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Case Report: Coil Occlusion of Two
Congenital Coronary Cameral
Fistulas Connecting Right and Left
Circumflex Arteries to the Right
Ventricle: An Innovative
Stent-Assisted Technique
Igor V. Buzaev 1, Vladimir V. Plechev 2, Gulchachak Khalikova 2, Kristina Khabirova 2,

Irina Evgenievna Nikolaeva 2 and Eustaquio Maria Onorato 1,3*

1 Bashkir State Medical University, Scientific Center of the Russian Academy of Science, Ufa, Russia, 2 Republican Heart

Centre, Ufa, Russia, 3Centro Cardiologico Monzino, Istituto di Ricovero e Cura a Carattere Scientifico University School of

Milan, Milan, Italy

Background: Coronary cameral fistulas (CCFs) are rare congenital malformations

consisting of abnormal vascular connections between coronary arteries and cardiac

chambers, often incidentally found during cardiac catheterizations.

Case summary: A 66-year-old female asymptomatic patient, without cardiovascular

risk factors and a history of varicose veins lower extremities and coronavirus disease 2019

(COVID-19) pneumonia in December 2020, was diagnosed by coronary angiography

with two large coronary cameral fistulas connecting the distal right coronary artery (RCA)

and the distal left circumflex artery (LCx) to the right ventricle (RV). Additional imaging

modalities such as two-dimensional transthoracic/transesophageal echocardiography

and three-dimensional multidetector CT angiography were required to confirm the

fistula’s pathway (location, number, and size), which was difficult to delineate using

selective coronary angiography alone. After heart team discussion, with the aim to reduce

the risk of embolization, an innovative stent-assisted coil occlusion antegrade technique

was used with optimal immediate results.

Discussion: Even though our otherwise asymptomatic patient was not the best

suitable candidate for an interventional procedure (large vessels, multiple fistulas without

distal narrowing, distal portion of the fistula not accessible with the closure device),

the innovative stent-assisted fistula coil occlusion technique to stabilize the first coil

and deploy safely the additional ones resulted to be key for successful and complete

obliteration of the abnormal congenital vascular connections.

Keywords: coronary cameral fistulas, coronary fistulas, coronary angiography, congenital heart disease, coil

occlusion
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INTRODUCTION

Coronary cameral fistulas (CCFs) are abnormal vascular
connections between coronary arteries and cardiac chambers,
reported to be found in ∼0.09–0.5% of unselected patients
undergoing diagnostic coronary angiography (1). These
fistulas are rare clinical entities, mostly congenital or
acquired following trauma or invasive cardiac procedures
(endomyocardial biopsy, pacemaker implantation, cardiac
surgery). Small fistulas are usually silent and are discovered
incidentally on angiography, while large fistulas can present
with a continuous murmur and are diagnosed secondary
to complications including myocardial infarction and heart
failure (2). Usually, coronary fistulas are closed with selected
occluders according to their morphology from the venous
side through an arteriovenous loop (3, 4). Here, we describe
a case of a female patient, who was diagnosed with two large
CCFs connecting the distal right coronary artery (RCA) and
the distal left circumflex artery (LCx) to the right ventricle
(RV) successfully treated by direct arterial approach with a new
percutaneous technique.

CASE PRESENTATION

A 66-year-old female patient without cardiovascular risk
factors and a history of varicose veins lower extremities and
coronavirus disease 2019 (COVID-19) pneumonia in December
2020 underwent a clinical evaluation for an unexplained heart
murmur. She was in New York Heart Association class I
and her physical examination was negative except for grade
II/VI non-radiating continuous murmur, louder in diastole,
in the fourth intercostal space, and visible varicose veins in
the lower limbs with skin pigmentation. Electrocardiogram
showed right bundle branch block and chest X-ray revealed
signs of mildly increased pulmonary flow and right chambers
dilatation. Two-dimensional (2D) transthoracic/transesophageal
Echocardiography (TTE/TEE) color Doppler demonstrated
preserved left ventricular ejection fraction, mild mitral
regurgitation, RV overload (end-diastolic diameter of 3.2 cm),
tricuspid annular plane systolic excursion (TAPSE) of 2.1 cm,
slightly enlarged right atrium (dimensions 5.5 × 4.3 cm, area 18
cm2), significant compression of the right ventricular cavity by a
thin-wall round-shaped chamber resulting in dislocation of the
tricuspid valve structures toward the ventricular septum with
marked tricuspid flow reduction (Figures 1A–C). The RV apical
four-chamber view showed two systolic-diastolic flows with
a width of 7 and 5mm, respectively, with a pressure gradient
of 46mm Hg and moderate tricuspid regurgitation and an
estimated pulmonary pressure of 40 mmHg. The anterior cusp
of the tricuspid valve was lengthened and attached closer to the
outlet tract, while the septal cusp was moderately displaced, the
width of the transtricuspid flow was 1.4 cm, the intraventricular
pressure gradient was 16 mm Hg.

Three-dimensional multidetector CT angiography (3D-
MDCTA) confirmed the presence of severely dilated and
tortuous distal RCA and LCx (Supplementary Video 1) and
precisely defined entry point of the distal right coronary fistula

and two drainage sites draining into the a round-shaped chamber
within the right ventricle (Figures 1D,E, Figure 2).

The patient underwent cardiac catheterization and selective
coronary artery angiography in multiple projections showing
severely dilated and tortuous RCA and LCx draining distally
in a large round-shaped chamber within the RV (Figure 3,
Supplementary Videos 2, 3) confirming the diagnosis of two
CCFs connecting to the RV. After the heart team discussion,
the decision to proceed with a catheter-based treatment
was confirmed to solve the tricuspid flow compression and
prevent fistula-related complications, particularly rupture or
endoarteritis. Written informed consent, after explanation, was
obtained from the patient. Under mild sedation, 2D TEE color
Doppler guidance, and local anesthesia, both radial arteries
and the right femoral artery were cannulated. We elected to
close the large fistulas via a direct arterial approach with a
new stent-assisted coil occlusion technique to avoid the risk of
embolization. The RCA was cannulated using a 6-Fr Judkins
Right 4 guiding catheter and a 0.014 in Fielder guidewire (Abbott
Vascular) was advanced distally and over it, a Medtronic Resolute
OnyxTM DES 5 × 15mm (Medtronic)was placed in the target
point (third segment of RCA); concomitantly, a Cook Mreye
(r) Flipper coil 40 × 5mm through 6-Fr multipurpose catheter
with stylet inside was placed distally to OnyxTM stent not taking
out the stylet from the Flipper to prevent coiling. Then, the
balloon of the stent was inflated and the stylet was pulled out
from theMreye (r) Flipper system, getting the systemmore stable
and preventing the stent deformation. The Flipper coil was fixed
to the arterial wall, the balloon of the stent deflated and taken
out and finally, the coil was pushed ahead and detached. Due
to the persistent coronary blood flow across the first implanted
coil, two additional 8 cm × 5mm Gianturco coils were deployed
proximally to the Flipper coil achieving complete occlusion of
the fistula without compromising the flow in coronary side
branches (Figures 4A–D, Supplementary Figure 2). Likewise,
the left coronary artery was cannulated using a 5-Fr through a
Cordis extra back-up (XB) 3.5 guiding catheter (Cordis) and a
Resolute OnyxTM DES 4.0 × 18 mm was implanted in the target
point (mid-segment of LCx) pinning down the Cook Mreye R©

Flipper coil delivered through 5-Fr Cobra C1 with stylet inside.
Subsequently, keeping the 0.014 in Fielder guidewire in the distal
segment and withdrawing the balloon of the stent, Flipper’s stylet
was withdrawn and the Flipper coil pushed distally near the stent.
Two additional Gianturco coils (10 cm× 5mm+ 8 cm× 5mm)
were deployed proximally to the Flipper coil. Postprocedure left
coronary angiogram showed abolition of the coronary flow by the
implanted coils (Figures 4E–H, Supplementary Figure 2).

The patient was discharged 2 days after the procedure in good
clinical conditions. At 3-month follow-up, 2DTTE color Doppler
showed decompression of the round-shaped chamber, marked
increase in the transtricuspid flow due to the tricuspid valve
structures re-expansion with significant improvement of right
ventricular systolic function (Supplementary Figure 1).

DISCUSSION

The persistence of embryonic sinusoids that perfuse primitive
myocardium may lead to a fistulous connection between
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FIGURE 1 | Two-dimensional (2D) transthoracic echocardiogram (TTE) color Doppler showing significant deformation and compression of the right ventricular cavity

(red arrow) due to the presence of additional thin-wall round-shaped chamber (white asterisk) (A); two coronary-right ventricle fistulas draining into the additional

round-shaped chamber (B); dislocation of the tricuspid valve structures toward the ventricular septum with marked tricuspid flow reduction (yellow arrow) (C);

pre-operative assessment by three-dimensional multidetector CT angiography (3D-MDCTA) volume-rendering reconstruction showing entry point (white arrow) (D)

and two exit sites (yellow arrows) draining into a round-shaped chamber (red asterisk) (E) within the right ventricle. 3D-MDCTA, three-dimensional multidetector

computed tomography angiography; RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle.

the coronary arteries and cardiac chambers (5). CCFs have
been described as arterio-luminal, where there is direct
communication with the cardiac chamber concerned, or arterio-
sinusoidal, where arterial blood communicates with the cardiac
chambers via a sinusoidal network. The majority of CCFs
communicate with the right-sided chambers of the heart (55%)
and in the remainder of cases with the left side of the heart (35%)
or with both (5%) (6–8). Fistulas usually arise predominantly
from one of the two major coronary arteries, however, in a small
proportion of cases (5%) communications may arise from both
coronary arteries like in our case (1, 6).

