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Committed
to Advancing

Transcatheter
Heart Valve
Therapy

Approved for

Pulmonic Procedures

The SAPIEN XT valve is approved for pulmonic
procedures in pediatric and adult patients with
a dysfunctional, non-compliant right ventricular
outflow tract (RVOT) conduit.

SAPIEN XT Valve Sizing— Pulmonic

N W ! 20-23 mm 23-26 mm 26-29 mm

Diameter of intended location within the conduit

Edwards Lifesciences is driving the innovation, collaboration, and education needed
to bring transcatheter technology to more patients worldwide.

» Visit Edwards.com/pulmonic for more information

See adjacent page for Important Safety Information.
CAUTION: Federal (United States) law restricts this device to sale by or on the order of a physician.
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of Edwards Lifesciences Corporation. All other trademarks are the property of their respective owners.
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Important Safety Information

EDWARDS SAPIEN XT TRANSCATHETER HEART VALVE WITH THE NOVAFLEX+ DELIVERY SYSTEM — PULMONIC

Indications: The Edwards SAPIEN XT transcatheter heart valve (THV) systems are indicated for use in pediatric and adult patients with a dysfunctional, non-
compliant right ventricular outflow tract (RVOT) conduit with a clinical indication for intervention and: pulmonary regurgitation = moderate andfor mean RVOT
gradient =35 mmHg.

Contraindications: The THV and delivery systems are contraindicated in patients with inability to tolerate an anticoagulation/antiplatelet regimen or who have
active bacterial endocarditis.

Warnings: The devices are designed, intended, and distributed for single use only. Do not resterilize or reuse the devices. There are no data to support the
sterility, nonpyrogenicity, and functionality of the devices after reprocessing. Assessment for coronary compression risk prior to valve implantation is essential to
prevent the risk of severe patient harm. Incorrect sizing of the THV may lead to paravalvular leak, migration, embolization and/or RVOT rupture. Accelerated
deterioration of the THV may occur in patients with an altered calcium metabolism. Prior to delivery, the THV must remain hydrated at all times and cannot be
exposed to solutions other than its shipping storage solution and sterile physiologic rinsing solution. THV leaflets mishandled or damaged during any part of the
procedure will require replacement of the THV. Do not use the THV if the tamper evident seal is broken, the storage solution does not completely cover the THY,
the temperature indicator has been activated, the THV is damaged, or the expiration date has elapsed. Do not mishandle the NovaFlex+ delivery system or use it
if the packaging or any components are not sterile, have been opened or are damaged (e.g. kinked or stretched), or the expiration date has elapsed. Use of
excessive contrast media may lead to renal failure. Measure the patient’s creatinine level prior to the procedure. Contrast media usage should be monitored.
Patient injury could occur if the delivery system is not un-flexed prior to removal. Care should be exercised in patients with hypersensitivities to cobalt, nickel,
chromium, molybdenum, titanium, manganese, silicon, and/or polymeric materials. The procedure should be conducted under fluoroscopic guidance. Some
fluoroscopically guided procedures are associated with a risk of radiation injury to the skin. These injuries may be painful, disfiguring, and long-lasting. THV
recipients should be maintained on anticoagulant/antiplatelet therapy as determined by their physician. This device has not been tested for use without
anticoagulation. Do notadd or apply antibiotics to the storage solution, rinse solutions, or to the THV.

Precautions: Safety, effectiveness, and durability of the THV have not been established for implantation within a previously placed surgical or transcatheter
pulmonic valve. Long-term durability has not been established for the THV. Regular medical follow-up is advised to evaluate THV performance. Glutaraldehyde
may cause irritation of the skin, eyes, nose and throat. Avoid prolonged or repeated exposure to, or breathing of, the solution. Use only with adequate ventilation.
If skin contact occurs, immediately flush the affected area with water; in the event of contact with eyes, immediately flush the affected area with water and seek
immediate medical attention. For more information about glutaraldehyde exposure, refer to the Material Safety Data Sheet available from Edwards Lifesciences.
Patient anatomy should be evaluated to prevent the risk of access that would preclude the delivery and deployment of the device. To maintain proper valve leaflet
coaptation, do not overinflate the deployment balloon. Appropriate antibiotic prophylaxis is recommended post-procedure in patients at risk for prosthetic valve
infection and endocarditis. Safety and effectiveness have not been established for patients with the following characteristics/comorbidities: Echocardiographic
evidence of intracardiac mass, thrombus, or vegetation; a known hypersensitivity or contraindication to aspirin, heparin or sensitivity to contrast media, which
cannot be adequately premedicated; pregnancy; and patients under the age of 10 years.

Potential Adverse Events: Potential risks associated with the overall procedure including potential access complications associated with standard cardiac
catheterization, balloon valvuloplasty, the potential risks of conscious sedation andfor general anesthesia, and the use of angiography: death; respiratory
insufficiencyorrespiratoryfailure; hemorrhage requiring transfusion orintervention; cardiovascularinjuryincluding perforation or dissection of vessels, ventricle,
myocardium or valvular structures that may require intervention; pericardial effusion or cardiac tamponade; embolization including air, calcific valve material or
thrombus; infection including septicemia and endocarditis; heart failure; myocardial infarction; renal insufficiency or renal failure; conduction system defect
arrhythmia; arteriovenous fistula; reoperation or reintervention; ischemia or nerve injury; pulmonary edema; pleural effusion, bleeding; anemia; abnormal lab
values (including electrolyte imbalance); hypertension or hypotension; allergic reaction to anesthesia, contrast media, or device materials; hematoma or
ecchymosis; syncope; pain or changes at the access site; exercise intolerance or weakness; inflammation; angina; fever. Additional potential risks associated with
the use of the THV, delivery system, and/or accessories include: cardiac arrest; cardiogenic shock; emergency cardiac surgery; coronary flow obstruction/
transvalvular flow disturbance; device thrombosis requiring intervention; valve thrombosis; device embolization; device malposition requiring intervention; valve
deploymentin unintended location; structural valve deterioration (wear, fracture, calcification, leaflet tear[tearing from the stent posts, leaflet retraction, suture
line disruption of components of a prosthetic valve, thickening, stenosis); paravalvular or transvalvular leak; valve regurgitation; hemolysis; device explants;
nonstructural dysfunction; and mechanical failure of delivery system, and/or accessories.

Edwards Crimper
Indications: The Edwards crimper is indicated for use in preparing the Edwards SAPIEN XT transcatheter heart valve forimplantation.
Contraindications: No known contraindications.

Warnings: The device is designed, intended, and distributed for single use only. Do not resterilize or reuse the device. There are no data to support the sterility,
nonpyrogenicity, and functionality of the device after reprocessing. Do not mishandle the device. Do not use the device if the packaging
orany components are not sterile, have been opened or are damaged, or the expiration date has elapsed.

Precautions: For special considerations associated with the use of this device prior to THV implantation, refer to the SAPIEN XT
transcatheter heart valve Instructions for Use.
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Potential Adverse Events: No known potential adverse events.

CAUTION: Federal (United States) law restricts this device to sale by or on the order of a physician.

Edwards, Edwards Lifesciences, the stylized E logo, Edwards SAPIEN, Edwards SAPIEN XT, NovaFlex, NovaFlex+, SAPIEN, and SAPIEN XT are
trademarks or service marks of the Edwards Lifesciences Corporation. All other trademarks are the property of their respective owners.
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Melody™

Transcatheter Pulmonary
Valve (TPV) System

Proven Valve
Competence

98.1%

of subjects with < mild PR*

Proven to Delay
Conduit Replacement

freedom from reoperation*
*US IDE Study

Designed Specifically for
Pulmonary Valve Replacement

The Melody valve is the longest studied transcatheter
pulmonary valve at seven years post-implant.

The Melody TPV System first received
CE markin September 2006.

The Melody TPV System received
Health Canada approval in December
2006 and US approval under an HDE
onJanuary 25,2010 (H080002).

PMA approval received January 27,
2015 (P140017).
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Melody™ Transcatheter Pulmonary Valve,
Ensemble™ Il Transcatheter Valve Delivery System

Important Labeling Information for the United States

Indications: The Melody TPV isindicated for use in the management of

pediatric and adult patients who have a clinical indication for intervention

on a dysfunctional right ventricular outflow tract (RVOT) conduit or surgical
bioprosthetic pulmonary valve that has > moderate regurgitation, and/oramean
RVOT gradient 235 mm Hg.

Contraindications: None known.

Warnings/Precautions/Side Effects:

= DO NOT implant in the aortic or mitral position. Pre-clinical bench testing of
the Melody valve suggests that valve function and durability will be extremely
limited when used in these locations.

= DO NOT use if patient’s anatomy precludes introduction of the valve, if the
venous anatomy cannot accommodate a 22 Fr size introducer, or if thereis
significant obstruction of the central veins.

= DONOT useifthere are clinical or biological signs of infection including active
endocarditis. Standard medical and surgical care should be strongly considered
inthese circumstances.

= Assessment of the coronary artery anatomy for the risk of coronary artery
compression should be performed in all patients prior to deployment of the TPV.

= To minimize the risk of conduit rupture, do not use a balloon with a diameter
greater than 110% of the nominal diameter (original implant size) of the
conduit for pre-dilation of the intended site of deployment, or for deployment
ofthe TPV.

= The potential for stent fracture should be considered in all patients who undergo
TPV placement. Radiographic assessment of the stent with chest radiography
or fluoroscopy should be included in the routine postoperative evaluation of
patients whoreceivea TPV.

= Ifa stent fracture is detected, continued monitoring of the stent should be
performed in conjunction with clinically appropriate hemodynamic assessment.
In patients with stent fracture and significant associated RVOT obstruction or
regurgitation, reintervention should be considered in accordance with usual
clinical practice.

Potential procedural complications that may result from implantation of the
Melody device include the following: rupture of the RVOT conduit, compression of
acoronary artery, perforation of a major blood vessel, embolization or migration
of the device, perforation of a heart chamber, arrhythmias, allergic reaction

to contrast media, cerebrovascular events (TIA, CVA), infection/sepsis, fever,
hematoma, radiation-induced erythema, blistering, or peeling of skin, pain,
swelling, or bruising at the catheterization site.

Potential device-related adverse events that may occur following device
implantation include the following: stent fracture; stent fracture resulting in
recurrent obstruction, endocarditis, embolization or migration of the device,
valvular dysfunction (stenosis or regurgitation), paravalvular leak, valvular
thrombosis, pulmonary thromboembolism, hemolysis.

"The term “stent fracture” refers to the fracturing of the Melody TPV. However,
in subjects with multiple stentsinthe RVOT it is difficult to definitively attribute
stent fractures to the Melody frame versus another stent.

For additional information, please refer to the Instructions for Use provided with
the product or available on http://manuals.medtronic.com.

CAUTION: Federallaw (USA) restricts this device to sale by or on the order of a
physician.

medtronic.com

710 Medtronic Parkway LifeLine

Minneapolis, MN 55432-5604 CardioVascular Technical Support
USA Tel: (877) 526-7890

Tel: (763) 514-4000
Fax: (763) 514-4879
Toll-free: (800) 328-2518

Tel: (763) 526-7890
Fax: (763) 526-7888
rs.cstechsupport@medtronic.com

©2018 Medtronic. Allrights reserved. Medtronic, Medtroniclogo and Further, Together
are trademarks of Medtronic. All other brands are trademarks of a Medtronic company.
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Important Labeling Information for Geographies Outside of the United States

Indications: The Melody™ TPV is indicated for use in patients with the following

clinical conditions:

= Patients with regurgitant prosthetic right ventricular outflow tract (RVOT)
conduits or bioprostheses with a clinical indication for invasive or surgical
intervention, OR

= Patients with stenotic prosthetic RVOT conduits or bioprostheses where the
risk of worsening regurgitation is a relative contraindication to balloon dilatation
or stenting

Contraindications:
= Venous anatomy unable to accommodate a 22 Fr size introducer sheath

= Implantation of the TPV in the left heart

= RVOT unfavorable for good stent anchorage

= Severe RVOT obstruction, which cannot be dilated by balloon
= Obstruction of the central veins

= Clinical or biological signs of infection

» Active endocarditis

= Known allergy to aspirin or heparin

= Pregnancy

Potential Complications/Adverse Events: Potential procedural complications
that may result from implantation of the Melody device include the following:
rupture of the RVOT conduit, compression of a coronary artery, perforation of
amajor blood vessel, embolization or migration of the device, perforation of a
heart chamber, arrhythmias, allergic reaction to contrast media, cerebrovascular
events (TIA, CVA), infection/sepsis, fever, hematoma, radiation-induced
erythema, pain, swelling or bruising at the catheterization site.

Potential device-related adverse events that may occur following device
implantation include the following: stent fracture; stent fracture resulting in
recurrent obstruction, endocarditis, embolization or migration of the device,
valvular dysfunction (stenosis or regurgitation), paravalvular leak, valvular
thrombosis, pulmonary thromboembolism, hemolysis.

The term “stent fracture” refers to the fracturing of the Melody TPV.
However, in subjects with multiple stentsinthe RVOT it is difficult to
definitively attribute stent fractures to the Melody frame versus
another stent.

