadh, Saudi Arabia)
Issam Moussa	 (Jacksonville, FL)
Michael Mullen	 The Heart Hospital  
	 (London, England)
David Muller	 St. Vincent’s Hospital  
	 (Sydney, Australia)
William O’Neill	 Henry Ford Hospital 
	 (Detroit, MI)
Igor Palacios	 Mass General Hospital 
	 (Boston, MA)
SJ Park	 University of Ulsan  
	 College of Medicine
	 (Seoul, Korea)
Carlos Pedra	 Danta Pazzanese  
	 Instituto de Cardiologia 
	 (Sao Paolo, Brazil)
Alejandro Peirone	 Children’s Hospital of Cordoba 
	 (Cordoba, Argentina)
Giacomo Pongiglione	 Bambino Gesu Hospital 
	 (Rome, Italy)
Matthew Price	 Scripps Clinic 
	 (La Jolla, CA)
Robert Quaife	 University of Colorado 
	 (Denver, CO)
Shakeel Qureshi	 Evelina Children’s Hospital 
	 (London, UK)



Steve Ramee	 Oschner Clinic 
	 (New Orleans, LA)
Mark Reisman	 Swedish Medical Center 
	 (Seattle, WA)
John Rhodes	 Miami Children’s Hopsital 
	 (Miami, FL)
Charanjit Rihal	 Mayo Clinic  
	 (Rochester, MN)
Richard Ringel	 Johns Hopkins Medical Center
	 (Baltimore, MD)
Carlos Ruiz	 Lenox Hill Hospital
	 (New York, NY)
Ernesto Salcedo	 University of Colorado
	 (Denver, CO)
Joachim Schofer	 Hamburg University  
	 Cardiovascular Center
	 (Hamburg, Germany)
Paul Sorajja	 Minneapolis Heart  
	 Institute Foundation
	 (Minneapolis, MN)
Christian Spies	 Queen’s Heart Physician Practice
	 (Honolulu, HI)
Frank Silvestry	 University of Pennsylvania Hospital
	 (Philadelphia, PA)
Gregg Stone	 Columbia University
	 (New York, NY)

Corrado Tamborino	 University of Catania
	 (Catania, Italy)
Vinod Thourani	 Emory University
	 (Atlanta, GA)
Jonathan Tobis	 UCLA Medical Center
	 (Los Angeles, CA)
Murat Tuczu	 Cleveland Clinic Foundation
	 (Cleveland, OH)
Zoltan Turi	 Robert Wood Johnson 
	 Medical School
	 (Camden, NJ)
Alec Vahanian	 Bichat University Hospital 
	 (Paris, France)
Joseph J. Vettukattil	 Spectrum Health 
	 (Grand Rapids, MI)
Kevin Walsh	 Our Lady’s Hospital
	 (Dublin, Ireland)
John Webb	 St. Paul Hospital Vancouver
	 (British Columbia, Canada)
Brian Whisenant	 Intermountain Medical Center
	 (Salt Lake City, Utah)
Matthew Williams	 Mount Sinai Medical Center
	 (New York, NY)
Neil Wilson	 University of Colorado
	 (Denver, CO)
Evan Zahn	 Cedars Sinai Medical Center
	 (Los Angeles, CA)



Journal of Structural Heart Disease (ISSN 2325-4637) is an online open-access journal issued bi-monthly (6 issues per year, one 
volume per year) by Science International Corporation.

All correspondence should be directed to: Ziyad M. Hijazi, MD, Editor-in-Chief, Journal of Structural Heart Disease, PO Box 26999, 
Doha, Qatar. Tel.: +974-4003-6601,  E-Mail: jshd@scienceinternational.org

All inquiries regarding copyrighted material from this publication should be directed to Science International Corporation: 70 Forest 
Street, Suite 6-C, Stamford, CT, 06901, USA. Tel.: +1-203-329-8842, Fax: +1-203-329-8846, E-Mail: skorn@scienceinternational.org

Volume 3, Issue 1, February 2017

Original Scientific Articles

1		  The Occlutech Duct Occluder for Patent Ductus Arteriosus
Najib Hanna, Ramy Charbel, Ghassan Chehab, Bernard Gerbaka, Zakhia Saliba

8		  Left Atrial Appendage Morphology in Patients with Non-Valvular Atrial Fibrillation
Sonya Joy, Horst Sievert, Stefan Bertog, Timothy Betts, Neil Wilson, Saul Myerson

15	 Challenges in Atrial Septal Defect Occlusion
Najib Hanna, Ramy Charbel, Ghassan Chehab, Bernard Gerbaka, Zakhia Saliba

Case Report

28	 Use of a Palmaz Intrahepatic Stent for Fixation of a CoreValve During Treatment of Native 
Aortic Valve Regurgitation

Nirmal Sunkara, Anwar Tandar, Amit N. Patel, Mary Hunt Martin, Frederick Welt

mailto:aorta%40scienceinternational.org?subject=Inquiry%20from%20AORTA%20Journal
mailto:skorn%40scienceinternational.org?subject=Inquiry%20from%20AORTA%20Journal


Received: March 25, 2016
Accepted: June 8, 2016 
Published online: February 2017  

Original Scientific Article 

Journal of Structural Heart Disease, February 2017,  
Volume 3, Issue 1:1-7
DOI: http://dx.doi.org/10.12945/j.jshd.2017.16.002

* Corresponding Author: 
Ramy Charbel, MD 
Department of Pediatrics 
Hotel-Dieu de France University Medical Center, Saint Joseph University 
Naccache Boulevard, Achrafieh, Lebanon
Tel.: +961 3 783 560, Fax: +961 1 615 300 ext. 3233, E-Mail: ramycharbel@hotmail.com

Fax +1 203 785 3346 
E-Mail: jshd@scienceinternational.org
http://structuralheartdisease.org/

© 2017 Journal of Structural Heart Disease
Published by Science International Corp. 
ISSN 2326-4004

Accessible online at: 
http://structuralheartdisease.org/

Abstract
Objective: To describe our experience in percutaneous 
patent ductus arteriosus (PDA) closure using the Occlu-
tech Duct Occluder (ODO).
Methods: We retrospectively reviewed records of pa-
tients who underwent a PDA closure attempt using the 
ODO between August 2013 and October 2015. Only pa-
tients with isolated PDA and weighing ≥6 kg were eligi-
ble for ODO use.
Results: Eighteen ODO devices were successfully im-
planted in 18 patients. Patient age and weight ranged 
from 6 to 180 months (median, 23.5 months) and 6 to 
54 kg (median, 11 kg), respectively. PDAs were of type 
A (n = 16), type E (n = 1), or type D (n = 1). PDA diameter 
ranged from 2 to 5 mm (median, 3 mm). Median proce-
dure time was 55 min (range, 35–105 min). Median flu-
oroscopy time was 9.2 min (range, 3.0–29.6 min). The 
device diameter (pulmonary end) was 5–8 mm (medi-
an, 7 mm). The standard shank length was used in 13 
cases, and the long variant was used in five cases. Me-
dian follow-up period was 12 months. All devices were 
successfully implanted. Total occlusion was achieved 
the following day in all but two patients, in whom it 
was confirmed one month later. No major complica-
tions occurred. Mild pulmonary obstruction was noted 
in one patient, and aortic disc bulging occurred in two 
patients without hemodynamic consequences.
Conclusion: In this group of patients, the ODO showed 
excellent results in terms of safety and efficacy. The 

long device variant may be advantageous in some 
large and long PDAs. Larger case series are needed to 
compare the ODO with preexisting devices.
Copyright © 2017 Science International Corp.

Key Words
Congenital heart disease • Patent ductus arteriosus • 
Percutaneous closure • Occlutech

Introduction

Since the first successful transcatheter closure of 
patent ductus arteriosus (PDA) by Porstmann in 1967 
[1, 2], several different PDA closure devices have been 
developed and evaluated. Today, percutaneous clo-
sure of almost any PDA beyond neonatal age can be 
easily and safely performed using detachable coils or 
specifically designed occluders, including different 
generations of the Amplatzer Duct Occluder (ADO I, 
II, and AS) [3-5]. Nevertheless, some large and long 
(i.e., “slow tapering”) type A PDAs and nonconical 
large PDAs still pose technical difficulties to the inter-
ventionist, especially in small infants.

A new device, the Occlutech Duct Occluder (ODO), 
has been designed with the aim of addressing some 
of these challenges. Like the ADO I, the ODO is con-
structed from braided Nitinol wires, has an aortic 
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retention disc, and is attached to its delivery cable 
using a screw cap mechanism. Both devices have 
comparable designs; however, the ODO has a waist 
that is wider at its pulmonary end than at its aortic 
end with the purpose of achieving a more stable im-
plant. Moreover, to facilitate use in longer PDAs, the 

ODO is available in two different lengths.
The objective of this study was to investigate the 

safety, efficacy, and clinical utility of the ODO device.

Materials and Methods

The ODO was introduced to our catheterization unit in Au-
gust 2013. Since then, our policy has been to prioritize its use 
over other existing devices in patients with isolated PDA who 
weigh ≥6 kg to test its safety and efficacy. We retrospectively 
reviewed records of patients who underwent a PDA closure 
attempt with the ODO between August 2013 and October 
2015.

The Device
The ODO device is made of braided Nitinol threads. Nitinol 

is a very elastic metal alloy with memory properties. The ODO 
consists of an aortic disc connected to a cone-shaped shank 
(Figure 1). Compared with the ADO I device, the direction of 
the ODO conical body is inverted. The proximal end of the 
shank (i.e., pulmonic end) has a diameter that is 1.5–2.0 mm 
larger than that of its aortic end, and the retention disc has a 
diameter that exceeds the size of the aortic end of the shank 
by 5.5–8.0 mm. The ODO is available in several sizes, each with 
a standard (i.e., short) or long shank (Table 1). Polyethylene 
patches inside the device support immediate closure of the 
defect. The device is attached to a delivery cable by a screw 
that, after detachment, protrudes from the pulmonary end of 
the device to allow easier snaring if retrieval is required. Before 
January 2015, and because the ODO did not yet have a dedi-

Figure 1.    The Occlutech Duct Occluder device (as shown on 
occlutech.com).

Table 1. Comparative table showing characteristics of available Occlutech Duct Occluder devices (manufacturer data).