Coronary cameral fistulas (CCFs) tend to be particularly
torturous, presenting a challenge for antegrade transcatheter
closure due to the rigidity of the delivery system through the
tortuous coronary arteries. Furthermore, there may be multiple
feeding arteries to a single drainage point and multiple exit sites
may exist, like in this case.

Obliteration by epicardial and endocardial ligations has
been the standard surgical treatment (9), generally reserved

for large symptomatic fistulas associated with angina or heart
failure, multiple communications, very tortuous pathways, and
multiple terminations. In addition to infections, arrhythmias, and
bleeding, postoperative complications may include myocardial
ischemia in the case of coronary ligation.

Suitable candidates for interventional procedures are patients
with proximal, easily accessible non-tortuous fistula origin
provided there is a single narrow draining site that can be safely
accessible. Various methods for closure have been used such as
coils, detachable balloons, duct occluders, vascular plugs, covered
stents, polyvinyl alcohol foam, and histoacryl resin (10–15).

Our case is unusual for many reasons. Firstly, the
asymptomatic patient presented without cardiac or valvular
anomalies other than the CCFs. Secondly, multiple imaging
modalities were required to confirm the fistula’s pathway, which
was difficult to delineate using selective coronary angiography
alone. Thirdly, the anatomy of those CCFs (tortuous and
large vessel, multiple fistulas without distal narrowing, distal
portion of the fistula not accessible with the closure device)
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FIGURE 2 | 3D-MDCTA volume-rendering reconstruction showing dilated and tortuous right coronary artery and left circumflex artery forming at the base of the heart

a distal anastomosis (white asterisk), followed by drainage into the right ventricle through the posterior-lateral wall. 3D-MDCTA, three-dimensional multidetector

computed tomography angiography; LM, left main coronary artery; RCA, right coronary artery; LAD, left anterior descending; LCx, left circumflex.

FIGURE 3 | Baseline right coronary angiogram in LAO 30◦- caudal 8◦ view showing a dilated and tortuous coronary artery (A) draining in a large round-shaped

chamber (yellow arrows) within the right ventricle (B) confirming the diagnosis of a right coronary cameral fistula. Baseline left coronary angiogram in RAO 15◦- caudal

25◦ view showing a giant and very tortuous left circumflex (LCx) coronary artery (C) draining through a fistulous path in a large round-shaped chamber (yellow arrows)

within the right ventricle (D) confirming the diagnosis of a left circumflex coronary cameral fistula.

was not suitable for transcatheter closure making coil occlusion
at very high risk of embolization. Furthermore, this case of
stent-assisted coil occlusion technique to stabilize the first

coil was key for success and might broaden the scope of
management of large CCFs, which were previously not suitable
for device closure.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 4 January 2022 | Volume 8 | Article 7692358

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Buzaev et al. Congenital Coronary Cameral Fistulas

FIGURE 4 | Fluoro-angiographic procedural steps of the coil occlusion of the right coronary (LAO 30◦ - caud 8◦) and left circumflex (RAO 6◦ - caud 1◦) coronary

cameral fistulas. (A) through a 6-Fr guiding catheter, a Medtronic Resolute OnyxTM DES 5 × 15mm (white arrow) and the Cook Mreye(r) Flipper coil 40 × 5mm

through 6-Fr multipurpose catheter with stylet inside (yellow arrowhead) are concomitantly in place in the distal segment of the right coronary artery (RCA); (B)

Resolute OnyxTM DES opened and the Cook Flipper coil pinned down by the stent (yellow arrowhead); (C) the Flipper coil is detached and pushed ahead to the stent

(black arrow) but still there is residual coronary blood flow; (D) two additional 8 cm × 5mm Gianturco coils (black small arrows) deployed proximally to the Flipper coil

achieving complete occlusion of the fistula; (E) through a Cordis extra back-up (XB) 3.5 guiding catheter, Resolute OnyxTM DES 4.0 × 18mm was opened (white

arrow) pinning down the Cook Mreye(r) Flipper coil (yellow arrowhead) delivered through 5-Fr Cobra C1 with stylet inside; (F) balloon of stent withdrawn, 0.014 inch

coronary wire in the distal LCx, Flipper’s stylet withdrawn and the Flipper coil pushed distally near the stent; (G) two additional Gianturco coils (10 cm × 5mm + 8 cm

× 5mm) deployed proximally to the Flipper with effective closure; (H) final left coronary angiogram showing abolition of the coronary flow in the distal segment of the

LCx by the implanted coils. LAO, left anterior oblique; RAO, right anterior oblique.

CONCLUSION

Coronary cameral fistulas (CCFs) are rare congenital clinical
entities, often incidentally found during coronary angiography.
The diagnosis can be challenging requiring multiple imaging
modalities. The innovative transcatheter stent-assisted coil
occlusion technique has been key for successful antegrade
closure of those uncommon coronary cameral fistulas,
avoiding the risk of coils migration within the coronary
artery branches.
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SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
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2021.769235/full#supplementary-material

Supplementary Video 1 | Three-dimensional multidetector computed

tomography angiography (3D-MDCTA) showing the presence of severely dilated

and tortuous distal RCA and LCx forming at the base of the heart a

single anastomosis.

Supplementary Video 2 | Baseline selective right coronary artery angiogram

(LAO 30◦- caudal 8◦ view) showing a dilated and tortuous coronary artery draining

in a large round-shaped chamber within the right ventricle, confirming the

diagnosis of a congenital right coronary cameral fistula.

Supplementary Video 3 | Baseline selective left coronary artery angiogram (RAO

15◦- caudal 25◦ view) showing a tortuous distal left circumflex coronary artery

draining through a fistulous path in a large round-shaped chamber within the right

ventricle, confirming the diagnosis of a congenital left circumflex coronary

cameral fistula.

Supplementary Figure 1 | Two-dimensional (2D) Transthoracic Echocardiogram

(TTE) color Doppler in apical four-chamber view showing decompression of the

round-shaped chamber (white asterisk, small yellow arrows) (A) and marked

increase in transtricuspid flow (yellow arrow) (B) due to the tricuspid valve

structures re-expansion. RA, right atrium; LA, left atrium; RV, right ventricle; LV, left

ventricle.

Supplementary Figure 2 | Selective right coronary artery (LAO 30◦- caudal 8◦

view) (A) and left coronary artery angiograms (RAO 15◦- caudal 25◦ view) (B)

showing abolition of the coronary flow (white arrows) in the distal segments of the

RCA and the LCx by the implanted coils (orange arrows).
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Transradial Retrograde Percutaneous
Coronary Intervention of Chronic
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Septal Collateral Using a Single
Guiding Catheter: A Case Report

Xiaogang Liu †, Jing Zhang †, Hong Zhang, Peng Zhang and Naikuan Fu*

Department of Cardiology, Tianjin Chest Hospital, Tianjin, China

Background: With the development of specialized equipment and the retrograde

technique, success rates for percutaneous coronary intervention (PCI) of chronic total

occlusions (CTOs) have increased from 60 to 90% in the past 10 years. Performing PCI

via a collateral channel from the contralateral artery, using two guiding catheters, is usually

the preferred approach to retrograde CTO-PCI. In the case described in this report, only

the ipsilateral septal collateral artery from the proximal occluded left anterior descending

(LAD) artery was available. The procedure can be performed successfully from radial

artery access using a single guiding catheter.

Case Summary: A 57-year-old patient, with a history of anterior and inferior myocardial

infarction and previous PCI, underwent a planned coronary arteriography due to his

complaints of typical angina symptoms. Coronary angiography revealed stent occlusion

located mid-LAD and severe in-stent restenosis in the distal right coronary artery (RCA).

A proximal septal branch was supplying the distal LAD retrogradely. After repeated failed

attempts at antegrade PCI for the LAD’s CTO, the retrograde approach was tried. This

intervention finally succeeded through the ipsilateral septal collateral. It was performed via

a single radial-artery access throughout the whole process. Post-operatively, the patient

had no complications and was stable at 1-year follow-up.

Conclusion: The transradial approach to retrograde PCI for CTO via an ipsilateral

septal collateral using a single guiding catheter is feasible and safe in appropriately

selected cases.

Keywords: chronic total occlusion, percutaneous coronary intervention, retrograde approach, radial artery access,

case report

INTRODUCTION

Successful percutaneous coronary intervention (PCI) of chronic total occlusions (CTOs) has been
associated with a reduced need for coronary artery bypass graft surgery (CABG), improvements
in left ventricular function, and better long-term survival (1). With the development of specialized
equipment and the retrograde technique, success rates for recanalization of CTOs have increased
from 60 to 90% in the past 10 years (2, 3). The advantages of the retrograde approach in CTO-PCI
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have been observed inmany clinical cases. Using septal collaterals
from the contralateral artery as an access route shows a high
success rate in retrograde CTO-PCI. However, not all CTO cases
are well-suited for using the contralateral septal collateral as an
access route. In some cases of left anterior descending (LAD)
lesions, only the ipsilateral septal collateral from the same artery
is observed to supply the distal recipient artery (4).

Femoral arterial access is usually the preferred approach to
CTO-PCI because of its ability to firmly support a larger guiding
catheter (7-French), but in several recent reports, radial access
has been demonstrated to be possible, safe, and effective (5).
We present a case of mid-LAD CTO recanalization performed
successfully via an ipsilateral septal collateral, using a single
guiding catheter that was positioned in the radial artery.

CASE PRESENTATION

A 57-year-old patient was admitted to the cardiovascular
department with progressive angina and dyspnea over 6 months.
The patient’s past medical history included anterior and inferior
myocardial infarction, which was treated with PCI of the
anterior descending branch and right coronary artery (RCA) 17
years prior, and hypertension. He was on several medications
for 3 months, including clopidogrel, aspirin, atorvastatin,
metoprolol, telmisartan, furosemide, and spironolactone. The
physical examination was notable for rales at the lung bases
and mild lower-extremity edema. The remainder of the physical
examination was unremarkable.