For additional information, please refer to the Instructions for Use provided
with the product or available on http://manuals.medtronic.com.

The Melody Transcatheter Pulmonary Valve and Ensemble Il Transcatheter

Delivery System has received CE Mark approval and is available for distribution
in Europe.

Medtronic
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Working together to understand your needs and challenges drives valuable outcomes
that positively impact you and your patients’ future.

Canon Medical'’s vision and commitment to improving life for all, lies at the heart of everything we do. By partnering to
focus on what matters, together we can deliver intelligent, high quality solutions.

With Canon Medical, true innovation is made possible.

CANON MEDICAL SYSTEMS USA, INC. Made For life
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Occlutech Paravalvular Leak Device

Paravalvular leak closure

The Occlutech PLD is an ideal device for closing paravalvular leaks as it offers
a range of outstanding features

e User-friendly and easy to use.
e Optimal positioning by two gold markers.
e Repositionable and fully retrievable.

e Optimized concave shape facilitates placement around
the implanted valve.

¢ Available with wide range of sizes for closing from small
leaks to large leaks.

¢ Available with different design options for different

PVL morphologies: Rectangular and Square.

Perfecting Performance

© Occlutech 2018. Al rights reserved. Occlutech is a registered trademark. Individual productavailability subject to local regulatory clearance, may
not be available in all territories.The information published in this advertisement is provided by Occlutech for information purposes only and shall not
be construed as the giving of advice or making of any recommendation and information presented in this advertisement should not be relied upon
as the basis for any decision or action. All information is provided in good faith but without warranty of any kind, express or implied and any use of
information or material contained in this advertisement is at the users’ sole risk. Occlutech products are not available for distribution or sales in the US.
www.occlutech.com P17F06.034.01

W = Waist

The Occlutech PLD is available with two types of connections between
the discs, Waist or Twist. Example shown on a Occlutech PLD Square.

@Ocoluteeh
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Interventional Systems

B/BRAUN

Z-MED and Z-MED II

Balloon Aortic and Pulmonic
Valvuloplasty Catheters

Distributed by:
B. Braun Interventional Systems Inc. | Part of the B. Braun Group of Companies
Bethlehem, PA | USA | 877-836-2228 | www.bisusa.org

SHARING EXPERTISE

ESTABLISHED.
PROVEN.
EFFECTIVE.

For over 25 years, B. Braun Interventional
Systems has been and continues to be a
trusted industry leader in providing high
quality valvuloplasty brands. Z-MED and
Z-MED Il are proven brands with excellent
product features for dependable performance

and procedural efficiency.

.°.°. Rapid inflation/deflation times maximize

® o ® reperfusion and minimize procedure time

.°.°. Short balloon tapers and distal tip for

® ¢ ® optimal positioning within the valve

:.0 Low profile design provides consistent
® o o deliverability and retractability

Refer to the Instructions for Use for complete indications, relevant warnings, precautions, complications, and contraindications.
Z-MED and Z-MED Il are trademarks of NuMED, Inc. RX only CV-9119 10/19 ©2019 B. Braun Interventional Systems Inc.


http://bisusa.org/products/pta-ptv-balloons/z-med

Editor-in-Chief

Editorial Board

Associate Editors

Ziyad M. Hijazi

Co-Editor-in-Chief

Sidra Medical & Research Center
(Doha-qatar)

Oscar Mendiz

Assistant Editors

Fundacion Favaloro
(Buenos Aires, Argentina)

Clifford J. Kavinsky
Bray Patrick Lake

John Messenger

Rush University Medical Center
(Chicago, IL)

PFO Research Foundation
(Boulder, CO)

University of Colorado

(Aurora, CO)

Damien Kenny

Rush University Medical Center
(Chicago, IL)

Hussam Suradi

Rush University Medical Center
(Chicago, IL)

Michael Kim University of Colorado
(Aurora, CO)

Editorial Board

Teiji Akagi Okayama University Bharat Dalvi Glenmark Cardiac Centre
(Okayama, Japan) (Mumbai, India)

Bagrat Alekyan Bakoulev Scientific Center for Jo De Giovanni Birmingham Children’s Hospital
Cardiovascular Surgery (Birmingham, United Kingdom)
(Moscow, Russia) Helene Eltchanninof University Hospital

Zahid Amin Children’s Hospital of Georgia (Rouen, France)

Steven Bailey
Lee Benson
Lisa Bergersen

Younes Boudjemline

Elchanan Bruckheimer

Maurice Buckbinder
Massimo Caputo
Mario Carminati
John Carroll

John P. Cheatham

Jae Young Choi
Antonio Colombo
Costantino Costantini
Alain Cribier

Roberto Cubeddu

(Augusta, GA)

University of Texas, San Antonio
(San Antonio, TX)

Hospital for Sick Kids

(Toronto, Canada)

Boston Children’s Hospital
(Boston, MA)

Hospital Necker

(Paris, France)

Schneider’s Children’s

Medical Center

(Petach Tikva, Israel)

Stanford University

(Palo Alto, CA)

Rush University Medical Center
(Chicago, IL)

San Donato Milanese

(Milan, Italy)

University of Colorado Denver
(Aurora, CO)

Ohio State University
(Columbus, OH)

Severance Cardiovascular Hospital
(Seoul, Korea)

St. Rafaele Hospital

(Milan, Italy)

Hospital Cardiolégico Costantini
(Curitiba, Brazil)

Charles Nicolle Hospital
(Rouen, France)

Aventura Hospital
(Miami, FL)

Maiy El Syed
Thomas Fagan
Ted Feldman
Olaf Franzen
Yun Ching Fu
David Gao
Eulogio Garcia
Marc Gewillig
Matt Gillespie
Omer Goktekin
Steven Goldberg
William Gray
Eberhard Grube

Jeft Harrisberg

William E. Hellenbrand

James Hermiller

Ain Shams Univesity

(Cairo, Egypt)

University of Colorado

(Denver, CO)

Evanston Northshore Hospital
(Evanston, IL)

University Heart Center Hamburg
(Hamburg, Germany)

Taichung Veterans General Hospital
(Taichung, Taiwan)

Shanghai Children’s Medical Center
(Shanghai, China)

Hospital Clinico San Carlos
(Madrid, Spain)

University of Lueven

(Lueven, Belgium)

Children’s Hospital of Philadelphia
(Philadelphia, PA)

BezmiAlem Vakif University
(Istanbul, Turkey)

University of Washington

(Seattle, WA)

Columbia University

(New York, NY)

Heart Center Siegburg

(Siegburg, Germany)

Pediatric Cardiology

(Gauteng, South Africa)

Yale University

(New Haven, CT)

The Care Group

(Indianapolis, IN)



Howard Herrmann
David Holmes
Noa Holoshitz
Ralf Holzer

Eric Horlick
Reda Ibrahim
Michel Ilbawi
Frank Ing
Alexander Javois
Thomas Jones
Saibal Kar
Clifford Kavinsky
Joseph Kay
Damien Kenny
Morton Kern
Michael Kim
Seong-Ho Kim
Susheel Kodali
Jackie Kreutzer

Shelby Kutty

Bray Patrick-Lake
Michael Landzberg

Roberto Lang

John Lasala

Martin B. Leon
Daniel Levi

Scott Lim

University of Pennsylvania
(Philadelphia, PA)

Mayo Clinic

(Rochester, MN)

Rush University Medical Center
(Chicago, IL)

Sidra Medical & Research Center
(Doha, Qatar)

University of Toronto
(Toronto, Canada)

Montreal Heart Institute
(Montreal, Canada)

Rush University Medical Center
(Chicago, IL)

LA Children’s Hospital

(Los Angeles, CA)

Hope Children’s Hospital
(Oak Lawn, IL)

Seattle Children’s Hospital
(Seattle, WA)

Cedars Sinai Medical Center
(Los Angeles, CA)

Rush University Medical Center
(Chicago, IL)

University of Colorado

(Denver, CO)

Rush University Medical Center
(Chicago, IL)

University of California Irvine
(Irvine, CA)

University of Colorado

(Aurora, CO)

Cheju Halla General Hospital
(South Korea)

Columbia University Medical Center
(New York, NY)

Pittsburgh Children’s Hospital
(Pittsburgh, PA)

Children’s Hospital and University
of Nebraska Medical Center
(Omaha, NB)

PFO Research Foundation
(Boulder, CO)

Boston Children’s Hospital
(Boston, MA)

University of Chicago
Medical Center
(Chicago, IL)

Barnes Jewish Hospital,
Washington University
(St. Louis, MO)

Columbia University

(New York, NY)

UCLA Medical Center

(Los Angeles, CA)

University of Virginia Health System
(Charlottesville, VA)

Michael Mack
Francesco Maisano
Raj Makkar

Robert March

Gwen Mayes

Pat McCarthy
Doft McElhinney
John Messenger
Friedrich Mohr

Issam Moussa
Michael Mullen

David Muller
William O’Neill
Igor Palacios

SJ Park

Carlos Pedra

Alejandro Peirone
Giacomo Pongiglione
Matthew Price
Robert Quaife
Shakeel Qureshi
Steve Ramee

Mark Reisman

John Rhodes
Charanyjit Rihal
Richard Ringel

Carlos Ruiz

Baylor Healthcare System
(Plano, TX)

University of Zurich
(Zurich, Switzerland)
Cedars Sinai Medical Center
(Los Angeles, CA)

Rush University Medical Center
(Chicago, IL)

VP National Patient
Advocate Foundation
(Washington, DC)
Northwestern Memorial Hospital
(Chicago, IL)

New York University

(New York, NY)

University of Colorado
(Denver, CO)

Herzzentrum Universitaet Leipzig
(Leipzig, Germany)
(Jacksonville, FL)

The Heart Hospital
(London, England)

St. Vincent’s Hospital
(Sydney, Australia)

Henry Ford Hospital
(Detroit, MI)

Mass General Hospital
(Boston, MA)

University of Ulsan

College of Medicine

(Seoul, Korea)

Danta Pazzanese

Instituto de Cardiologia
(Sao Paolo, Brazil)
Children’s Hospital of Cordoba
(Cordoba, Argentina)
Bambino Gesu Hospital
(Rome, Italy)

Scripps Clinic

(La Jolla, CA)

University of Colorado
(Denver, CO)

Evelina Children’s Hospital
(London, UK)

Oschner Clinic

(New Orleans, LA)

Swedish Medical Center
(Seattle, WA)

Miami Children’s Hopsital
(Miami, FL)

Mayo Clinic

(Rochester, MN)

Johns Hopkins Medical Center
(Baltimore, MD)

Lenox Hill Hospital

(New York, NY)



Ernesto Salcedo

Joachim Schofer

Horst Sievert

Frank Silvestry

Paul Sorajja

Christian Spies
Gregg Stone
Corrado Tamborino
Vinod Thourani

Jonathan Tobis

University of Colorado
(Denver, CO)
Hamburg University
Cardiovascular Center
(Hamburg, Germany)

CardioVascular Center

Sankt Katharinen Hospital

(Frankfurt, Germany)

University of Pennsylvania Hospital

(Philadelphia, PA)

Minneapolis Heart
Institute Foundation
(Minneapolis, MN)

Queen’s Heart Physician Practice

(Honolulu, HI)
Columbia University
(New York, NY)
University of Catania
(Catania, Italy)
Emory University
(Atlanta, GA)

UCLA Medical Center
(Los Angeles, CA)

Murat Tuczu

Zoltan Turi

Alec Vahanian
Joseph J. Vettukattil
Kevin Walsh

John Webb

Brian Whisenant
Matthew Williams
Neil Wilson

Evan Zahn

Cleveland Clinic Foundation
(Cleveland, OH)

Robert Wood Johnson
Medical School

(Camden, NJ)

Bichat University Hospital
(Paris, France)

Spectrum Health

(Grand Rapids, MI)

Our Lady’s Hospital
(Dublin, Ireland)

St. Paul Hospital Vancouver
(British Columbia, Canada)
Intermountain Medical Center
(Salt Lake City, Utah)
Mount Sinai Medical Center
(New York, NY)

University of Colorado
(Denver, CO)

Cedars Sinai Medical Center
(Los Angeles, CA)



JoHD

Journal of Structural Heart Disease

Volume 5, Issue 6, December 2019

ORIGINAL SCIENTIFIC ARTICLES

237 Endovascular VSD Closure with Lifetech KONAR-Multifunctional Occluder -
Novel Device
Jesus Damsky Barbosa, José Alonso, Liliana Ferrin, Marcelo Rivarola, Victorio Lucini, Julio Biancolini,
Adelia Marques Vitorino, Rosa Ramirez, Judith Ackerman, Ines Martinez, Fernanda Biancolini,
Ana Maria Susana de Dios

248 Predictors of Paravalvular Aortic Regurgitation Following Transcatheter Aortic Valve

Replacement Using the New Evolut™ PRO System
Teresa Alvarado Casas, Fernando Rivero Crespo, Javier Cuesta Cuesta, Esther Gonzalez, Alberto Vera,
Antunia Paula, Guillermo Diego, Jesus Jiménez Borreguero, Fernando Alfonso

254 Incremental Prognostic Utility of Myocardial Fibrosis Imaging By Speckle Tracking

Echocardiography Post Transcatheter Aortic Valve Replacement
Mohamad Hemu, Kyaw Zaw Hein, Ahmad S. Manshad, Fatima Ballout, Fareed M. Collado,
Clifford J. Kavinsky

Case REPORTS

263 Very Late Thrombosis of an Atrial Septal Defect Occluder Device Causing a Massive
Splenic Infarction
Pablo Tome Teixeirense, Joao Felipe Barros de Toledo, Luiz Antonio Gubolino,
Antoninha Azevedo Bragalha, Camila Alves Pereira

268 Endovascular Treatment of Hypoplastic Gothic Aortic Arch in Combination With

Congenital Absence of the Left Common Carotid Artery
Manolis Georgievich Pursanov, Mikhail Aramovich Abramyan, Yurii Nikolaevich Shamrin, Aleksei Vladi-
mirovich Bedin, Davronbek Bozorkulovich Pardaev, Ekaterina Nikolaevna Kabanova

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



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

Original Scientific Article

JSHD

Journal of Structural Heart Disease

Journal of Structural Heart Disease, December 2019,
Volume 5, Issue 6:237-247

Received: January 05, 2019
Accepted: February 19,2019
Published online: December 2019

DOI: https://doi.org/10.12945/j.jshd.2019.001.19

Endovascular VSD Closure with Lifetech KONAR-
Multifunctional Occluder - Novel Device

Jesus Damsky Barbosa, MD", José Alonso, MD?, Liliana Ferrin, 3, Marcelo Rivarola, MD*,
Victorio Lucini, MD?, Julio Biancolini, MD®, Adelia Marques Vitorino, MDS, Rosa Ramirez’,
Judith Ackermané, Ines Martinez®?, Fernanda Biancolini®, Ana Maria Susana de Dios®?