Shank Type
Introducing 
System Size (mm)

Aortic Shank 
Diameter (mm)

Pulmonic Shank 
Diameter (mm)

Retention Disc 
Diameter (mm) Length (mm)

Standard shank 6 3.5 5 9 4.25

Standard shank 6 4 6 10 5.00

Standard shank 6 5 7 11 6.05

Standard shank 6 6 8 13 6.30

Standard shank 7 8 10 16 7.00

Standard shank 7 10 12 18 12.00

Standard shank 8 12 15 20 14.00

Standard shank 9 14 18 24 16.00

Long shank 6 3.5 5 9 7.00

Long shank 6 4 6 10 7.50

Long shank 6 5 7 11 8.50

Long shank 6 6 8 13 9.00

Long shank 7 8 10 16 10.50

mm = millimeters.

http://occlutech.com
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tion, the aortic end of the device shank was sized to be 1–2 
mm larger than the landing zone in smaller PDAs (<3 mm) and 
2–3 mm larger in larger PDAs (≥3 mm). The standard ODO vari-
ant was used in patients with short PDAs. Use of the long ODO 
variant was limited to cases in which the operator judged that 
the pulmonary part of the device would not reach the narrow-
est part of the duct into the pulmonary artery. Venous delivery 
was used in all cases.

Before releasing the device, an aortogram to verify device 
positioning was performed. Additionally, if the device ap-
peared to protrude into the pulmonary artery or the aorta, 
pulmonary or aortic pullback pressure tracing and angiogra-
phy were performed to rule out significant obstruction. Repo-
sitioning was judged necessary in some cases, but we did not 
encounter any difficulty in resheathing and redeploying the 
device in a more suitable manner. After a satisfying position 
was achieved, the device was released by rotating the deliv-
ery cable in a counter-clockwise manner. A final aortogram 
was performed after the release of the ODO to confirm the 
position of the device and check for residual shunt or aortic 
obstruction.

cated sheath, a Mullins sheath (William Cook Europe, Bjæver-
skov, Denmark) was used to deploy the device. Since then, a 
dedicated delivery set including a delivery sheath (6-F to 9-F 
depending on the implant size), hemostasis valve, dilator, and 
transparent loader was introduced.

Technique
Informed consent was obtained prior to patient enroll-

ment. All procedures were performed according to the man-
ufacturer’s instructions under general anesthesia by the same 
operator (ZS). In brief, vascular access was obtained via the 
femoral artery and vein. Heparin (50I U/kg) and Cefazolin (30 
mg/kg) were administered intravenously. Lateral aortography 
was performed to determine the size and shape of the PDA. 
In some patients, supplementary projections were needed to 
more accurately delineate the PDA. In PDAs >3 mm, systolic 
and diastolic diameter variations were carefully measured to 
determine the maximal diameter of the narrowest PDA seg-
ment (i.e., “landing zone”) during cardiac cycling. The device 
size was calculated to fit the diameter of the area where the 
device was to be “squeezed” into the PDA. For ODO size selec-

Figure 2.    In a 15-year-old female weighing 54 kg, the long variant of the 5-7 Occlutech Duct Occluder was adequately accommo-
dated in a 3-mm type D patent ductus arteriosus.
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kg (range, 6–54 kg). All patients had isolated PDAs. 
Table 2 summarizes the basic characteristics of the pa-
tients and procedure-related parameters according 
to PDA morphology. The PDA shape was type A “fast 
tapering” in seven patients (40%), type A “slow taper-
ing” in nine patients (50%), type E in one patient, and 
type D in one patient. The narrowest PDA diameter 
ranged from 2 to 5 mm (median, 3 mm). Median pro-
cedure time was 55 min (range, 35–105 min), and me-
dian fluoroscopy time was 9.19 min (range, 3–29.57 
min). Device diameters (aortic end) ranged from 3.5 
to 6 mm (median, 5 mm); standard device variants 
were used in 13 patients, and long devices were used 
in five patients. The median follow-up period was 12 

All 18 patients were discharged 24 hours following the pro-
cedure. The following day, chest x-rays (anteroposterior and 
lateral) and Doppler echocardiography were obtained before 
discharge. Special attention was paid to residual shunts and 
left pulmonary or aortic isthmic obstruction. Urinalysis was 
performed only in cases of residual shunting. Patients were 
scheduled for cardiology consultation and echocardiography 
at 10 days and at 1, 3, 6, and 12 months.

Statistical Analysis
Results are expressed as percentages and median values.

Results

The median age of the 18 patients was 23.5 months 
(range, 6–180 months), and median weight was 11 

Figure 3.    In a 19-month-old boy weighing 10 kg, a 3-mm type A “slow tapering” patent ductus arteriosus was closed using a 5-7 
Occlutech Duct Occluder standard shank. The thick arrow shows bulging of the aortic disc, probably due to excessive oversizing. 
Note the screw pin deformation (thin arrow), which was related to the forced entry of the device in an incompatible delivery system 
after multiple attempts due to the lack of a dedicated delivery system at the time.
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was used. A cardiac ultrasound at 6-month follow-up 
did not show evidence of hemodynamic gradient. No 
blood transfusions were needed. No hemolysis oc-
curred. There were no femoral vascular complications.

Discussion

PDA Treatment 
PDA is a common congenital heart defect usually 

identified in early childhood. In some cases, it remains 
unrecognized until late in life. Currently, percutane-
ous closure of almost any PDA beyond neonatal age 
using detachable coils or specifically designed oc-

months (range, 3–21 months), and all patients were 
reviewed at 1 month. All 18 devices were successfully 
implanted. All patients were discharged 24 hours fol-
lowing the procedure, and complete PDA occlusion 
on Doppler echocardiography was achieved in all 
but two patients (closure rate, 90%). At 1-month fol-
low-up, all patients had total duct occlusion on Dop-
pler echocardiography (closure rate, 100%).

Successful device placement rate was 100%. There 
were no mortalities or major complications. Aortic 
disc bulging occurred in two patients without hemo-
dynamic gradient. Mild pulmonary obstruction was 
noted in one patient in whom the long device variant 

Table 2. Characteristics of patients and procedure-related parameters according to patent ductus arteriosus morphology.

Patient ID Gender
Age 
(months)

Weight 
(kg)

PDA Size 
(mm)

Fluoroscopy 
Time (min)

Pulmonic 
Shank 
Diameter 
(mm)

Aortic 
Shank 
Diameter 
(mm) Shank

Type A fast PDA

ZS-PDA01 F 48 15.0 2.3 35 3.16 6.0 4.0 Standard

ZS-PDA02 F 6 6.5 5.0 60 10.13 7.0 5.0 Standard

ZS-PDA03 F 7 10.0 3.5 40 3.12 8.0 6.0 Standard

ZS-PDA04 F 72 21.0 2.5 60 14.14 6.0 4.0 Standard

ZS-PDA05 F 12 6.0 2.8 35 5.27 7.0 5.0 Standard

ZS-PDA06 F 13 12.0 3.3 53 6.50 7.0 5.0 Standard

ZS-PDA18 F 60 17.0 5.0 35 3.00 8.0 6.0 Standard

Type A slow PDA

ZS-PDA07 F 8 9.5 3.0 55 18.70 7.0 5.0 Long

ZS-PDA08 F 27 9.0 3.0 40 13.47 7.0 5.0 Standard

ZS-PDA10 M 19 10.0 3.0 55 3.18 7.0 5.0 Standard

ZS-PDA11 F 84 32.0 2.0 75 29.57 5.0 3.5 Standard

ZS-PDA12 M 24 13.5 3.0 55 9.19 6.0 4.0 Standard

ZS-PDA13 M 23 10.0 3.0 50 9.14 5.0 3.5 Long

ZS-PDA14 M 29 14.0 2.5 65 9.19 6.0 4.0 Long

ZS-PDA15 F 11 7.0 3.8 105 12.33 7.0 5.0 Long

ZS-PDA17 F 48 16.5 2.0 60 10.00 5.0 3.5 Standard

Type D PDA

ZS-PDA16 F 180 54.0 3.0 55 8.48 7.0 5.0 Long

Type E PDA

ZS-PDA09 F 15 9.5 3.0 75 11.40 6.0 4.0 Standard

kg = kilograms; mm = millimeters; min = minutes.
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to non-availability of larger devices [7]. Another cru-
cial difference from the ADO I is that the ODO comes 
in two length options: standard and long shank. The 
long variant may be needed in some “slow tapering” 
type A or nonconical long and large PDAs. In one pa-
tient in our series with a large (3 mm) and long (11 
mm) type D PDA, the ODO 5-7 long device was clearly 
the most suitable (Figure 2). Before the introduction 
of the ODO, our best option would have been to de-
ploy an ADO I, including its aortic retention disc, in 
the PDA body. This was in fact successfully performed 
in a similar case in a previous study [3].

Device Selection
In the first few cases, the size of the aortic end of 

the occluder shank was chosen based on the narrow-
est diameter of the PDA, extrapolating our experience 
with the ADO I. After facing occurrences of aortic disc 
bulging (Figure 3), probably due to excessive over-
sizing, we concluded that the shank size should be 
calculated based on the part to be “squeezed” by the 
duct. It is worth mentioning that the choice of sizing 
should take into consideration the systolo-diastolic 
variations of the duct size, particularly in larger ducts 
(>3 mm) [8].

Safety and Efficacy
Reported case series in the literature confirm the 

high occlusive properties of the ODO, even though 
larger ducts usually require more time to close [8, 9]. 
Our present results demonstrate a 100% success rate 
(shunt closure and successful implantation) with 
zero mortality and no serious morbidity. In fact, we 
noted a 90% closure rate at day 1, reaching 100% at 
1-month follow-up. In our series as well as a recent-
ly reported case series of PDA closure with the ODO 
device, no major adverse events (e.g., accidental de-
vice embolization, significant aortic or pulmonary ob-
struction, endocarditis, hemolysis or vascular injury) 
were encountered [10]. Considering the high degree 
of similarity between the Occlutech and Amplatzer 
devices and that most complications are seen during 
or shortly after implantation, it is reasonable to infer 
comparable safety of the two devices. Furthermore, 
reported late adverse events were very rare [11, 12], 
and therefore no further major adverse events are ex-
pected from studies of the ODO device.

cluders such as the ADO is the “gold standard” [3]. De-
spite the effectiveness of currently available devices, 
procedural challenges remain, especially when small 
infants and/or large PDAs are involved. Moreover, in-
creasing experience with transcatheter techniques 
has resulted in interventional cardiologists attempt-
ing to more frequently treat patients who have PDAs 
with complex morphologies [6]. Therefore, there still 
is a demand for an ideal PDA closure device. Theoret-
ically, such a device would have a design adaptable 
to any shape or size of PDA, regardless of patient age 
and weight, and achieve immediate closure in 100% 
of cases. The implantation technique would also be 
operator-friendly. In addition to addressing current 
shortcomings, such a device would reduce the need 
for catheterization laboratories to stock several types 
of products with different sizes. These remaining un-
fulfilled needs justify ongoing research and develop-
ment of new device models.