FIGURE 1 | The patient’s coronary angiography. (A) In-stent chronic total occlusion of left anterior descending artery and a proximal septal branch supplying the distal

left anterior descending (LAD). (B) Severe in-stent restenosis of right coronary artery.

The electrocardiogram showed pathologic Q-waves in the
anterior and inferior leads. Transthoracic echocardiography
showed impaired left ventricular function (EF = 38%) and a
dilated left ventricle (LV = 75mm). The patient was diagnosed
with coronary heart disease with unstable angina and heart
failure. After receiving intensive anti-anginal and anti-heart
failure medications, the patient underwent planned coronary
arteriography a week later. Coronary angiography showed stent
occlusion in the mid-LAD (Figure 1A) and severe in-stent
restenosis in the distal RCA (Figure 1B). A proximal septal
branch was supplying the distal LAD retrogradely (Figure 1A).
The SYNTAX (Synergy between PCI with Taxus and Cardiac
Surgery) score was 14.5.

Coronary artery bypass graft (CABG) surgery was advised for
the patient according to the coronary angiography. The patient
was thoroughly informed of the risks of the CTO-PCI; he refused
CABG surgery and accepted the risks of PCI. PCI for the LAD
CTO was then attempted. After repeated attempts at antegrade
access failed (Figure 2A), the retrograde approach was tried. The
6-Fr JL 3.5 guiding catheter of radial artery continued to be
used because the patient’s radial spasm made changing sheaths
difficult. In addition, there were concerns that his poor left-
ventricular function would make lying flat over a long period
risky; therefore, femoral access was the back-up site if transradial
access failed. The retrograde wire (SION black 190, Asahi) was
advanced through the septal collateral with the microcatheter
(Corsair 150, Asahi), reaching the distal CTO lesion (Figure 2B).
Then, the retrograde Sion wire was exchanged for a PILOT150
(Abbott) wire. It crossed the CTO segment successfully and
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FIGURE 2 | The procedures for retrograde percutaneous coronary intervention (PCI) of LAD chronic total occlusion (CTO). (A) The antegrade wire could not cross the

CTO lesion. (B) The retrograde soft wire was advanced through the septal collateral with the microcatheter reaching the distal CTO lesion. (C,D) The retrograde soft

wire was exchanged for a stiff wire via microcatheter, which crossed the CTO segment into proximal LAD true lumen, and threaded into the antegrade catheter with

microcatheter retrogradely. (E) A 300-cm RG3 wire was externalized via the microcatheter. (F) The microcatheter was inserted into the proximal LAD through the septal

collateral antegradely; the RG3 wire was removed. (G,H) The microcatheter was introduced to the distal LAD; the antegrade wire was advanced through the lesion.

When the wire was confirmed in true lumen by angiogram, the microcatheter was removed. (I) Three drug-eluting stents were deployed at mid LAD successively.

was threaded into the guiding catheter retrogradely. The
microcatheter was subsequently advanced over the wire into the
guiding catheter (Figures 2C,D). A 300-cm RG3 wire (Asahi)
was externalized via the microcatheter (Figure 2E). Then, the
microcatheter was withdrawn retrogradely and advanced to
the proximal LAD through the septal collateral over the wire

antegradely. The RG3 wire was removed (Figure 2F). Then, the
microcatheter was introduced to the distal LAD. Afterward, the
antegrade wire (SION black) was advanced through the lesion.
When the wire was confirmed to be in the true lumen by an
angiogram, the microcatheter was removed (Figures 2G,H), and
three drug-eluting stents were deployed successively at mid-LAD
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TABLE 1 | Timeline.

Timeline Events Coronary angiography Intervention

February

2002

Acute anterior

and inferior

myocardial

infarction

1. Acute occlusion of left

anterior descending

artery (LAD)

2. Severe restenosis of

right coronary

artery (RCA)

Urgent percutaneous

coronary intervention (PCI)

of LAD and selective PCI of

RCA

November

2019

Typical angina

symptoms

1. In-stent chronic total

occlusion (CTO) of

LAD

2. Severe in-stent

restenosis of RCA

Retrograde CTO PCI of LAD

and selective PCI of RCA

December

2020

1-year

follow-up:

symptom free

Absence Drug therapy

(Figure 2I). The final angiogram showed Thrombolysis in
Myocardial Infarction (TIMI) flow grade 3 in the distal LAD.

After the intervention, the patient continued to be treated
with guideline-directed medical therapy. The patient had no
complications and underwent selective PCI of the RCA 2
weeks later. The patient was stable over 1 year of follow-up
appointments. A detailed timeline of the events and therapy of
the patient is provided (Table 1).

DISCUSSION

Chronic total occlusion (CTO) is defined as an occlusive lesion of
over 3-month duration. The CTO-PCI tends to be a challenge for
surgeons because of its low success rate and lengthy procedure.
The main cause of CTO-PCI failure is usually an inability to cross
the lesion (6). Improvements in the retrograde approach have
helped increase the success rate. The proximal fibrous cap of a
CTO lesion is characteristically hard and thick (7), which may
increase the failure rate and the risk of subintimal dissection,
while the distal cap is thinner and tapered so that the wire can
cross it easily. This provides a theoretical basis for retrograde
PCI. In the case described here, a large septal branch arising from
the proximal LAD CTO was visible; otherwise, mid-LAD had a
long occlusion. These observations suggested that retrograde PCI
would be relatively easier to accomplish when antegrade attempts
failed repeatedly.

Selecting a suitable collateral channel is the key to the success
of retrograde approach. The selectable collateral channel for
retrograde PCI could be a septal collateral or an epicardial
collateral. Septal collaterals are preferred in majority of cases
because, compared to the epicardial collaterals, they usually have
a shorter and less tortuous course. Furthermore, they are less
likely to cause tamponade when they are injured (8). In this case,
no septal collateral from the RCA to the LAD was observed due
to the severe stenosis in RCA. Instead, a septal collateral from the
proximal LAD was found filling the distal LAD retrogradely, so it
was chosen to be the retrograde access.

Inmost retrograde PCI cases, surgeons use the double-guiding
catheter technique (9), but a single-guiding catheter was used

via the radial artery in this case because of the patient’s radial
spasm and his poor left ventricular function. This reduced his
time lying flat and minimized the risk of the onset of acute heart
failure. The transradial approach could lower the risk of access-
site complications, which include femoral artery hematoma and
bleeding, and the risk of the onset of acute heart failure for
patients with impaired heart function. Additionally, it may
increase patient comfort and shorten hospital stays.

Nevertheless, this approach has limitations. First, it is the
fact that smaller-size guiding catheters in the radial artery are
less supportive and harder to operate. Second, when multiple
devices need to be used simultaneously, a larger guiding catheter
is more appropriate. Therefore, radial CTO PCI with a single-
guiding catheter can be effective in appropriately selected cases.
Third, if the retrograde wire has difficulty crossing the CTO
segment or the microcatheter is difficult to advance across
the CTO segment, the controlled antegrade and retrograde
tracking (CART) technique, Knuckle technique, or anchor-
balloon technique would be needed. In such cases, a second
arterial access and a large-size guiding catheter would be
required. Fourth, compared to the RG3 wire externalization, the
“rendez-vous” technique may be more efficient and safer, but it
is not straightforward to perform this operation with a single,
small-caliber catheter like the 6-Fr guiding catheter. Therefore,
the RG3 wire externalization technique was adopted in this case.
When the RG3 wire was externalized, the safest method was to
pull back the microcatheter up to the distal part of the CTO but
keep covering the septal channel with the microcatheter. A new
microcatheter was used antegradely and advanced beyond the
CTO segment. However, because the 6-FrJL3.5 guiding catheter
that was used could not accommodate two microcatheters at the
same time, the microcatheter was withdrawn and the same one
was used to advance antegradely. Indeed, this procedure risked
damaging the uncovered septal collateral channel. To protect the
septal collateral, the microcatheter was advanced to the proximal
LAD through the septal collateral over the wire antegradely when
we removed the RG3 wire.

CONCLUSION

This rare case report demonstrated that transradial approach of
retrograde PCI for the CTO via an ipsilateral septal collateral
using a single guiding catheter is feasible and safe in appropriately
selected cases.
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Background:We describe a rare case of patent foramen ovale (PFO) associated stroke

in a patient with pulmonary embolism, inferior vena cava thrombosis and undergoing

filter implantation who successfully underwent PFO closure using the right internal jugular

venous approach.

Case Summary: This is a rare case of a 42-year-old patient who presented with

stroke and pulmonary embolism and was diagnosed with a PFO, inferior vena cava

thrombosis and underwent filter implantation. The patient suffered from stroke and

pulmonary embolism successively; that is, embolic events occurred in both the arterial

and venous systems. Transesophageal echocardiography (TEE) showed a PFO with an

atrial septal aneurysm (ASA), which we considered a “pathological” PFO. Due to the

obstructive nature of the inferior vena cava approach, we successfully performed PFO

closure via the right internal jugular venous approach under the guidance of X-ray and

transthoracic echocardiography (TTE).

