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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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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.
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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.
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Difference Among Embolic Sources Between
Younger and Older Patients with Stroke of
Undetermined Source on Routine Diagnostic
Assessment Including Transesophageal

Echocardiography

Hiroya Takafuji, MD", Shinobu Hosokawa, MD, Riyo Ogura, MD, Yoshikazu Hiasa, MD

Department of Cardiology, Tokushima Red Cross Hospital, Komatsushima, Tokushima, Japan

Abstract

Background: The distribution of embolic sources in
patients with embolic stroke of undetermined source
(ESUS) remains unclear. Furthermore, the difference
among embolic sources according to age is unknown.
The aim of this study was to identify the distribution
of embolic sources in younger and older patients with
embolic strokes who underwent routine diagnostic
assessment with transesophageal echocardiography
(TEE) and to evaluate the distribution of paradoxical
embolism related to patent foramen ovale (PFO) be-
tween younger and older.

Methods and Results: Between May 2012 and December
2017, 102 ESUS patients underwent routine diagnostic
assessment including TEE at our hospital to identify the
specific cause of their embolic stroke. We compared the
causes of embolic stroke between younger (<60 years;
mean age, 49.3 + 10.9 years; n=24) and older (>60
years; mean age, 74.8 + 6.2 years; n=78) patients. Old-
er patients had significantly higher rates of aortic arch
atherosclerotic plaques (4.2% vs. 48.7%; p <0.001). The
other causes were not significantly different between
the two groups. Especially in paradoxical embolism
related to PFO, younger patients had fewer other em-
bolic sources in addition to PFO or both PFO and atrial
septal aneurysm (ASA) than older patients. However,

older patients also exhibited PFO or both PFO and ASA
(32.6%) without other embolic sources.

Conclusions: Our study suggests that embolic source
of ESUS to undergo routine diagnostic assessment in-
cluding transesophageal echocardiography (TEE) is
similar between younger and older. However, the total
numbers of embolic sources is significantly higher in
older patients. In paradoxical embolism related to PFO,
33% of older patients had no other identifiable cause
of embolic stroke besides a PFO.

Copyright © 2019 Science International Corp.
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Introduction

Embolic stroke of undetermined source (ESUS) is a
form of stroke defined based on a set of criteria pro-
posed by the Cryptogenic Strokes/ESUS Internation-
al Working Group [1]. Although the causes of ESUS
have been previously reported in multiple studies,
the cause of stroke could not be identified using the
ESUS criteria in a number of patients. Moreover, this
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Figure 1. Study flowchart. ESUS: embolic stroke of undetermined sources; TEE: transesophageal echocardiography.

proposed diagnostic assessment for ESUS does not
include routine use of transesophageal echocardiog-
raphy (TEE).

Patent foramen ovale (PFO) is one of the causes
of ESUS, especially in patients with paradoxical em-
bolism. The relationship between paradoxical em-
bolism and PFO is well documented. Conversely,
the gold standard imaging tool in diagnosing PFO is
TEE. In addition, percutaneous closure of PFO in pa-
tients with embolic strokes was recently deemed to
be more effective than medical therapy alone [2, 3,
18]. In the current era of PFO closure, it is important
to determine the specific embolic source. However,
the distribution of embolic sources in patients with
ESUS remains unclear. Additionally, the difference
in embolic sources in patients with different ages is

not well described. The aim of the present study was
to investigate the distribution of embolic sources in
patients with embolic strokes according to their age
using routine diagnostic assessments including TEE
and to evaluate the distribution of paradoxical embo-
lism related to patent foramen ovale (PFO) between
younger and older..

Materials and Methods

This was a single-center, retrospective study. Be-
tween May 2012 and December 2017, 1801 con-
secutive patients with acute ischemic stroke were
admitted to the Tokushima Red Cross Hospital in
Japan. Figure 1 shows the study flowchart. Of these
1801 patients, 213 (11.8%) fulfilled the ESUS diag-
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Table 1. Patient characteristics according to age

All patients Younger Older

(n=102) (n=24) (n=78) P value
Age, yrs 68.8+13.2 49.3+109 74.846.2 <0.001
Body massindex,  23.143.1 238+34 229430 021
kg/m?
Male 71(69.6) 17(70.8) 54(69.2) 0.88
Hypertension 64(62.7) 7(29.2)  57(73.1) <0.001
Diabetes mellitus ~ 27(26.5) 7(29.2)  20(256) 0.73
Dyslipidemia 62(60.1) 15(62.5) 47(603) 084
Smoking history 53(51.9) 15(62.5) 38(487) 024
Previous stroke 18(17.6) 3(125)  15(19.2) 045
Af history 0(0) 0(0) 0(0) -

Values are mean=SD, n (%).
Af: atrial fibrillation

nostic criteria and were classified according to the
cause of embolic stroke [1]. Based on joint decision
by a neurologist and cardiologist, 102 patients under-
went routine diagnostic assessment with additional
TEE to determine the specific cause of their embolic
stroke. Patients who were unstable or did not provide
consent were excluded. Moreover, we compared the
cause of embolic stroke between younger (<60 years;
mean age, 49.3 = 10.9 years; age range, 23-60 years;
n=24) and older (>60 years; mean age, 74.8 + 6.2
years; age range, 62-86 years; n=78) patients.

TEE examination and definitions of cardiac sources
of embolism

TEE was performed to determine the specific em-
bolic source, in addition to routine diagnostic as-
sessment. An IE33 echocardiography system (Philips
Medical Systems, Eindhoven, The Netherlands) with
a multiplane transesophageal 5-MHz transducer was
used. TEE was performed under sedation, and em-
bolic sources were diagnosed by consensus of two
experienced echocardiography specialists. PFO was
defined as the presence of a right-to-left shunt using
agitated saline contrast microbubbles within three
cardiac cycles via a Valsalva maneuver with abdom-
inal compression after complete opacification of the
right atrium. TEE for detection of PFO was performed
at the end of the examination after the anesthetic

wore off. Atrial septal aneurysms (ASAs) were defined
as an interatrial septum with a 10 mm protrusion into
the right or left atrium and a diameter =15 mm at the
base of the aneurysm. Reduced left atrial appendage
blood flow (LAAF) was defined as <30 cm/sec. Aor-
tic plaque was defined as plaque thickness >4 mm in
the aortic arch or descending aorta. The total num-
ber of embolic sources was used to calculate the risk
of stroke according to the ESUS criteria for embolic
stroke [1].

Statistical analysis

Continuous variables are expressed as mean *
standard deviation. Categorical variables were com-
pared between groups using the chi-squared or Fish-
er's exact tests. A p <0.05 was considered statistically
significant. All data were analyzed using JMP version
8 (SAS Institute, Cary, NC).

Ethical approval

This present study has been approved by ethics
standards of the institutional research, and the study
was performed in accordance with the 1964 Declara-
tion of Helsinki.

Results

Baseline characteristics

The baseline characteristics of the younger and
older patients are shown in Table 1.The mean age of
patients in this study was 68.8 + 13.2 years and 71
(69.9%) were male. Compared with the younger pa-
tients, the rates of hypertension were significantly
higher in the older patients. The prevalence of diabe-
tes mellitus, dyslipidemia, smoking history, and pre-
vious stroke were similar between the younger and
older patients. None of the patients in either group
had a history of atrial fibrillation or flutter.

Distribution of embolic sources in patients with ESUS
according to age

The various embolic sources are summarized in
Table 2. The most frequent cause of embolic stroke
was PFO (56.9%), followed by aortic arch athero-
sclerotic plaques (38.2%). No significant differences
between the groups were found in the rates of mi-
nor-risk potential cardio embolic sources such as the
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Table 2: Characteristics of the embolic sources.