Pediatric Cardiology, "Pedro de Elizalde" Childrens Hospital, CABA, , Argentina

2 Pediatric Cardiology and Catheterization Laboratory, High Complexity Hospital “Juan Domingo Peron', Formosa, Argentina

3 Pediatric Cardiology and Catheterization Laboratory, Institute of Cardiology of Corrientes, Corrientes, Argentina

4 Pediatric Cardiology and Catheterization Laboratory, Universitary Austral Hospital, Pilar Centro, Buenos Aires, Argentina

® Catheterization Laboratory, "Pedro de Elizalde" Childrens Hospital, CABA, Argentina

6 Pediatric Cardiology and Catheterization Laboratory, "Pedro de Elizalde" Childrens Hospital, CABA, Argentina

7 Pediatric Nursing Catheterization Laboratory, "Pedro de Elizalde" Childrens Hospital, Buenos Aires, Argentina

8 Pediatric Cardiology and Echocardiography Laboratory, “Pedro de Elizalde” Childrens Hospital, Buenos Aires, Argentina

° Pediatric Cardiology, "Trinidad Mitre" Institution, Buenos Aires, Argentina

Abstract

The aim of this publication is to report the short and
mid-term results of the closure of perimembranous
and muscular Ventricular Septal Defect (VSDs) with the
novel device, Konar-Multifunctional Occluder (MFO).

Introduction: The endovascular closure of Ventricu-
lar Septal Defect (VSD) is a well-established procedure.
The Konar Multifunctional occluder (MFO) allows clo-
sure of large VSDs in an antegrade or retrograde way.

Materials and Method: Since October 2017, the VSD
closures were performed in 17 patients with MFO de-
vice, including 3 patients weighing less than 5 kg with
Associated Complex Congenital Heart Diseases. The
Transthoracic Echocardiography (TTE) measurements
were as follow: Left orifice: mean of 7.71 mm £SD (4 to
12.3 mm); Right orifice: mean of 4.69 mm +SD (2.8 to
7.8 mm); Length: mean of 5.75 mm +SD (3 to 9.7 mm).

Results: From the scope of 17 patients, 16 procedures
were successful and only 1 failed. The mean follow-up
was 5.3 months (1 to 11 month). There were no major
complications such as complete AV block, hemolysis,
etc. No residual shunt was showed in the mid-term fol-
low-up. 2 patients less than 5 kg died afterwards: 1 due

to sepsis and the other one after the reoperation of se-
vere restenosis of the pulmonary veins.

Conclusions: VSD closure with the Konar-MF occlud-
er is feasible for both congenital and residual post-
operative VSDs. It offers a vast variety of options by
allowing different approaches to the VSD occlusion,
(antegrade, retrograde and even through the foramen
ovale), that had greatly simplified the procedure, giv-
ing the device a very substantial advantage, including
the closure of large defects in low weight patients.
Copyright © 2019 Science International Corp.
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Introduction

Ventricular Septal Defects (VSDs) is the second
most frequent congenital heart disease. The inci-
dence of VSD is between 1.5 and 3.5/1000 in live birth
and 4.5 to 7/1000 in premature babies1. The peri-
membranous VSD makes 70% of the VSD2 cases.
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Table 1. Different types of MFO catalog numbers with the corresponding delivery sheaths.
LWaist Recommended
D Disc Diameter D2 Waist Diameter D1 Waist Diameter  Length  Delivery Sheath
Catalog Number (mm) LV Side (mm) RV Side (mm) (mm) (Fr)
LT-MFO-5-3 10 5 3 4
LT-MFO-6-4 10 6 4 4
4F-5F
LT-MFO-7-5 12 7 5 4
LT-MFO-8-6 12 8 6 4
LT-MFO-9-7 14 9 7 4 6F
LT-MFO-10-8 14 10 8 4
LT-MFO-12-10 16 12 10 4
7F
LT-MFO-14-12 18 14 12 4

Although surgical intervention is considered the
gold standard for VSD [3-6], VSDs can successfully be
closed by catheterization in patients with favorable
anatomies and precise indications. Despite this, dif-
ferent complications have arisen where the complete
AV block [7, 8], remains the most fearsome, and there-
fore, it is necessary to be extremely careful with the
indication of this procedure, the choice of the device,
and even with the vascular access selection.

Different devices have proven to successfully close
different types of VSDs, depending on the size, lo-
cation, and presence or absence of prolapse of the
aortic sigmoid. Several devices have been used in
VSD closure, such as the PDA Nit-Occlud® coil, Flip-
per® PDA [9, 10] coil, AMPLATZER™ [11, 12] devices for
muscular VSD and Ductus ADO Il devices [13, 14].

Regarding vascular access, the arteriovenous loop
for the perimembranous VSDs that requires puncture
of the femoral artery and the femoral vein was al-
ready described by Lock et al [15]. In mid-ventricular
and apical VSDs, the arteriovenous loop is performed
through the right jugular vein. However, the retro-
grade approach from the femoral artery can be done
by using devices with symmetrical discs that allow
easy access and rapid treatment of the VSD [3, 12].

The new Lifetech KONAR-MF™ Multifunctional Oc-
cluder (MFO) was developed to allow the occlusions of
small to large defects that can be placed through both
vascular approaches, anterograde and retrograde.

The purpose of this study is to report the short-
and mid-term results of perimembranous and mus-
cular VSDs closure with the use of the new MFO.

Materials and Method

The experience with the new MFO for endovascu-
lar closure of VSDs began in October 2017.

Device design

The MFO is a self-expanding occluder consisting of
a layer nitinol wire mesh with 144 wires of 0.002" ni-
tinol cables. It has two discs joined by a waist, which
is formed by a truncated cone. The base of this cone
is attached to the left disc and from the vertex, which
is umbilicated, hangs an arm that joins it to the right
disc. This arm allows articulation to the right disc. The
length of the waist is 4 mm and stretches up to 7 mm.

The left disc or “high-pressure disc” is attached to
the base of the truncated cone of the waist, and the
right or “low-pressure disc” is attached to the waist
arm. Each disc contains a 2.4 mm long hub with a
screw so that the device can be positioned retro-
gradely or anterogradely. Both discs of the device are
of equal size. It is a symmetric device.

The base of the cone or “D2” has a diameter of 2
mm greater than the vertex. adding 2 mm on each
side to “D2" we obtain the diameter of the left disc or
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Figure 1. Konar-MFO. Panel A. The device. Panel B. The design. Panel C. Device Components Denomination: (Panel D) Disc diameter,
(Panel D1): Waist Diameter Right Ventricular side (Panel D2): Waist Diameter Left Ventricular side. Panel D. The arrows show the PTFE.

"D", except for the 5-3, 7-5 and 9-7 devices where 2.5
mm must be added on each side.

Devices whose disc diameters "D" is = 14 mm have
a PTFE membrane inside (Figure 1).

The delivery system consists of a sheath and a ca-
ble (Figure 2). The cable has a thickness of 3 frand a
length of 1,5 m. On one side it has a screw to hold
the device and on the other a handle that allows the
device delivery maneuver with a counter-clockwise

rotation. The delivery sheaths diameter depends on
the diameter of the device (Table 1).

All procedures were performed under general an-
esthesia and patients were anticoagulated with Hep-
arin 100 IU / kg and repeated 50 IU / kg every hour.
7500 IU were used in adults and afterward added
2500 IU more.
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Figure 2. Delivery System. Panel A. The cable has, on one side a screw to hold the device and on the other side, the handle. Panel B.
The screw that holds the device. Panel C. The sheath. Panel D. The loader with the device.

Protocol design
Inclusion criteria

Patient > 2.5 kg

Perimembranous VSD with aneurism

Muscular VSDs with adequate rims
Pulmonary/Systemic flow (QP/QS) > 1.5:1

Clinical and/or echocardiographic signs of volume
overload

Pulmonary resistance (PR) <7UW

. History of endocarditis

AW N -

N o

Exclusion criteria

1. Perimembranous VSDs without aneurysm
2. Muscular VSDs with inadequate rims

3. Not perimembranous or muscular VSD type
4. PR>7UW

5. Associate congenital heart disease of exclusively
surgical resolution

All previous measurements for the patient selec-
tion were made with transthoracic echocardiography
(TTE), included the right orifice, the left orifice, and
the VSD length.

During the procedure, the patients over 5 Kg, were
measured with transesophageal echocardiography
(TEE) and under 5kg by transthoracic echocardiogra-
phy (TTE).

Patients with perimembranous and high muscular
VSDs performed 24 hours Holter before the proce-
dure as well as an electrocardiogram (EKG) for those
with the prior disorder.

The choice of the appropriate device is related to
the TTE measurements of the VSD orifices, the size of
the waist and the high-pressure disc of the device.
The waist diameter, suggested by the device Compa-
ny, is 2 mm greater than the maximum diameter of
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Figure 3. Perimembranous VSD. Panel A. TEE 120 degrees view. The arrows show the VSD. Panel B. TEE 120 degrees with Doppler color
where the arrow shows the flow of the color through the VSD. Panel C. Left Ventricular Angiography (4 chambers): the arrow shows
the VSD. Panel D. Retrograde approach positioning of the device. Panel E. Left Ventricle Angiography (4 chambers): the arrow shows
the correct position of the device. Panel F. TEE 120 degrees view that shows the trivial residual shunt.

the right orifice of the defect. The left disk has a main
role in the perimembranous and high muscular VSDs,
due to therisk of AV block. In the case of perimembra-
nous VSD with more than one right orifice, the device
will need to be placed inside the aneurysm to avoid
the conducting system and to occlude all the right
orifices. This is achieved with a retrograde approach
(Figure 3).

In muscular VSDs, the device has to inevitably lay
over the interventricular septum; special care has to
be taken in high muscular VSDs due to the direct rela-
tionship with the conduct system (Figure 4).

Follow up

24 hs: Thoracic X-Ray, EKG and TTE.

« 1 month: EKG and TTE.

+ 3 months: EKG, TTE, and 24hs Holter.

+ 6 months: EKG and TTE.

« 1year:Thoracic X-Ray, EKG, TTE and 24hs Holter.

Statistics Analysis

T-Test or Student Test was used in the statistical
analysis. Statistical significance is p <0.05.

Results

17 procedures performed on 17 patients: 14 pa-
tients > 10 kg and 3 patients <5 kg.

>10kg

Sex: 9 males, 5 females; Age: median 12.67 years
(1.11 to 37 years); and Weight: mean 39,96 kg +SD (12
to 89 kg).

2 patients had complete right bundle branch block
prior to the procedure, both postoperative.

VSD type

+ Perimembranous VSD with aneurysm: 4 patients. 2
of them had 2 right orifices.
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Figure 4. Muscular VSD. Panel A. TEE 0-degree view. The arrow shows the Muscular VSD. Panel B. Left Ventricle Angiography (4 cham-
bers): The Muscular VSD is shown by the arrows. Panel C. MFO Anterograde approach positioning. Panel D. Left Ventricle Angiography
(4 chambers): The device is correctly in place. Panels E and F. TEE shows no residual shunt.

« Muscular VSD: 8 patients (5 high-muscular and 3
mid-ventricular VSDs). 1 patient had a Ductus Arte-
riosus associated that was also closed in the same
procedure.

« 2 postoperative VSDs: 1 patient had a Perimem-
branous VSD surgically repaired who suffered from
endocarditis and presented with a residual shunt,
and 1 patient had Tetralogy of Fallot surgically re-
paired with a residual VSD and Subtricuspid left
ventricle-right atrium shunt.