Discussion: The right jugular venous approach provides a simple technical solution for

patients who require PFO closure when femoral venous access is unavailable, which can

be performed under X-ray and TTE guidance.
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INTRODUCTION

Transcatheter closure of a patent foramen ovale (PFO) is usually performed using a femoral venous
approach. This procedure becomes more difficult when femoral vein access is not feasible due
to congenital or acquired reasons. There are only a few reports of PFO closure via the jugular
venous approach in this special case, and these procedures were mostly performed under general
anesthesia and under the guidance of transesophageal echocardiography (TEE) or intracardiac
echocardiography (ICE) (1–3). We report a case of PFO associated stroke in a patient with
atrial septal aneurysm (ASA), pulmonary embolism, inferior vena cava thrombosis and filter
implantation, under the guidance of local anesthesia, X-ray and transthoracic echocardiography
(TTE), the patient was successfully underwent PFO closure using the right internal jugular
venous approach.
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CASE PRESENTATION

A 42-year-old male with sudden left upper extremity

dysfunction was diagnosed with cerebral infarction by MRI

and cerebral angiography. Intracerebral hemorrhage occurred

after intravenous thrombolysis. Onemonth later, a CT scan of the
pulmonary artery was performed because the patient complained
of left chest pain, shortness of breath and lower extremity edema,
which indicated extensive thrombosis of the bilateral pulmonary
arteries. Ultrasound of bilateral lower extremity veins showed
left femoral vein, superficial femoral vein, and popliteal
vein thrombosis. To prevent massive pulmonary embolism,
anticoagulation therapy (rivaroxaban 20 mg/d) and inferior
vena cava filter implantation were performed. Antithrombin
III, protein C, protein S, tumor markers, antiphospholipid
antibodies, autoantibodies were all negative. Because the patient
has successively experienced embolism of the arterial system
and venous system without risk factors, such as hypertension,
diabetes, smoking and so on, paradoxical embolism cannot be
excluded. TEE examination revealed a large PFO with an ASA
(Figure 1). After multidisciplinary diagnosis, transcatheter PFO
closure is recommended.

Preoperative TTE examination showed a PFO with an ASA,
and contrast transthoracic echocardiography (cTTE) showed
substantial right-to-left shunting (RLS) at rest and Valsalva
maneuver (Figure 2). The CT examination of the lower extremity
veins showed implantation of the inferior vena cava filter, inferior

FIGURE 1 | TEE showed a PFO with an ASA (A) and a small amount of left-to-right shunt through the fossa ovale (B).

FIGURE 2 | cTTE showed substantial RLS at rest (A) and Valsalva maneuver (B).

vena cava and bilateral external iliac vein thrombosis, and
bilateral internal iliac vein thrombosis (Figure 3).

Due to the conventional approach of bilateral external iliac
veins, internal iliac veins and inferior vena cava all have
thrombi, the superior vena cava and jugular venous systems
appeared normal; therefore, a right jugular venous approach
was planned. A 6 Fr sheath was placed in the right jugular
vein using the Seldinger technique. Initial attempts to probe
the PFO utilized multiple catheters (6Fr TERUMO Radial TIG
catheter, Medtronic LAUNCHER 6Fr AL catheter, Cordis 6Fr
JR4 catheter), and probing with a straight 0.035 inch guidewire
was unsuccessful. A Medtronic LAUNCHER 6Fr EBU 3.5mm
guiding catheter was then advanced to the right atrium, initially
positioned below the atrial septum at the level of the tricuspid
valve, and then withdrawn superiorly, allowing it to engage and
pass through the PFO into the left atrium and left superior
pulmonary vein (Figures 4A,B). Due to insufficient support,
when the guiding catheter was passed through the PFO, the
guiding catheter and guidewire were slid into the inferior vena
cava simultaneously (Figure 4C). Under the guidance of the
guidewire, the EBU3.5mm guiding catheter was sent to the fossa
ovalis again, and a 180 cm 0.025” stainless steel guidewire with
coiled floppy tip was exchanged. The guiding catheter passed
through the PFO smoothly and the stainless steel guidewire was
looped into the left atrium (Figure 4D). The position of the
guidewire was confirmed by TTE, and there was no pericardial
effusion. Withdrawing the guiding catheter, as per the classic
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FIGURE 3 | The CT examination of the lower extremity veins showed

implantation of the inferior vena cava filter, inferior vena cava and bilateral

external iliac vein thrombosis, and bilateral internal iliac vein thrombosis.

femoral venous approach, a 9Fr Abbott TorqVue 180◦ delivery
sheath was advanced over the wire into the left atrium, and
an Amplatzer 30mm PFO occluder (St. Jude Medical, Golden
Valley, MN) was successfully deployed with good apposition
as assessed by fluoroscopy and TTE (Figures 4E,F). Following
device deployment, there was no evidence of residual shunt on
TTE Doppler, which also showed a negative bubble study result.
Recovery was uncomplicated, and the patient was discharged the
next day.

DISCUSSION

Over the past 5 years, multiple randomized controlled trials
(RCTs) have established robust evidence for preventing
cryptogenic stroke (CS) by percutaneous closure of
PFO (4–7). Therefore, the Amplatzer PFO occluder is
indicated for percutaneous closure of a PFO to reduce
the risk of recurrent ischemic stroke in patients who
are predominantly between the ages of 18 and 60
years, who have had CS due to a presumed paradoxical
embolism, as determined by a neurologist and cardiologist
following an evaluation to exclude known causes of
ischemic stroke.

The choice of approach for transcatheter PFO closure
usually depends on the anatomical relationship between the
vena cava and the atrial septum. Studies have shown that
the angle between the inferior vena cava and the PFO
tunnel is usually ∼45◦, which is very suitable for guiding
the guidewire through the PFO to reach the left atrium,

FIGURE 4 | Transcatheter PFO closure procedure. (A,B) The guidwire

reached the left superior pulmonary vein through the PFO; (C,D) The ordinary

guidewire could not provide sufficient support, and a 180 cm 0.025” stainless

steel guidewire with coiled floppy tip was exchanged to provide sufficient

support; (E) X-ray showed good position before the occluder was released; (F)

X-ray showed good position after the occluder was released.

thus making it easier for the subsequent delivery sheath
system to reach the left atrium, and thereby shortening the
procedure time (2). Therefore, the femoral venous approach
is often used as a method to easily and reliably pass across
the PFO into the left atrium and, subsequently, deploy
the device.

When the femoral venous approach is not possible
due to inferior vena cava interruption for congenital or
acquired reasons, transcatheter PFO closure by conventional
methods is difficult to perform. Moreover, the number
of PFO closures increases each year. In addition to the
femoral venous approach, alternative approaches for
PFO closure include the jugular, hepatic, and subclavian
venous approaches. PFO closure through these approaches
usually needs to be performed under the guidance of
general anesthesia and TEE, and there are also individual
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reports that it is performed under the guidance of
ICE (1–3).

If this patient chose the femoral venous approach,
transfemoral-iliac vein intubation and balloon dilation were
required first. Due to the increased risk of thrombus in the
inferior vena cava along with a high-risk PFO, the risk of
paradoxical embolism during the procedure is high, so the
femoral venous approach is obviously not feasible. Transhepatic
access has been reported in the interventional treatment of atrial
septal defect (ASD) and PFO because it does not require special
catheter technology (8–10). However, it requires a gelatin sponge
or coils to stop bleeding through the ducts that pass through
the liver, and there have been individual cases of postoperative
abdominal discomfort due to peritoneal irritation caused by
bleeding (11). At present, the subclavian venous approach, which
has the potential to increase the risk of hemorrhage due to the
large-sized sheath placed through the junction of the clavicle and
the first rib, is basically not used. For these reasons, we plan to
use the internal jugular vein as the preferred access point and the
hepatic venous approach as an alternative.

It is technically challenging to approach the fossa ovale after
entering the right atrium from the internal jugular vein because
the tip of the sheath needs to have a curvature close to 90◦ or
more to be close to the fossa ovale. Existing case reports show
that various curved guiding catheters can be tried, the tip of the
catheter can be shaped with cold saline, or the flexible sheath can
be selected to increase the maneuverability of the catheter with
the guidewire to pass through the PFO (1, 2, 12). In addition, the
stiffness of the catheter tip also affects the procedure process. If
the catheter tip is too soft, even if the guidewire passes through
the PFO, the stiffened wire cannot be exchanged, and the delivery
sheath cannot pass through the atrial septum due to a lack of
strong support. If the tip is too rigid, there is a risk of injuring

the left atrial wall when the catheter is passed through the atrial

septum into the left atrium.
We describe a PFO associated stroke in a patient with an

ASA, pulmonary embolism, inferior vena cava thrombosis and

filter implantation who successfully underwent PFO closure by
the guidance of X-ray and TTE using the right internal jugular
venous approach for the first time. In this patient, we tried
different curved catheters and failed to pass through the PFO.
Then, we chose the EBU guiding catheter, and with the help of
the guidewire, we reached the flaccid atrial septum and entered
the left atrium through the PFO. At the same time, to solve
the problem of insufficient support, we used a 180 cm 0.025”
stainless steel guidewire with coiled floppy tip to pass through the
interatrial septum to reach the left atrium and then successfully
released the PFO occluder under the guidance of X-ray and TTE.

CONCLUSION

The right jugular venous approach provides a simple technical
solution in patients requiring PFO closure when femoral venous
access is not available. The classic jugular venous approach to
PFO closure has always been considered difficult, but we describe
the use of the EBU guiding catheter and a 180 cm 0.025” stainless
steel guidewire with coiled floppy tip, which enables relatively
simple passage across the PFO and provides sufficient support.
This technique can be performed safely under the guidance of X-
ray and TTE and provides an additional option for patients who
require percutaneous PFO closure without femoral or hepatic
venous access.
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Background: Aortic paravalvular leak (APVL) after surgical valve replacement (AVR) is an

ominous complication with a high risk of morbidity and mortality. Approximately 1–5% of

PVLs can lead to serious clinical consequences, including congestive heart failure and/or

hemolytic anemia.