All patients Younger Older
Causes (n=102) (n=24) (n=78) P value
Minor-risk potential cardio embolic sources
Mitral valve
Myxomatous valvulopathy with prolapse (%) 0(0) 1(1.3) 0.57
Mitral annular calcification (%) 1(4.2) 2(2.6) 0.68
Aortic valve
Aortic valve stenosis (%) 1(0.9) 0(0) 1(1.3) 0.57
Calcific aortic valve (%) 14(13.7) 14.2) 13(16.7) 0.12
Non-atrial fibrillation atrial dysrhythmias and stasis
Atrial asystole and sick sinus syndrome (%) 2(1.9) 0(0) 2(2.6) 043
Atrial appendage stasis with reduced flow velocities 5(4.9) 0(0) 5 0.20
or spontaneous echo densities (%)
Atrial structural abnormalities
Atrial septal aneurysm (%) 32(314) 4(16.7) 28(35.9 0.07
Chiari network (%) 11(10.8) 14.2) 10(12.8 0.23
Left ventricle
Moderate systolic or diastolic dysfunction, Ventricular 9(8.8) 2(8.3) 7(9.0) 0.92
non-compaction, Endomyocardial fibrosis (%)
Cancer-associated
Convert non-bacterial thrombotic endocarditis,, 4(3.9) 0(0) 4(5.1) 0.26
Tumor emboli from occult cancer (%)
Arteriogenic emboli
Aortic arch atherosclerotic plaques, Cerebral artery 39(38.2) 1(4.2) 38(48.7) <0.001
non-stenotic plaques with ulceration (%)
Paradoxical embolism
Patent foramen ovale (%) 58(56.9) 15(62.5) 43(55.1) 0.52
Atrial septal defect (%) 3(2.9) 14.2) 2(2.6) 0.68
Pulmonary arteriovenous fistula (%) 0(0) 0(0) 0(0) -

mitral valve, aortic valve, atrial structural abnormali-
ties, and left ventricle. Similarly, no difference in can-
cer-associated and paradoxical emboli was observed
between younger and older patients. PFO as the em-
bolic source was also similar between younger and
older patients (62.5% vs. 55.1%, p=0.52).0n the other
hand, the rate of aortic arch atherosclerotic plaques
was significantly higher in older patients (4.2% vs.
48.7%, p <0.001).

Total numbers of other embolic sources in addition
to PFO or combined PFO and ASA

A total of 58 patients (56.9%) were detected PFO.
Table 3 presents the total number of other embolic
sources in addition to PFO or combined PFO and ASA.
Older patients exhibited multiple causes of embolic
stroke more frequently than younger patients with
only 14 of 43 (32.6%) having PFO or combined PFO
and ASA alone.
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Table 3. Total numbers of other embolic sources in addition to patent foramen ovale or combined patent foramen ovale and atrial

septal aneurysm

All patients Younger Older
(n=58) (n=15) (n=43) P value

Total numbers of other 0.017
embolic sources in addition to PFO
or combined PFO and ASA
0(%) 26(44.8) 12(80.0) 14(32.6) -
1(%) 19(32.8) 2(13.3) 17(39.5) -
2(%) 12(20.7) 1(6.7) 11(25.6) -
3(%) 101.7) 0(0) 1(2.3) -

PFO: patent foramen ovale; ASA: atrial septal aneurysm.

Discussion

TEE is superior to transthoracic echocardiography
for identifying intracardiac abnormalities [4]. It is es-
pecially useful for identifying abnormal structures
in detail, such as PFO and ASA, or other intracardiac
embolic sources, such as LAAF, Chiari networks, and
aortic valve calcification. A previous study has already
shown the association between the presence of PFO
and cryptogenic stroke in both older and younger pa-
tients [5]. However, it did not clearly evaluate other
causes of ESUS except for PFO and ASA. Moreover, no
other previous study has clearly assessed and classi-
fied the distribution of causes according to the ESUS
criteria [1]. The present study utilized TEE to identify
other causes of ESUS according to the ESUS criteria.

The prevalence of PFO on echocardiographic and
autopsy studies in the healthy adult population is
approximately 20%-25% [6-8]. Furthermore, approx-
imately 40%-60% of cases of stroke with paradoxical
embolism in young people are associated with PFO
[8, 9, 19]. Notably, our study showed a higher inci-
dence of PFO in ESUS patients compared with previ-
ous studies, which may be attributed to our definition
of PFO, i.e,, the presence of at least one microbubble
in the left atrium within three cardiac cycles after
opacification of the right atrium using agitated saline
contrast microbubbles [9], regardless of the num-
ber of microbubbles. In addition, a previous study
showed a positive relationship between the size of
the shunt and the risk of stroke [10]. Some authors
have indicated that PFO size can be defined by the

number of microbubbles, where 3-10 microbubbles
is a small shunt, 1-30 is a moderate shunt, and >30 is
a large shunt [11]. Other previous studies have iden-
tified that the morphological or functional character-
istics of PFO are associated with paradoxical embolic
stroke [12, 13]. In our study, these elements of PFO
were not evaluated; however, we evaluated the fre-
qguency of ASA and found that it was anatomically
related to PFO. The coexistence of PFO and ASA is a
stronger risk factor for stroke than either source by it-
self [14]. Our study demonstrated that the frequency
of PFO or combined PFO and ASA without other car-
dioembolic sources was 80% and 32.6% in younger
and older ESUS patients, respectively.

Three previous trials, the CLOSURE-1 trial (Evalua-
tion of the STARFlex Septal Closure System in Patients
with a Stroke and/or Transient ischemic Attack due to
Presumed Paradoxical Embolism through a PFO) [15],
the RESPECT trial (Randomized Evaluation of Recur-
rent Stroke Comparing PFO Closure to Established
Current Standard of Care Treatment) [16] and the PC
trial (Randomized Clinical Trial Comparing the Effica-
cy of Percutaneous Closure of Patent Foramen Ovale
With Medical Treatment in Patients With Cryptogen-
ic Embolism) [17] did not show a superiority for PFO
closure over medical therapy in patients with cryp-
togenic stroke. However, more recent trials showed
that PFO closure is effective in preventing recurrent
stroke [2, 3, 18]. These trials reported that the rates
of recurrent stroke in younger (18-60 years) patients
were significantly lower with closure of the PFO plus
antiplatelet therapy than with antiplatelet therapy
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alone. However, the clinical benefit of PFO closure
for preventing recurrent stroke in older patients with
stroke-related PFO has not been adequately evalu-
ated. We believe that PFO closure in older patients
might be considered if no causes of embolic source
other than PFO and ASA are detected in patients with
ESUS who undergo routine diagnostic assessment
with additional TEE. Further study of larger numbers
of ESUS patients is necessary to confirm our results.
Our study has several limitations. First, this was a
single-center, retrospective study, which potentially
introduces selection bias. Second, only a small num-
ber of patients were analyzed. Third, undetected caus-
es, such as subclinical paroxysmal atrial fibrillation,
may have existed in the study population. All patients
of this study underwent cardiac monitoring for >24
h with automated rhythm detection and none had
any atrial high rate episodes up until discharge. This
is insufficient monitoring, especially in older patients
because the current recommendation is 2-4 weeks
of ECG monitoring. Forth, we did not have follow up
on the older patients who had PFO closure. It is un-
known whether PFO closure of older ESUS patients
related PFO is efficacy same as younger. However, we
believe that our study population reflects a real world
unselected population of patients with ESUS.
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Abstract

Background: Device sizing prior to left atrial append-
age (LAA) closure is currently primarily based on trans-
esophageal echocardiographic as well as invasive
angiographic measurements, and can be challenging
due to the complex and highly variable anatomy of the
LAA. Computerized tomography (CT) is a 3-dimension-
al imaging modality that is increasingly being used for
planning structural heart disease interventions. We as-
sessed the variability of the measurements of the LAA
ostium in patients with sinus rhythm and atrial fibrilla-
tion referred for CT angiography.

Methods: 101 consecutive patients with available ret-
rospective spiral acquisitions as well as multiphase re-
constructions between 0 to 90% of the peak R-wave to
R-wave were included in this analysis. All acquisitions
were performed using a third generation dual source
system (Somatom Force, Siemens Healthineers, Forch-
heim, Germany). Data sets were transferred to dedi-
cated Software (Ziostation2, Ziosoft Inc., Tokyo, Japan)
which allows dynamic evaluation of the LAA ostium
through the different phases of the cardiac cycle. Mul-
tiplanar reconstructions were aligned with the plane of
the LAA ostium and measurements where performed in
a cross-sectional plane orthogonal to the long axis of the
LAA at the level of the left circumflex coronary artery.
Four measurements were performed: area, circumfer-
ence, area-derived diameter (v[area/TT] x 2) and circum-
ference-derived (perimeter/TT). Furthermore assessment
of the length if the LAA was assessed in all patients.

Results: Out of 101 patients (mean age 81 + 8 years,
61% males), 48 patients were in sinus rhythm at time
of acquisition and 53 patients were in atrial fibrillation.
The mean area of the LAA ostium as well as perimeter
were significantly larger in AF patients compared to SR
patients (464+153 vs. 359+131 mm? and 78112 mm vs.
69112 mm for AF vs SR patients, respectively, p=0.001).
Consequently the area derived diameter as well as pe-
rimeter derived diameter were consequently signifi-
cantly larger in AF vs. SR patients (24+4 mm vs. 21+4
mm and 2514 vs. 22+4 mm for area-derived vs. perim-
eter-derived diameter, respectively, p<0.001). The per-
centage difference between maximal and minimal LAA
dimensions were significantly higher for sinus rhythm
patients compared to atrial fibrillation [88% (IQR 60;
147%) vs. 21% (IQR 13; 42%), respectively, p<0.001] for
median percentage area change and 34% vs. 10% for
median percentage perimeter change (IQR 25; 52 vs.
7;18%, respectively, p<0.001).