The ODO Device 
The ODO device was developed with the aim of ad-

dressing some of the above-mentioned drawbacks. 
Even though our study was not comparative, the 
ODO device resembles the ADO I device with respect 
to design, intended use, and specific application, 
which provides an “experimental-feeling” compari-
son between the two devices. In fact, the ODO device 
material and delivery system and techniques are very 
similar to those of the ADO I. Notwithstanding these 
similarities, radical modifications in the shape of the 
ODO were introduced. The core of the device is wider 
at the pulmonary end than at the aortic end, the distal 
clamp at the aortic end (in the ADO) is not present, and 
the screw attachment protrudes from the pulmonary 
end. This shape, which resembles a champagne cork, 
takes advantage of the benefits of both the ADO I (i.e., 
inflexible connection between the aortic disc and de-
vice core) and the ADO II (i.e., aortic and pulmonary 
retention discs). In addition, retrieval of the device in 
case of accidental embolization is theoretically easier 
because the screw protrudes from the pulmonary end 
after release, making it more accessible for snaring.

Given that the ODO is available in larger sizes than 
the ADO devices, it allows closure of larger-sized PDAs. 
In fact, prior to the launch of the ODO, in some stud-
ies, patients with large PDAs had to be excluded due 
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use of this variant led to the protrusion of the device 
in the pulmonary artery with mild, insignificant gradi-
ent that completely resolved 6 months later.

Although our study is not comparative, and despite 
the small number of cases, our experience suggests 
that the ODO is a safe, effective, and operator-friend-
ly device for PDA closure in patients weighing ≥6 kg 
with mostly type A PDA. The availability of two dif-
ferent length variants makes the ODO a preferable 
solution for some long and large type D PDAs. Larger 
case series and longer follow-up, as well as compara-
tive studies, would provide additional support for our 
findings. It remains to be determined whether the 
ODO is capable of replacing all preexisting devices in 
all patients.
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Due to the lack of a dedicated delivery system ear-
ly in our study, some difficulties were noted while 
handling the device. We encountered the same draw-
backs described by Kudumula et al. [8] and Rioz-Men-
dez [13] in term of loading and later detaching the 
device. Nevertheless, these difficulties had minimal 
impact on our procedure and fluoroscopy times due 
to the experience of the operator and his familiarity 
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amount of the learning curve [12]. Ten cases after the 
launch of our series, the manufacturers introduced 
important changes, providing a specific delivery sys-
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Although aortic embolization of the ADO I was 
rarely reported, as even relatively long ducts tend to 
shorten after being pulled back with the device, we 
found that some longer PDAs would not be appropri-
ately closed with an ADO I and thus required the use 
of the long variant of the ODO to avoid aortic device 
dislodgment [3]. The case pictured in Figure 2 high-
lights the advantage of this variant. However, the long 
variant of the device can be a double-edged sword if 
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Abstract
Aims: Percutaneous left atrial appendage (LAA) occlu-
sion has now become a suitable alternative to oral anti-
coagulation for stroke prevention in selected patients 
with atrial fibrillation (AF). However, LAA closure can 
be technically challenging and results suboptimal, in 
part due to variable left atrial anatomy.We aimed to 
characterize LAA morphology and identify potential 
anatomical pitfalls during LAA closure or LAA throm-
bus detection during transoesophageal echocardiog-
raphy (TOE).
Methods and Results: 103 patients with AF underwent 
cardiac magnetic resonance angiography to assess 
pulmonary venous anatomy. Adequate imaging qual-
ity was present in 76 in whom LAA morphology was 
assessed. The majority of LAAs (71%) were anterolat-
erally directed and 82% were ‘claw’-shaped. However, 
there was significant variation in anatomy and course 
in the remainder: 11% were anteverted, 9% laterally 
directed and 9% retroverted. The shape was cone-like 
in 8%, fan-like in 5% and s-configured in 5% and there 
was significant variation in the curvature of the LAA 
body. While 66% had a single lobe, 30% were bilobed 
and 4% trilobed; 90% also had additional lobules.
Conclusion: Our results demonstrate the significant vari-
ability of LAA geometry in AF patients. This may have 
implications for future device design for percutaneous 
LAA occlusion. The variable anatomy may affect LAA 

thrombus detection with TOE emphasizing the impor-
tance of multiple views to ensure complete assessment.
Copyright © 2017 Science International Corp.

Key Words
Left atrial appendage • Left atrial appendage morphology 
• Left atrial appendage closure • Atrial fibrillation

Introduction

Stroke is the most devastating atrial fibrillation 
(AF)-related event. Non-valvular chronic AF is associ-
ated with a more than 5-fold increase in stroke risk 
[1], with the left atrial appendage (LAA) as the site of 
thrombogenesis in more than 90% of stroke victims 
[2]. Although oral anticoagulation with warfarin re-
duces this risk by more than half [3, 4], only 50–70% of 
patients with AF who are eligible for anticoagulation 
actually receive it. Novel anticoagulants are at least as 
effective as warfarin, but a significant bleeding risk re-
mains. Thus, alternative options for stroke prevention 
are needed, particularly for patients with contraindi-
cations to anticoagulation.

Percutaneous LAA closure has the advantage 
of obviating long-term anticoagulation. The PRO-
TECT-AF trial demonstrated that percutaneous LAA 
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closure is at least as safe and effective as anticoagu-
lation with warfarin with regard to all-cause mortal-
ity and stroke risk [5]. LAA-occlusion devices have a 
fixed shape designed to provide an effective seal and 
stable positioning, but this may not take into account 
significant variability in LAA shape, orientation, and 
structure. Furthermore, regardless of the LAA closure 
device used, co-axial alignment of the delivery sheath 
within the appendage is crucial for safe and success-
ful implantation, and this depends on the orientation 
of the LAA. Suboptimal alignment of the delivery 
system within the appendage may cause perforation 
[5, 6] and poor final device position, potentially pro-
moting residual leaks [7] and thrombus formation. 
These complications remain the Achilles heel of the 
procedure, partially offsetting its potential benefits.

In addition, variation in LAA anatomy may influ-
ence the detection of LAA thrombus during tran-
soesophageal echocardiography (TOE). Thrombus 
located in accessory or retroverted lobes might es-
cape recognition in the usual TOE views, which may 
partially explain the small incidence of stroke despite 
TOE interrogation of the LAA prior to cardioversion 
[8]. Hence, a good understanding of LAA anatomy 

and orientation is important. Several studies have 
highlighted variations in LAA anatomy, particularly 
focusing on LAA size, branches/lobes, or orifice di-
ameter [9, 10]. Few studies, however, have described 
LAA orientation and shape, which are important for 
device and delivery system design [11, 12].

Here, we examined the range of three-dimensional 
(3-D) anatomy and 2-D geometry of the LAA in pa-
tients with non-valvular AF to allow sheath configu-
ration and device design improvements that facilitate 
delivery and deployment. In addition, recognition of 
unusual anatomical variants may prompt clinicians 
to interrogate the LAA in all dimensions, which could 
improve thrombus detection.

Materials and Methods

Study Population
The population consisted of 103 consecutive patients with 

non-valvular AF who underwent left atrial and pulmonary 
vein (PV) angiograms using cardiovascular magnetic reso-
nance (CMR) for the purpose of PV isolation ablation (94%), 
evaluation for possible PV stenosis after PV isolation ablation 
(5%), or cardiac surgery (1%). The 3-D datasets were processed 
to ensure good visualization of the LAA and PVs. Twenty-sev-
en patients were excluded due to inadequate image quality. 
In the remaining 76 patients in whom the LAA was analyzed, 
67% were male and 33% were female, with a mean age of 
56 ± 11 years (range, 18–77 years).

CMR Scanning and Image Processing
Scans were performed using a 1.5-Tesla magnetic reso-

nance scanner (Siemens Avanto, Siemens Medical Imaging, 
Erlangen, Germany) at the University of Oxford Centre for 
Clinical Magnetic Resonance Research. After obtaining local-
izer images, 3-D contrast-enhanced MR angiograms were ac-
quired using a spoiled gradient echo sequence in a coronal 
voxel positioned to include the whole left atrium and proxi-
mal PVs and timed to the first passage of gadolinium contrast 
in the left atrium following a test bolus of 2 mL gadolinium 
contrast. The sequence was acquired during a single 20–30-s 
breath-hold and was not ECG-gated; scan parameters: TE, 1.1 
ms; TR, 3.0 ms; flip angle, 25°; FoV, 360–400 mm; slice thick-
ness, 1.2 mm; 96 slices per slab (slab thickness, 115 mm); and 
iPAT factor, 3 (GRAPPA). Contrast enhancement was achieved 
with 0.15 mmol/kg body weight of gadodiamide (Omniscan®, 
GE Healthcare, Cleveland, OH, USA) administered via an an-
te-cubital vein at 6 mL/s followed by a saline flush of 20 mL at 
the same injection rate. After acquisition, data were processed 
using Siemens Argus software to generate a 3-D surface-ren-
dered image of the left atrium including the LAA. Surrounding 
structures, such as the aorta, right ventricle, and any residual 
pulmonary arteries were carefully edited out of the image. 
This 3-D model was used for assessment of LAA shape, orien-

Figure 1.    Representative left atrial appendage morphologies 
(three-dimensional surface rendered angiographic images). 
Panel A. Bi-lobed. Panel B. Fan-shaped with three small lobules. 
Panel C. s-configured. Panel D. Very large fan-shaped with sec-
ondary anterior lobe and multiple lobules. All images are viewed 
from a similar left postero-lateral position; the left atrial append-
age is indicated by an asterisk (*).
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LAA orifice (Figure 2). Multi-lobed LAAs (in which lobes often 
lie in different planes) were classified according to the orien-
tation of the largest lobe. For twisted, multi-directional LAAs, 
analysis was performed in the direction of the major LAA part.

Precise measurement of LAA curvature is difficult; where-
as identification of the long axis of the tubular neck is rela-
tively easy, identification of the distal long axis is hindered by 
unclear tubular lines. We therefore examined the angulation 
of the proximal LAA neck (assessed as the angle between a 
transverse plane through the LAA orifice and the major longi-
tudinal axis of the proximal LAA (angle α, Figure 3) in addition 
to measuring the change in angle between this line through 
the proximal LAA and a line from the orifice to the tip (angle β, 
Figure 3). These provide an indication of the degree of proxi-
mal angulation and curvature of the rest of the LAA. In multi-
lobed LAAs, analysis was performed on the major lobe. The 
change in angle was categorized as stable (0°), mild increase 
(1 to 30°), moderate increase (31 to 60°), or severe increase 
(>60°), with corresponding categories for negative values (su-
perior/retroverted angulation).