Case Summary: A 69-year-old man with multiple comorbidities underwent surgical

replacement of the aortic valve with a mechanical tilting disc prosthetic valve (Medtronic

Starlight 27mm). Several years later, recurrent episodes of congestive heart failure and

hemolytic anemia developed due to a large crescent-shaped aortic PVL located at

non coronary cusp (NCC) 9–12 o’clock, with moderate-to-severe regurgitation. The

patient was deemed at prohibitive surgical risk due to significant multiple comorbidities

and a transcatheter PVL closure (TPVLc) was planned. The huge PVL was partially

closed by a first specifically designed paravalvular leak device (PLD). The procedure was

complicated by transient interference of the second PLDwith mechanical prosthetic valve

function. This issue has however been solved with correct manipulation, orientation and

downsizing of the second device implanted. At 3-month and 13-month follow-up, the

patient showed a relevant clinical improvement and good quality of life. 2D TTE color

Doppler confirmed the stable position of the two PLDs with trace residual leak.

Discussion: Surgical redo has been considered the treatment of choice for symptomatic

patients with PVLs. Notwithstanding, TPVLc is a less invasive alternative, particularly in

patients at high surgical risk in whom early diagnosis and prompt interventional treatment

are crucial for improving expectancy and quality of life. Dedicated devices, appropriate

procedural techniques, and the close interaction between imaging modalities, allowed to

deal successfully with a challenging case of severe symptomatic aortic PVL.

Keywords: paravalvular leak, aortic valve, transcatheter closure, hemolytic anemia, heart failure
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INTRODUCTION

Paravalvular leaks occur in patients who have undergone
surgical valve replacement, with an incidence of 2–10%
in the aortic position. Although most defects are small
and asymptomatic, clinical manifestation of heart failure
and hemolysis can be demonstrated in 1%-3% of patients,
which leads to worst outcome and justify an interventional
approach (1).

For patients with symptomatic PVL, surgical repair
is the traditional treatment approach. Surgical results
have shown to significantly improve patient outcomes
at 5 and 10 years compared to medical treatment alone
(2), despite the significant mortality associated with
re-operation (3).

TPVLc is a less invasive treatment option, particularly in
patients with prohibitive risk for redo surgery in whom it may
represent a first-line treatment.

The safety and feasibility of TPVLc has been confirmed in
several registries and a meta-analysis (4, 5). Overall technical
success rate was 89.7%, being comparable between patients
treated for mitral or aortic valve PVLs (92.6 vs. 83.3%,
respectively) (6).

Nevertheless, catheter-based interventions are associated with
higher rates of residual leaks in part due to complex anatomies,
size and number of defects and to off-label use of devices designed
for other applications.

FIGURE 1 | Baseline two-dimensional (2D) X-plane imaging Transoeophageal Echocardiogram (TEE) color Doppler (A) and ascending aorta angiography (B) showing

the presence of a huge crescent-shaped 17 × 6mm aortic PVL located at non coronary cusp (NCC) 9-12 o’clock, with moderate-to-severe regurgitation.

Fluoro-angiographic image confirming the stable position of the mechanical tilting disc aortic prosthetic valve (white asterisk) with moderate regurgitation (black arrow).

CASE PRESENTATION

A 69-year-old male patient was admitted for recurrent episodes
of congestive heart failure and hemolytic anemia. He has a past
medical history of rheumatoid arthritis, Sjogren syndrome,
moderate kidney disease (stage 3), chronic obstructive
pulmonary disease, fronto-parietal left ischemic stroke with
right side hemiparesis and rheumatic heart disease status
following aortic valve replacement in 2005 with a mechanical
tilting disc aortic prosthetic valve (Medtronic Starlight 27mm).
In the recent years, recurrent hospital admissions for heart
failure and symptomatic hemolytic anemia requiring multiple
red blood cells transfusions concomitantly occurred. The
patient was in New York Heart Association (NYHA) class
III under optimal medical therapy (OMT) (furosemide 50
mg/day, spironolactone 25 mg/day, bisoprolol 2.5 mg/day, ACE
inhibitors 20 mg/day, aspirin 100 mg/day, statin 20 mg/day).
Frequent episodes of dyspnea at rest with orthopnea (NYHA
class IV) occurred during hemolysis, documented by low
haptoglobin level and lactate dehydrogenase >500 UI/L. After
red blood cell transfusions, the clinical and hemodynamic
conditions improved significantly each time. Electrocardiogram
showed biatrial enlargement, left bundle branch block and
frequent ventricular ectopic beats. During each episode of
congestive heart failure, chest X-ray revealed signs of increased
pulmonary flow, dilatation of left-sided chambers as well as
enlargement of pulmonary artery and its branches. Baseline
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FIGURE 2 | Intraprocedural fluoro-angiographic and real-time 3D TEE procedural steps showing the guide wire (A) (black arrowhead) across the leakage with the

distal soft tip in the left ventricle; the 5- Fr multipurpose catheter in the LV (B); the distal disc device opening (orange asterisk) (C–E) and the 14 × 6mm rectangular

waist PLD correctly positioned and still anchored to the delivery cable (F). MP, multipurpose catheter; PLD, Occlutech Parvalvular Leak Device; RW, rectangular waist.

two-dimensional (2D) Transthoracic/Transesophageal color
Doppler Echocardiography (TTE/TEE) showed severe left
ventricle (LV) dilatation (LV end-diastolic volume of 216ml)
with ejection fraction of 50% and confirmed the presence
of a large 17 × 6mm crescent-shaped aortic PVL located
at non coronary cusp (NCC) 9–12 o’clock, with grade 4–5
aortic PVL regurgitation (PHT< 200 msec; vena contracta
width = 10mm) (7). Coronary angiography excluded coronary
artery disease.

The risk stratification according to Society of Thoracic
Surgeons (STS) score demonstrated an increased risk of long-
term mortality (7%). According to 2014 AHA/ACC guidelines,

TPVLc was a reasonable therapeutic option (class IIa, Level of
Evidence B) in centers with expertise in symptomatic patients
at high risk for surgical reintervention or with contraindication
to reoperation (8). After heart team discussion, the decision to
proceed with TPVLc was confirmed. Written informed consent,
after explanation, was obtained from the patient. The procedure
was performed under TEE and fluoroscopic guidance using
general anesthesia. Prevention of contrast induced nephropathy
was accomplished with normal saline 0.9% infusion (40ml/h 12 h
before and after procedure). Both left and right femoral arteries
were cannulated. 4–5 degree paravalvular aortic regurgitation
was demonstrated by 2D TEE color Doppler and by ascending
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FIGURE 3 | Fluoro-angiographic and real-time 3D TEE procedural steps showing the crossing of the residual leakage in close proximity of the already implanted 14 ×

6mm rectangular waist PLD (A–C), the distal disc opening of the 7mm square twist PLD (D) still anchored to the delivery cable and the inference with the tilting disc

of the mechanical aortic valve (E,F). RW, rectangular waist; ST, square twist.

FIGURE 4 | Post-procedure 2D TTE color Doppler (A) and fluoro-angiographic (B) images showing the correct and stable position of the two PLDs not impinging on

the tilting disc (black arrowhead) of the mechanical aortic valve (white asterisk) with only trivial residual regurgitant jet.

aortography with a 6-Fr pigtail angiographic catheter introduced
from the left femoral artery (Figure 1). With the support of
a 5-Fr multipurpose catheter (MP), introduced retrogradely

from the right femoral artery, we easily advanced and passed
through the huge NCC leakage a hydrophilic Terumo 0.035 inch
guide wire, then replaced by a super stiff guidewire 0.035-inch
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260 cm in lenght (Boston Scientific) that was positioned in the
distal LV. The stronger support allowed progression of the 10-
Fr delivery sheath into the LV. To accomplish the semilunar
PVL dimensions (17 × 6mm) with a height of 7mm, a
specifically designed 14 × 6mm rectangular waist Paravalvular
Leak Device (PLD, Occlutech, Helsingborg, Sweden) with a
24mm distal disc, a 22mm proximal disc and a 3 mm-height
waist type of connection between the two disc was chosen and
deployed (Figure 2). Intraprocedural 2D TEE color Doppler
showed a persisting regurgitant jet via a 10 × 4mm residual
peri-device leakage probably due to the distorted “mushroom”
spherical configuration of the two device disc and to elongated
(up to 7mm) shape of the connecting waist to fit the height
of the original PVL (Supplementary Figure 1), hindering the
apposition of the fabric within the disc. At this point, with the
first PLD still anchored, the residual peri-device leak was crossed
again with a hydrophilic guide wire, allowing the progression of
a 5-Fr MP. A 0.035-inch wire 260 cm super stiff guidewire was
advanced distally via theMP into the LV. The same 10-Fr delivery
sheath was advanced over this exchange stiff wire allowing
the progression of a second device, a 7mm square twist PLD.
After its opening, a massive intra-prosthetic aortic regurgitation
was observed by the TEE monitoring. The angiogram revealed
an acute interference between the 7mm square twist PLD
and the prosthetic valve, showing the tilting disc unable to
close completely. Therefore, the 7mm square twist PLD was
then retrieved in the sheath and replaced by an undersized
5mm square twist PLD that was implanted effectively without
interfering anymore with the tilting disc of the mechanical
aortic valve (Figure 3). Post-procedure echocardiographic and
angiographic controls confirmed the effective PVL closure with
only trivial residual regurgitant jet (Figure 4). The total volume of
contrast medium was 80 cc. Peak creatinine level was 2.12 mg/dl
48 h after the procedure and 1.6 mg/dl at dismission, leading to
the diagnosis of stage 1 acute kidney injury. The postoperative
course was uneventful, and the patient was discharged on the
eighth post-procedure day. At three-month and thirteen-month
follow-up, he showed a relevant clinical improvement with a
stable NYHA II class and good quality of life. No further
hospitalizations and blood transfusions were needed. 2D TTE
color Doppler confirmed the stable position of the two PLDs with
trace residual leak (Supplementary Figure 2).