For atrial fibrillation patients, the largest LAA dimen-
sions (area, perimeter, area-derived and perimeter-de-
rived diameters) was measured at an average of 40% of
the peak R-wave to R-wave whereas for sinus rhythm
patients, the maximal LAA dimensions were measured
at an average of 46% of the peak R-wave to R-wave
(p>0.05). The mean length of the LAA was significant-
ly larger in AF patients compared to SR patients (19.5
mm vs. 17 mm for AF vs SR patients, p=0.04) and the
median percentage change in length was significantly
higher in SR vs. AF (32% [IQR 19; 61%] vs. 13% [IQR 9;
19%] for SR vs. AF patients)
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Conclusions: Dimensions of the left atrial appendage
ostium vary significantly within different time points in
cardiac cycle. These changes are more pronounced in
patients in sinus rhythm compared to patients in atrial
fibrillation which might impact sizing if CT is used for
procedural planning prior to interventional closure of
the LAA. According to our data, to identify maximal
LAA dimensions, CT imaging for the purpose of LAA oc-
clusion should be targeted in atrial diastole (40-50% of
the peak R-wave to R-wave).

Copyright © 2019 Science International Corp.
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Introduction

The association between atrial fibrillation and isch-
emic cerebrovascular events has been established
in numerous prospective studies [1]. Oral anticoag-
ulation is currently the therapy of choice to prevent
thromboembolic complications in patients with atrial
fibrillation [2]. For patients at high risk for bleeding
on anticoagulation therapy, percutaneous mechani-
cal occlusion of the left atrial appendage (LAA) has
emerged as an effective approach for stroke preven-
tion [1]. Correct sizing is crucial for successful and
safe implantation of the LAA occluder as well as for
achieving desired outcomes following interventional
closure. Clinically significant complications, including
hemodynamically significant pericardial effusion or
procedure-related stroke, are reported in up to 4% of
cases [3]. Device sizing prior to left atrial appendage
(LAA) closure is currently primarily based on transe-
sophageal echocardiographic as well as invasive an-
giographic measurements, and can be challenging
due to the complex and highly variable anatomy of
the LAA. Moreover, apart from the complexity of the
left atrial appendage anatomy, the LAA has the ability
to contract and the dimensions of the LAA-ostium can
change variably during the cardiac cycle leading to
differences in sizing strategies. CT is a 3-dimensional
imaging modality that is increasingly being used for
planning structural heart disease interventions [4-11].
Next to its high and isotropic spatial resolution, CT
has the advantage of allowing imaging throughout
the entire cardiac cycle in arbitrary orientations.

Using multiphase computed tomography, we
assessed the variability of the LAA dimensions in
patients with sinus rhythm and atrial fibrillation
throughout the cardiac cycle.

Material and Methods

Study design and patient population

This is a single center, retrospective study. Consec-
utive CT data sets of 101 patients referred for assess-
ment prior to or following transcatheter aortic valve
replacement were included in this analysis.

DSCT data acquisition and image reconstruction

CT data sets were acquired with a third genera-
tion dual source CT system (Somatom Force, Siemens
Healthineers, Forchheim, Germany) using spiral ac-
quisition with retrospectively ECG-gated reconstruc-
tion, with a scan range extending from the pulmonary
artery bifurcation to the caudal aspect of the heart.
Scan parameters were as follows: tube voltage 100
kV, tube current time product 500 mAs, collimation
2x192x0.6 mm and rotation time 250ms. ECG dose
modulation was used with full radiation exposure be-
tween 10-70% of the R-wave to R-wave interval and a
dose reduction to 20% outside this window. To assess
contrast agent transit time, 10ml of contrast agent
(Ultravist 370°, Bayer vital, Leverkusen, Germany) was
used. For CT angiography, 50 ml at a flow rate of 5ml/
sec, followed by a 50 ml saline chaser at the same flow
rate was injected.

For each patient, a multiphase reconstruction in
10% increments of the cardiac cycle was rendered us-
ing a small field of view data set to allow for 4-dimen-
sional assessment of the left atrial appendage. All
reconstructions were rendered using a medium soft
convolution kernel (Siemens Bv40) with a slice thick-
ness of 0.75 mm and slice increment of 0.5 mm and
iterative reconstruction (Admire®, Siemens Health-
ineers, Forchheim, Germany) at a strength level of 2.

CT analysis of left atrial appendage

For primary analysis, multiphase reconstructions
were transferred to a dedicated workstation (Ziosta-
tion2, Ziosoft Inc., Tokyo, Japan). The plane of the
left atrial appendage ostium was defined as a plane
connecting the upper left pulmonary vein superi-

Journal of Structural Heart Disease, October 2019

Volume 5, Issue 5:213-220



215

Original Scientific Article

Figure 1. Panel A & B. Multiplanar reconstruction of the left atrial appendage (LAA) showing the plane of the ostium (dotted line). The
plane of the ostium is orthogonal to the long axis of the LAA and extends from the upper pulmonary vein ridge (thick arrow) to the
plane of the left circumflex coronary artery (thin arrow). Panel C. Tracing of the LAA ostial plane in cross-section..

Figure 2. Multiplanar reconstruction of the left atrial appendage
(LAA) showing the measurement of the length of the LAA (thin
arrow). The plane of the LAA ostium is marked be the thick arrow.

orly and the connection of the left atrium and LAA
inferiorly at the level of the left circumflex coronary
artery. Moreover this plane was adjusted strictly or-
thogonal to the long axis of the LAA. The orifice of
the LAA was then manually traced with at least 18
points across its contour (Figure 1) and an automated
algorithm automatically provided the area, circumfer-
ence, maximum and minimal diameters as well as an
area-derived diameter (v/[area/TT] x 2) and a circum-
ference-derived (perimeter/TT) of the traced contour.

The manual tracing of the plane of the LAA was only
performed at one time point in the cardiac cycle and
then automatically propagated by the software to all
other phases. In every phase the tracing of the LAA
ostial plane was visually verified and, if required cor-
rected for possible errors according to the discretion
of the observer. Furthermore, for each LAA the length
was measured defined as the distance from the apex
of the LAA to the plane of the ostium or in case of
LAA with significant bends as the distance from the
plane of the LAA ostium to the first bend. (Figure 2)
The dimensions of the LAA ostium were compared
between 48 patients with sinus rhythm and 53 in
atrial fibrillation. Moreover the percentage change
in dimensions (area, perimeter, area-derived diame-
ter, perimeter derived diameter and length) defined
as the percentage difference between the smallest
measurement and the largest measurement were
compared between both groups.

Statistical analyses

Continuous data are presented as mean * standard
deviation or median and interquartile range. Categor-
ical variables are shown in proportions. Mean values
were compared using t-test for normally distributed
data and Mann-Whitney for data with non-normal
distribution.

All statistical analyses were performed using IBM®
(New York) SPSS® Statistics (version 21.0).
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Results

Study population

101 patients were included in this analysis (mean
age 81 * 8 years, 61% males). Patients were divided
in two groups: 48 patients in sinus rhythm (SR) and
53 patients in atrial fibrillation (either paroxysmal or
persistent). All patients in the atrial fibrillation (AF)
group were in AF during the CT acquisition. Baseline
characteristics are shown in Table 1. Mean heart rate
during the CT exam was 6219 bpm for patients with
sinus rhythms vs. 6948 bpm in patients in atrial fibril-
lation (p=n.s).

Left atrial appendage ostium dimensions

The mean area of the LAA ostium as well as pe-
rimeter were significantly larger in AF patients com-
pared to SR patients (464+153 vs. 359+131 mm? and
78+12 mm vs. 69412 mm for AF vs SR patients, re-
spectively, p=0.001). Consequently the area derived
diameter as well as perimeter derived diameter were
consequently significantly larger in AF vs. SR patients
(244 mm vs. 214 mm and 25+4 vs. 22+4 mm for
area-derived vs. perimeter-derived diameter, respec-
tively, p<0.001). (Table 2 and 3) The percentage differ-
ence between maximal and minimal LAA dimensions
were significantly higher for sinus rhythm patients
compared to atrial fibrillation [88% (IQR 60; 147 %) vs.
21% (IQR 13; 42%), respectively, p<0.001] for median
percentage area change and 34% vs. 10% for median
percentage perimeter change (IQR 25;52 vs. 7;18%,
respectively, p<0.001) (Figure 3).