« 2 postoperative VSDs: 1 patient had a Perimem-
branous VSD surgically repaired who suffered from
endocarditis and presented with a residual shunt;
The other patient had Tetralogy of Fallot surgically
repaired with a residual VSD and subtricuspid left
ventricle-right atrium shunt.

VSD echocardiographic measurements:
+ Left orifice: mean 6.92 mm £SD 2.83.

+ Right orifice: mean 4.54 mm +SD 1.50. 2 patients
had more than one right orifice.

+ Length: mean 4.82 mm £SD 3.72.
Hemodynamic data:

« QP/QS: mean 1.65/1 (1.3/1 to 2.2/1).
« Pulmonary pressure: mean 24/11 (20/10 to 40/16).

The device most frequently used was 7-5. The de-
vices employed were: 5-3: 3 devices, 6-4: 2 devices,
7-5: 4 devices, 8-6: 3 devices, 9-7: 1 device and 10-8
1 device.

The mean of the right waist was 5.07mm £SD 1.52;
the mean of the left waist was 7.07mm £SD 1.52, and
the mean length of the waist was 4 mm.

Endovascular VSD closure was successful in 13
out of 14 patients with trivial to no residual shunt.
The failed procedure was on a patient who had a
high muscular VSD and persisted with severe resid-
ual shunt after the implantation of the device. There
was an attempt to close the VSD with a bigger device,
but the patient presented a transient AV block during
the procedure so the decision was taken to surgically
close the defect.
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Figure 5. Mid-Muscular VSD. Panel A. TEE: 4 chambers view shows the Mid-ventricular VSD. Panel B. Left Ventricular Angiogram: the
arrow shows the VSD Panel C. MFO totally positioned crossing the mitral valve. Panel D. Left Ventricular Angiogram: a trivial residual
shunt can be observed. Panel E. TEE: 4 chambers view: the arrow shows the trivial residual shunt.

Follow up

The mean follow-up was 5.75 months (1 to 10
months). No complete AV block, hemolysis or may-
or complications were observed throughout the fol-
low-up.

<5kg

Patients <5 kg had another congenital heart dis-
ease associated with severe hemodynamic repercus-
sions. All 3 patients presented with heart failure and
pulmonary edema.

The mid-ventricular muscular VSDs were the type
of defect.

The associated congenital heart diseases were as
follow:

Case 1

1-month-old, 3 kg. Suffered from severe Aortic ste-
nosis and severe Aortic coarctation associated with
patent Ductus Arteriosus and a muscular VSD. Aor-
tic valvuloplasty and balloon angioplasty were per-
formed and, 4 days later, the Aortic arch was surgical-
ly repaired and the Ductus closed. A week later, the
patient remained with heart failure and pulmonary
edema, so endovascular occlusion of the VSD was
successfully done (Figure 5).

Case 2

3-month-old, 3 kg. Presented with transposition
of great arteries and a muscular VSD. After being sur-
gically repaired with arterial switch technique, the
patient persisted with residual VSD and severe heart

Damsky Barbosa J. et al.
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Table 2. Shows the hemodynamic data, VSD measurements, the devices used and the immediate results.
Left To Right Pulmonary Residual
Case Shunt Hypertension Left Orifice  Right Orifice Length MFO Shunt
1 Severe Severe 8 MM 8 MM 4 MM 10/8 No
2 Severe Severe 5MM 7 MM 3 MM 8-6 Mild
3 Severe Moderate 5 MM 5 MM 3 MM 6-4 No

failure reason why endovascular occlusion of the VSD
was performed.

Case 3

5-month-old, 5 kg. The anomaly associated was an
obstructed infradiaphragmatic pulmonary venous re-
turn. After the surgical repair, the severe pulmonary
hypertension persisted so Nitric Oxide was required.
After 10 days, the pulmonary pressure decreased and
endovascular VSD occlusion was performed. During
the Pulmonary vein re-stenosis surgery, the patient
died.

Table 2 shows the hemodynamic data, the VSD
measurements, the devices used and the immediate
result.

Follow up
Case 1

Good clinical condition with Aortic re-coarctation
waiting for a new angioplasty.

Case 2

The patients died 15 days after the procedure due
to sepsis.

Case 3

The patient developed a progressive severe Pul-
monary Vein Stenosis and died during the surgery.

Discussion

VSD closure has historically been surgical [3-6].
After Lock [15] performed the first VSD occlusion by

catheterization, different devices and vascular ap-
proaches have been proposed.

VSD closure was historically treated through sur-
gery [3-6]. After Lock™ performed the first VSD occlu-
sion by catheterization, different devices and vascu-
lar approaches, such as Nit-Occlud® PDA coil, Flipper®
PDA [9, 10] coil and AMPLATZER™ [11, 12] devices
for muscular VSD and Ductus ADO Il devices [13,14].
have been used to perform the closure.

Few complications were reported, being complete
AV block the most feared [7, 8, 17-19].

The endovascular occlusion of perimembranous
defects with the MFO device has the same feasibili-
ty as other known devices. The MFO great versatility
in the vascular access, allow the possibility of closing
defects of larger sizes with lower profile sheaths that
can be placed through both vascular approaches, an-
terograde and retrograde, expanding the spectrum
of patients who can benefit from the alternative clo-
sure by catheterization, among others.

In the short term follow-up, we did not observe in
the cohort patients the complete AV block, however,
it is a complication that can appear at any time that
requires [19] a close follow-up.

Inthe vascular access, we usually use the antegrade
approach for mid-ventricular and apical muscular de-
fects, leaving the retrograde maneuver for the peri-
membranous and high muscular VSDs. Depending
on the circumstances, avoiding the arteriovenous
loop can simplify the procedure and reduce the risks
associated with this technique. Moreover, avoiding
arterial puncture represents a great advantage, es-
pecially in small patients. The MFO's great versatility,
due to the double hub with screw-in both sides, al-
lows the occlusion of the VSD in an antegrade or ret-
rograde way according to convenience. In complex
cases where the placement of the device is challeng-
ing, we suggest the use of the antegrade approach.
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When using the retrograde approach, the right disc
has to be completely open on the right side of the
VSD so when it is pulled gently towards the left side,
the full occlusion of the right orifice is performed.
Later on, the waist and left disc are deployed within
the aneurysm, with no differences regarding residual
shunt between both approaches.

The patent foramen ovale (PFO) allows reaching
through the mitral valve, the left ventricle and cathe-
terizing mid-ventricular and apical VSDs from the cav-
ity. Caution must be placed during the procedure in
order to avoid injuries to the mitral valve. The guides
must be covered with the catheter at all times and
the placement of the sheath through the mitral valve
must be done carefully.

Smaller devices contain compact mesh, compare
to the larger ones. The PTFE membrane is needed in-
side the larger occluders to facilitate the closure.

The MFO devices come in different sizes, where the
greater diameter of the waist goes from 5 to 14mm
and the disc from 10 to 18 mm, enabling the closure
of VSDs from 3 mm to 12 mm. To select the adequate
device size, the Company suggests that the right
waist should exceed the maximum right diameter of
the VSD by at least 2 mm. Occasionally the right disc,
contributes to the occlusion avoiding the oversize of
the device.

In our analysis, the cohort of patients showed that
when comparing the right waist of the device with
the echocardiographic measurement of the right ori-
fice of the VSD, the mean of the diameters was almost
equal. The same result was showed when comparing
the left waist of the device with the left diameter of
the defect. The result of the analysis of the cohort of
patients showed, that the size of the discs had a signif-
icant difference with the left waist, which established
a linear relationship between the left diameter of the
VSD and the size of the discs. The discs device was 4
mm larger than the left orifice of the VSD, concluding
that the required size of the disc using the diameter
of the left orifice of the VSD should have an additional
4 mm.

Another relevant observation during the analysis
for the closure of the perimembranous defects was
that the size of the device was ruled by the diameter
of the aneurysm, as it had to be placed inside to avoid

the AV block, to perform the complete occlusion of
the right orifices, sometimes more than one.

The perimembranous VSDs without aneurysm
is difficult to be treated with MFO [15-19] since the
symmetrical discs might injure the Aortic sigmoids.
Eccentric devices can be used for these types of de-
fects where the left disc does not reach the aortic sig-
moid valve [22].

Base on our experience, the alternative treatment
was able to be offered to patients with very low
weight, greater than 2,500 kg [7, 26-28], serious life
risk, and did not comply with any requirement need-
ed for other treatments. This group of patients mani-
fests heart failure and acute pulmonary edema due to
large defects, greater than 5 mm. Babies with a severe
left to right shunt are often symptomatic with failure
to thrive and can die from heart failure and respira-
tory compromise if the medical treatment is insuffi-
cient and the closure is delayed. Only patients with
mid-ventricular and apical VSD can benefit from MFO
for endovascular closure. Patients with high muscu-
lar and perimembranous VSDs, especially in patients
under 1 year of age, will not be recommended for clo-
sure due to the high risk for complete AV block [12].
The low-profile and flexibility of the delivery system
is well tolerated by the venous system that allows the
crossing through the foramen ovale to LV avoiding
the puncture of the arterial, common complication
in young children. This is the main reason why Nag-
eswara [26] and Zartner [27] already proposed avoid-
ing arterial puncture in young children.

The postoperative residual VSDs range has been
reported between 5 and 25% [30] if reoperation is
decided, complications can arise [31]. When residual
VSDs are greater than 3 mm and associated with QP
/ QS over 1.5/ 1, they need to be closed [32, 33]. Base
on the information mention before, the endovascu-
lar treatment is a suitable option. In our experience,
two patients had a residual postoperative VSD and re-
quired endovascular closure with no complications in
the follow-up. Both patients had post-surgical com-
plete right bundle branch block, so they underwent
Holter prior to the procedure that did not show any
other type of severe arrhythmia that contraindicated
the device occlusion, and they did not present com-
plete AV block during follow-up.
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Base on our experience, successful closure was
achieved in 92.8% of the cases, without major compli-
cations and minimal or no residual shunt. The failed
procedure was due to the appearance of transient
complete AV block during a reposition maneuver of
the device that caused to refer the closure to surgery.

Regarding the group of patients under 5 kg who
had severe cardiac diseases, (TCGA with mid-ven-
tricular VSD, critical aortic stenosis with severe aortic
coarctation, Total anomalous pulmonary venous con-
nection (TAPVC), the decision was taken to repair the
most severe emergent pathology that was putting
the patient’s life at risk through VSD with the MFQ,
due to the versatility of the device.

One of the main strengths of this novel device is
the presence of a double hub that allows an antero-
grade or retrograde approach, as well as the low-pro-
file delivery system that allows the closing of large
VSDs in low-weigh patients under 5 Kg.

One of the disadvantages of the device in peri-
membranous VSDs with prolapse of the aortic sig-
moid is the symmetrical diameter of the discs that
can compromise the function of the aortic valve. As
well the length of the right hub (7mm) can injure the
tricuspid valve during the device implantation.

This is thefirst publication of the novel device“MFO”
for endovascular VSD closure that is in full develop-
ment with satisfactory short and mid-term results.
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Abstract

Background and Objective: The Evolut Pro (EVP) is a
novel self-expandable aortic valve. This prosthesis con-
sists of an external porcine pericardial wrap designed
to reduce paravalvular leak (PVL), maintaining the
benefits of its predecessor. The objective was to assess
predictors of PVL using this novel device (d minuscule).

Methods: Twenty-seven consecutive patients with
severe symptomatic aortic stenosis undergoing tran-
scatheter aortic valve replacement using the CoreV-
alve EVP bioprosthesis between October 2017 and July
2018, were prospectively recruited.

Patients were divided into two groups according
to the presence of PVL: no or trace PVL versus mild or
grade Il PVL. The groups were compared to identify the
demographic, echocardiographic and CT parameters
predictive of PVL

Results: Pre-discharge transthoracic echocardiog-
raphy revealed mild or grade Il PVL in 19 cases (70%)
(16 patients mild PVL; 3 grade Il PVL). There were no
patients with grade lll or severe (grade 1V) PVL. In all
patients, the regurgitation was paravalvular. The pros-
thesis/annulus discongruence (prosthesis diameter -
CT mean annular diameter) was significantly related
to the occurrence of mild/grade Il PVL (4.4+0.9 mm in
the mild/moderate PVL group, versus 5+0.5 mm in the
group without or trace PVL; p=0.04).

Conclusions: EVP system remains associated with

mild or grade Il PVL in a significant number of patients.
However, hemodynamically significant PVL was not
detected in any patient. The prosthesis/annulus dis-
congruence plays a major role in the occurrence of
residual PVL.