DISCUSSION

Comparison between surgical and percutaneous treatment have
shown that technical success was higher with surgery [96.7 vs.
72.1%, odds ratio (OR) 9.7, p < 0.001] but at the cost of higher
30-day mortality (8.6 vs 6.8%, OR 1.90, p < 0.001), a trend
toward higher stroke (3.3 vs. 1.4%, OR 1.94, p = 0.069), and
longer hospitalizations. However, surgery was associated with
similar 1-year mortality (17.3 vs. 17.2%, OR 1.07, p = 0.67),
reoperation (9.1 vs. 9.9%, OR 0.72, p= 0.1), readmission for heart
failure (13.3 vs. 26.4%, OR 0.51, p = 0.29), and improvement
in New York Heart Association classification (67.4 vs. 56%,
OR 1.37, p = 0.74), compared with percutaneous closure (9).
Furthermore, PVL recurrence after first redo surgery has been

reported to be 13% and increases further to 35% after second redo
surgery (10). Reintervention rates were similar (11.3 vs. 17.2%
in the percutaneous and surgical groups, respectively; p = 0.10),
with the majority of reinterventions in the percutaneous group
occurring early because of residual leak or persistent hemolysis.
After risk adjustment, there was no significant difference in
long-term survival between patients who underwent surgical vs.
transcatheter treatment of PVLs (10).

TPVLc is a reasonable alternative to surgical intervention
but it might be considered in patients with severe prosthetic
paravalvular regurgitation with intractable hemolysis or NYHA
class III or IV symptoms, who are at high or prohibitive surgical
risk and have anatomical features suitable for percutaneous
repair (11).

The efficacy of TPVL closure in reducing heart failure
symptoms and long-term mortality has been demonstrated in
multiple studies (12). Conversely, an incomplete TPVL closure
could represent a very important limitation of this procedure,
causing a worsening of hemolysis and NYHA class.

Undoubtedly, TPVL closure remains a complex, technically
demanding and time-consuming procedure that requires not
only careful patient selection and preproceduralmultiple imaging
modalities in order to visualize the complex 3D relationships
of intracardiac structures. Additionally, it requires an active
and strong collaboration of a skilled interventional team
(interventional and imaging cardiologists, cardiac computed
tomography radiologists and cardiac surgeons when needed).

Efforts are needed to develop new specifically designed devices
to further improve clinical outcomes of this particular subset of
high-risk patients with multiple comorbidities (13).

Even using a specific designed device, potential complications
such as device malpositioning and interference between PLD
and mechanical prosthetic valve may occur as demonstrated
by our case. However, awareness of the pros and cons of each
device, correct handling integrated with the echocardiographic
imaging and good understanding of some procedural tips and
tricks, could improve significantly the procedural success and
clinical outcomes.

CONCLUSION

Our case demonstrates that even though TPVLc with a
specifically designed device is a viable therapeutic alternative
to surgical repair with high technical success rate, a close
collaboration of a skilled interventional team is key for success,
avoiding potential procedural complications such as interference
with mechanical valve function and incomplete leakage closure
that may increase NYHA class, the magnitude of hemolysis and
the need for hemolysis-related blood transfusions.
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Supplementary Figure 1 | Post-procedure 2D X-plane (A) and short axis view

(B) TEE color Doppler showing a regurgitant jet through a 10 × 4mm residual

peri-device leakage. RW, rectangular waist; PLD, Occlutech Parvalvular Leak

Device.

Supplementary Figure 2 | Three-month follow-up 2D TTE (A) color Doppler (B)

confirmed the stable position of the two PLDs with trace residual leak. PLD,

Occlutech Paravalvular Leak Device.
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Case report: Transcatheter
pulmonary valve-in-valve
implantation in a deteriorated
self-expandable valve caused by
infective endocarditis

Yan-Jie Li, Xin Pan*, Cheng Wang and Ben He

Department of Cardiology, Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai, China

Background: Infective endocarditis is a complication with high mortality

in patients with congenital heart disease, particularly for those with

bioprosthetic valve.

Case summary: We report a case of a 54-year-old female with a history

of tetralogy of Fallot who had been surgically repaired using a transannular

patch due to severe pulmonary insu�ciency with right heart enlargement and

presented with worsening dyspnea. She had received transcatheter pulmonary

valve implantation (TPVI) 5 years ago. Unfortunately, bioprosthesis-associated

infective endocarditis occurred due to dental caries. Given persistent antibiotic

medication, she became clinically stable with prosthesis functional recovery.

However, dysfunctional bioprosthesis was still detected 3 years later, which

was successfully treated by valve-in-valve TPVIwith the help ofmodified buddy

wire technique. At a 12-month follow-up after valve-in-valve TPVI, she was

completely recovered with improved symptoms of heart failure.

Conclusion: This is the first report of valve-in-valve TPVI of a self-expandable

valve in a degenerated self-expandable valve. The case highlights increased

surveillance for infective endocarditis of transcatheter pulmonary valve should

be emphasized. Subsequent valve-in-valve TPVI is an e�ective treatment for

valve failure in defined conditions improving the hemodynamics.

KEYWORDS

degenerated bioprosthesis, infective endocarditis, tetralogy of Fallot, transcatheter

pulmonary valve implantation, valve-in-valve (VIV)

Introduction

Pulmonary regurgitation is a common late consequence of surgical repair of tetralogy

of Fallot (TOF) (1, 2). European society of cardiology guidelines on the management of

adult congenital heart disease recommend transcatheter pulmonary valve implantation

(TPVI) in symptomatic patients affected by severe pulmonary regurgitation (3). Given

the relatively low risk of procedural complications, TPVI may be an optimal option

in selective cases. Although TPVI has been reported to be a feasible procedure
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FIGURE 1

Degenerated bioprosthesis with complete frame. (A) Transthoracic echocardiography shows severe pulmonary regurgitation; (B) Angiography

reveals severe pulmonary insu�ciency; (C) The annular size calculated on computed tomography.

with successful implantation rate >95% (4, 5), it remains

challenging and technically demanding in some special scenario.
In this report, we present a treatment modality for self-

expandable valve failure caused by infective endocarditis (IE),

using valve-in-valve TPVI with the assistance of modified buddy

wire technique.

Case description

A 54-year-old female with a history of TOF was admitted

to our hospital with complains of exertional dyspnea and chest

distress. She underwent surgery for TOF with transannular

patching of right ventricular outflow tract (RVOT) at the

age of 18. Five years ago, she received TPVI, using a

P26-25mm (diameter-length) self-expandable Venus P-valve

(Venus Medtech, Hangzhou, China) due to severe pulmonary

regurgitation with right heart enlargement. Unfortunately,

bioprosthesis-associated IE occurred due to dental caries 6

months after TPVI. Transthoracic echocardiography (TTE)

showed vegetation attached on the prosthetic valve and

blood culture indicated streptococcus viridians. At the end

of 6 weeks of intravenous penicillin and gentamycin, her

blood cultures sterilized, her vegetation size was reduced, and

she achieved prosthesis functional recovery (6). Then, she

received dental caries extraction under antibiotic prophylaxis

with intravenous penicillin 80 million units/day for 3 days.

During close follow-up, she had not got relapse of IE.

However, dysfunctional bioprosthesis was still detected by

TTE with thicken leaflet, severe pulmonary regurgitation

3 years later (Figure 1A; Supplementary Video 1), moderate

to severe tricuspid insufficiency and right heart dilation.

Considering the relatively low risk of procedural complications,

a decision of valve-in-valve TPVI with a self-expandable

valve was made.

The procedure was performed with fluoroscopic and TTE

guidance under general anesthesia. Bilateral femoral veins

were used, and right heart catheterization was first executed.

Pulmonary artery pressure was 35/8 mmHg and right ventricle

pressure was 50/8 mmHg. Severe pulmonary insufficiency

appeared on angiography (Figure 1B; Supplementary Video 2).

After pre-dilation with a 25mm × 50mm (diameter ×

length) balloon (Balt, Montmorency, France), systolic pressure

gradient across the bioprosthesis decreased from 15 mmHg

to 6 mmHg. Since the annular size of 25.9mm calculated

on computed tomography and three-dimension reconstruction

(Figure 1C), a P28-25mm (diameter-length) self-expandable

Venus P-valve (Venus Medtech, Hangzhou, China) with 22-

F delivery system was planned to be deployed. The process

was beset with difficulties in advancing the delivery sheath.

The buddy wire technique, which was employed with two

Lunderquist wires, was attempted but the delivery system still

failed to be advanced and positioned appropriately. Finally,

the 14-F Cook sheath (Cook Medical, Bloomington, USA)

was advanced over the second Lunderquist wire, which passed

through the RVOT and placed in the distal of right pulmonary

artery. The 14-F Cook sheath served as modified buddy

wire providing extra support and straightening the vessel

and the RVOT (Figure 2A). Maneuvering the 22-F Venus

P delivery system alongside the 14-F Cook sheath aided in

the advancement of the delivery system into the proximal

end of left pulmonary. Prior to the deployment of the

second pulmonary valve, the 14-F Cook sheath was pulled

back into inferior vena cava. The new self-expanding valve

was then successfully delivered (Figure 2B) and implanted.

Post-dilation with a 25mm × 50mm (diameter × length)

balloon (Balt, Montmorency, France) was performed to

better shape for the stent strut and RVOT. Post-procedure

angiography and TTE showed no pulmonary regurgitation
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FIGURE 2

Transcatheter pulmonary valve-in-valve implantation for degenerated bioprosthesis. (A,B) The delivery system crossed the degenerated

bioprostheses with the assistance of modified buddy wire; (C,D) The result of transcatheter valve-in-valve implantation with no pulmonary

regurgitation.