For atrial fibrillation patients, the largest LAA di-
mensions (area, perimeter, area-derived and perime-
ter-derived diameters) was measured at an average of
40% of the peak R-wave to R-wave whereas for sinus
rhythm patients, the maximal LAA dimensions were
measured at an average of 46% of the peak R-wave to
R-wave (p>0.05).

Left atrial appendage length

The mean length of the LAA was significantly larger
in AF patients compared to SR patients (19.5 mm vs.
17 mm for AF vs SR patients, p=0.04) and the median
percentage change in length was significantly higher
in SRvs. AF (32% [IQR 19; 61%] vs. 13% [IQR 9;19%)] for
SR vs. AF patients)

216

Table 1: Baseline clinical characteristics.

Sinus rhythm AF P-Value
Patients (n) 48 53
Male Gender (%) 30 (62) 32 (60) 0.84
Age in years (mean 80+8 82+6 0.52
+SD)
Coronary artery 28 (58) 38 (72) 0.21
disease (%)
Cardiovascular Risk Factors
Dyslipidemia (%) 28 (58) 27 (51) 0.55
Hypertension (%) 36 (75) 45 (85) 0.23
Diabetes mellitus 11(23) 16 (30) 0.50
(%)
Smoking 0.74
Ex-Smoker 3(6) 4(8)
Current Smoker 2/4) 4(8)
Positive Family 3(6) 4 (8) 1.00

History (%)

Discussion

In this retrospective analysis, we demonstrate a sig-
nificant change in LAA ostial dimensions through the
cardiac cycle with maximum measurements for both
perimeter as well as area measurements at 40-50%
of the electrocardiographic peak R- wave to R-wave
corresponding to atrial diastole. This dynamism is, as
intuitively assumed more pronounced for patients in
sinus rhythm - due to the contractile function of the
left atrial appendage - compared to patients in atrial
fibrillation (median percentage area and perimeter
change 88% and 34% vs. 21% and 10% for SR vs. AF
patients, respectively). Nevertheless, AF patients — a
subset that might come in question for percutaneous
LAA occlusion - still demonstrate a certain degree of
dynamism of the LAA ostium dimensions potentially
influencing sizing strategies for different LAA occlud-
ers available on market.

So far, several studies have reported on the use of
3-dimensional imaging (specifically CT imaging) prior
to LAA interventions. In a large single center registry
of 73 patients, Rajwani et al. reported a favorable out-
come for LAA occlusion procedures using routine in-
corporation of CT data for pre-procedural sizing [12].

Journal of Structural Heart Disease, October 2019

Volume 5, Issue 5:213-220



217

Original Scientific Article

Table 2: Area measurement of LAA ostium through the cardiac

Table 3: Perimeter measurement of LAA ostium through the

cycle. cardiac cycle.
LAA Area Sinus rhythm AF P-value LAA Perimeter  Sinus rhythm AF P-value
Mean :ESD 359+ 131 464 + 153 0.001 Mean £SD (mm) 69+ 12 78 £12 0.001
(mm°) Median (mm) 72413 79+ 12 0.007
; 2
Median (mm?) 378 £ 140 468 + 150 0.002 Minimum (mm, 56413 73415 <0.001
Minimum (mm?) 233+ 108 406 + 169 <0.001 mean + SD)
Maximum 440 + 150 517+ 154 0.025 Maximum (mm, 77 +£13 83+ 11 0.031
(mm?) mean + SD)
Percentage 88 (60;147) 21 (13:42) < 0.001 Percentage 34 (25;52) 10 (7;18) <0.001
Difference % Difference %
Median (IQR) Median (IQR)
Time point 46+ 13 40+ 15 0.16 Time point max- 47 +15 41+19 0.23

maximum area
(%, R-wave to
R-wave peak,
mean + SD)

imum Perimeter
(%, R-wave to
R-wave peak,
mean + SD)

In their cohort - albeit in a retrospective fashion -, CT
assessment altered device selection in more than half
of the cases, compared to standard transoesophageal
echocardiography (TEE). In this study, CT acquisitions
were performed using high-pitch spiral acquisitions
which per standard are set to be triggered at 60% of
the peak R-wave to R-wave. However in the setting
of atrial fibrillation, a clear knowledge of the exact
time trigger of the acquisition remains questionable
for this CT acquisition mode. Along the same ling, in a
cohort of 53 patients examined by Wang et al., device
selection using CT imaging prior to LAA occlusion
showed 100% accuracy, whereas the use of maximal
LAA ostial diameters whether in 2D-TEE or 3D-TEE
would have resulted in incorrect device selection in
62% and 53%, respectively [13]. In this study, sizing
of the LAA was performed using ventricular systolic
phases corresponding to the maximal diastolic atri-
al filling. In a more recent study by Eng et al., a small
cohort (a total of 24 patients) was prospectively ran-
domized to CT vs. TEE guidance prior to LAA occlusion
[14]. The authors demonstrated a better device selec-
tion as well as procedural efficiency for the CT arm
compared to the TEE arm. In fact, in this small cohort,
the accuracy of first device selection was 92% com-
pared to 27% for CT vs. TEE. Although CT acquisitions
were performed using retrospective ECG-triggering,
no clear mention of the exact time point of LAA sizing

was reported. Furthermore, in a cohort of 36 patients
examined using CT as well as 2-dimensional TEE, Goi-
tein et al. reported a better prediction of device sizing
prior to percutaneous LAA occlusion using perimeter
assessment of LAA ostium in CT compared to diame-
ter measurements in TEE [15]. In their cohort, acquisi-
tions were performed in ventricular systole at 30-40%
of the cardiac cycle.

Beyond 3-dimensional assessment of the LAA us-
ing CT imaging, few studies have recently reported
the feasibility and usefulness of CT-based 3D printing
for assessment of the LAA prior to percutaneous clo-
sure [16-18]. Using this modern technology, Hell et al.
could demonstrate - in a small cohort of 22 patients
treated with the Watchman® device - the additive val-
ue of CT-based 3D printing compared to anatomical
CT 3-dimensional information for device selection
prior to percutaneous closure [16].

Moreover, Hozawa et al. recently compared LAA
volume and dimensions in 60 patients with normal
sinus rhythm compared to patients with paroxys-
mal atrial fibrillation [19]. In their cohort, CT imaging
was performed at 75% of the peak R-wave to R-wave
in patients with sinus rhythm (ventricular diastol-
ic phase) whereas for patients with paroxysmal AF,
retrospective CT acquisitions along the entire cardi-
ac cycle were available. However, for the purpose of
comparison, LAA dimensions were compared only in
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Figure 3. Computerized tomography of a 70-year-old patient in sinus rhythm. Panels A and B show multiplanar reconstructions of
the left atrial appendage (LAA) at 45% of the peak R-wave to R-wave. Panel A. Tracing of the LAA ostium showing an area of 446 mm?.
Panel B. plane of the LAA ostium. The arrows mark the left circumflex coronary artery. Panels C and D show multiplanar reconstruc-
tions of the same patient at 5% of the peak R-wave to R-wave with significantly smaller LAA dimensions. Panel C. Tracing of the LAA
ostium showing an area of 188 mm?Z. Panel D. plane of the LAA ostium.

ventricular diastolic phases for both sinus rhythmand  parisons only in ventricular diastolic phases- the au-
atrial fibrillation patients (75% of the peak R-wave to thors report significantly larger dimensions of LAA-or-
R-wave). Similar to our observation - albeit with com- ifice as well as LAA volume in AF patients compared
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to sinus rhythm patients. Interestingly, the authors
addressed a further challenging aspect of LAA assess-
ment which is the definition of the LAA ostial plane. In
their analysis, three planes were proposed for assess-
ment of the LAA orifice. Due to the lack of anatomi-
cal boundaries between the left atrial cavity and the
LAA, it still remains challenging to uniformly define
the plane of the ostium. So far, the most common-
ly used plane for defining the LAA ostium is a plane
joining the pulmonary vein ridge superiorly and the
junction between the LA and the LAA inferiorly at the
plane the left circumflex coronary artery. Of Interest,
using a similarly defined plane in their cohort and
ours, Hozawa et al. could only demonstrate a trend
towards larger LAA ostial dimensions in AF patients
compared to sinus rhythm, however these differenc-
es did not reach statistical significance. These differ-
ences could be probably explained by the difference
in cohort size on one side, and more importantly due
to the mere ventricular diastolic phase assessment in
their cohort on the other side.