Copyright © 2019 Science International Corp.
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Introduction

Transcatheter aortic valve replacement (TAVR) has
become standard therapy for patients with severe
aortic stenosis who are deemed of at least interme-
diate risk for surgical valve replacement (SAVR). The
current commercially available valves are broadly
grouped into balloon-expandable and self-expand-
able valves [1]. However, there is significant clinical
concern regarding the higher incidence of paraval-
vular leak (PVL) with TAVR as compared to SAVR as
this has been associated with poor long-term clin-
ical outcomes [2]. The CoreValve™ system was the
first-generation self-expandable valve introduced to
the market. The second-generation device was the
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CoreValve™ Evolut™ R System, with a more secure
seal protecting against PVL [3, 4]. The latest iteration
of this self-expandable valve is named the Evolut Pro
system [1]. Based on the prior Evolut™ R platform, this
novel valve consists of an external pericardial wrap
that ensures a reduction in PVL while retaining other
benefits of the previous generation, including a low
delivery profile, self-expansion, as well as its ability to
recapture and reposition the valve.

The efficacy of the Evolut PRO design has been
initially tested by the investigators of the Evolut PRO
clinical study [5], conducted as a non-randomized,
single-arm prospective registry at eight centers in the
USA including a total of sixty well-selected patients.
These patients were prospectively followed over 30
days with a primary efficacy endpoint of none or trace
aortic regurgitation. The study showed that the Evo-
lut™ PRO system provided excellent hemodynamics
and minimal residual aortic regurgitation. There are
multiples studies that sought to assess PVL predic-
tors based on anatomical characteristics (defined by
computed tomography [CT]) [6-8]. Because Evolut™
PRO is a very new design, apart from the American
study [5], there is no additional data available about
its safety and efficacy in a “real life” clinical scenario.
Moreover, the incidence and determinants of PVL af-
ter TAVR with the CoreValve™ Evolut™ PRO remain un-
known. We sought to assess predictors of PVL using
this novel device.

Methods

Twenty-seven consecutive patients with severe
symptomatic aortic stenosis (aortic valve area (AVA)
<1 cm? or indexed AVA <0.6 cm?*m?) undergoing
transfemoral TAVI using the Medtronic CoreValve™
Evolut Pro bioprosthesis between October 2017 and
July 2018, were prospectively recruited. All patients
were previously discussed in a dedicated Heart Team
meeting involving cardiac surgeons, interventional
cardiologists, experts in cardiac imaging and clinical
cardiologists. Our clinical and anatomic selection cri-
teriaand device size selection were in accordance with
previous recommendations [4]. The prosthesis sizing
was based on a combination of echocardiographic
and CT measurements but eventually remained at the
discretion of the implanting interventional cardiolo-

gist. All patients underwent a pre-procedure CT and
allimages were systematically analyzed using a cardi-
ac application on a dedicated workstation by two in-
dependent experienced observers. The best diastolic
images at 70 or 80% of the R-R interval were used. The
largest (Dmax) and the smallest (Dmin) aortic annu-
lus and left ventricle outflow tract (LVOT) diameters
were measured. The mean diameter (Dmean) was de-
rived by averaging the largest and smallest diameter.
The circularity of aortic annulus was defined using
the eccentricity index using the formula (1 - Dmin/
Dmax) [6]. The degree of aortic valve calcification was
semi-quantitatively classified as no calcification, mild
calcification (small calcium spots), moderate calcifi-
cation (larger calcium spots), and severe calcification
(extensive calcification) as previously described [7].
The “cover index’, expressed as a ratio of: ([prosthe-
sis diameter — CT annulus diameter] / prosthesis di-
ameter) x 100, was calculated to assess the congru-
ence between the aortic annulus and the device [8].
Finally, to further explore the value of the difference
between prosthesis size and annular size for the pre-
diction of PVL, the difference between the nominal
bioprosthesis size and mean CT aortic annulus diam-
eter was assessed [9]. Following a predefined proto-
col, pre-discharge transthoracic echocardiographic
was obtained in all patients. PVL was systematically
graded, by an independent experienced operator
blinded to angiographic data and procedural results,
using multiple parameters including regurgitation
color jet density and width, circumferential extent
of turbulent regurgitation color jet around the aortic
annulus for PVL, descending and abdominal aorta
diastolic flow reversal on pulsed wave Doppler, and
pressure half- time of aortic regurgitation on contin-
uous wave Doppler signal, as previously defined [10].

For data analysis patients were divided into two
groups according to the presence of PVL: no or trace
PVL versus mild or grade Il PVL. The groups were com-
pared to identify the demographic, echocardiograph-
ic and CT parameters predictive of PVL. The data are
expressed as the mean + the standard deviation (SD).
The differences between the means were calculated
using Student’s t-test after assessing normality. The
differences in categorical variables were analyzed
using Chi-square tests. Univariate analysis was used
to identify the most significant predictors of PVL. The
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Table 1. Baseline clinical, echocardiographic and CT characteristics.

No/trace PVL Mild/gradell PVL

All (n=27) (n=8) (n=19) P value
Patients Characteristics
Age (years) 85+4.3 8324 86+4.8 0.1
Female 22 (81%) 7 (87%) 15 (79%) 0.6
BSA (mm?) 1.6+0.1 1.620.1 1.620.1 0.5
Echo Parameters
AVA (mm?) 0.74£0.16 0.72+0.15 0.75+0.17 0.7
Peak gradient (mmHq) 68+21 65+24 69+21 0.6
LVEF (%) 64+13 6314 64+13 09
CT Parameters
Mean annulus (mm) 23+£18 22.5+1.7 232+19 04
Annulus drea (mm?) 403463 387453 410+67 04
Annulus perimeter (mm) 697+114 699+54 6971132 09
Mean LVOT (mmHg) 219427 20.7+2.5 224126 0.1
Eccentricity index 0.22+0.05 0.23+0.06 0.21+£0.05 0.5
Cover index 16.6%3.3 18.1+2.1 16+3.6 0.07
Moderate/severe valve calcification 70% 63% 87% 04
Prosthesis diameter — CT mean annular 4.6+0.9 5205 4409 0.04

diameter (mm)

Data are presented as mean + standard deviation or as number (percentage) of patients. AVA = aortic valve area. BSA = body surface area. LVEF = left ventricle
ejection fraction. LVOT = left ventricle outflow tract. NYHA = New York Heart Association; TAVI = Transcatheter aortic valve implantation; PPM = Permanent

pacemaker

level of statistical significance was set at p < 0.05.
All statistical analyses were performed using SPSS
Statistics version 18.

Results

Baseline clinical, CT and procedural characteris-
tics are shown in Table 1. All 27 patients (mean age,
8514 years, 81% of females) had severe aortic stenosis
(mean AVA, 0.74+0.16 cm?). An iliofemoral access route
was used in all the cases, and 33% of patients required
balloon post-dilatation. Left bundle branch block was
developed in five cases and a pacemaker was required
in 15% of patients due to new conduction system ab-
normalities. There were no deaths or major adverse
cardiac events (MACE) during hospitalization.

Pre-discharge transthoracic echocardiography re-
vealed mild or grade Il PVL in 19 cases (70%) (16 pa-
tients mild PVL; 3 grade Il PVL). There were no patients
with grade Il or severe (grade IV) PVL. In all patients
the regurgitation was paravalvular. Factors associated
with the presence of PVL are presented in Table 1. The
prosthesis/annulus discongruence (prosthesis diame-
ter — CT mean annular diameter) was significantly re-
lated to the occurrence of mild/grade Il PVL (4.4+0.9
mm in the mild/moderate PVL group, versus 5+0.5 mm
in the group without or trace PVL; p=0.04). However,
no significant differences were found using area and
perimeter values to calculate prosthesis/annulus dis-
congruence. Moreover, no differences were observed
when the body surface area (BSA) was taken into ac-
count. Other factors such as eccentricity index, cover
index, degree of annular calcification, mean annular
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Figure 1. TOP: Panels A, B, C, D correspond to a patient without PVL after implantation of an Evolut PRO #29. Panel A. coronal
CT image post TAVR shows mild oversizing with respect to the aortic annulus. Panel B. oblique transverse CT view show-
ing a mean aortic annular diameter of 24 mm. Panel C. color Doppler in short axis view at the pre-discharge transthorac-
ic echocardiography with no PVL. Panel D. Continuous wave Doppler through the aortic valve without any diastolic signal.
BOTTOM: Panels E, F, G, H correspond to a patient with grade Il PVL after implantation of a Evolut PRO #29. Panel E. coronal CT image
post TAVR shows that TAVR is not oversized with respect to the aortic annulus. Panel F. oblique transverse CT view measuring a mean
aortic annular diameter of 25 mm. Panel G. color Doppler in short axis view at the pre-discharge transthoracic echocardiography
depicting a color jet around the aortic annulus of grade Il PVL. Panel H. Continuous wave Doppler through the aortic valve with a

continuous diastolic signal caused by the PVL.

and LVOT diameter, and baseline aortic regurgitation
were not related to the occurrence of significant PVL.

Discussion

This study shows that PVL may still occur after
TAVI using the novel CoreValve™ Evolut™ PRO sys-
tem even when careful sizing, including systematic
CT evaluation and technique, is used. In addition, our
study demonstrates that the occurrence of mild or
grade Il PVL is related to a lower degree of oversiz-
ing, measured as the disconcordance between pros-
thesis diameter and mean CT aortic annular diameter
(Figure 1). This novel insight may be clinically useful
to optimize the implantation of this new device. In
the Evolut PRO clinical registry, none to trace PVL was
observed in 72.4% of patients while the remaining

27.6% experienced mild PVL at 30 days. There were
no patients with moderate or severe PVL [5]. Com-
pared with that study, the only currently available us-
ing this valve, our study demonstrated the presence
of mild or grade Il PVL in 70% of the patients. The
different criteria used for PLV assessment (systematic
blinded echocardiographic review in our study) and
patients characteristics (truly unselected cases in our
study) could help to explain this apparently divergent
findings.

The presence of significant PVL has been shown to
be associated with worse short-term outcomes and
increased in-hospital mortality [11]. In fact, the identi-
fication of PVL predictors has been widely investigat-
ed but with controversial results [12]. Consistent re-
sults have been found by other authors with different
valve systems. In patients treated with the Edwards
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Sapien valve, Detaint et al. reported the occurrence of
significant PVL to prosthesis/annulus discongruence
[13] and Schultz et al. suggested that improved pros-
thesis sizing, based on mean annulus diameter on CT,
helped to reduce PVL with the Medtronic Corevalve™
[14]. To best of our knowledge, however, this is the
first study systematically correlating residual PVL fol-
lowing Evolut™ PRO TAVR with the prosthesis/annu-
lus discongruence. Our findings underscore that ap-
propriate sizing using CT (aiming for mild oversizing)
remains critical to avoid residual PVL even with the
use of the novel Evolut™ PRO System.

In our experience, the Evolut™ PRO’s new design
is secure, but it is still associated with a significant
incidence of residual mild/grade Il PVL, higher than
previously reported [4]. Only the prosthesis/annulus
discongruence, as measured by CT, was identified as
a PVL predictor. Nevertheless, further studies are re-
quired to fully define the clinical repercussion of PVL,
the clinical utility of assessing prosthesis/annulus dis-
congruence in this setting, and to define other PVL
predictors. Because the Evolut™ PRO system is a very
new design, only a limited number of patients were
included in the present study. Likewise, the potential
clinical implications of the degree of PVL detected
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Abstract

Background: Long-standing aortic stenosis (AS) re-
sults in fibrotic changes that often persist after TAVR.
Fibrosis in AS preferentially affects the left ventricular
(LV) basal segments and can lead to ventricular desyn-
chrony.

Objective: Determine the prognostic utility of strain
parameters as measured by speckle-tracking echocar-
diography in patients undergoing transcatheter aortic
valve replacement (TAVR). We hypothesize that basal
longitudinal strain (BLS) and mechanical dispersion
(MD) measured after TAVR will predict all-cause mor-
tality in severe AS

Methods: 159 patients (51% men, 8119 years) with
severe AS (aortic valve area 0.7+0.2 cm2, mean gradi-
ent 46:16mmHg) who underwent TAVR at our institu-
tion were retrospectively analyzed. 2D speckle-track-
ing echocardiography was used to assess myocardial
deformation and MD (SD of time from Q/R on the ECG
to peak strain in 16 LV segments) immediately after
TAVR (median, 1 day). Images were analyzed offline us-
ing a vendor-independent software (TomTec).

Results: At 1-year post-TAVR, 28 (17.6%) patients
died. Non-survivors demonstrated impaired global lon-
gitudinal strain (GLS, -11.2+3% vs -14.2+4%, p=0.001),
impaired BLS (-10.9£2% vs -13.3+3%, p=0.001), and
pronounced MD (86+33 ms vs 70+26 ms p=0.006) com-
pared to survivors. Baseline multivariable Cox regres-

sion model (Figure) included age, STS, NYHA, renal dis-
ease, AV mean gradient, and post-TAVR paravalvular
leak as significant univariates (model 1, p<0.001). An
incremental prognostic value was achieved by add-
ing BLS to model 1+ GLS (p=0.001). Addition of MD to
the model 1 + GLS + BLS provided further incremental
prognostic increase (p=0.008). For the measurement
of GLS, the Interobserver Intraclass Correlation Coeffi-
cient was 0.87.