Number of Lobes and Lobules. LAAs were considered to 
have at least one lobe (i.e., a tubular body with a blind-ending 
sac). If at least one cleft split the LAA by at least 50% of its 
length, the regions on either side of the cleft(s) were deemed 
to be separate lobes (Figure 1A). Further criteria, we took into 
consideration, were the ones defined by Veinot et al.  [9]: a vis-
ible outpouching from the main tubular body of the LAA (usu-
ally demarcated by an external crease) that was (1) occasion-
ally but not necessarily associated with a change in direction 

tation, and lobes/lobules, rotating the image when necessary 
to obtain an optimal view. Further 2-D slices through relevant 
regions were used to determine other geometrical measures 
(e.g., angles) as detailed below.

LAA Morphology and Orientation Ascertainment
Shape. LAA shape was categorized into: claw-shaped, 

fan-shaped, cone-shaped, or s-configured (Figure 1C). Cone-
shaped LAAs narrowed to a tip at their distal point without 
any curvature, whereas claw-shaped LAAs had a single curve, 
and s-configured LAAs had a double curve. Fan-shaped LAAs 
were thin and flat, with the maximal width in one direction at 
least twice that in the perpendicular plane. The morphology 
of LAAs with complex shapes was categorized based on its 
closet resemblance to one of the four pre-defined morphol-
ogies. We preferred to use standard anatomical/geometric 
descriptions rather than pictographic descriptions (e.g., chick-
en wing, cactus) due to inconsistencies in these pictographic 
shapes. 

Orientation/Angulation. The orientation of LAAs was clas-
sified according to the major direction of the tip relative to 
the LAA orifice in an axial plane. This orientation was defined 
more precisely by determining the angle between a coronal 
plane through the center of the left atrium and the major lon-
gitudinal axis of the LAA when viewed from above. Based on 
this angle, LAAs were assigned to the following categories: 
anteverted (≤110°), anterolaterally directed (111 to 150°), lat-
erally directed (151 to 180°), or retroverted (>180°), with the 
major axis passing dorsally to a coronal section through the 

Figure 2.    Three-dimensional surface-rendered image of the 
left atrium viewed from above (superior view) demonstrating 
the potential major directions of the left atrial appendage (LAA; 
blue arrows) relative to a coronal plane through the center of the 
left atrium (red dashed line). The LAA in this figure, marked by 
an asterisk (*), is in an anterolateral orientation. The green arrow 
indicates the angle of orientation measured from the coronal 
plane with zero in the right lateral position. LV, left ventricle; PVs, 
pulmonary veins; RUPV, right upper pulmonary vein; RLPV, right 
lower pulmonary vein.

Figure 3.    Left atrium viewed from the anterior (ventral) surface 
demonstrating the angulation of the left atrial appendage (LAA), 
which is marked by an asterisk (*). The red dashed line indicates 
the horizontal (i.e., transverse) plane. The solid blue arrow indi-
cates the direction of the proximal tubular portion of the LAA, 
and the orange blocked arrow indicates the angle between this 
and the horizontal plane (α). The blue dashed arrow indicates the 
line from the LAA origin to the tip, and the yellow blocked arrow 
indicates the change in angle between this and the solid blue 
arrow (β).
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although the sample sizes were small. The angulation 
of the proximal LAA (angle α) ranged widely, from 77 
to 160° (mean, 125 ± 16°). In 75% of individuals, angle 
α was between 110 and 140°, including the majori-
ty of retroverted LAAs (6 out of 7; Figure 5A). Almost 
two-thirds of LAAs (58%) had a mild or moderate in-
crease in curvature (angle  β, 1 to 60°) between the 
proximal and most distal part of the LAA (Figure 5B). 
Most retroverted LAAs had a significant change in an-
gle (-30 to -90°). A minority of claw-shaped LAAs had 
no change in angle (8%). Likewise, all cone-shaped 
LAAs, by virtue of their definition, had no change in 
angle.

Lobes and Lobules
Of all appendages, 66% had a single lobe, 30% 

were bi-lobed, and 4% were tri-lobed. The mean num-
ber of lobes was 1.4 ± 0.6, with a range from 1 to 3. Six 
of the seven retroverted LAAs consisted of one lobe, 
with the remaining one having two lobes. The majori-
ty of patients had at least one additional lobule (90%), 
with a mean number of 2.0 ± 1.2 lobules (range, 0–5), 
which tended to be located at the tip of a lobe.

Discussion

While most patients had a classical (i.e., claw-
shaped) LAA shape and curvature, we found sig-
nificant variation in LAA orientation, shape, and 
curvature, with unusual shapes in 18% of patients, 
retroverted LAAs in approximately 10% of patients, 
and a wide range of angulations and multiple lobes 
in 90% of patients. This may have significant implica-
tions for clinical practice during LAA closure or the 
identification of LAA thrombus by TOE.

TOE-Guided Thrombus Detection
Despite the utility of TOE for thrombus detection 

in the LAA [13], a small number of thromboembolic 
events continue to occur even when no thrombus is 
detected in a pre-cardioversion [8] or LAA-occlusion 
setting (1–2%) [5, 6]. Possible causes include absent 
or sub-therapeutic anticoagulation [14] and air em-
bolism due to insufficient venting during LAA occlu-
sion [5]. It is conceivable that thrombi may be missed 
during TOE examination, particularly in patients with 
retroverted LAAs and/or multiple lobes and large an-

of the main tubular body of the LAA or (2) lying in a different 
anatomic plane to the main tubular body. Lobules were de-
fined by a clear separate pouch from the main lobe but with a 
division/cleft of the lobe by less than 50% (Figure 1B and 1D).

Statistical Analysis
Categorical data are reported as percentages, and group 

comparisons were performed using Fisher’s exact tests. Group 
comparisons for continuous data were performed using Wil-
coxon-Mann-Whitney U tests. Normally distributed contin-
uous variables (according to David’s test) are expressed as 
mean ± standard deviation (SD). In histograms, the number 
of class divisions was calculated by the root of the sample size. 
P-values < 0.05 were considered to indicate statistical signif-
icance. Statistical analyses were performed using BiAS. for 
Windows 9.10 Software (Johann Wolfgang Goethe-University, 
Frankfurt, Germany).

Results

Shape
Most LAAs were claw-shaped (82%), including 

all retroverted LAAs. The remaining LAAs were fan-
shaped (5%), cone-shaped (8%), or s-configured (5%). 

Orientation/Angulation
Most LAAs were anterolaterally directed when 

viewed from above (78%), although a sizeable minori-
ty of LAAs were retroverted (9%), with the remainder 
being anteriorly or laterally directed (Figure  4). The 
ranges and frequencies of orientation were similar 
between sexes, with a slightly higher frequency of 
retroverted LAAs in women (16%) than in men (6%), 

Figure 4.    Distribution of different left atrial appendage (LAA) 
positions/orientations. Anteverted (≤110°), anterolaterally direct-
ed (111 to 150°), laterally directed (151 to 180°), or retroverted 
(>180°, with the major axis passing dorsally to a coronal section 
through the LAA orifice).
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device design and procedural technique. As the thin 
walls of the LAA (muscular wall ≤1  mm) are vulner-
able, device maneuvering during the procedure [18] 
together with anatomical variation in the LAA may 
partly explain the most common (4–5%) [5, 6] risk of 
perforation and pericardial hemorrhage. Malalign-
ment of the delivery system with the central axis of 
the LAA may cause tension/stress on the LAA or may 
result in suboptimal device positioning, leading to 
more manipulations including device recapturing 
and redeployment.

Although no trials exist to confirm this, many oper-
ators would agree that greater manipulation during 
delivery system alignment and device positioning 
carries a higher risk of perforation and hemorrhage. 
Entering the LAA and subsequent occluder release 
require alignment along the axis of the LAA body/
proximal LAA. This angle (α) was between 110° and 
140° in 75% of LAAs in our study, including the ma-
jority of retroverted LAAs (6 out of 7). With the cur-
rent WATCHMAN LAA occlusion device, the delivery 
sheath must be inserted to a depth equal to at least 
that of the maximum ostial diameter (21–33 mm). In 
acutely angled appendages, particularly those that 
are retroverted, this may add to the complexity of the 
procedure. Similarly, the Amplatzer Cardiac Plug re-
quires a proximal landing zone of at least 10 mm to 
deploy the distal lobe of the device. Thus, the curva-
ture of the LAA is also important, and in 58% of cases, 
we observed a mild to moderate increase in angle (1 
to 60°). This change in angle was greater in retrovert-

gulations, in whom complete imaging would require 
LAA interrogation in multiple views.

Although most LAAs in our study (77%) were an-
terolaterally directed, retroverted LAAs were found 
in 9% of patients. Previous studies using computed 
tomography (CT) angiography, invasive angiography, 
and cadaveric materials have reported the presence, 
but not the frequency, of retroverted LAAs [15, 16]. 
Some retroverted LAAs can appear relatively normal 
on standard views (typically mid-esophageal, with a 
beam angulation of 75°), with an apparent apex at 
the angulated bend. As a result, ensuring the iden-
tification of any retroverted lobes requires compre-
hensive assessment with multiple angulations of the 
ultrasound beam, which are not routinely employed. 
Our study highlights the variable LAA morphology 
that can complicate TOE-guided thrombus detection 
and emphasizes the importance of LAA imaging in all 
planes and angles, keeping in mind that retroverted 
appendages and/or multiple lobes are common. Al-
though our findings suggest a slightly higher preva-
lence of retroverted LAAs among females than males, 
the small sample sizes limit our ability to draw firm 
conclusions. Further studies on this subject might be 
important due to the higher risk of AF-related stroke 
in women in the presence of other risk factors (e.g., 
CHA2DS2-VASc score) [17].