In light of our findings, it appears of relevant im-
portance to plan the time of CT acquisition to the
time point of maximal LAA dimensions for optimal
device sizing and consequently optimal sealing of the
LAA. However, we examined a cohort of patients re-
ferred for CT imaging in the context of transcatheter
aortic valve replacement, as these patients were - per
institutional protocol - examined using retrospective
acquisition and hence multiphase assessment of LAA
dimensions at different time points of the cardiac cy-
cle was possible. In so far, whether implementing CT
maximal LAA dimensions for device sizing outside
this selected cohort would affect intra-procedural
success as well as complications remains unclear and
need to be further assessed in a prospective cohort
referred for percutaneous LAA occlusion.
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Transcatheter Trans-aortic Retrograde Approach
for the Closure of Perimembranous Ventricular
Septal Defects using Cocoon [Amplatzer Duct
Occluder I Like] Device — An Initial Experience from

a Single Centre
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Abstract

Aims & Objective: Transcatheter ventricular septal de-
fect (VSD) device closure is usually performed using
the antegrade approach [1-3]. A few case series of a
retrograde technique using the Amplatzer duct occlud-
er (ADO) Il device have been reported [4, 5]. We aimed
to assess the feasibility and safety of a retrograde clo-
sure technique using an ADO | like device, which is used
for the closure of patent ductus arteriosus (PDA).

Methods: Between June 2015 and January 2018, eight
consecutive, consenting cases with congenital perimem-
branous VSDs underwent trans-aortic device closure us-
ing an ADO | like device in a single tertiary care center.

Results:The median age was 17.1 years (5-32,SD 17.125
years) with 3 males and 5 females. Mean defect size was
6.6 mm (4.5 - 8.6 mm, SD 6.6125), with a median aortic
rim of 3.4 mm (2-5, SD 3.4125). Median Qp/Qs and right
ventricular systolic pressure was 1.8 (1.6-2.1, SD 1.825)
and 41.3 mm Hg (33-50, SD 41.25) respectively. Median
fluoroscopy and procedure times were 13.3 (10.6-15.7,
SD 13.275) and 23.5 (18.2-27.2, SD 22.722) minutes re-
spectively. The defects were successfully closed with
no residual shunt in all 8 patients (100%). There was no

semilunar or atrioventricular valve leaflet entrapment
or regurgitation. There were no instances of acute de-
vice dislodgement or Atrioventricular (AV) block. Over
a median follow up of 18 months, all eight patients re-
mained symptom free with no residual shunt or late
complications.

Conclusion: In this initial experience, trans-aortic, ret-
rograde VSD device closure using an ADO | like device
appears feasible and safe in patients with perimembra-
nous VSDs which a cost effective alternative to routine
use of the ADO Il device.

Copyright © 2019 Science International Corp.
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Ventricular septal defects . Device closure « Duct
occluder

Introduction

Transcatheter ventricular septal defect (VSD) de-
vice closure is a commonly performed procedure
to close perimembranous VSDs (PMVSD), especially
those that are moderately restrictive without severe
pulmonary artery hypertension. Transcatheter clo-
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Figure 1. Cocoon device, which is an Amplatzer duct occluder |
[ADO 1] like device used for the closure of patent ductus occlud-
er. [Reproduced with permission]

sure is preferred wherever possible in view of shorter
hospital stay, easier recovery, cost-effectiveness, and
cosmetic reasons.

The procedure is commonly done by an antegrade
technique via the right ventricle, using an arterio-ve-
nous loop. A trans-aortic retrograde technique us-
ing Amplatzer membranous or duct occluder (ADO)
Il has also been described [1]. Though procedure
time and radiation exposure is less with the retro-
grade technique it has certain limitations. It cannot
be used in patients with perimembranous VSDs with
aortic rim less than 3 mm [1]. Secondly, the ADO lI
device is expensive and its routine use, especially in
resource-limited settings may not be cost effective.
We therefore aimed to assess the feasibility and safe-
ty of a retrograde technique for VSD device closure
using an indigenously manufactured low cost ADO |
like device. We further aimed to demonstrate that this
approach could be used irrespective of the adequacy
of the aortic rim.

Methods

Patient population

This series included eight consecutive patients
with perimembranous VSDs who underwent percu-
taneous VSD device closure by the trans-aortic retro-

grade approach using an ADO | like device at a single
tertiary care center in South India over a three year
period (2015-2018). The hospital institutional review
board and ethics committee approved the study. All
patients gave informed consent. VSD closure was
performed as per standard indications in symptom-
atic patients, with significant shunt as evidenced by
standard clinical (mid-diastolic flow murmur), elec-
trocardiographic (left atrial enlargement, left ven-
tricular hypertrophy) or imaging criteria (Qp/Qs >
1.5 by echocardiography or cardiac catheterization.
Perimembranous VSDs with aortic rim less than 5 mm
were also included.

Cases that had significant aortic valve prolapse
with aortic insufficiency, defect size >10mm, and se-
vere pulmonary hypertension were excluded. The pa-
tients underwent clinical and echocardiographic fol-
low-up one week after the procedure and then once
every three months for one year.

Description of technique

Infective endocarditis prophylaxis was adminis-
tered in all cases. Calculation of VSD diameter and
its relation to the aortic valve was determined using
trans-thoracic echocardiography (TTE) (Figure 2A & B)
only without performing ventriculography. Following
femoral arterial access with a 7 French sheath, the de-
fect was crossed from the left ventricle using an ex-
changeable 0.035-inch angulated floppy hydrophilic
guide wire (Radio focus, Terumo cooperation, Tokyo,
Japan) through either a Judkins right or Amplatz
right diagnostic coronary artery catheter (Medtronic,
Minnesota, USA) (Figure 3A). The catheter was then
advanced over the wire into either the pulmonary
artery (PA) or superior vena cava (SVC). The hydro-
philic wire exchanged for an Amplatz extra-stiff soft
tip wire (Cook Medical Inc. Bloomington, USA). A 7-8
Fr. delivery sheath along with its dilator which used
for the closure of patent ductus arteriosus (PDA), was
advanced through the defect into the right ventricle
(RV) over the Amplatz stiff wire. The sheath was ad-
vanced slowly towards the apex of the RV while with-
drawing the dilator and was positioned 3-5 cm be-
yond the defect (Figure 3B). A device 1 to 2 mm larger
than the measured VSD diameter was pre-loaded on
a delivery cable and advanced to the tip of the de-
livery sheath. The entire system was then withdrawn
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Figure 2. Pre-procedure Trans-thoracic Echocardiography of an illustrated case in Parasternal long axis (Panel A) and apical long axis
view (Panel B) demonstrating a perimembranous ventricular septal defect for the measurement of size of the defect.

back towards the VSD under fluoroscopic and trans-
thoracic echocardiographic guidance (Figure 3C). The
RV disc was exteriorized 1-2 cm distal to the defect
while avoiding entrapment of the chordal elements
of the tricuspid valve. The whole system was then
further withdrawn till the RV disc was firmly seated
on the RV aspect of the defect. Keeping it steady, the

sheath alone was then further pulled back to succes-
sively deploy the waist and finally the LV disc of the
device. Check angiography was performed through
the side arm of the delivery sheath by hand injection
to confirm device position. TTE was also performed to
visualize the placement of the device on the defect,
function of the tricuspid, mitral, and aortic valves and

Table 1: Demographic features of the cases, anatomic characteristics of the defects, and data of hemodynamic studies.

Patient Height/weight/BMI, Defect Aortic rim, RVSP,
Caseno Initials Age, years Gender Kg/M2 Diameter, mm mm Qp/Qs mmHg
1 BS 11 F 34/140,17.3 5 4 1.8 38
2 PK 5 M 17/108,14.6 55 2.5 1.9 45
3 PB 32 M 78/178,24.6 8 35 20 50
4 YP 25 M 68/170,23.5 8.6 38 1.6 35
5 KB 20 F 55/160,21.5 6.7 5 1.8 44
6 PP 9 F 25/128,15.3 4.5 3.6 1.75 37
7 SD 20 F 53/162,20.2 8 2 2.1 48
8 YK 15 F 48/155,20.0 6.6 29 1.65 33
Median 17.12 47.25/150.1,19.6 6.6 341 1.82 41.25
SD 17.125 47.25/150.125/19.625 6.6125 34125 1.825 41.25

BMI: Body mass index; Kg: kilograms; M2: square meter; mm: millimeter; Qp/Qs: Shunt fraction; mmHg: millimeter of Mercury; RVSP: right ventricular systolic

pressure; M: male; F: female; SD: Standard Deviation.
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Figure 3. The steps of the procedure (an illustrated case): 0.035-inch angulated floppy hydrophilic guide wire, Terumo from the left
ventricle through a Judkins right diagnostic catheter was advanced to the pulmonary artery exchanged with an Amplatz extra-stiff
wire. Panel A. 7Fr. long delivery sheath of PDA was advanced through the defect into the right ventricle over the rigid wire which
was advanced further to the apex of the right ventricle. It was confirmed by hand injection of contrast through the side arm of the
delivery sheath. Panel B. Complete system was withdrawn with the exteriorized RV disc to be deployed on the right ventricular
side and waist of the device across the defect. Panel C. The device was released after confirmation of its position across the defect
(Panel D) by trans-thoracic ecocardiography which also rules out aortic regurgitation.
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Figure 4. Post-procedure Trans-thoracic Echocardiography (an illustrated case) in four chamber view (color compare, Panel A) and
parasternal long axis view (Panel B) after the procedure which demonstrated the secure, well aligned position of the ADO | like de-
vice across the defect without any residual shunt and aortic, mitral or tricuspid regurgitations. The white solid arrow showing right

ventricular disc and no disc on left ventrcular side (White asterisk).

any residual shunt prior to finally releasing the device
(Figure 3D) All patients were administered dual anti-
platelet therapy with acetylsalicylic acid 3-5 mg/kg/
day and clopidogrel 1-2 mg/Kg/day for the duration
of six months post device closure.

