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CLINICAL CASE
First Experience Using a Nonfenestrated
Cardioform Septal Occluder for Closure
of Giant Mitral Paravalvular Leak
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A variety of fenestrated vascular plugs have been used to seal paravalvular leaks with meaningful success; however,

incomplete closure and refractory hemolysis remains a common problem. We describe the feasibility and rationale of

their first experience using a nonfenestrated Cardioform Septal Occluder (Gore Medical, Flagstaff, Arizona) to treat a

giant mitral paravalvular leak. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2020;2:468–72)

© 2020 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
P aravalvular leak (PVL) after prosthetic valve
replacement is a difficult complication to
treat, with an incidence rate of 5% to 32% (1).

Reoperation is often required, yet is associated with
significant morbidity and PVL recurrence (1,2). Trans-
catheter PVL closure was introduced as a less invasive
EARNING OBJECTIVES

Currently, there are no specific FDA-
approved transcatheter closure devices for
PVL closure.
Off-label use of fenestrated vascular plugs
have been used to seal PVLs with meaningful
success; yet, incomplete closure and re-
fractory hemolysis remains a problem.
Percutaneous PVL closure using a non-
fenestrated Cardioform Septal Occluder can
be an option in high-surgical-risk patients
with a large mitral PVL.
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alternative to surgery (3–5), and is presently accepted
as a Class IIa recommendation by the American Heart
Association/American College of Cardiology for
higher-risk patients with symptomatic heart failure
and/or intractable hemolysis (6). Despite this, there
are presently no U.S. Food and Drug Administration
(FDA)–approved PVL closure devices, and although
the body of evidence involves the use of fenestrated
closure devices, incomplete closure and refractory
hemolysis often limits their success (5).

HISTORY OF PRESENTATION

A 76-year-old man with a history of coronary artery
bypass and bioprosthetic aortic valve replacement
followed by redo open aortic valve replacement and
mitral valve replacement (Epic bioprosthetic, size #31)
was referred for management of a giant mitral PVL
resulting in severe regurgitation, refractory New York
Heart Association (NYHA) functional class IV heart
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AB BR E V I A T I O N S

AND ACRONYM S

CSO = Cardioform septal

occluder

FDA = U.S. Food and Drug

Administration
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failure requiring frequent paracentesis, deterioration
of renal function, and transfusion-dependent hemo-
lytic anemia (lactate dehydrogenase: 956 U/l, hapto-
globin: 370 mg/dl, reticulocyte count: 7.4%). Despite
all efforts to manage the condition medically, pro-
gressive clinical deterioration ensued.
SEE PAGE 473
PVL = paravalvular leak

TEE = transesophageal

echocardiogram
INVESTIGATIONS

A third redo surgery was considered high risk, with a
Society of Thoracic Surgeons score of 12.9%. Trans-
catheter PVL closure was therefore proposed. Pre-
procedural 3-dimensional transesophageal echocar-
diography (TEE) confirmed the presence of severe
(4þ) mitral regurgitation arising from a giant poste-
rior PVL involving 35% to 40% of the valve’s
circumference between approximately 7 to 11 o’clock
(Figure 1, Videos 1, 2, 3, and 4). Despite the presence
of a giant continuous PVL, the bioprosthetic valve
exhibited mechanical stability with no evidence of
rocking motion. TEE examination showed no evi-
dence of interdigitating bridging stitch throughout
the single PVL gap. Because of the magnitude of the
defect, and concerns for incomplete closure and re-
sidual hemolysis with the use of standard fenestrated
plugs, the off-label use of a nonfenestrated Cardio-
form Septal Occluder (CSO) (Gore Medical, Flagstaff,
Arizona) was considered.