Interventional LAA Closure
The significant variation in shape, orientation, and 

curvature of the LAA is important for LAA closure 

Figure 5.    Panel A and Panel B. Distribution of (Panel A) the angulation of the proximal tubular portion of the left atrial appendage 
(LAA) to the horizontal plane (angle α, see Figure 3) and (Panel B) the change in LAA curvature (angle β, see Figure 3).
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ed as approximate. However, our study was undertak-
en to demonstrate the range of shapes and angula-
tions that can occur in LAAs to avoid the assumption 
of uniform geometry rather than to report precise 
proportions of each morphology. Twenty-seven pa-
tients with inadequate image quality for LAA assess-
ment were excluded, which in theory may have led 
to selection bias. However, such a bias would have 
required that LAA morphology affected CMR image 
quality, which is unlikely as this is not dependent on 
LAA orientation. Most importantly, we performed our 
analysis based on the assumption that knowledge of 
LAA morphology and recognition of its variants may 
lead to improvements in device and delivery sys-
tem designs, thereby reducing the risk of procedur-
al complications. Though plausible to operators, this 
assumption remains to be proven. Our study popula-
tion consisted only of patients with current/paroxys-
mal AF, who may likely have larger left atria. Although 
this could alter LAA shape, significant modifications 
seem unlikely. Furthermore, these patients are also 
those in whom TOE assessment for thrombus or LAA 
device closure is usually performed; therefore, they 
are a valid group to study.

Our finding that the morphology and orienta-
tion of the LAA can vary significantly may have im-
plications for clinical practice. Retroverted LAAs and 
multiple LAA lobes are common, and the shape and 
curvature/angulation displays wide variation. Knowl-
edge of these morphological aspects may improve 
the detection of LAA thrombus on TOE and may also 
improve delivery sheath configuration and LAA oc-
clusion device design to reduce procedural risk.
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Comment on this Article or Ask a Question  

ed LAAs, with one half showing a moderate decrease 
and the other showing a severe decrease in angle (-30 
to -90°). This combination of unusual direction and 
change in curvature may complicate deep insertion 
of the WATCHMAN device into the LAA. Our charac-
terization of LAA morphology could improve delivery 
system design to facilitate access to the LAA and may 
provide guidance for catheter tip configuration, al-
lowing smoother positioning within the LAA. These 
improvements have the potential to reduce the risk 
of perforation and pericardial hemorrhage. Optimal-
ly, multiple delivery sheaths with a variety of curva-
tures that approximate angulations of the append-
age assessed with non-invasive imaging such as CT or 
MRI together with pre-procedural characterization of 
the LAA with respect to its angulation and curvature 
would minimize the need for undue sheath manipu-
lation and device recapture maneuvers.

LAA Lobes and Lobules
Complete LAA assessment and closure is compli-

cated by multi-lobed appendages, as lobes can exist 
in different planes requiring complex visualization 
in multiple views. Our results regarding the number 
of lobes are consistent with those of Heist et al. [10], 
who also used MRI to analyze the LAA in AF patients 
and found that about two-thirds of LAAs had one 
lobe, one-third had two lobes, and a small proportion 
(<5%) had multiple lobes (≥3 lobes). However, Veinot 
et al. [9] found a much higher prevalence of multiple 
lobes in post-mortem specimens of normal hearts, 
with 80% of LAAs having more than one lobe. These 
discrepancies among studies may arise from differ-
ences in lobe definitions and a lack of distinction be-
tween lobes and smaller variants (i.e., lobules). In ad-
dition, further extra- and intraluminal criteria (i.e., an 
external crease and accessibility by a probe, respec-
tively) potentially increasing the number of lobes 
were taken into account by Veinot et al. but could not 
be assessed in our study due to different analytical 
methods. Finally, identification of small lobules may 
have been more difficult in our study due to smaller 
spatial resolution by non-gated MRI compared with 
direct visualization in post-mortem studies.

Limitations of our study include a small sample 
size; therefore, quoted proportions should be regard-
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Abstract
We present 11 cases of percutaneous transcatheter oc-
clusion of atrial septal defects (ASDs) in adults, includ-
ing multi-fenestrated ASD, balloon-assisted deploy-
ment of ASD occlude, dilator-assisted deployment of 
ASD occlude, “cobra”-shaped disfiguration of the left 
disc, ASD with deficient aortic rim, pulmonary vein-as-
sisted deployment of ASD occlude, “high” ASD, large 
Chiari network, double interatrial septum, snaring a 
runaway occluder, and right ventricular diastolic dys-
function causing cyanosis. Each case is followed by a 
practical discussion of the special dilemmas, complica-
tions, and challenges that may occur during common 
procedures.
Copyright © 2017 Science International Corp.

Key Words
Atrial septal defect • Percutaneous occlusion •  
Challenge • Technique

Introduction

Atrial septal defects (ASDs) account for 10–17% 
of congenital cardiac anomalies. Percutaneous clo-
sure of ostium secundum ASD is a safe and effective 
alternative to surgery [1]. Nevertheless, as with any 
interventional procedure, some ASD closures pose 
challenges and dilemmas to the interventional cardi-
ologist. We report a variety of 11 representative cases, 
highlighting challenging morphological and clinical 
considerations that are of educational and practical 
value and suggesting ways to avoid pitfalls and com-

plications. These observations were collected over 
an 18-year period during which we have implanted 
over 1,000 interatrial shunts using the percutaneous 
approach.

Multi-Fenestrated ASD

A 45-year-old patient was evaluated after a cere-
brovascular attack. Transthoracic echocardiography 
(TTE) revealed a floppy interatrial septum (IAS) with 
four fenestrations (Figure 1). A spontaneous left-to-
right flow was noted as well as free right-to-left mi-
cro-bubble flow during the Valsalva maneuver. We 
decided to close the fenestrations with a single de-
vice. A first attempt with a 15-mm device deployed in 
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Figure 1. Transesophageal echocardiogram demonstrating a 
multifenestrated atrial septal defect with four openings.
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one of the central defects failed to occlude all open-
ings (Figure 2). A second attempt was performed in 
the adjacent central defect using a 21-mm occluder. 
Residual leak was demonstrated only within the pe-
rimeter of the device (Figure 3). At this stage, the de-
vice was released.

The transcatheter closure of a multiple or fenestrat-
ed ASD can be accomplished by several methods [2]. 
The defects can be closed by the use of several devic-
es, with each implanted to close one or more defect. 
When the distance between the ASDs is greater than 
7 mm, placement of two devices is recommended [3]. 
Closure of the larger defect should be performed first 
[3, 4]. The second device may then need to be larger to 
overlap the rim of the first device, despite the smaller 
stretched diameter of the defect. When using more 
than one device, attention should be paid to main-
taining adequate distance from structures like vena 
cavae entrances and the coronary sinus. The devices 
might interfere with blood flow and even increase 
the risk of thrombosis. This, however, has not been 
apparent in follow-up studies, even after cessation 
of antiplatelet therapy [5]. In addition, the devices 
might cause erosion of important tissues, including 
the aortic root, atrioventricular valves, or atrial free 
walls. Nevertheless, closure of multiple ASDs using 
multiple occluders seems to be a safe and effective 
method. Also, a financial issue that should be consid-
ered when implanting more than one device is the re-

imbursement system used by current health mainte-
nance organizations [2]. As the cost of percutaneous 
closure of ASD is reimbursed according to a specific 
diagnosis-related group, closing multiple ASDs with 
more than one device during a single procedure will 
exceed the diagnosis-related group budget.

When the defects are in close proximity, an at-
tempt may be made to close all defects using a single 
device. Szkutnik et al. [6] reported the feasibility of 
this approach in 2004. A distance of less than 7 mm 
between defects is considered appropriate for this 
procedure, and a larger device should be employed 
to cover all the defects. In addition to the diameter 
of the device, a decision must be made regarding the 
type of device. A single regular ASD occluder inserted 
through the central or largest defect will be stabilized 
in place by its waist, which will also stretch the IAS, 
thereby bringing the surrounding defects in proxim-
ity and decreasing their size. The benefits of using a 
single device are a shorter procedure duration and 
less chance of interference with venous blood flow, 
atrioventricular valve function, or adjacent tissue ero-
sion.

Balloon-Assisted Deployment of ASD Occluder

A 38-year-old female with a history of systemic 
lupus erythematosus was admitted for closure of a 
15-mm secundum ASD associated with aneurysmat-

Figure 2. Transesophageal echocardiogram demonstrating a de-
ployed occluding device in one of the atrial septal defects. A leak 
is present outside the perimeter of the device.

Figure 3. Transesophageal echocardiogram demonstrating a de-
ployed occluding device in one of the atrial septal defects. Resid-
ual shunt is present within the perimeter of the device.
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The balloon was deflated and carefully retrieved, al-
lowing the left disc to approach the septum (Video 4). 
The guidewire was also slowly pulled back. The de-
vice remained in a suitable position following its re-
lease (Video 5).

The balloon-assisted technique can assist in the 
proper positioning of devices in difficult ASDs [7, 8]. 
In one case series, balloon-assisted device closure of 
large (≥35 mm) ASDs had a 90% success rate [9]. The 
balloon-assisted technique facilitates controlled de-
livery and device alignment in very large ASDs and is 
often helpful when conventional delivery fails.

ic IAS. In the catheterization laboratory, the occluder 
failed to align properly with the defect, causing the 
left disc to be easily pulled through the ASD in re-
peated attempts of deployment (Video 1), including 
clockwise rotation of the sheath to allow initial de-
ployment of the left atrial disc in the vicinity of the 
right upper pulmonary vein. To stabilize the device, a 
balloon was inserted through an additional femoral 
venous sheath and partially inflated in the left atri-
um (LA; Video 2). The left disc was then deployed and 
held in the LA by the balloon. While the left disc was 
anchored in the LA, the right disc was pulled and un-
covered in the right atrium (RA) and then advanced 
toward the IAS, engaging it appropriately (Video 3). 

Video 1. The occluder was malaligned with the defect. View sup-
plemental video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.
vid.01.

Video 2. The balloon was partially inflated in the defect. 
View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.02.

Video 3. The left disc is deployed and held in the left atrium by 
the balloon. The right disc was uncovered in the right atrium, 
engaging the interatrial septum. View supplemental video at 
http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.03.

Video 4. Balloon deflation and retrieval while the left disc en-
gaged the left aspect of the interatrial septum. View supplemen-
tal video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.04.
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when difficulties in proper deployment of the occlu-
sive device are encountered [10, 11].

“Cobra”-Shaped Disfiguration of the Left Disc

During advancement of the septal occluder 
through the sheath, twisting or compression of the 
occluding device prohibited the left atrial disc from 
acquiring its proper “mushroom” shape, resulting in a 
“cobra”-shaped disfiguration (Video 12). The devices 
could not be deployed in this configuration and had 
to be removed and discarded (Figures 4 and 5). Previ-
ously published techniques using the Amplatzer sep-
tal occluder to overcome this “cobra”-like formation 
have included retrieving the device into the sheath 

Dilator-Assisted Deployment of ASD Occluder

A 62-year-old female was admitted for closure of 
a large secundum ASD causing exertional dyspnea. 
A 32-mm ASD with reasonable margins was mea-
sured by TEE (Video 6). The occluding device did not 
align appropriately with the IAS during multiple at-
tempts (Videos 7 and 8). Therefore, the long dilator 
of the device delivery system was introduced over a 
J-wire through an additional venipuncture (Video 9). 
The dilator was used to retain the left disc in the LA 
as the right disc was uncovered and pulled gently to-
ward the RA, allowing engagement of the IAS from 
the right aspect (Videos 10 and 11). This technique 
has also been shown to aid the closure of large ASDs 

Video 5. The occluder was released and remained in posi-
tion. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.05.