Close follow-up was done on 10* day post-dis-
charge using Clinical examination and TTE. (Figure 4)
Thereafter, patients were followed every 3 months for
the period of one year or earlier if patients develop
any symptoms in the form of breathlessness, giddi-
ness or syncope. After one year, follow — ups were ad-
vised either symptom driven or every 4 to 6 months.

Occluder devices

We used the ‘Cocoon’ PDA device [manufactured
by Vascular Innvovations Co. Ltd. Nonthaburi, Thai-
land & marketed by Vascular Concepts, Bangalore,
India] which is very similar to the Amplatzer duct oc-
cluder | (ADO 1) in terms of design and implantation
technique (Figure 1).

Results

Between June 2015 and January 2018, eight pa-
tients underwent VSD device closure using the tech-
nique and device described above. Demographic and
clinical characteristics of the cases are summarized in
Table 1. The median age was 17.1 years (range 5-32
years) with 3 males and 5 females. All patients had
perimembranous ventricular septal defects. Mean de-

fect size was 6.6 mm (4.5 - 8.6 mm), with a median aor-
tic rim of 3.4 mm (range 2-5 mm). Aortic rims were <
5 mm in all cases except one. Median Qp/Qs and right
ventricular systolic pressure were 1.8 (range: 1.6-2.1)
and 41.3 mm Hg (range: 33- 50 mm Hg) respectively.

All patients underwent successful VSD device clo-
sure using the retrograde approach. The procedural
details are presented in Table 2. Median fluoroscopy
and procedure times were 13.3 (10.6-15.7) and 23.5
(18.2-27.2) minutes respectively. Device sizes ranged
from 4/6 to 10/12 mm and 10/12 mm was the max-
imum size used in this series. One patient had mini-
mal residual shunt and the rest had no residual shunt
acutely after device deployment. There was no im-
pingement on either the tricuspid or aortic valves
from the device with no instances of valvular regurgi-
tation. Additionally no patient developed hemolytic
anemia or jaundice in the post procedure period.

All Patients were discharged 24 hours after the pro-
cedure. No acute device dislodgements or AV block
were encountered. No other acute complications oc-
curred in the immediate post procedural period and
all patients made an uneventful recovery.

Patients were followed for a median of 18 (12 - 28)
months during which all stayed asymptomatic with
good effort tolerance. There was no residual shunt or
late dislodgement of the device by echocardiography
in any case. No patient developed delayed conduc-
tion system disturbance or AV block.
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Table 2: Procedural details of Trans-aortic retrograde VSD closure using ADO | like device.

Fluoroscopy time,  Procedure time,

Case no Occluder size, mm Delivery system, Fr  Residual shunt min. min.

1 6/8 7 No 15.6 256

2 6/8 7 No 15.7 27.2

3 10/12 8 No 132 250

4 10/12 8 Minimal 14.4 247

5 8/10 7 No 111 194

6 4/6 7 No 12.2 18.2

7 10/12 8 No 134 223

8 6/8 7 No 10.6 18.6

Median 133 235
SD 13.275 22.722

mm: millimeter; Fr; French size; min: Minutes; SD: Standard Deviation

Discussion

To the best of our knowledge, this is the first re-
ported case series in literature using a combination of
retrograde VSD device closure technique and ADO |
like device. Though the retrograde approach has been
described before using the ADO Il device [1-3], there
are some limitations in cases with aortic rim less than
5 mm and more procedure time and radiation expo-
sure. The ADO Il device is also relatively expensive to
use in resource limited contexts such as the Indian
setting. Koneti et al. reported the fluoroscopy time
of 14 minutes in their series where trans-arterial ret-
rograde technique was done using an ADO Il device.
[4] In our series, fluroscopy time was 13.3 minutes. As
our experience grew, there was further reduction of
fluroscopy time from 15.7 to 10.6 minutes.

In this series, we used an ADO | like device - ‘Co-
coon Device” [manufactured by Vascular Innvova-
tions Co. Ltd. Nonthaburi, Thailand & marketed by
Vascular Concepts, Bangalore, India] for the first time
using a trans-aortic retrograde technique. We were
able to use this device in all cases irrespective of aor-
tic rim size. Another advantage of using ADO | like
device is that it has a low profile with small retention
disc on the right ventricular side and no disc on the
left ventricular side which lowers the risk of encroach-
ment on vital cardiac structures. We also used 7/8 Fr

PDA delivery systems, which helped in achieving bet-
ter stability for delivery of device without any twist
or kink across the interventricular septum. Koneti et
al., on the other hand, used the right coronary guide
catheter for the delivery of retrograde devices. They
encountered tortuosity of the catheter while across
the septum which was overcome by using an extra
support coronary guide wire (buddy wire) [1].
Porstmann et al. did the first trans-catheter closure
of Patent Ductus Arteriosus (PDA) in 1967. Later, Lock
et al. reported transcatheter closure of VSD using
‘Rashkind double umbrella’ device in 1988 [5]. After
the introduction of the Amplatzer device in 1999, the
closure of muscular VSDs using the Amplatzer mus-
cular VSD occluder (MVSDO) was published in 2002.
Though transcatheter closure of muscular VSDs, was
a better option than surgical closure, significant in-
cidence of atrioventricular block varying from to
3-20% was seen [6]. Despite the development of the
dedicated Amplatzer Perimembranous VSD Occluder
(PMVSDO) for the closure of perimembranous VSDs,
a occurrence of AVB was a concern [7, 8]. The tranve-
nous antegrade technique had more radiation expo-
sure and cumbersome procedure. The trans-arterial
retrograde technique, initially using the Amplatzer
symmetrical muscular VSD device [9, 10] and sub-
sequently the ADO Il device to minimize the risk of
atrioventricular block (AVB) and tricuspid valve en-
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trapment with possible tricuspid regurgitation during
follow-up, got more attention [2, 4]. The advantage of
this approach is that it is also useful in patients with
venous anomalies, such as interrupted inferior vena
cava [11]. It has been reported that the trans-aortic
approach causes a lower incidence of AVB than the
antegrade approach [9, 12].

ADO | or its chinese counterparts were used in a
few case reports by antegrade approach for the clo-
sure of residual post-surgical VSDs [13, 14] and for
the closure of multi-perforated perimembranous VSD
with aneurysm [15]. Recently, Nguyen et al. published
a multicenter case series of antegrade transvenous
closure of PMVSD using ADO | with 95% success rate
and with complications in 1.7% of cases. They had
embolization of device in 1% of cases and AVBin 0.7%
of cases [16].

The risk of embolization is inherant complication
of any device closure but in our case, the non-pres-
ence of disc on the LV side doesnot increase it further.
Basically, device sits there as it fits snuggly and the LV
pressure cannot push the device as the LV contracts
circumferentially in systole by rotation and torsion
[17].In our small case series, there were no emboliza-
tion and also no evidence of tricuspid regurgitation.
One case had minimal residual shunt which resolved
completely at the 1-month follow-up.

Study limitations

Our study had a small number of cases, and should
be considered an initial feasibility study. More long-
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Entrapped Stent Delivery Catheter Shaft After
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Abstract

This case report will discuss a first reported compli-
cation of very high coronary occlusion risk related to
valve-in-valve (VIV) balloon expandable transcatheter
aortic valve replacement (TAVR). As a protective mea-
sure, an undeployed coronary stent was placed in the
left anterior descending (LAD) artery. During the tran-
scatheter heart valve (THV) deployment, the shaft of
the left coronary stent catheter was firmly entrapped
between the surgical valve posts and the balloon ex-
pandable TAVR frame. This prohibited the retrieval and
movement of the coronary stent catheter. There were
two subsequent ruptures and detachments of the cor-
onary stent catheter while attempting to retrieve the
catheter. This report will provide measures to help
avoid this entrapment using VIV/balloon expandable
TAVR procedures. Steps taken to successfully manage
this complication will be discussed.