Conclusion: In severe AS, post-TAVR myocardial fibro-
sis assessed by strain imaging was significantly associ-
ated with cardiovascular events. This finding may pro-
vide incremental prognostic value in patients with AS.
Copyright © 2019 Science International Corp.
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Introduction

Aortic stenosis (AS) is a common valvular heart
disease that causes serious myocardial dysfunction
[1]. Severe AS is often associated with the develop-
ment of adverse cardiac symptoms and increased
risk of mortality [2]. Untreated symptomatic patients
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have poor outcomes [3]. Transcatheter aortic valve re-
placement (TAVR) has proven to be an alternative to
surgical aortic valve replacement for the treatment of
symptomatic severe AS [4].

Randomized clinical trials comparing TAVR with
standard-of-care therapies in selected patients with
moderate to severe aortic stenosis who are at high-
er than normal risk for surgical aortic valve replace-
ment have been completed and demonstrated
one-year mortality rates for TAVR that were non-infe-
rior and in some cases superior to standard surgical
therapies [5-8].

To improve risk stratification in TAVR patients, sev-
eral studies identified variables associated with poor
outcomes. Age, Society of Thoracic Surgery (STS)
score, New York Heart Association (NYHA) class, and
renal disease were previously identified as prognostic
predictors of mortality [9-12]. In addition, paravalvu-
lar leak (PVL) and post-procedural renal insufficiency
were identified as important risk factors for post-TAVR
mortality [13-15].

In long-standing AS, progressive valve narrowing
triggers a hypertrophic response that preserves ven-
tricular function for many years. Over time, the devel-
opment of underlying myocardial fibrosis and myo-
cyte injury leads to progression from hypertrophy to
heart failure [16, 17]. Once myocardial fibrosis ensues,
it provides a structural substrate for arrhythmoge-
nicity, playing a major role in sudden cardiac death
[18]. Moreover, histological studies demonstrated an
association between myocardial fibrosis at the time
of aortic valve replacement (AVR) and poor long-term
outcomes post-valve replacement [19]. Myocardial
biopsy is considered the gold standard for assessing
myocardial fibrosis, however, it is an invasive proce-
dure that could lead to several complications [20].
Therefore, a need for modern imaging techniques
for noninvasive assessment of myocardial fibrosis has
emerged.

In this context, two-dimensional speckle track-
ing echocardiography (2D-STE) is a promising imag-
ing modality that allows the diagnosis of subclinical
cardiac impairment including fibrotic changes not
detected by conventional echocardiography [21].
2D-STE provides an assessment of myocardial de-
formation and left ventricular torsion [22]. Of all the
myocardial deformation parameters, global longitu-

dinal strain (GLS) has been shown to be more clinical-
ly useful than circumferential or radial strains [23]. In
recent studies, GLS had superior prognostic value to
left ventricular ejection fraction (LVEF) in predicting
cardiac death, urgent valve surgery or hospitaliza-
tions due to heart failure [24]. Additionally, GLS has
been shown to be an independent predictor of out-
comes in patients with severe asymptomatic AS [25].

More recently, regional or basal longitudinal strain
(BLS) has been proven to be a superior predictor of
future AVR in asymptomatic AS compared to GLS
[26, 27]. Additionally, myocardial fibrosis related to
long-standing AS can lead to desynchrony and pro-
nounced mechanical dispersion (MD) which has been
linked to poor outcomes in these patients [28].

In the early post-TAVR period, a dramatic reduction
in the afterload and immediate offloading of the ven-
tricle lead to improvement in strain parameters [29].
However, literature describing the prognostic utility
of impaired BLS and MD immediately post-TAVR re-
mains limited. We hypothesize that in addition to
GLS, BLS and MD measured immediately post-TAVR
will predict all-cause mortality in severe AS.

Methods

Study design and population

This retrospective study was conducted at Rush
University Medical Center (RUMC), Chicago, USA. All
patients underwent TAVR after evaluation by a multi-
disciplinary heart team. The study was reviewed and
approved by the Institutional Review Board at RUMC.
From a total of 187 patients with severe aortic ste-
nosis (aortic valve area < 1 cm?, mean gradient > 40
mmHg) who underwent TAVR between January 2012
and March 2018 and had a follow-up echocardiogram
performed immediately after TAVR, we excluded pa-
tients with incomplete data (n=11), concomitant
significant valvular disease (n=10), and poor image
quality or arrhythmia at the time of echocardiogra-
phy (n=7). A total of 159 patients were included in the
current study (Figure 1).

Two-dimensional strain imaging

In this study, myocardial strain parameters were
measured by 2D-STE using a vendor-independent
software (TomTec, Germany) immediately after TAVR
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Figure 1. Patient Selection. Flow diagram of screening and exclusion criteria of patients with aortic stenosis.

(median, day 1). Two-dimensional strain analysis was
performed on grey-scale images from the three api-
cal views (longitudinal function) with frame rates of
70-90 frame/s and digitally stored for three cardiac
cycles. Endocardial border tracking was achieved
automatically using two points in the annular re-
gion and one point in the apical segments. Tracking
quality was visually verified. Segments that failed ini-
tial tracking were manually adjusted. Segments that
could not be tracked properly after manual adjust-
ment were rejected. Peak systolic values from 16-seg-
ment model (6 basal, 6 mid and 4 apical segments)
were averaged to obtain GLS (Figure 2). Six basal seg-
ments were averaged to obtain BLS. MD was defined
as the standard deviation of time to peak strain (time
of onset of Q/R wave in electrocardiogram to peak

negative longitudinal strain during the cardiac cycle)
in 16- segment model.

Statistical analyses

All calculations were performed using SPSS/PC
statistical program (version 21, SPSS Inc., Chicago IL,
USA). Continuous variables were reported as means
+ SD while categorical variables were expressed as
numbers or ratios. Comparisons between groups
were achieved using unpaired Student’s t-test for
continuous variables while x2 was used to evaluate
dichotomous variables. A p-value of less than 0.05
was considered statistically significant. Cox propor-
tionate hazard models were used to determine sig-
nificant predictors of all-cause 1-year mortality. Mul-
tivariate regression analysis included all significant
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Figure 2. Two-dimensional speckle tracking echocardiography analysis. Strain curves and a color-coded 16-segment bull’s eye plot
are presented. Color lines indicate regional strain. Values of longitudinal strain are negative (sign -). Endocardial border tracking
in apical four-chamber view can be achieved automatically. Global longitudinal strain can be calculated from 4 chamber views.
Model 1 = Age, STS score, NYHA IV, Renal Disease (Cr >2 mg/dL), AV Mean Gradient, post-TAVR PVL.

univariates. To further illustrate the predictive value
of strain parameters, cox models with separate addi-
tion of GLS, BLS, and MD to baseline model contain-
ing significant univariates were constructed. Model
discrimination was further assessed using Harrell’s
C-statistic. Inter- and intra-observer were expressed
by intra-class correlation coefficients.

Results

Study population selection is presented in
Figure 1. Baseline characteristics stratified according

to survival status and total cohort as summarized in
Table 1. A total of 159 patients (mean age 80.7+9.1,
49% of women) were included in the study. A total of
28 (17.6%) patients expired one-year post-TAVR.

Cardiovascular risk factors including body mass
index (BMI), hypertension, diabetes, hyperlipidemia,
andkidney disease were not statistically significant be-
tween survivors and non-survivors (Table 1). Non-sur-
vivors had higher STS scores (8.1+5.4 vs 5.6%3.7,
p=0.004) and more NYHA class IV (28.5% vs 10.6%,
p=0.013) (Table 1).
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Table 1. Baseline clinical characteristics of all patients.

All Non-

Patients Survivors survivors P-value
N (%) 159 131(824%) 28 (17.6%) -
Age 80.7+9.1 80.1+9.7 83.5+49 0.073
Gender 78 (49.0%) 64 (49%) 14 (50%) 0913
(Female %)
BMI 292474 29.7+7.6 272457 0.103
NYHA Class 22 (13.8%) 14 (10.6%) 8 (28.5%) 0.013
Y,
STS score 6.1+4.1 56+3.7 8.1+54 0.004
Hyper- 141 (89%) 115(88%) 26 (93%) 0.445
tension
Hyper- 98 (62%) 78 (60%) 20 (71%) 0.243
lipidemia
Diabetes 67 (42%) 50 (38%) 16 (57%) 0.065
CAD 111 (70%) 89 (68%) 22 (79%) 0.269
Creatinine 15413 14413 16+1.0 0515
Baseline 5534154 5594150 5224172 0.224
LVEF, %
Post-TAVR 59+15 61 +£145 55+17 0.053
LVEF, %
(Day1)
AV mean 46.2+164 483+164 363+12.0 0.001
gradient
GLS, % -13.7+4.1 142440  -11.2+3.1 0.001
BLS, % -129+32  -133+32 -109+19 0.001
MD, msec  72.8+27.8 70.0+258 85.8+334 0.006

Data are expressed as mean + SD or as number (percentage). Comparisons
were performed using unpaired Student’s T tests or x2 tests. P-value refers to
comparisons between survivors and nonsurvivors.

BMI: body mass index; NYHA: New York Heart Association; STS: Society of
Thoracic Surgery; CAD: coronary artery disease; LVEF: left ventricular ejection
fraction; AV: aortic valve; GLS: global longitudinal strain; BLS: basal longitudi-
nal strain; MD: mechanical dispersion.

GLS and BLS of non-survivors measured by 2D-STE
as shown in Figure 2. Non-survivors demonstrated
impaired GLS (-11.2+3% vs. -14.2+4%, p=0.001), im-
paired BLS (-10.9+£2% vs -13.3£3%, p=0.001), and pro-
nounced MD (86+33 ms vs 70+26 ms, p=0.006) com-
pared to survivors.

Univariate analyses showed STS score, NYHA IV, re-
nal disease (defined as baseline creatinine > 2 mg/dl),
aortic valve (AV) mean gradient and post-TAVR PVL as
significant univariates for 1-year mortality (Table 2).

Baseline multivariate Cox regression model included
age, STS, NYHA, renal disease, AV mean gradient, and
post-TAVR PVL (model 1, p<0.001). Incremental prog-
nostic information was achieved by adding strain
parameters as shown in Figure 3. Addition of GLS to
model 1 resulted in a significant C-statistic increase
(40.6 vs. 34.3, p=0.032). A further incremental prog-
nostic value was achieved by adding BLS to model 1
+ GLS (47.5 vs. 40.6, p=0.001). Similarly, addition of
MD to model 1 + GLS + BLS resulted in further incre-
mental prognostic value (50.9 vs. 47.5, p=0.008). For
the measurement of GLS, the Interobserver Intraclass
Correlation Coefficient was 0.87.

Discussion

This retrospective clinical study provides evi-
dence that myocardial strain parameters identified
using 2D-STE immediately post-TAVR can be helpful
in predicting poor outcomes in patients with AS. We
demonstrated that both BLS and MD independently
predict 1-year mortality in TAVR patients and provide
incremental prognostic information in addition to
known prognostic predictors of poor outcomes.

Myocardial fibrosis is an early morphologic change
in patients with AS [18, 25, 26]. Two types of myocar-
dial fibrosis were identified, interstitial fibrosis and
replacement fibrosis. The interstitial fibrosis is revers-
ible, and the latter is irreversible [27, 28]. Fibrosis af-
fects myocardial diastolic and systolic function and
provides a structural substrate for myocardial desyn-
chrony [34]. Therefore, it plays a major role in sudden
cardiac death and progression to heart failure [35].
Long-standing AS-related maladaptive myocardial
changes resulting in fibrosis and ultimately impaired
left ventricular (LV) function may persist after AVR
and can affect clinical outcomes [31].

Previous studies developed a robust and definitive
risk model to predict the outcomes of TAVR [36-38].
The basic model (model 1) included age, STS score,
NYHA 1V, renal disease, aortic valve mean-gradient,
and post-TAVR PVL had a significant prognostic val-
ue in our patients. Various statistical metrics were
employed to examine the incremental value of
markers beyond model 1 [38-39]. Reviewing marker
performances across the metrics, GLS, BLS, and MD
emerged as the most promising markers.
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Figure 3. Incremental value of GLS, BLS, and MD post-TAVR. Incremental prognostic information by adding strain parame-
ters. The C statistic values were obtained from the multivariable Cox proportional hazards regression models. Model 1 in-
cludes age, STS score, NYHA IV, renal disease (Cr > 2mg/dL), AV mean gradient and post-TAVR PVL as significant univariates.
AV: aortic valve; BLS: basal longitudinal strain; Cr: creatinine; GLS: global longitudinal strain; MD: mechanical dispersion; NYHA: New
York Heart Association; PVL: paravalvular leak; TAVR: transcatheter aortic valve replacement.

2D-STEis an emerging tool in detecting myocardial
dysfunction prior to a clinically significant decrease in
LVEF. When assessing for myocardial fibrosis, 2D-STE
is cost-effective in comparison to cardiac MRI and less
invasive than myocardial biopsy. Impaired pre-TAVR
myocardial strain parameters have been linked to ad-
verse outcomes in patients with AS [17]. In this study,
we sought to determine if these strain parameters
hold a prognostic value even post-TAVR.