Video 6. A 32-mm atrial septal defect with reasonable mar-
gins. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.06.

Figure 4. Extracted device.

Figure 5. Extracted device.
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Video 7. The occluder failed to align appropriately with the 
interatrial septum. View supplemental video at http://dx.doi.
org/10.12945/j.jshd.2016.005.16.vid.07.

Video 8. Another failed attempt to align the occluder with the 
interatrial septum. View supplemental video at http://dx.doi.
org/10.12945/j.jshd.2016.005.16.vid.08.

Video 9. The dilator was introduced to facilitate deployment. 
View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.09.

Video 10. The dilator retained the left disc in the left atrium, 
allowing engagement of the interatrial septum from the right. 
View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.10.

Video 11. After successful deployment the dilator is with-
drawn. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.11.

Video 12.    “Cobra”-shape disfiguration of the left disc. View sup-
plemental video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.
vid.12.
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and quickly redeploying the distal disc [12], repeat-
ing the procedure several times [13], and loading 
the device into the sheath while making back-and 
forth movements in the sheath [14]. Such attempts 
were at least partially effective in regaining normal 
device configuration. In our case, using the Occlu-
tech device, we deployed the entire device in the LA 
(Video 13), allowing it to assume its original shape 
(Video 14). It was then possible to retrieve the right 
atrial disc and redeploy the device in the appropriate 
site with a normal configuration (Video 15). This tech-
nique may be effectively applied for all devices with 
“cobra”-like formations [15]. With the development of 
new technologies, however, this obstacle is less fre-
quently encountered.

Deficient Aortic Rim

Deficient aortic rim is a rather common morpho-
logic feature of ASD and is present in up to 30–50% 
of ASDs that are considered complex [16]. Deficient 
aortic rim is a risk factor for aortic erosion after device 
closure of ASDs. Deficient aortic rim has been asso-
ciated with increased risk of device impingement on 
the aorta, but we observed no association between 
device impingement and the development of aortic 
insufficiency (Video 16). Ostermayer et al. found that 
small aortic rim is independently associated with 
procedural failure [17]. On the other hand, O'Byrne 
et al. found that deficient aortic rim is highly preva-
lent but does not seem to increase the risk of adverse 
outcomes [18]. Another group found that procedur-
al failure mainly occurs with extremely large defects 
(≥40 mm), regardless of whether an aortic rim of sep-
tal tissue was present [19].

Absent aortic rim is not a contraindication for 
transcatheter closure attempt, but it may result in a 
more complex procedure and require maneuvers for 
successful deployment of the device. It is also import-
ant to consider whether to minimize the size of the 
device so that its edges/discs approach the aortic 
root or whether to select a slightly larger device that 
would embrace the aortic root to minimize the risk of 
aortic root erosion. These cases should be thoroughly 
investigated by TEE to demonstrate the extent of the 
aortic rim deficiency from several aspects, including 
3-dimensional TEE. Adverse effects following an inter-

Video 13. Deploying the entire device in the left atrium allowed 
the device to return to its original shape. View supplemental vid-
eo at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.13.

Video 14. Deploying the entire device in the left atrium allowed 
the device to return to its original shape. View supplemental vid-
eo at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.14.

Video 15. Normal deployment and release of the device was pos-
sible. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.15.
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ventional closure of ASD in the presence of complex 
and extensively deficient aortic rim may occur not 
during the procedure but might become evident af-
ter the period of hospital stay. The complexity of the 
morphological anomaly should prompt questions 
about the safety and possible outcomes of the inter-
ventional procedure and the consideration of alter-
native surgical options that are safe and have a high 
likelihood of successful and uneventful outcomes. 
New technologies such as magnetic resonance im-
aging with 3-dimensional printing of a model repre-
senting the abnormal morphology may assist in deci-
sion-making in cases of complex anatomy.

Pulmonary Vein-Assisted Deployment of ASD 
Occluder

An asymptomatic 3-year-old boy was admitted 
for elective closure of a secundum ASD. TEE showed 
that the ASD measured 11 mm and had a deficient 
antero-superior aortic rim. In the catheterization 
laboratory, multiple attempts were made to achieve 
an adequate device position; however, the device 
slipped through the defect or resulted in a posture 
perpendicular to the defect (Video 17). To overcome 
this difficulty, we first deployed the right atrial disc 
and swiftly advanced it to the right aspect of the IAS, 
which allowed an optimal alignment of the left atrial 
disc with the IAS, occluding the defect. To delay the 
deployment of the left atrial disc, we started the de-
ployment in the left upper pulmonary vein (LUPV). 
When the left disc was uncovered in the LUPV, we 
held it stationary in an elongated form, allowing un-
sheathing of the septal occluder so that the proximal 
disc would deploy in the RA, engaging the right as-
pect of the IAS. A short wiggle of the delivery system 
then released the left atrial disc from the LUPV po-
sition, engaging the IAS from the left aspect with a 
perfect configuration for ASD closure (Video 18). TEE 
investigation showed that the device embraced the 
aortic root and was in an adequate position in the 
presence of deficient aortic rim (Video 19). The pul-
monary vein slide-out technique has also been used 
to aid closure of ASDs with deficient posterior rim 
[20]. This morphology is considered a risk factor for 
device migration.

Video 16. Atrial septal defect with deficient aortic rim with an 
occluder in situ embracing the aortic root. View supplemental 
video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.16.

Video 17. The device was malaligned with the septum. View sup-
plemental video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.
vid.17.

Video 18. The left disc was partially deployed in upper left pulmo-
nary vein, allowing proper right disc deployment. View supple-
mental video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.
vid.18.
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“High” ASD

A "high"-positioned ASD, located in the postero-su-
perior IAS, must be differentiated from sinus venosus 
defect, which may be described as the unroofing of 
right pulmonary veins into the superior vena cava 
(SVC) or the RA. Whereas sinus venosus defect cannot 
be closed by transcatheter intervention in the pres-
ence of partially anomalous pulmonary venous drain-
age, an attempt to close a high ASD can be made. Us-
ing TEE, we encountered an ASD in close proximity/
continuity to the entrance of the SVC into the RA (Vid-
eo 19). Occluding this ASD with a device carries a risk 
of restricting inflow from the SVC [21] and thrombus 
formation [22]. Therefore, during the procedure, after 
the device was deployed in the defect and prior to its 
release, contrast injection into the SVC in a steep left 
anterior oblique projection through an additional ve-
nous catheter demonstrated the spatial relationship 
between the SVC-RA junction and the occlusive de-
vice (Video 20) and showed unobstructed blood flow 
from the SVC to the RA (Video 21).

Large Chiari Network

The Chiari network is a fenestrated membrane con-
sisting of threads and strands in the RA. It is a congen-
ital remnant resulting from incomplete resorption of 
the right valve of the sinus venosus. Prominent Chiari 
network may be found in 2–3% of the population, but 
it is generally not of clinical importance. During tran-
scatheter occlusion of ASD, the Chiari network can 
complicate the procedure by catheter entrapment 
[23], proximal disc entanglement and inadequate de-
ployment [24], and residual shunt [25]. In our situa-
tion, the use of an additional catheter in the SVC was 
also helpful as in our previous case of “high” ASD. A 
catheter advanced from the femoral vein to the SVC 
may retain the Chiari network away from the IAS, thus 
lowering the probability of device or catheter entan-
glement.

Double Interatrial Septum

A 37-year-old patient with end-stage renal failure, 
who was awaiting renal transplantation from his wife, 
was referred for an elective percutaneous closure of 

Video 19. The device assumed a normal position. View supple-
mental video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.
vid.19.

Video 20. Secundum atrial septal defect near the superior vena 
cava opening into the right atrium. View supplemental video at 
http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.20.

Video 21. Contrast injection in the superior vena cava confirmed 
no obstruction to superior vena cava flow. View supplemental 
video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.21.
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septal anomaly. It forms an interatrial space that usu-
ally communicates with the LA via a patent foramen 
ovale and with the RA via accessory atrial septal fen-
estration. These two passages are frequently formed 
at different levels, such as superior and inferior 
[26, 27]. Pulmonary veins may drain in the interatria                                                      
l space; in this scenario, percutaneous ASD closure 
may occlude the drainage of this pulmonary vein. 
Surgical resection of the accessory atrial septum with 
ASD closure would be the appropriate approach. A 
pigtail catheter advanced into the right ventricle (RV) 
may aid in differentiating between double atrial sep-
tum and a prominent Eustachian valve; the diagnosis 
of double septum would be confirmed by a non-de-
flecting tissue, whereas a Eustachian valve would be 
drawn away by the catheter [28]. In our patient, we 
were able to pass the guide wire, the balloon sizing 
catheter, the delivery sheath, and subsequently the 
occluding device through both defects and also to 
achieve an adequate position and configuration of 
the device with optimal defect occlusion.

Snaring a Runaway Occluder

A 65-year-old woman with an ASD with deficient 
antero-superior rim and a floppy IAS underwent 
percutaneous closure of the ASD. Balloon-sizing 
of the defect measured 27 mm. A 30-mm Occlu-
Tech septal occluder was selected. TEE inaccurately 
suggested an adequate deployment of the device 

an ASD. The ASD was diagnosed incidentally on TTE 
while investigating atypical chest pain. The trans-
planting team demanded resolution of the cardiac 
anomaly prior to renal transplantation. Interestingly, 
there was a familial occurrence of ASD, as his father, 
three out of 10 siblings, and his son had previously 
undergone surgical repair of ASD. On TEE, marked RA 
and ventricular enlargement were noted, and an un-
usual morphology of the interatrial septum was en-
countered (Video 22). Two almost parallel ASDs were 
noted: a 23- × 28-mm defect in the normally located 
IAS and a 30-mm defect in the additional curtain lo-
cated within the LA. The margins of the defects were 
quite flimsy. We observed normal pulmonary and 
systemic venous connections. No veins drained into 
the interatrial space formed between the double atri-
al septum. The atrial shunt was successfully closed 
with a single 38-mm Amplatzer ASO on first attempt. 
The distal disc was deployed in the LA distal to the 
accessory septum, whereas the proximal disc was 
deployed in the RA proximal to the normally located 
septum. Hence, the double atrial septum was fully 
approximated by the Amplatzer device. No residu-
al shunt was noted during a 10-year follow-up peri-
od. The device had aligned well with the combined 
squashed septum. Percutaneous ASD closure in this 
patient was especially advantageous, as his end stage 
renal failure could critically complicate a surgical pro-
cedure.