Copyright © 2019 Science International Corp.
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Introduction

Transcather aortic valve replacement for a deteri-
orating surgical valve in the aortic position is an ap-
proved therapy for both the self-expanding Medtron-
ic and the balloon expandable EDWARDS valves.
Coronary occlusion is a recognized complication of
the TAVR procedure with a slightly higher incidence
in the VIV procedures (as cited in Hamid et al., 2015).
One of the protective strategies in high coronary oc-
clusion risk TAVR is to place a coronary an undeployed
stent in the coronary artery. If coronary occlusion
complication occurs, the stent catheter can be pulled
back and the left main or right coronary artery (RCA)
ostium can be stented. The stent is extended out to
reestablish coronary flow. This bail out strategy seems
simple and catastrophic complications can take place,
as in this case being reported.

Methods

A 63-year-old female patient with the following
risk factors: hypertension, type Il diabetes mellitus,
dyslipidemia, and age. This patient does have a nor-
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Figure 1. Mean gradient across the bioprosthetic aortic valve of
44 mm Hg indicating severe stenotic process

mal left ventricular ejection fraction (EF) with atrial
fibrillation and history of moderate mitral and tricus-
pid valve regurgitation. This patient has prior cardiac

history of coronary artery disease (CAD) with a LAD
stent placed in 2013.1n 2011, a 25 mm Carpentier-Ed-
wards Magna pericardial valve was used as an aortic
valve replacement. Other past medical history in-
cludes: severe chronic obstructive pulmonary disease
(COPD) with FEV1 of 0.7 L at 40% predicted, signifi-
cant renal insufficiency with creatine around 2.0 mg/
dL, glomerular filtration rate (GFR) of 32 mL/minute
and gastrointestinal bleed with baseline hemoglobin
between 8.0 and 9.0 g/dL.

This patient complained of exertional dyspnea
with frequent hospital admissions due to congestive
heart failure. This was associated with progressive
stenotic process in the aortic valve prosthesis with
the last mean gradient across the aortic valve prothe-
sis noted at 44 mmHg (Figure 1). A patient prosthesis
mismatch was ruled out due to the mean gradient of
6 mmHg a year post-operatively.

The heart valve team met with this patient to dis-
cuss the option of redoing the surgical aortic valve
replacement or the transcatheter valve implantation.
This case was risk stratified by two cardiac surgeons
as a high surgical risk due the calculated STS score of

Figure 2. High coronary occlusion risk. Panel A. Left main coronary ostial height 5.9 mm. Panel B. Surgical frame posts 17 mm slightly

higher than STJ 16.7 mm.
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Figure 3. High coronary occlusion risk: Virtual THV coronary distance 3.1 mm for Edwards 23 mm S3 valve and 2.6 mm for Edwards

26 mm valve.

9.6. Another challenge was possibility of the patient
declining to undergo redo cardiac surgery. The pa-
tient was evaluated for the transcatheter approach. A
computed tomography (CT) scan was performed to
evaluate the patient’s suitability for the VIV procedure
and evaluate procedural risks, including coronary oc-
clusion (as cited in Dvir et al., 2015).

The manufacturer profile for the patient’s 25 mm
Carpentier-Edwards Magna pericardial valve provides
a true diameter of 23 mm and posts elevation of 17
mm. The true identifier for the patient’s aortic valve
prothesis as measured by CT scan was 21.7 mm by
23.9 mm with an average of 22.8 mm. The sinotubu-
lar junction height was 16.4 mm, which was slightly
lower than the surgical valve posts. The average di-
ameter was 28.4 mm. The left main coronary ostial
height was low at 5.9 mm and the right coronary os-
tial height was also low at 8.5 mm (Figure 2).

Both the VIV application and the CT evaluation
suggested a 26 mm expandable Edwards SAPIEN 3
balloon and transcatheter valve or a 26 mm self-ex-
panding CoreValve. These are the two valves avail-
able in the United States.

There is concern about the future difficulty ac-
cessing the low coronary arteries with very low ostial
height in this patient. The sinus of Valsalva is narrow,
while the sinotubular junction height is both low and
narrow as compared to the surgical posts height. This
made the balloon expandable EDWARDS SAPIEN 3
valve more desirable. However, the patient was at
very high risk for both left main and right coronary

artery occlusions (as cited in Dvir et al., 2015). High
risk criteria in this case includes: first, the VTC distance
(virtual THV to coronary distance), as the virtual THV
ring to the left main coronary ostia. The distance was
2.6 mm for a 26 mm EDWARDS SAPIEN3 valve and a
3.1 mm for a 23 mm SAPIEN3 valve (Figure 1). Second,
a slightly tilted surgical prosthesis compared to the
aortic root long axis. Third, the surgical frame posts
are higher than the sinotubular junction at 17 mm
versus 16.4 mm. Fourth, a very low coronary ostial
height (Figure 3). Fifth, very small sinuses and stenot-
ic valve pathology (Figure 3).

Coronary occlusion risk was discussed with the pa-
tient and surgical options were readdressed. Howev-
er, the patient again declined the redo high risk surgi-
cal approach. The patient was offered a transfer to an
institution. This institution is capable of splitting the
aortic valve surgical prosthesis leaflets to reduce the
risk of coronary occlusion (BASILICA procedure) (as
cited in Khan et al., 2018). This option was declined
due to family circumstances related to travel. This re-
sulted in the patient consenting to the high risk cor-
onary occlusion valve-in-valve TAVR. The following
strategies were planned to perform this high coro-
nary occlusion risk valve-in-valve TAVR case. Strat-
egy one is undersizing by using a smaller THV valve
at 23 mm rather than 26 mm. Strategy two is using a
slightly lower deployment. Strategy three is placing
coronary stents in the mid LAD and mid RCA prophy-
lactically as a bail out option if coronary occlusion or
compromised flow occurs.
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Figure 4. High coronary occlusion risk: Angiographically ob-
served short VTC distance between left main ostium and surgical
post. (A) Surgical frame post, (B) Left main artery, (C) Short left
VTC distance.

The first strategy was selected. The plan was to use
a 23 mm EDWARDS SAPIEN 3 balloon expandable
valve instead of the 26 mm valve as suggested by the
VIV application and CT analysis. Subsequently, this
decision was selected due to the slightly longer VTC
distance with a 23 mm valve to lower risk of coronary
occlusion. Therefore, a 3.1 mm VTC distance was used
versus the 2.6 mm. Doing this created less lateral dis-
placement of the surgical posts with a smaller diame-
ter THV valve. A shorter frame height valve of 23 mm
was used instead of the 26 mm SAPIEN 3 valve. The
sinotubular junction height in this patient is 16.4 mm,
which is why the slightly shorter surgical frame post
of 17 mm was selected. This would hypothetically
cause less interaction of the surgical posts with the
sinotubular junction having a shorter THV frame.

Slightly lower deployment was planned to mini-
mize any potential interaction between the laterally
displaced surgical posts and the sinotubular junction
because of deployment of the THV valve. The left 2:1,
right 2:1 and 1:1:1 fluoroscopic angles were identified
and angiographic images were obtained. While using
the XB 3.5 and JR4 guide catheters, coronary stents
were placed in the mid LAD and mid RCA. There was
a high likelihood a left main stent would need to be
deployed to create a chimney path next to the THV
stent frame. Aortic root angiography during a 23 mm
balloon inflation in the left 2:1 angulation and the

Figure 5. Coronary stent in a vertical trajectory against surgical
aortic prothesis with the stent balloon can not be withdrawn
back due to catheter entrapment. (A) THV. surgical prothesis
frames. (B) Left main stent in a vertical trajectory against surgical
bioprosthesis with deflated balloon entrapped inside the stent.
(C) XB 3.5 guide catheter.

right 2:1 angulation confirmed the high coronary
occlusion risk. Thrombolysis in myocardial infarction
(TIMI) 3 flow was still maintained in both the left main
and RCA during balloon inflation (Figure 4).

The 23 mm EDWARDS SAPIEN 3 valve was de-
ployed in the left 2:1 view to evaluate the interaction
between the left main ostium and the surgical valve
prothesis during the THV valve deployment. Towards
the end of the THV inflation period an interaction
took place between the left coronary stent catheter
shaft and the surgical posts/THV frame. Angiography
post THV deployment showed the patient continued
to have TIMI 3 flow in both the left and right coronary
arteries. The wire and stent in the RCA were removed
since there was no concern about RCA flow. However,
due to the very short distance between the left main
ostium and the surgical posts, deployment of the left
coronary stent in and out of the left main coronary
artery was performed. This created a vertical chim-
ney appearance with a stented path extending to the
level of the sinotubular junction. Easy future access
could now be obtained if needed to the very low left
main coronary artery, which had shallow sinuses and
a short VTC distance of 3.1 mm.