FIGURE 3

Timeline of events of the patient.

(Figures 2C,D, 3; Supplementary Videos 3, 4). Then pulmonary

pressure was raised to 35/18 mmHg.

During hospitalization, the patient was given adequate

and prolonged antibiotic prophylaxis (intravenous ceftriaxone

2 g/day and vancomycin 1 g/day for 1 week) to ensure

no endocarditis relapse. She was recommended to take oral

anticoagulant daily after discharge and reinforced follow-up was

proposed to her as before. At 12-month follow-up, she was

completely recovered from valve-in-valve TPVI with improved

symptoms of heart failure (Figure 3). TTE was obtained and

showed a persistently good valve function.

Discussion

TPVI is an effective treatment alternative to surgical

pulmonary valve replacement for patients with right ventricular

dysfunction after correction of TOF (7–10). IE of TPVI

is a dreadful complication and associated with a relevant

need of re-intervention (11). IE of Venus P valve with

concomitant COVID-19 infection was also reported (12).

In our case, the mechanism resulting in recurrence of

pulmonary regurgitation after TPVI was IE, eventually

leading to recurrence of pulmonary regurgitation and right
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heart failure. Although transcatheter procedure could be

the first reintervention, it was necessary to identify that

IE was adequately treated, which was confirmed by no

clinical sign and no vegetations on echocardiogram in

this scenario.

This is the first report of valve-in-valve TPVI in a

degenerated self-expandable pulmonary valve. Maneuvering the

relatively rigid delivery system can be challenging in a dilated

and tortuous right ventricle with severe tricuspid insufficiency,

and it is difficult to advance the valve especially in a stented

RVOT. Although several reported technical and therapeutic

considerations remain to be resolved in difficult TPVI cases

(13–15), the modified buddy wire technique including super

stiff wire combined with long sheath to provide extra guide

and support could be a bailout approach, which facilitates to

maneuver the delivery system crossing the basal valve frame

and deploy the new valve at accurate position. Albeit limited

data were available regarding the hemodynamic efficacy and

durability of such intervention, repeat TPVI was still an effective

treatment for valve failure in defined conditions, improving by

freedom from re-intervention, which further adds to the benefit

of TPVI in the life-time management of RVOT dysfunction

(16). During the procedure, the technique along with the

wire and sheath can be used to place percutaneous valve in

accurate position.

In conclusion, this case highlights reinforced surveillance

for IE of transcatheter pulmonary valve should be emphasized.

Subsequent valve-in-valve TPVR is an effective treatment

for early bioprosthetic failure in defined conditions.

Repeat TPVI is particularly challenging in case with self-

expandable valve but is an effective treatment with the

modified buddy wire technique to provide extra support for

delivery system.
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SUPPLEMENTARY VIDEO S1

Thickened leaflet and severe pulmonary regurgitation

on echocardiography.

SUPPLEMENTARY VIDEO S2

Severe pulmonary regurgitation on angiography.

SUPPLEMENTARY VIDEO S3

Post-procedure angiography showed no pulmonary regurgitation.

SUPPLEMENTARY VIDEO S4

No regurgitation after transcatheter valve-in-valve implantation

on echocardiography.
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Introduction: Pericardial thrombosis that complicates pericardial bleeding is a

life-threatening emergency in interventional cardiology, and surgery remains

the only definitive treatment option. We report the first case of successful

intrapericardial thrombus aspiration using a dedicated thrombus aspiration

catheter in the early stage of pericardial thrombosis.

Case report: A 76-year-old woman with non-valve atrial fibrillation underwent

percutaneous left atrial appendage (LAA) closure for secondary prevention

of stroke. A 24-mm Watchman device was deployed under fluoroscopic

guidance. Post-deployment angiography revealed LAA perforation, which led

to the rapid onset of cardiac tamponade. Emergency pericardiocentesis was

performed and the deep-seated device was redeployed at a more proximal

position to seal the distal perforation. Pericardial bleeding was controlled after

the drainage of 400 ml of blood. However, the patient re-developed cardiac

tamponade following a period of stability. The patient was diagnosed with

early-stage pericardial thrombosis based on echocardiographic findings of

a hypoechoic effusion in the pericardial space. Thrombus aspiration using a

pigtail catheter and long sheath failed; however, we performed successful

intrapericardial thrombus aspiration using a dedicated thrombus aspiration

catheter. We drained 120 ml of sludge-like blood, and the patient underwent

successful conservative management without surgical intervention.

Conclusion: This case report highlights the potential usefulness of

a percutaneous intrapericardial thrombus aspiration technique using a

dedicated thrombus aspiration catheter in selected patients with early-stage

pericardial thrombosis, as a less invasive alternative to cardiac surgery.

KEYWORDS

thrombus aspiration, pericardial thrombosis, cardiac tamponade, left atrial
appendage closure, case report
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Introduction

Cardiac tamponade is a potentially fatal complication
in patients who undergo percutaneous cardiac interventions
(1–3). Procedural-related cardiac or coronary perforations
can cause rapid accumulation of blood in the pericardium
and may precipitate a cardiac emergency (4). Emergency
pericardiocentesis is a life-saving procedure in
hemodynamically unstable patients with clinical evidence
of cardiac tamponade (5).

Reportedly, the incidence of pericardial effusion that
necessitates intervention was 4.8 and 1.9% in randomized
left atrial appendage closure (LAAC) trials of PROTECT AF
and PREVAIL, respectively (6, 7). More recent studies have
reported a lower pericardial effusion rate of less than 1–2%
(8, 9). Most intervention-induced perforations (approximately
88%) can be treated conservatively using pericardiocentesis,
without surgical intervention (5). However, open surgical
repair is necessary for patients with prolonged uncontrolled
bleeding or pericardial thrombosis (10). The latter is a more
fatal complication; pericardial thrombus significantly restricts
the diastolic function of the heart (4) and cannot usually
be aspirated using a pericardial drainage tube. We report a
case of successful intrapericardial thrombus aspiration using
a dedicated thrombus aspiration catheter during early-stage
pericardial thrombosis, as a less invasive alternative to cardiac
surgery.

Case

A 76-year-old woman with a history of non-valve atrial
fibrillation (AF), hypertension, diabetes, prior ischemic
stroke, a CHA2DS2-VASc score of 7, and a HAS-BLED
score of 3 underwent percutaneous LAAC for secondary
prevention of stroke.

The LAAC procedure was performed under local anesthesia,
deep sedation, and fluoroscopic guidance. A decapolar catheter
was inserted through the right femoral vein into the coronary
sinus to guide transseptal puncture. Unfractionated heparin
(100 U/kg) was administered immediately following transseptal
puncture to achieve an activated clotting time of 330 s. The
left atrial pressure was 33/15 mmHg. Left atrial appendage
(LAA) angiography (Figure 1A and Supplementary Video 1)
at the right anterior oblique 30◦ and caudal 20◦ view revealed
ostial width of 19.5 mm and depth of 21.8 mm. A 24-mm
Watchman device (Boston Scientific, MA, United States) was
selected and then deployed under fluoroscopic guidance.
Post-deployment angiography revealed brisk contrast
extravasation into the pericardial space (Figure 1B and
Supplementary Video 2). The patient rapidly developed
cardiac tamponade, and blood pressure decreased from 131/72
to 78/35 mmHg.

We performed emergency pericardiocentesis via a
subxiphoid approach under fluoroscopic guidance. A pigtail
catheter was inserted into the pericardial cavity to drain blood,
and the aspirated pericardial blood was immediately returned
to the femoral vein via a sheath. Protamine (30 mg) was
simultaneously administered to reverse heparin activity. The
patient’s systolic blood pressure returned to 95 mmHg after
aspiration of 150 ml of blood. The device was retracted and
redeployed at a more proximal position to effectively seal the
LAA and distal perforation (Figure 1C and Supplementary
Video 3). After confirmation of device stability and absence of
residual peri-device leakage, the Watchman device was released
(Figure 1D and Supplementary Video 4). Repeat aspiration
was performed for an additional 15 min. The patient’s vital
signs stabilized, and blood pressure returned to 120/65 mmHg.
The pericardial fluid was drained to dryness after aspiration of
400 ml of blood, and minimal pericardial fluid reaccumulation
was observed.

Following 10 min observation, the patient’s heart rate
showed intermittent slowing with a decrease in blood pressure
to 90/62 mmHg. A temporary pacing lead was placed into
the right ventricular to maintain a ventricular rate of > 60
beats per minute. Fluoroscopy revealed a near-normal-sized
cardiac silhouette (Figure 2A and Supplementary Video 5), and
minimal pericardial blood was drained after the insertion of a
new pigtail catheter. The decrease in blood pressure was likely
attributable to suspected pericardial thrombosis. Emergency
echocardiography revealed a hypoechoic (rather than anechoic)
effusion in the pericardial space (Figure 3A), suggestive of
early pericardial thrombosis. The emergency surgical team was
summoned to prepare for open chest surgery.