Double atrial septum is an extremely rare atrial 

Video 22. Double interatrial septum. View supplemental video at 
http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.22.

Video 23. Improper deployment of the entire device in the left 
atrium. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.23.
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(Videos 23 and 24). Following release, the device float-
ed in the LA (Videos 25 and 26). The patient was giv-
en a supplement of heparin in addition to the initial 
dose. An attempt to retrieve the device with a 15-mm 
Andra snare failed. Although it was possible to hold 
on to the hub of the device, the grip was not strong 
enough to pull the device back into the 12F sheath 
(Video 27). Finally, the retention hub of the device 
was grabbed by 7F Cordis biopsy forceps (Video 28), 
allowing the right disc to be retrieved into the sheath 
(Video 29). The left disc was then approximated to the 
IAS, and the device was successfully deployed in the 
defect (Videos 30 and 31). The entire procedure was 
prolonged by 25 min. TTE confirmed an adequate po-
sition of the occluder the next day. In this scenario, 
attempting to recapture the connecting hub and ac-
complishing the procedure is desirable [29, 30]. Snar-
ing and removing the device is another option. Emer-
gent open-heart surgery is the last resort and should 
be reserved for unsuccessful device retrieval.

Video 24.    “Cobra”-shape disfiguration of the left disc. View sup-
plemental video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.
vid.24.

Video 25. A floating device in the left atrium following its re-
lease. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.25.

Video 26. A floating device in the left atrium following its re-
lease. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.26.

Figure 6. Simultaneous left ventricle (LV) and right ventricle (RV) 
pressure tracings during catheterization demonstrating higher 
diastolic pressure in the RV than in the LV.
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RV Diastolic Dysfunction Causing Cyanosis

A 73-year-old woman presented with profound 
central cyanosis and a history of minor stroke. She 
had normal heart morphology, normal pulmonary 
artery pressure, and normal coronary angiography. A 
massive right-to-left shunt was demonstrated at atri-
al level, with normal pulmonary venous saturations 
and PO2 values. The reason for this huge right-to-left 
shunt is illustrated by the diastolic pressure curves, 
representing compliance differences between the 
right and left ventricles (Figure 6). Other causes of 
atrial right-to-left shunt, including pulmonary dis-
ease, pulmonary vascular disease, RV hypertrophy, RV 

Video 27. Snaring attempts. View supplemental video at http://
dx.doi.org/10.12945/j.jshd.2016.005.16.vid.27.

Video 28. The device was seized and retrieved by biopsy for-
ceps. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.28.

Video 29. The device was seized and retrieved by biopsy for-
ceps. View supplemental video at http://dx.doi.org/10.12945/j.
jshd.2016.005.16.vid.29.

Video 30.   Re-deployment of the device. View supplemental 
video at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.30.

Video 31. Re-deployment of the device. View supplemental vid-
eo at http://dx.doi.org/10.12945/j.jshd.2016.005.16.vid.31.
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loon occlusion test with RA pressure monitoring is 
a prudent approach. A fenestrated occluder may be 
considered as a temporary vent mechanism [33].

Summary

We present these select cases as challenges that 
require pre-procedural planning and intra-procedur-
al considerations to successfully perform the percuta-
neous approach as an alternative to surgery without 
compromising patient safety. Some complex ASDs 
may be better treated by the surgeon, avoiding un-
predictable percutaneous interventional outcome. 
Mature judgement and the acknowledgement of the 
current technology limitations is needed to hand over 
cases to the surgical team. However, the intervention-
al team is expected to be resourceful in preparing for 
and performing the procedure. Learning from others’ 
experience, as well as the prudent use of imaging mo-
dalities, personal experience, and proper selection of 
equipment, are beneficial when managing complex 
cases of ASD closure.

Conflict of Interest

The authors have no conflict of interest relevant to 
this publication.

 

Comment on this Article or Ask a Question  

systolic dysfunction, RA myxoma, tricuspid valve dis-
ease, and pericardial effusion, were excluded. Balloon 
occlusion of the patent foramen ovale served to test 
the tolerance of the occlusion and measure the effec-
tive stretched defect size. The defect was then closed 
by a 24-mm ASD Amplatzer occluder, resulting in a 
rise of arterial PO2 from 40 to 320 mmHg.

Atrial-level right-to-left shunt (ARLS) is a rare but 
important cause of hypoxia. The pathophysiology 
arises from an interatrial defect coupled with a sec-
ondary cardiac or pulmonary insult. A rise in RA pres-
sure above LA pressure may precipitate ARLS [31]. 
Diastolic RV dysfunction may be caused by different 
mechanisms, including acute myocardial infarction, 
age-related undiagnosed severe pulmonary steno-
sis, and pulmonary atresia with intact interventricu-
lar septum years following resolution of RV outflow 
obstruction [32]. Treatment of ARLS involves treating 
the underlying cause and/or closure of the shunt to 
resolve hypoxemia. Observing the tolerance of a tem-
porary closure of the ASD with a sizing balloon while 
monitoring RA pressure and systemic blood pressure 
should prevent RA pressure elevation and reduce car-
diac output. If balloon occlusion is well-tolerated, the 
ASD (or patent foramen ovale) may be closed safely 
with a device and result in a favorable outcome.

Pulmonary arterial hypertension may also lead to 
ARLS in the presence of interatrial communication. 
However, prior to attempting to close an ASD in this 
situation, the reversibility of pulmonary hypertension 
should be demonstrated to avoid RV failure. A bal-
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Abstract
Transcatheter aortic valve replacement has been ap-
proved and is widely used in the USA for severe calcific 
aortic stenosis in the high risk inoperable patient. While 
not approved in patients with native aortic regurgita-
tion (NAVR), there are numerous reports of its use in 
such patients who are not deemed acceptable surgical 
candidates. The technical challenges in the NAVR pop-
ulation include lack of fluoroscopic markings due to 
absence of annular or cusp calcification, increased risk 
of malpositioning and a risk of residual aortic regurgi-
tation resulting in a high rate (18.8 percent) of need for 
second valve implantations [1].
Nevertheless, there are numerous reports of TAVR for 
NAVR. Roy et.al in a registry study of 43 patients from 
14 different countries showed feasibility of CoreValve 
implantation in extreme operative risk patients with 
NAVR without aortic stenosis [1]. The implantation of a 
CoreValve was successful in 97.7% of cases, however the 
Valve Academic Research Consortium (VARC)-defined 
procedural success was only 74.4% due to the need for 
a second valve.
We submit the first description of using the radial force 
of a Palmaz biliary stent to affix the upper portion of a 
CoreValve and mitigate the issue of ventricular migra-
tion of the valve in treatment of a NAVR patient with 
TAVR. We feel this should be considered as an addition-
al tool in the armamentarium of physicians treating 
this challenging subset of patients.

The Palmaz XL stents are balloon expandable stainless 
steel prostheses. They have a closed cell design which 
gives them high radial strength and are designed for 
an expansion range of 10 mm – 25 mm while maintain-
ing their radial strength of 12 psi. Their foreshortening 
ranges between 2.5% at 10 mm and 23% at 25 mm [4]. 
This foreshortening has to be taken into account when 
adjusting the overlap portion when using as described 
above with the CoreValve.
Copyright © 2017 Science International Corp.
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Introduction

Transcatheter aortic valve replacement (TAVR) 
has been approved and is widely used in the United 
States for severe calcific aortic stenosis in high-risk 
inoperable patients. Although not approved for pa-
tients with native aortic regurgitation (NAVR), there 
are several reports of its use in such patients who are 
not deemed acceptable surgical candidates. Patients 
with NAVR pose numerous technical challenges. 
The absence of annular or cusp calcification in NAVR 
means a lack of fluoroscopic markings, which can 
make valve positioning more challenging. The lack of 
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a calcified substrate also increases the risk of malposi-
tioning. Furthermore, there is a risk of residual aortic 
regurgitation, resulting in a high rate (18.8%) of need 
for second valve implantations [1].

Nevertheless, several reports have described the 
use of TAVR in patients with NAVR. In a registry study 
of 43 patients from 14 different countries, Roy et al. 
demonstrated the feasibility of CoreValve implan-
tation in extreme operative risk patients with NAVR 
without aortic stenosis [1]. The implantation of a Cor-
eValve was successful in 97.7% of cases; however, the 
Valve Academic Research Consortium-defined proce-
dural success rate was only 74.4% due to the need for 
a second valve in some cases. The Italian CoreValve 
multicenter registry confirmed its feasibility in 26 pa-
tients and showed that patients with NAVR are usu-
ally younger than those undergoing TAVR for aortic 
stenosis [2]. In this report, we describe a challenging 
case of implanting a CoreValve for NAVR and a repro-
ducible solution.

Case Presentation

The patient was a 38-year-old male with pulmonary 
valve dysplasia associated with Noonan’s syndrome 
and hypertrophic cardiomyopathy. The patient un-
derwent pulmonary valvotomy and myomectomy at 
17 months of age followed by a pulmonary homo-
graft for severe pulmonary insufficiency at 20 years 
of age. With a history of multiple episodes of infective 
endocarditis on the aortic valve, he subsequently de-
veloped severe aortic insufficiency and was referred 
to us for possible TAVR. Due to significant frailty, poor 
pulmonary function, and prior sternotomies, he was 
considered a candidate for TAVR. His STS score for 
mortality or morbidity was calculated as 24.83%.

Computed tomography (CT) measurements sug-
gested a minimum annulus diameter of 23.3 mm and 
a maximum annulus diameter of 30.1 mm. The pe-
rimeter of the annulus was measured on CT images 
as 88 mm, and the area was calculated as 596.2 mm2 
(Figure 1). No calcification was noted in the annulus. 
Plans were made for implantation of a 31-mm CoreV-
alve (Medtronic, Minneapolis, MN, USA).

The procedure was completed under general an-
esthesia. Transesophageal echo image guidance was 
used throughout the procedure. Bilateral femoral 

artery access was obtained using a micropuncture 
needle and the modified Seldinger technique. A 6-F 
arterial sheath was placed in the left femoral artery, 
and a 6-F pigtail catheter was advanced over a 0.035 J 
wire and positioned in the right coronary aortic cusp 
(Figure 2). A 28-cm 18-F Gore dryseal sheath (Gore 
Medical, Flagstaff, AZ, USA) was placed in the right 
femoral artery. A double curve Lunderquist extra stiff 

Figure 1. Aortic annulus measurements pre procedure using 
3mensio showed a annulus perimeter of 88 mm and a maximum 
diameter of 30.1mm and a minimum diameter of 23.3 mm.