MANAGEMENT

The procedure was performed in a hybrid suite under
general anesthesia with intraoperative 3-dimensional
TEE guidance. Transapical access was accomplished
through a small left lateral thoracotomy between the
5th and 6th intercostal space midclavicular line. The
apex of the left ventricle (LV) was exposed under
direct visualization and a double pledgeted purse-
string suture employed to ensure hemostasis.
Weight-adjusted unfractionated heparin was admin-
istered intravenously to maintain activated clotting
time above 300 s throughout the procedure. Trans-
apical access was obtained with an 11-F 20 cm Cordis
sheath (Cordis Corp., Hialeah, Florida). A 5-F multi-
purpose catheter and Terumo 0.035-inch angled
guidewire (Terumo, Doral, Florida) were advanced
retrograde through the PVL into the left atrium (LA)
(Figure 2A, Video 5). The guidewire was exchanged for
an extra-stiff Amplatzer wire (Abbott Vascular, Chi-
cago, Illinois). The 11-F Cordis dilator and sheath were
coupled and advanced over the wire, through the
PVL, and into the LA. The dilator and wire were
removed. A 0.014-inch Mailman coronary
“buddy wire” was advanced through the
sheath to secure LA access. The 11-F Cordis
sheath was used to deliver the first 20-mm
CSO under fluoroscopic and TEE guidance.
The distal LA and proximal LV discs were
deployed while carefully withdrawing the
Cordis sheath into the LV. The device was
subsequently released once satisfactory re-
sults were confirmed on TEE. Access into the

LA was regained over the 0.014” “buddy wire.” The
same steps were performed to deliver 2 additional 20-
mm CSO with satisfactory results (Figure 2B). TEE
confirmed device stability, and the absence of a sig-
nificant residual leak (Figure 3A, Videos 6, 7, 8, and 9).
Upon completion the LV apical sheath was removed
and protamine administered to reverse the effects of
heparin. The LV apical suture pledgets were tied and
reinforced to ensure hemostasis. The patient was
extubated immediately after the procedure and
transferred to the surgical intensive care unit for
post-operative management.

DISCUSSION

In this report, we describe our first experience with the
use of a nonfenestrated Cardioform Septal Occluder to
treat a giant mitral bioprosthesis PVL in a high-risk
patient with refractory heart failure and transfusion-
dependent hemolysis. The use of the CSO resulted in
successful closure, with meaningful clinical improve-
ment and normalization of hemolytic anemia,
demonstrating the safety and feasibility of its use.

Although our patient did remarkably well techni-
cally and clinically, it would be unfitting to generalize
the safety and efficacy of its use in other PVL cases.
The absence of any residual PVL leak or hemolysis in
our case is best explained by the soft-conformable
nonfenestrated design of the CSO. When compared
with the conventional Amplatzer devices, the CSO
delivery sheath is more rigid and requires a bigger
sheath. This limits access to a transapical open or
percutaneous approach only when considered for
mitral PVL closure.

TRANSCATHETER PVL CLOSURE. Open surgical
correction for the treatment of PVL is associated with
high morbidity, mortality, and recurrent PVL (5). The
advent of advanced percutaneous skills and imaging
modalities has allowed transcatheter PVL closure to
evolve. In a meta-analysis of over 360 patients,
transcatheter PVL closure was associated with high
technical and procedural success rates of 87% and
77%, respectively, as well as lower mortality (odds
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FIGURE 1 Giant Mitral Paravalvular Leak

(A) 3-dimensional transesophageal echocardiogram (TEE) examination of the mitral bioprosthesis showing large posterior paravalvular defect (white arrows) involving

35% to 40% of the valve circumference. (B) X-plane TEE color Doppler showing severe mitral paravalvular leak. See Videos 1, 2, 3, and 4.
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ratio: 0.08; 95% confidence interval: 0.01 to 0.90),
fewer surgical reinterventions (odds ratio: 0.08;
95% confidence interval: 0.01 to 0.40), and
superior improvement in NYHA functional class or
hemolysis (6).

PVL CLOSURE: DEVICE CHOICE AND PERCUTANEOUS

TECHNIQUES. Although a variety of endovascular
plugs have been tested, none are approved by the
FDA for PVL closure. Among commercially available
FIGURE 2 Transapical PVL Closure With the Cardioform Septal Occl

(A) Fluoroscopic examination in steep right anterior oblique (RAO) proje

sheath (thick arrows) and guidewire across the paravalvular leak (PVL)

RAO projection showing a total of 3 Cardioform Septal Occluders in alig
products, the Amplatzer family of plugs (St Jude
Medical/Abbott Vascular) have been used most
commonly with variable success and operator expe-
rience (1,3,5,7,8). Incomplete PVL closure resulting in
heart failure and refractory hemolysis remains the
most important limitation; this is particularly true
among large complex PVL defects, in which multiple
plugs are required. Despite ongoing efforts to develop
PVL-specific plugs, such as the Occlutech PVL Device
uder

ction showing mitral bioprosthesis (thin arrows) with transapical

(arrow heads). See Video 5. (B) Fluoroscopic examination in steep

nment with the mitral bioprosthesis (arrows).
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FIGURE 3 Intraoperative TEE Following PVL Closure

(A) Intraoperative 3-dimensional TEE image showing mitral valve bioprosthesis with Cardioform Septal Occluder (CSO) (white arrows). See Videos 6, 7, 8, and 9.