Significant resistance was encountered while at-
tempting to pull the stent catheter back from the
parked mid LAD segment. While positioning the stent
at the left main level, the stent catheter shaft was en-
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Figure 6. Panel A. First rupture of stent catheter shaft at monorail point. Panel B. Second rupture of catheter shaft because of snaring.

trapped firmly between the surgical valve posts and
the EDWARDS frame. This prohibited the ability to
retrieve the catheter. The stent was retrieved while
using a mechanical and forceful pull where the cor-
onary stent struts were in contact with the surgical
valve/THV frames. No further adjustment forward or
backwards was feasible. Therefore, the chimney path
that with the intent to be created was unable to be
retrieved by the stent catheter. The only available op-
tion to proceed was to deploy the left coronary stent
in an undesirable position. The stent was partially in
the left main artery and extended out, contacting
in a vertical trajectory to the surgical/THV frames
(Figure 5).

The plan was to be able to drag the stent balloon
from its entrapped course between the surgical posts
and the SAPIEN 3 frame and remove from the body.
The left main coronary artery was rewired through
the struts of the existing stent. Balloon dilatation of
the left main stent strut was then performed. A sec-
ond stent was deployed, creating a parallel stent-
ed path that was initially felt to be necessary. Since
the deflated balloon was unable to be retrieved, the
winged balloon failed to pass in-between the surgical
post and the SAPIEN 3 THV frame. A manual pulling
force was applied to facilitate the retrieval of the stent
balloon passing in-between the surgical bioprosthe-
sis post and the EDWARDS SAPIEN 3 frame passage.
Unfortunately, the balloon catheter shaft ruptured at
the monorail port because of the pulling (Figure 6A).
The left main stent was deployed in a poor position
with an irretrievable deflated winged balloon inside

it, as previously described. The balloon was partially
entrapped between the surgical bioprosthesis post
and the EDWARDS SAPIEN 3 frame.

As stated above, the ruptured balloon catheter
shaft containing a few centimeters of a short seg-
ment remained attached to the entrapped balloon.
The ruptured balloon catheter shaft extended a few
centimeters into the aortic root. A goose neck snare
was successfully used to retrieve the remaining prox-
imal piece of the ruptured balloon catheter shaft out
of the aortic root. A pulling force was again applied
on the snare to facilitate the passage and retrieval of
the entrapped balloon in-between the surgical post
and the SAPIEN 3 frame. A second rupture occurred
just outside of the surgical post and SAPIEN 3 frame,
resulting in no movement of the entrapped deflated
winged balloon (Figure 6B).

Access was lost to the partially, yet firmly, en-
trapped balloon inside the left main stent and in-be-
tween the surgical frame post and the SAPIEN 3
frame with no wire access. Attempting to wire the left
main stent through a superior strut and next to the
entrapped balloon was discussed. The strut was dil-
atated and another stent was deployed. This caused
crushing of the entrapped balloon between two lay-
ers of the left main stent with the second stent ex-
tending further out in a vertical chimney fashion. This
granted easy access to the left coronary system. Due
to various reasons the left main stent was unable to
be wired through a superior stent strut. This was due
to the long distance between the guide catheter and
the low left main coronary stent. The guide catheter
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Figure 7. Panel A. Inability to wire through a superior strut due to distance and due to the presence of deflated winged balloon inside
the stent. (A7) distal marker of stent balloon (A2) Coronary stent with deflated balloon entrapped inside. Panel B. Successfully wiring
the stent through an inferior strut THV. (B1) wire #1 (B2) wire #2 introduced for better support (B3) distal marker of stent balloon.

was unable to advance further due to a narrow sino-
tubular junction and short VTC distance. Presence of
the deflated winged balloon in the lumen of the left
main coronary stent prohibited wire advancement
(Figure 7A).

The patient remained hemodynamically stable
with no electrocardiogram (ECG) changes during the
procedure. The left main stent could not be wired
from a superior strut with a deflated winged balloon
as planned. The left main stent was wired through
an inferior strut hoping for a more permissible wire
advancement course next to the winged balloon.
The hydrophilic wire with two curves at its tip was
reshaped. A primary larger curve and a secondary
smaller curve was used to advance the wire freely in
the narrow distance between the surgical frame and
the sinotubular junction. This allowed the hydrophilic
wire to go inferior to the stent frame and redirected
the wire more superiorly to engage the left main stent
from below, through an inferior strut. After significant
attempts the wire was advanced and positioned in
the apical LAD successfully. The inferior entry strut
was dilated with a 2.0 mm balloon and then a 2.5 mm
balloon. The same maneuver was used to advance a

second wire for better guide catheter support and to
secure access to the left coronary arteries (Figure 7B).

The only option left was to advance a snare cath-
eter distally to the deflated balloon while also at-
tempting to snare the balloon from the distal end in
the proximal LAD. An attempt was made to retrieve
the deflated balloon backwards, forcing it to make a
short U-turn in the proximal lumen of the LAD. This
would allow the dilated inferior left main strut to be
removed without needing to pass in-between the
surgical and the SAPIEN 3 frames. The distal end of
the balloon was successfully removed by positioning
a snare in the mid LAD and gradually pulling it back
to capture the distal nose of the deflated balloon. A
forceful pull was again applied, successfully retriev-
ing the deflated balloon outside the left main stent
(Figure 8).

The existing left main stent will have a high risk
of thrombosis due to its malposition as described
above. One way to minimize this risk was to reat-
tempt to wire the left main stent from a superior strut
now that the deflated winged balloon was removed
and no longer in the way.
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Figure 8. Stent balloon successfully snared and retrieved out of
body.

The stent was successfully wired, dilating the su-
perior entry strut. A 4.0 mm by 26 mm long stent ex-
tending vertically to the THV/SAPIEN 3 frames was
deployed at the level of the sinotubular junction. This
was followed by intravascular ultrasound (IVUS) eval-
uation, which revealed that the stent was undersized.
The stent with a 5.0 mm non-compliant balloon was
dilated and the procedure ended with a kissing left
main. Balloon aortic valvuloplasty was performed us-
ing a 5.0 mm coronary balloon and a 24 mm Z-MED
balloon. This concluded with an excellent angio-
graphic result (Figure 9). A year later the patient was
seen in the office with no recurrent admissions to the

hospital or any cardiac events. Mean gradient across
the THV valve was 14 mmHg following one year after
the procedure.

Discussion

Transcatheter aortic valve replacement procedures
are gaining more popularity with expanding indica-
tions. TAVR is already an approved indication for a fail-
ing surgical valve. Even though the TAVR procedure
has become easier to perform with less complication
rates, what remains critical is for the operators to be
able to do a thorough analysis of the anatomy. In the
case of the VIV procedure, both the structure of the
surgical valve and the THV valve must be understood.
One must have the ability to predict a complication
and have a plan to manage it critically. Unpredicted
complications can occur, such as the one reported in
this case.

Retrospectively, the images reviewed at the end of
the procedure showed an interaction occurred. This
occurred during the inflation of the SAPIEN 3 stent
valve balloon between the expanding SAPIEN 3 frame
and the coronary stent catheter shaft. If noted during
the procedure, it could have alerted to the fact that
the coronary stent catheter shaft was coursing in-be-

Figure 9. Panel A. (A1) IVUS catheter in L main stent. (A2) Wire through superior strut of left main stent. Panel B. (B1) Second left
main stent creating a chimney path course through a superior strut of the first stent. (B2) Wire through a superior strut of the first left

main stent.
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tween the surgical frame and the SAPIEN 3 frame. A
quick adjustment or pull on the coronary stent cath-
eter shaft could have been made to avoid the entrap-
ment. It is advised to use the following for valve-in-
valve TAVR with high occlusion risk where balloon
expandable valves are used. Close attention must be
paid to the course of guide catheters, wires and coro-
nary stent catheters to avoid entrapment. Monitoring
for any interaction between the coronary stent cathe-
ter and the expanding THV frame during deployment
as any interaction should indicate the coronary stent
catheter is coursing in-between the THV and the sur-
gical frames. Careful selection of guide catheters is
important, such as using a Judkins left or short tip
artery access as previously noted. Using general an-
esthesia with transesophageal echocardiogram (TEE)
guidance allows for the use of smaller sized balloon
expandable valves. Slight underfilling and lower de-
ployment is desired as the end result.

Conclusion

Transcatheter aortic valve replacement is gradually
becoming the main stream treatment for aortic valve
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