Figure 2. A 6-F pigtail catheter in the right coronary cusp.
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A 31-mm CoreValve was prepped, and its orienta-
tion was confirmed. The valve was advanced across 
the aortic valve, confirming its position in the right cor-
onary cusp using the pigtail catheter in coplanar view 
under fluoroscopy, and deployed under rapid pacing 
at 130 bpm. After valve deployment and release, it 
was noted to be functioning well initially but with 
impingement on the valve at the greater curvature 
of the aorta, which was thought to possibly be sec-
ondary to pulmonary artery enlargement (Figure 3). 
Subsequently, the valve migrated toward the ventri-
cle in an unacceptably low position (Figure 3). Left 
radial arterial access was obtained, and a 120-cm 6-F 
GooseNeck snare (ev3, Amplatz, Plymouth, MN, USA), 
was advanced into the ascending aorta. The left tab 
of the valve oriented toward the lesser curvature of 
the aorta was snared with the 25-mm snare, and the 
valve was pulled cephalad into an appropriate posi-
tion. However, with release of tension on the snare, 
the valve migrated toward the ventricle, which was 
thought to be due to impingement on the greater 
curvature of the aorta (Figure 4). CT measurements of 
the aorta at this level of impingement were approxi-
mately 23 mm × 20 mm.

wire (Cook Medical, Bloomington, IN, USA) was posi-
tioned in the left ventricle to facilitate the CoreValve 
implantation.

Figure 3. Appropriate positioning of the CoreValve pre- 
deployment.

Figure 4. Deformation of the proximal struts of CoreValve sug-
gesting external impingement. Ventricular displacement of the 
CoreValve is seen.

Figure 5. Left tab of the CoreValve snared with a 25-mm Amplatz 
GooseNeck snare and valve pulled into proper position. Note ab-
luminal projection of the proximal struts.
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tency of the coronary arteries, and mild paravalvular 
leak (Figure 6). The patient was extubated immedi-
ately and monitored overnight in the intensive care 
unit. He felt symptomatically improved and was dis-
charged home next day.

The patient showed a significant reduction in 
shortness of breath two weeks post-procedure and 
at 1-month follow-up. Echocardiographic evaluation 
at 2 and 6 months confirmed accurate positioning 
of the valve with good valve function (Figure 7A and 
7B). However, we also noted moderate perivalvular 
regurgitation, highlighting difficulty in treating NAVR 
with TAVR. Furthermore, the 6-month follow-up echo-
cardiogram revealed a moderate to severe paravalvu-
lar leak, and the patient exhibited increased fatigue 
and failure to thrive. After discussion, we decided to 
proceed with placing a valve-in-valve transcatheter 
using an overexpanded Sapien S3.

Discussion

This is the first description of the use of the radial 
force of a Palmaz biliary stent to affix the upper por-
tion of a CoreValve and mitigate the ventricular mi-

To maintain the position of the valve, a Palmaz XL 
transhepatic biliary stent (40 mm unexpanded length 
× 10 mm expansion diameter; Cordis Corp., Rancho 
Cordova, CA, USA) was placed to achieve adequate ra-
dial force against the impingement. This Palmaz stent 
was then crimped onto a 24-mm balloon in balloon 
(BIB) catheter (inner: 12 mm diameter × 3 cm length, 
outer: 24-mm diameter × 4-cm length; NuMED Inc, 
Hopkinton, NY, USA). The outer balloon was then 
slightly inflated to prevent the Palmaz stent from slid-
ing off the balloon. A 75-cm 12-F Check-Flo introduc-
er sheath (Cook Medical, Bloomington, IN, USA) was 
used to advance the BIB balloon-mounted crimped 
Palmaz stent into the ascending aorta. The Check-Flo 
introducer sheath was then withdrawn, leaving the 
BIB balloon-mounted Palmaz stent in place overlap-
ping the proximal stent end of the CoreValve. Rapid 
pacing at 180 bpm was initiated, and the inner and 
outer balloons were inflated in succession, securing 
the stent and valve in place, and the GooseNeck snare 
was released (Figure 5). The BIB balloon was then fully 
inflated to position the Palmaz stent, which appeared 
to fix the CoreValve in place. Post-procedure aorto-
gram confirmed acceptable location of the valve, pa-

Figure 6. Panel A. CoreValve in appropriate position and patent coronary arteries with mild paravalvular leak noted on final aorto-
gram. Panel B. CoreValve in appropriate position with the Palmaz XL deployed fixing the upper portion of the CoreValve.
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ta. Most Palmaz stents must be hand-crimped onto a 
balloon (for example, the 3010 is available mounted 
on a 12-mm delivery balloon). In the Palmaz stent no-
menclature, first two digits indicate the unexpanded 
stent length, and the last one or two digits indicate 
the minimum recommended expansion diameter. 
Large Palmaz stents (P308) have a recommended 
expansion diameter between 8–12 mm, with report-
ed overdilation to 18–20 mm. Overdilation of these 
stents leads to significant foreshortening <33% at 12 
mm and up to 50% at 18 mm and decreases radial 
strength. Palmaz XL transhepatic stents are designed 
for an expansion range of 10–25 mm while maintain-
ing a radial strength of 12 psi (comparative radial 
strength of the large Palmaz P308 stent is 6 psi). Their 
foreshortening ranges between 2.5% at 10 mm and 
23% at 25 mm 10–13. In our situation, based on mea-
surements of the ascending aorta and the root, both 
on CT prior to the procedure and aortogram during 
the procedure, we required a stent expanded to 23 
mm. This required the use of a Palmaz XL transhep-
atic stent and a 1:1-sized balloon. The foreshorten-
ing of the Palmaz stent must be taken into account 
when determining the length of the stent to ensure 
adequate overlap with the CoreValve and to prevent 
jailing of the origin of the innominate and left carotid 
and subclavian arteries. We used a P4010 stent, ac-
counting for foreshortening and the distance from 

gration of the valve in treating a NAVR patient with 
TAVR. We believe that this should be considered as a 
possible approach to treatment in this challenging 
subset of patients.

The CoreValve system consists of a self-expand-
able, tri-level frame made of nitinol attached to a 
tri-leaflet porcine pericardium heart valve. Most re-
ports of TAVR for NAVR have utilized the CoreValve 
for its unique self-expanding properties. The upper 
third/outflow portion of the frame exerts low radial 
force and sits within the ascending aorta, functioning 
to orient the prosthesis in the direction of the aortic 
root and blood flow. The middle third of the frame is 
constrained to avoid jailing of the coronary arteries 
and hosts the valve leaflets. It has high hoop force to 
resist deformation and thus maintain normal leaflet 
function. The lower third/inflow portion of the frame 
sits within the left ventricular outflow tract/annulus 
of the native aortic valve and exerts high radial force. 
Thus, the prosthesis is anchored within the annulus, 
and its function is supra-annular [3, 4]. In our case, we 
required additional stabilization at the upper third/
outflow portion of the valve, which was adequately 
provided by the Palmaz stent.

Palmaz stents are balloon-expandable stainless 
steel prostheses. All Palmaz stents have a closed cell 
design, which gives them high radial strength and 
makes them useful for treating coarctation of the aor-

Figure 7. Panel A. Six-month follow-up transesophageal echocardiogram shows adequate positioning of the CoreValve in a paraster-
nal long axis view. Panel B. Transesophageal echocardiogram short axis view of aortic valve showing turbulent flow suggestive of 
perivalvular leak.
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of NAVR. These typically utilize a transapical approach 
and include the Acurate TA valve, Medtronic engag-
er valve, and Jena valve [5-8]. The Helio transcatheter 
dock (Edwards Lifesciences, Irvine, CA, USA) has been 
described as an ancillary device intended to confer 
greater annular stability to the Edwards SAPIEN XT 
valve. The dock consists of a self-expandable nitinol 
stent with a polyethylene skirt designed to be po-
sitioned inside the aortic root, which is intended to 
secure the balloon-expandable SAPIEN XT by incor-
porating and entrapping the native cusps [9].

TAVR is not an approved treatment for NAVR, al-
though it is being used off-label in high-risk surgical 
candidates. Experience in using the transcatheter ap-
proach to treat NAVR is limited but growing. Patients 
with mixed aortic valve disease with severe steno-
sis and at least moderate regurgitation have been 
successfully treated with both commercially avail-
able TAVR devices, but NAVR without stenosis is still 
considered a relative contraindication in published 
guidelines.

Newer-generation valve designs that use leaflet 
pinning or stabilization mechanisms are showing 
promise, but experience with these devices is still lim-
ited. Therefore, additional experience and evidence 
from larger registries, longer follow-up periods, and 
randomized clinical trials is necessary for the expand-
ed use of TAVR for NAVR.
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the origin of the innominate artery, to avoid jailing of 
this artery.

When choosing a balloon, diameter and length are 
important considerations. Shorter balloons offer the 
advantage of inflating the inner part of the stent first, 
thus avoiding the potential complication of flaring of 
the ends of the stents, resulting in balloon rupture 
or vessel wall perforation; however, this can result in 
stent sliding or embolization. Longer balloons allow 
more precise placement and repositioning if neces-
sary before their full inflation. The BIB balloon has two 
balloons, one shorter (inner) and one longer (outer) 
than the stent, which offers potential advantages. In 
our situation, to prevent the crimped Palmaz stent 
from sliding off the balloon during its introduction 
into the sheath, we inflated the inner balloon to a low 
2 atm.  Once the sheath is withdrawn and the stent 
is adequately positioned, the inner balloon is inflated 
first. After the position of the inner balloon is ensured 
to be satisfactory, the outer balloon is inflated. In 
choosing the diameter of the balloon, we took into 
consideration the measurements of the ascending 
aorta based on pre-procedure CT and aortogram per-
formed during the procedure. The balloon was sized 
1:1 with the intent to expand the Palmaz stent and 
adequately fix the CoreValve in place.

Potential risks of this approach that should be kept 
in mind are vessel wall perforation while deploying 
the Palmaz stent, balloon rupture and aortic dissec-
tion, inadequate expansion of the Palmaz stent with 
ventricular migration of the stent and valve, and pos-
sible jailing of the major branches of aorta. Careful 
measurements of the ascending aorta and balloon 
and stent sizing, taking foreshortening into account, 
should minimize such complications.

There are a variety of other valves in various stages 
of development that are designed for the treatment 
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