Reduction of left ventricular afterload immediate-
ly post-TAVR results in improved myocardial strain
parameters. In a study done by Delgado et al,, a 19%
reduction in GLS was noted immediately post-TAVR
compared to baseline parameters [40]. In our study,
GLS remained an important prognostic variable in
multivariate analysis when adjusting for variables in
model 1. However, addition of BLS to model 1 + GLS
showed a further improvement in incremental prog-
nostic value. This may be explained by the fact that

fibrotic changes in AS primarily affect the basal seg-
ments and later progress to mid and apical segments
[30]. In addition to BLS, MD has also been associated
with myocardial fibrosis and heterogeneous myo-
cardial contraction in AS [39]. Studies have shown
a moderate correlation between the prevalence of
myocardial fibrosis as detected on cardiac MR, and
MD measured with 2D-STE [41]. In our study, MD was
a significant predictor of all cause 1-year mortality in
univariate analyses and remained a significant predic-
tor in multivariate analysis. Additionally, MD resulted
in a significant incremental prognostic value when
added to model 1 in combination with BLS and GLS.
To our knowledge, this is the first study that describes
BLS and MD as important prognostic variables imme-
diately post-TAVR. This emphasizes the potential use
of 2D-STE in guiding the management of post-TAVR
patients.
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Table 2. Univariable and multivariate cox regression analysis for predictors of all-cause 1-year mortality.

Univariate Multivariate

Variables HR (95% CI) P-value HR (95% ClI) P-value
Age 1.039 (0.99-1.09) 0.094

Gender (Male) 1.038(0.49-2.17) 0922

BMI 0.954 (0.90-1.01) 0.108

HTN 0.553(0.13-2.32) 0419

CAD 1.63 (0.67-4.10) 0.269

Diabetes 2.03 (0.96-4.30) 0.062

STS score 110 (1.04-1.19) 0.003

NYHA IV 2.92(1.28-6.63) 0.011

Renal Disease (Cr>2) 2.31(1.02-5.24) 0.046

Baseline LVEF 0.987 (0.96-1.01) 0.260

Post-TAVR LVEF, % (Day1) 0.978 (0.95-1.01) 0.056

AV Mean Gradient 0.949 (0.92-0.97) 0.001

Post-TAVR PVL 2.339(1.45-3.75) 0.001

GLS, % 21(1.08-1.34) 0.001 2(1.01-1.24) 0.045
BLS, % 1.29(1.12-1.47) 0.001 21 (1.05-1.40) 0.008
MD, msec 1.02 (1.01-1.03) 0.003 1.02 (1.01-1.04) 0.001

Adjust for: age, STS score, NYHA IV, renal disease, AV mean gradient, post-TAVR PVL

HR: Hazard ratio; BMI: body mass index; Cr: creatinine; NYHA: New York Heart Association; STS: Society of Thoracic Surgery; CAD: coronary artery disease; LVEF:
left ventricular ejection fraction; AV: aortic valve; TAVR: trans-catheter aortic valve replacement; PVL: paravalvular leak; GLS: global longitudinal strain; BLS: basal

longitudinal strain; MD: mechanical dispersion.

Conclusion

We demonstrated that post-TAVR BLS and MD are
independent predictors of 1-year mortality in patients
with severe AS. Our study further demonstrates the
incremental prognostic utility of these parameters to
known markers of poor out. Early assessment of myo-
cardial strain and mechanical dispersion should be
considered as new indices for identifying patients at
risk for poor outcomes post-TAVR.

Limitations

Baseline myocardial strain data was not available
before TAVR. Therefore, it was not possible to deter-
mine whether pre- and post-TAVR strain parameters
provide similar or different prognostic information.
Another important limitation of our study is the lack

of enough data to calculate the delta change in myo-
cardial strain post-TAVR which could be an additional
prognostic variable in TAVR patients. Further studies
are needed to determine the prognostic implication
of this factor. Although internal validation confirmed
our results, the differential performance of the mark-
ers investigated here needs to be reexamined in larg-
er study populations. More studies are needed to
assess whether post-TAVR index-enhanced risk strat-
ification can guide management decisions of post-
TAVR patients, alongside with previous models.
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Very Late Thrombosis of an Atrial Septal
Defect Occluder Device Causing a Massive

Splenic Infarction

Pablo Tome Teixeirense, MD’, Jodo Felipe Barros de Toledo, MD, Luiz Antonio Gubolino, MD,
Antoninha Azevedo Bragalha, MD, Camila Alves Pereira, MD

Interventional Cardiology, Incorpi - Hospital dos Fornecedores de Cana de Piracicaba, Piracicaba, Sao Paulo, Brazil

Percutaneous occlusion of atrial septal defect (ASD)
has emerged as the first approach of treatment in many
cardiac centers, because of lower post-procedure mor-
bidity and shorter hospital stay when compared to
open-heart surgery. However, there is scarce informa-
tion on very late complications.

We present a case of a 19-year-old girl who had a
very late systemic thrombotic complication. The pa-
tient was treated six years before, with the implant of
an Occlutech® Figulla® (Helsinborg, Sweden) 33mm de-
vice for closing a secundum ASD. The implant was guid-
ed by a 2D transoesophageal echocardiogram.

There were no complications during the procedure.
The patient was oriented to take DAPT for 6 months
after the procedure, but she decided not to take any
medication. Interestingly, there were no thrombotic
complications during the first six years follow-up.

The Echocardiograms performed at one (TTE), six
(TTE) and twelve months (TOE) after the procedure
showed a well-implanted device and no residual shunts.

Six years after the procedure, the patient was taking
only contraceptive therapy. She has begun abdominal
pain of subtle onset and was taken to the ER. An abdom-
inal ultrasound showed low arterial flow in her spleen.
An AngioCT was performed, revealing a large splenicin-
farction. The patient was anticoagulated, first with Low
Molecular Weight Heparin and after with Coumadin for
one year, keeping the INR target between 2,5 - 3,5.

There were no additional complications. The first
TOE showed one mobile thrombus attached to the left
disc of the device, and a new examination after two

weeks of therapy revealed its complete resolution.

The patient is under clinical surveillance, was ad-
vised to stop contraceptive therapy and a hematologic
workup was done after one year of completion Couma-
din therapy has not revealed any thrombotic disorder.

Percutaneous closure of ASD is the standard therapy
in many cardiac centers. However, complications may
occur. Despite rare, late thrombosis can be a potential-
ly catastrophic event. It can be related to incomplete
endothelialization of the device, and the predictors
for this condition are poorly understood. Candidates
for device implantation should be carefully screened
for potential thrombotic and allergic conditions prior
to choosing the ideal therapy. Close follow-up shall be
mandatory in these patients.

Copyright © 2019 Science International Corp.
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Case Presentation

Percutaneous occlusion of secundum atrial septal
defects (ASD) has emerged as the first choice of treat-
ment in many cardiac centers, because of less post-
operative morbidity and shorter hospital stay when
compared to surgery [1, 2]. King and Mills performed
the first series of cases in 1976 [3]. However, only af-
ter the appearance of the Amplatzer Septal Occluder
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Figure 1. The Occlutech® ASD Ocludder.

(ASO) [4, 5], the method has gained wider acceptance.
Nevertheless, complications have been described.
More common are device embolization, cardiac ero-
sion, atrioventricular block, atrial arrhythmias, inflam-
matory and allergic reactions to components of the
devices (mainly nickel) and device thrombosis [6-11].
The last is commonly related to device implantation
and should decline after its endothelialization (up to
6 months). In general, adult patients are treated with
dual antiplatelet therapy (Aspirin plus Clopidogrel),
starting with a loading dose of 300mg of Clopidogrel
and 300mg of ASA two to four days before the proce-
dure, and continuously for six months after treatment,
using data from coronary angioplasty protocols [12],
since there are no trials to date that have investigated
the best antiplatelet therapy in this specific setting.
Preoperative management may vary from different
centers, but generally involve collecting general he-
matologic tests (complete blood count, coagulation
profile), Thorax X-Ray and echocardiogram. During
the procedure, patients receive intravenous heparin
to maintain the Activated Clotting Time (ACT) be-
tween 200-250 seconds, antibiotic prophylaxis, and
in post-procedure an echocardiogram is generally
made in the first 24 hours to check device position,
presence of residual shunts, evidence of new pericar-
dial effusion and valve function. In the long term evo-
lution, TTE is performed in one and six months, and a
TOE is performed after one year of treatment.

Figure 2. CT Scan showing apical splenic infarction (arrow), 6
years after ASD closure.

Pedra et al. [13] reported mid-term outcomes of
secundum ASD closure with the Figulla® Occlutech®
device in an observational, single-arm study that in-
cluded 200 consecutive patients treated in two Brazil-
ian referral centers. For children, the antiplatelet pro-
tocol included Aspirin in a dose of 3-5 mg/Kg (max:
200mg/day), started a couple of days before the pro-
cedure. Heparin was given (100-150 1U/Kg) during the
device implantation to maintain the ACT greater than
200 seconds. Anmar and Hegazy [14] published the
results of the closure of 17 ASDs in patients with less
than two years of age, using the Occlutech® Figulla®
Flex occluder. For this subsetting (small children), an-
tiplatelet protocol included Aspirin in a dose of 5mg/
Kg before the index procedure and for six months af-
ter the implant.

Nevertheless, there is scarce data on very late com-
plications, mainly because of the lack of trials to in-
vestigate very long term treatment evolution.
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Figure 3. TOE showing mobile thrombus attached to the occluder’s left atrial disk.

We present a case of a 19-year-old female who
presented with a very late systemic thrombotic com-
plication after percutaneous treatment of a large size
ASD.

The patient had been treated six years before, with
implantation of a 33mm Occlutech® Figulla® ASD oc-
cluder (Figure 1). The implant was guided by the 2-D
transoesophageal TOE. There were no complications
during the procedure or in the postoperative peri-
od. The patient was advised to take DAPT (ASA plus
Clopidogrel) for 6 months after the procedure, but
she decided personally not to take any medication,
and even so, she had not any immediate and late
thromboembolic complications.

Transthoracic echocardiograms (TTE) performed
at one and six months, as well as a transoesophageal
echocardiogram (TOE) at twelve months after the
procedure showed a well-implanted device, no resid-
ual shunts and no signs of thrombus.

Six years after the procedure, the patient was tak-
ing only contraceptive therapy and never smoked.

The initial symptom was acute abdominal pain. An
abdominal ultrasound showed low arterial spleen
flow. An AngioCT was performed, revealing a large
splenic apical infarction, and multiple small ischemic
areas in the spleen (Figure 2). Anticoagulation was
initiated, first with Low Molecular Weight Heparin
(LMWH) and after with Coumadin for one year, keep-
ing the INR target between 2,5 to 3,5.

There were no additional complications. The first
TOE showed one mobile thrombus attached to the
left disc of the device (Figure 3 & Video 1), and a new
examination after two weeks of therapy revealed the
complete resolution of the thrombus.

After one year of anticoagulation, the patient had
a complete hematologic workup, including Factor V
Leiden, Prothrombin G20210A mutation, Protein C
and S, Antithrombin Ill, Antiphospholipid antibodies
(Anticardiolipin and Lupus anticoagulant) and Homo-
cysteine, that have not shown any disorder. After that,
she was prescribed ASA and Clopidogrel indefinitely,
although the patient refused to take the medications.

Teixeirense P.T. et al.
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Video 1. Shows the mobile thrombus on the occluder’s left atri-
al disk. View supplemental video at https://doi.org/10.12945/j.
jshd.2019.005.19.vid.01.

Discussion

Krumsdorf et al. [15] have investigated the inci-
dence and clinical course of thrombus formation
on atrial septal defect (h=407) and patent foramen
ovale (n=593) closure devices in 1,000 consecutive
patients, between august 1992 and January 2003.
The mean age was 48 + 15 years and nine different
devices were used, Amplatzer (ASD and PFO devices)
being the most used in this series (41% of all devices).
During a follow-up period of 1 to 108 months (mean
36 =+ 17 months), a thrombus formation was detect-
ed in 20 of 1,000 (2%) patients. The TOE had been
performed four weeks and six months after closure
in 71% of the patients. Of the 20 patients with docu-
mented thrombus formation, 17 had good outcomes
with the disappearance of the thrombus following
anticoagulation therapy with heparin (n=1), warfarin
(n=12), or both (n=4). In three patients the thrombus
was removed surgically. Coagulation disorders such
as protein C and protein S deficiency and activated
protein C resistance were not identified in the throm-
bus cases, and hyperactivity of factor VIIl and throm-
bocytosis was found in two patients. A wire device
frame fracture was also observed in 3 of the 20 (15%)
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thrombus patients. The authors related atrial septal
aneurysm (n=4) and post-procedural paroxysmal atri-
al fibrillation (n=4) as significant predictors for throm-
bus formation.

Other hypotheses for this late complication could
be incomplete endothelialization of the device.
Nguyen et al. [16] described one case of very late en-
docarditis after twelve years of an ASD closure. The
surgical findings showed incomplete endothelializa-
tion of approximately one quarter of the Amplatzer
Septal Occluder, and vegetations on both sides of the
device. The authors commented that although in pre-
liminary animal studies of transcatheter ASD closure
investigators have reported complete endothelializa-
tion within weeks after implantation and a 100% clo-
sure rate at 3 months, in humans investigators have
observed varying degrees of endothelialization with
or without late sequelae. For this setting, investiga-
tors have been analyzing surface modifications and
coatings on NiTi alloys at the molecular level to en-
hance device healing and endothelialization [17, 18].