(B) Transthoracic echocardiogram examination of the mitral bioprosthesis showing CSO with no evidence of residual PVL. See Video 10. Abbreviations as in Figures 1

and 2.
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(Occlutech, Helsingborg, Sweden) (1,3,5,7,8), the
existing limitations and failure rates are best
explained by the inherent semirigid multifenestrated
nitinol mesh design that results in device under-
expansion, malapposition, and incomplete closure,
which allows blood to travel across fenestrations at a
high velocity resulting in either heart failure or re-
sidual hemolysis (4). Predicting post-operative he-
molysis is challenging, as even the smallest residual
jet may result in severe refractory hemolysis. There-
fore, every effort should be made to eliminate any
residual flow during PVL closure.
FIGURE 4 Gore Cardioform Septal Occluder
Additionally, a variety of transcatheter mitral PVL
closure techniques have been developed to further
improve closure rates including an antegrade trans-
septal, a retrograde transaortic, or a transapical
approach. Recognizing the advantages and disad-
vantages of each is important. Among them, the
transseptal approach is least invasive and therefore
the most commonly employed (6). Although a thora-
cotomy can be avoided using this approach, its
feasibility may be limited by the size and location of
the defect (5). Although more invasive, the trans-
apical approach is associated with greater closure
rates regardless of the anatomical location and/or PVL
defect size. The transapical approach not only pro-
vides direct access to the mitral valve, but also allows
for greater use of delivery catheter and closure device
options when required (9). Its use should be encour-
aged in those for whom an initial endovascular
approach has failed.

CARDIOFORM SEPTAL OCCLUDER. The Gore Car-
dioform Septal Occluder (CSO) is unique in its class. It
is a transcatheter implant consisting of 2 soft, inde-
pendent, conformable nitinol discs covered by a thin
nonfenestrated expanded polytetrafluoroethylene
membrane (Figure 4). It is currently FDA approved for
closure of patent foramen ovale and atrial septal
defect, and is associated with high closure rates and
early endothelization. As with other endovascular
plugs, the CSO comes in different sizes (20, 25, and
30 mm) and is delivered percutaneously using
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fluoroscopy and/or ultrasound imaging. When
compared with the Amplatzer occluders, the CSO
delivery catheter is less flexible and requires a larger
sheath size (11-F). These physical properties limit its
use and deliverability in some instances, and explains
why in our patient, the device was employed through
a more invasive transapical approach. The use of a 20-
mm CSO in our case resulted in successful PVL
closure with no evidence of prosthetic valve
dysfunction. As with other plugs, we encourage a
systematic evaluation of the prosthetic mitral valve
with TEE before the device is released to ensure the
absence of any valvular dysfunction; this may be
particularly important in patients with mechanical
prosthesis.

FOLLOW-UP

The post-operative course was benign, and the pa-
tient was discharged on aspirin 81 mg 5 days later.
Transthoracic echocardiography on days 1 and 30
showed a trivial residual PVL with no evidence of
device migration or thrombus (Figure 3B, Video 10).
Remarkable clinical improvement ensued with a
reduction in NYHA functional class from IV to II.
Serum biomarkers revealed normalization in hemo-
lytic anemia (lactate dehydrogenase: 222 U/l, hapto-
globin: 48 mg/dl, reticulocyte count: 2.1%).

CONCLUSIONS

Percutaneous PVL closure, although challenging,
represents an attractive alternative procedure to
surgery. The fenestrated vascular plugs that are
commonly used often result in incomplete closure
and residual hemolysis. This case illustrates the
feasibility of a nonfenestrated CSO for the manage-
ment of large mitral PVL complicated by intractable
heart failure and hemolysis.

ADDRESS FOR CORRESPONDENCE: Dr. Roberto J.
Cubeddu, Structural Heart Disease, Heart & Vascular
Institute, Cleveland Clinic, Desk 23/34, 2950 Cleve-
land Clinic Boulevard, Weston, Florida 33331. E-mail:
cubeddr@ccf.org.
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