Conclusions

Transcatheter ASD closure is a common and wide-
spread procedure. However, very late complications
may occur. Despite very rare, late thrombosis can be
a potentially catastrophic event. Candidates for de-
vice implantation should be carefully screened for
potential thrombotic and allergic conditions prior to
choosing the ideal therapy. Close follow-up shall be
mandatory in these patients.
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Abstract

A rare clinical case of endovascular treatment of a
hypoplastic Gothic aortic arch (AA) with congenital ab-
sence of the left common carotid artery (CCA) in com-
bination with ventricular septal defect (VSD) is pre-
sented. In early childhood, the patient underwent VSD
closure with an occluder and balloon dilatation of the
AA and the aortic isthmus (Al). Currently, at the age of
10, large-diameter stent implantation in the hypoplas-
tic AA and Al was performed. Thus, a radical correction
of complex congenital heart disease was performed by
three-stage endovascular treatment.

Copyright © 2019 Science International Corp.
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Introduction

Coarctation of the aorta is often associated with
the hypoplasia of the aortic arch (AA), which may also
occur along with other congenital heart defects. The
AA is considered hypoplastic when the diameter of
its proximal, distal and isthmic segments is less than
60%, 50%, and 40% of the ascending aorta diameter,
respectively [1].

The hypoplastic segment of the AA leads to the
appearance of a systolic pressure gradient (SPG) be-
tween the ascending and descending aorta, which
is the cause of the development of hypertension [2].
Long-Term prognosis in these patients is considered
unfavorable since it is a common cause of death af-
ter the fourth decade of life [3, 4]. The elimination or
reduction of the SPG in the presence of narrowing/
hypoplasia of the AA and aortic isthmus (Al) improves
long-term results and survival.

In newborns and infants, the standard treatment
for hypoplastic AA is open surgery [3]. In elder chil-
dren, surgical correction of the hypoplastic AA often
requires the use of extracorporeal circulation with
selective antegrade cerebral perfusion, circulatory
arrest, and hypothermia. These factors are associat-
ed with an increased risk of intra- and postoperative
complications, as well as mortality.

Endovascular treatment options for AA coarctation
and re-coarctation have been successfully used for
many years. However, endovascular interventions on
the AA remain technically challenging and, therefore,
are rarely performed. In a number of studies [5-8] and
case reports [4, 9], there are good immediate results
of the AA stenting.

The absence of the left common carotid artery
(CCA) is an extremely rare congenital anomaly, which
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is mostly asymptomatic unless another comorbidity
is present. In the literature, there are isolated case re-
ports on the absence of the left CCA in combination
with other various anomalies of the AA [10-14]. How-
ever, there is no case reported in combination with
hypoplastic Gothic AA and VSD.

We present the first, to the best of our knowledge,
case of staged endovascular treatment for ventricular
septal defect (VSD) in combination with AA anoma-
ly, represented by an anatomically complex and rare
variant of hypoplasia and kinking of the AA (Gothic,
elongated above the sternoclavicular joint) along
with congenital absence of the left CCA, looping of
the right subclavian artery and anomalous origin of
the left subclavian artery from the descending tho-
racic aorta.

Case presentation

A 10-year-old boy was admitted with complaints
of headache, high blood pressure, and fatigue. The
patient had a history of congenital heart defect — a
VSD and patent ductus arteriosus were diagnosed at
birth. At 10 months, he was first diagnosed with the
AA anomaly (elongation, hypoplasia, and stenosis
due to kinking with SPG of 50 mm Hg), absence of
the left CCA, looping of the right subclavian artery in
combination with perimembranous VSD of 7.5 mm
(Figure 1). At the age of 1 year and 1.5 months, tran-
scatheter VSD closure was done using an 8mm Am-
platzer Perimembranous Ventricular septal occluder
(Figure 2). Four months later (at the age of 1.5 years),
transluminal balloon angioplasty for the AA and Al
stenosis was performed using a Tyshak Il balloon
catheter (NUMED Inc., Hopkinton, NY) with a diame-
ter of 8 mm, the SPG decreased from 53 to 35 mm Hg.
Subsequently, the child was observed on an outpa-
tient basis. According to the mother, first complaints
on high blood pressure appeared in February 2018,
and anti-hypertensive therapy was prescribed.

In October 2018, at the age of 10 years, the child
was admitted for examination and further treatment
approach determination. His blood pressure in right
arm was 125/56 mm Hg and in the right leg - 70/45
mmHg. The pulse in the lower extremities was weak.
The liver was 2 cm below the costal margin.

Figure 1. Aortography in the anteroposterior projection showing
congenital pathology of the aortic arch: hypoplasia and kinking
of the aortic arch (red arrow); absence of the left common ca-
rotid artery (yellow arrows); its distal part is formed by multiple
collaterals and subsequently is divided into the external and in-
ternal carotid arteries (yellow asterisk); coiling of the right subcla-
vian artery (oval); the left subclavian artery takes origin from the
descending thoracic aorta (blue asterisk).

On ECG and Holter monitoring sinus arrhythmia
and signs of left ventricular hypertrophy were iden-
tified. 24-hour blood pressure monitoring during
antihypertensive treatment revealed systolic hyper-
tension at night with blood pressure up to 137/80
mmHg.

Transthoracic echocardiography showed AA gradi-
ent of 85 mmHg. Collateral blood flow in the abdomi-
nal aorta was revealed. No shunt across VSD occluder
registered. Left ventricular hypertrophy was noted,
ejection fraction was 78%.

Carotid and transcranial doppler ultrasound
showed no changes in BCA, normal flow in the right
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Figure 2. Endovascular closure of perimembranous VSD: Panel a. Left ventriculography showing a large shunt into the right ventricle
through the VSD; Panel b. After VSD closure no shunt registered though the occluder VSD - ventricular septal defect.

CCA, the left CCA was not visualized, collateral blood
flow in its distal part was registered. The vertebral ar-
teries showed normal blood flow with multiple collat-
eral vessels. The blood flow velocity in the intracranial
parts of the internal carotid and vertebral arteries was
not changed. No disturbance of venous outflow from
the brain was revealed.

CT-angiography showed left-sided hypoplastic
kinked AA, with stenosis up to 6.1 mm, a post-ste-
notic diameter of 7.9 mm, and 11.2 mm at the level
of the origin of the left subclavian artery (Figure 3).
The diameter of the ascending aorta was 25 mm. The
BCA (8.7 mm) was divided into the right CCA (7.5 mm)
and proximally coiled right subclavian artery (9 mm),
with the vertebral artery taking origin from it. The
right ICA of 3.4 mm, formed an S-shaped loop after

bifurcation. The left CCA was not detected, in its distal
part, numerous collaterals formed a short thin trunk
of 3.2 mm, which subsequently was divided into the
external and internal carotid arteries. The left subcla-
vian artery (8.5 mm) took origin from the descending
thoracic aorta. The circle of Willis was complete.

Considering the hemodynamically significant ob-
struction at the level of the AA and left CCA absence,
we decided to perform stenting of the hypoplastic AA
and Al.

Technique
The catheterization of the right internal jugular

vein under endotracheal anesthesia was performed,
a 5Fr introducer sheath was introduced and an int-

Journal of Structural Heart Disease, December 2019

Volume 5, Issue 6:268-273



271

Case Report

Figure 3. 3D reconstruction (VRT) of CT angiography, demon-
strating pathology of the aortic arch.

racardiac electrode placed in the right ventricle for
pacing. Next, retrograde catheterization of the aorta
through the left femoral artery with the installation of
a 9Fr introducer sheath was performed. Unfraction-
ated heparin (100 units per kg) was injected intrave-
nously. Aortography in the anteroposterior and left
anterior oblique (LAO 45°) projections confirmed the
congenital anomaly of the Gothic AA with an absence
of the left CCA (Figure 1). The length of the AA hypo-
plasia was 34 mm with a minimal luminal diameter of
5 mm, while the diameter of the AA proximal to the
BCA origin was 11.5 mm, distal to the Al - 9.6 mm.
The SPG between the ascending and descending aor-
ta was 59 mm Hg.

An exchange length, Amplatz super-stiff guidewire
(Boston Scientific-City, MA) was placed in the aortic
root. Over this guidewire, 9Fr Mullins sheath (Cook)
was advanced to the AA. Then, a Z-med balloon dil-
atation catheter (NUMED, Inc., Hopkinton, NY) 12x40
mm and was advanced and placed at the aortic hy-
poplasia zone. Under right ventricular pacing at 200
beats/minute, balloon dilatation was performed in
order to determine the localization of its “waist” and
to predict stent deployment. At a pressure of 7 atm.
the“waist”in the inflated balloon disappeared, and its
walls were firmly attached to the walls of the aorta.
Subsequently, AA stenting was performed.

A 36 mm long stent“Intrastent LD Mega” (Medtron-
ic, Fridley, MN) was manually mounted on the same
balloon catheter Z-med (12x40 mm). Then, the entire
assembly (balloon with the stent mounted on it) was
advanced to the area of stenosis. The correct stent
position in the AA obstruction area was monitored
by contrast injection via the side port of the sheath.
When the proper stent position was confirmed, the
balloon was manually inflated during rapid right ven-
tricular pacing at 200 beats/minute. At a pressure
of 10 atm. complete deployment of the stent was
achieved with normalization of the AA geometry. Re-
peat aortogram showed good result, the stent was
fully opened in the AA, with no signs of complications
(vessel wall injury) (Figure 4). Repeat pressure gradi-
ent revealed the presence of only 6 mmHg across
the area. The sheath was removed and hemostasis
was achieved by direct pressure. After the operation,
the anticoagulant therapy was continued, including
intravenous administration of heparin (100 units per
kg) twice every 6 hours, followed by oral aspirin at 4
mg/kg per day for 6 months. For the prevention of in-
fectious complications, a broad-spectrum antibiotic
was administered intraoperatively.

The postoperative period was uneventful. A day af-
ter the surgery, the arterial pulse in the lower extrem-
ities was distinct, the difference in systolic blood pres-
sure between the right hand and leg did not exceed
10 mmHg. Doppler ultrasound after stenting showed
restoration of normal blood flow in the abdominal aor-
ta, the SPG across the stent was of 20 mmHg. The child
was discharged on the 5th day after the procedure. A
comprehensive examination with a chest computed
tomography was planned at 6 months follow up.

Discussion

Stenting of the AA obstruction is still one of the
most challenging endovascular interventions in chil-
dren. In this type of congenital heart defect, balloon
dilatation is often unsuccessful, and stent implanta-
tion is required [15]. Percutaneous interventions for
AA hypoplasia are somewhat different from those in
coarctation of the aorta [4, 5]. Managing the stenting
of the AA and coarctation of the aorta, we have given
up performing pre-dilatation because of the risk of
aortic wall injury. However, considering the absence
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Figure 4. Aortography before Panel a and after Panel b stenting of the aortic arch and its isthmus: Panel a. Hypoplasia and kinking of
the aortic arch; Panel b. After stent implantation, there's no obstruction nor kinking.

of experience in transcatheter management of a
sharp-angled (Gothic) AA, it was crucial for us to eval-
uate the vessel wall extensibility, as well as to detect
the balloon “waist” in the area of the intended stent
placement. In this case, performing pre-dilatation
confirmed that the chosen strategy was right. The
prevention of the possible dislodgement or disloca-
tion of the stent during AA stenting is very important.
That's why it's crucial to perform the rapid right ven-
tricular pacing during stent deployment which allows
avoiding stent dislocation due to a sharp decrease in
the cardiac output [8]. Once the stent is implanted in
the AA, the reinforcement of the origin of the left CCA
should be avoided, since this can theoretically lead to
thromboembolism, as well as stenosis or occlusion of
its origin. In our case, the congenital absence of the
left CCA facilitated this task and allowed to implant
the stent successfully with much less concern about
salvaging the LCA origin.

When choosing an appropriate endoprosthesis we
opted for the "Intrastent’, considering that this stent
has open cells and, therefore, greater flexibility which
allowed the device to adapt better to the shape
of the AA.

Despite the absence of the left CCA, there were
no changes in cerebral blood flow, due to well-de-
veloped collaterals, as well as the complete circle of
Willis. The selected strategy of the endovascular treat-
ment turned out to be correct for this patient: the first
stage was to close the VSD using the occluder during
infancy, followed by the transluminal balloon angio-
plasty of the AA, followed treatment of hemangiomas
of the face and neck, and lastly percutaneous stent-
ing of the arch at the age of 10 years.

Follow up assessment of the stent is required. In
the late postoperative period, in addition to the so-
matic growth of the child, endoprosthesis restenosis
due to neointimal hyperplasia or stent fracture is pos-
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sible [8]. If necessary, repeated endovascular inter-
vention should be performed.
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We present the first case of successful staged en-
dovascular treatment of complex congenital heart

Comment on this Article or Ask a Question

disease - AA anomaly in combination with the ab-
sence of the left CCA and VSD. In a number of com-
plex AA anomalies, such as the Gothic arch, stenting
is still possible.
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