The patient’s blood pressure was temporarily stable
at approximately 90/60 mmHg; therefore, intrapericardial
thrombus aspiration was attempted before surgery. However,
thrombus aspiration failed using a pigtail catheter, which
was replaced by an 8.5 F long sheath (SL1, Abbott, MN,
United States). Unfortunately, thrombus aspiration through
the sheath was also unsuccessful. Thereafter, we used a
dedicated thrombus aspiration catheter. A 6F guiding catheter
(Judkins R4.0, Medtronic, MN, United States) was inserted
through the long sheath into the pericardial cavity via an
angioplasty guidewire (BMW, 0.036 cm × 190 cm, Abbott,
MN, United States), and a thrombus aspiration catheter
(Thrombuster II, Kaneka Medical Products, Osaka, Japan)
was advanced into the pericardial cavity via the guidewire.
Following manipulation of the guiding catheter and guidewire,
we could maneuver the thrombus aspiration catheter to
successfully aspirate the thrombus from multiple sites across
the pericardium (Figures 2B,C and Supplementary Videos
6, 7). Sludge-like blood (instead of a thrombus) was drained
using the aspiration catheter (Figure 2D). We aspirated
120 ml of sludge-like blood after 10 min. The patient
was hemodynamically stable, and blood pressure returned to
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FIGURE 1

(A) Left atrial appendage angiography before device selection (Supplementary Video 1). (B) Post-deployment angiography shows brisk contrast
extravasation (white arrow) into the pericardial space (Supplementary Video 2). (C) The device is redeployed at a more proximal position to seal
the appendage and distal perforation (Supplementary Video 3). (D) The device is released after confirmation of device stability and the absence
of residual peri-device leakage (Supplementary Video 4).

123/62 mmHg. Echocardiography revealed mild effusion and a
round hyperechoic thrombus (2.5 cm × 1.7 cm) in the vicinity
of the right ventricular apex (Figure 3B). A pigtail catheter
was placed to monitor the pericardium, and the patient was
transferred back to the ward.

The pigtail catheter was removed on the second
postoperative day after echocardiography confirmed the
absence of pericardial fluid reaccumulation. We observed
shrinkage of the round thrombus, which appeared as a strip that
measured 1.8 cm × 0.7 cm in size near the right ventricular apex
(Figure 3C and Supplementary Video 8). Anticoagulation was
re-initiated on the third postoperative day, and the patient was
discharged on the fifth postoperative day. Echocardiography
performed 2 weeks after discharge revealed no thrombus or
pericardial effusion (Figure 3D and Supplementary Video 9),
and the patient had no thromboembolic event or pericardial
effusion during 1-year follow-up.

Discussion

Pericardial thrombosis is a life-threatening emergency, and
therapeutic pericardiocentesis is challenging. We report the first
case of successful intrapericardial thrombus aspiration using
a dedicated thrombus aspiration catheter in the early stage
of pericardiac thrombosis complicating LAAC, providing a
percutaneous treatment of early pericardial thrombosis.

Percutaneous LAAC serves as an alternative to oral
anticoagulation for stroke prevention in patients with non-valve
AF by mechanical occlusion of the LAA. The LAA is a thin-
walled structure (11); therefore, it is highly vulnerable to tears
or perforation following manipulation by a closure device or
catheter, which may lead to pericardial bleeding and potential
cardiac tamponade. The rate of pericardial tamponade that
complicates LAAC has decreased owing to the implementation
of standardized operative procedures and greater accumulation
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FIGURE 2

(A) Fluoroscopic image showing a near-normal sized cardiac silhouette (Supplementary Video 5), although the patient’s blood pressure
decreased to 90/62 mmHg. (B,C) Images showing the use of a thrombus aspiration catheter (white arrows) for thrombus aspiration from
multiple pericardial sites with cautious manipulation of the guiding catheter and guidewire (Supplementary Videos 6, 7). (D) Image showing a
sludge-like appearance of blood (as opposed to a formed thrombus) drained by the aspiration catheter. TS, thrombus aspiration.

of surgical experience (12); however, pericardial tamponade
remains a serious complication of percutaneous LAAC.

Emergency pericardiocentesis is performed to relieve
cardiac tamponade in patients with hemodynamic instability.
Pericardiocentesis is an effective conservative treatment
approach in most patients with pericardial tamponade that
complicates LAAC (5). In our case, the closure device was
deployed too deep and perforated the LAA, which precipitated
pericardial tamponade. Emergency pericardiocentesis was
performed to relieve cardiac tamponade. The deep deployed
device was redeployed at a more proximal position to seal the
distal perforation, and heparin was reversed. These measures
effectively controlled pericardial bleeding.

However, the patient returned with cardiac tamponade
again after a period of stability and was diagnosed with
pericardial thrombosis, following echocardiographic evaluation.
Surgical treatment is the only definitive therapeutic option
available for pericardial thrombosis (13) and to date, no study
has reported successful intrapericardial thrombus aspiration

in such cases. Temporary stabilization of the patient’s blood
pressure facilitated intrapericardial thrombus aspiration under
backup surgery. After the failure of the pigtail catheter and long
sheath aspiration, intrapericardial thrombus aspiration was
successful using the thrombus aspiration catheter (Thrombuster
II), which is attributable to the following advantages offered by
this novel approach. The Thrombuster II catheter with a large
circular lumen and superior aspiration ability is dedicated for
thrombus aspiration. Echocardiography revealed hypoechoic
and not anechoic or hyperechoic effusion, which suggested
early-stage pericardial thrombosis; incomplete thrombus
formation enabled aspiration and the sludge-like quality of
drained blood confirmed this finding.

Intra-procedural surveillance of transesophageal
echocardiography (TEE) was not performed, which serves
as a significant limitation of this study. TEE enables timely
detection of pericardial effusion and thrombosis, and can
outline the process from pericardial effusion to thrombus
formation. Our case is quite unique because pericardial
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FIGURE 3

(A) Echocardiography showing hypoechoic (rather than anechoic) areas in the pericardial space. (B) Echocardiography shows mild effusions
with a round hyperechoic thrombus in the vicinity of the right ventricular apex after intrapericardial thrombus aspiration. (C) Image showing
shrinkage of the round thrombus, which appears as a strip in the vicinity of the right ventricular apex on the second postoperative day
(Supplementary Video 8). (D) Echocardiography was obtained 2 weeks after discharge and showed no thrombus or pericardial effusion
(Supplementary Video 9).

thrombosis was detected during the early stage in this patient.
Emergency surgery is inevitable in patients with complete
pericardial thrombosis or hemodynamic instability. We do
not recommend the routine use of intrapericardial thrombus
aspiration utilizing a thrombus aspiration catheter for the
management of pericardial thrombosis; however, in selected
cases, it may serve as a potential percutaneous method that
obviates the need for open chest surgery and the ensuing
morbidity. Whether the closure device should be deployed
to seal the site of leakage for tears located within the LAA
remains questionable. Our single-center experience supports
this operation; however, few studies have discussed this topic,
and future investigations are warranted to validate our findings.

Conclusion

Pericardial thrombosis is a life-threatening emergency,
and pericardiocentesis for management of this complication
is often challenging; therefore, surgical treatment remains

the only definitive therapeutic strategy. In this report,
we highlight the effectiveness of a percutaneous technique
of intrapericardial thrombus aspiration using a dedicated
thrombus aspiration catheter in selected patients with early
pericardial thrombosis.
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Case report: Transcatheter
aortic valve replacement in a
large bicuspid anatomy using
the XL-Myval 32 mm
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Hesham Elzomor1, Troels Thim3, Patrick W. Serruys1,5,
Osama Soliman1,5* and Henrik Nissen4*
1Health Service Executive and CORRIB Research Center for Advanced Imaging and Core Laboratory,
Discipline of Cardiology, Saolta Group, Galway University Hospital, University of Galway, Galway,
Ireland, 2Islamic Center of Cardiology, Al-Azhar University, Cairo, Egypt, 3Department of Cardiology,
Aarhus University Hospital, Aarhus, Denmark, 4Department of Cardiology, Odense University
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Transcatheter aortic valve replacement (TAVR) is a recommended intervention

for selected population with severe aortic stenosis (AS). Bicuspid aortic

valve (BAV) anatomy has been categorized as an unfavorable anatomy for

TAVR due to multiple considerations as exclusion from randomized trials

in addition to the challenging and unpredictable anatomy. The anatomical

constraints of BAV include the large anatomy of the annulus, sinus of Valsalva,

and aorta (aortopathy), in addition to significant calcifications of the device

landing zone. Most commercial transcatheter heart valves (THV) have upper

dimension limits of the annulus and area in which the device can be implanted

safely without significant oversizing. Myval-XL THVs (Meril Life Sciences Pvt.

Ltd., India) are balloon-expandable valves (BEV) that have been developed

with two new sizes, 30.5 and 32 mm, aiming to treat patients with large

annulus dimensions and that exceed the upper limit of an ordinary device’s

sizing matrix. This case series report describes TAVR using the XL-Myval 32

mm THV in three European patients with symptomatic severe bicuspid aortic

stenosis with significant calcifications and large annular dimensions exceeding

the limits of the other THVs.

KEYWORDS

bicuspid aortic valve, large annulus, transcatheter aortic valve replacement, Myval-
XL, BAV

Abbreviations: AS, Aortic Stenosis; AV, Aortic Valve; BAV, Bicuspid Aortic Valve; CCTA, Cardiac
Computed Tomography Angiography; EOA, Effective Orifice Area; PVL, Paravalvular leakage; TAVR,
Transcatheter Aortic Valve Replacement; TTE, Transthoracic Echocardiography.
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Introduction

Transcatheter aortic valve replacement (TAVR) is a
recommended intervention mode for patients with severe
aortic stenosis (AS) with a tricuspid AV anatomy (1, 2).
TAVR for AS and bicuspid aortic valve (BAV) disease remains
challenging due to multiple anatomical and technical obstacles.
BAV is considered an unfavorable anatomy for TAVR due
to its exclusion from randomized trials. In addition, there
is no consensus about the effectiveness of TAVR in BAV in
comparison to surgical aortic valve replacement. The available
evidence of TAVR in BAV has been derived from observational
registries and experts’ opinions (3). A critical challenge within
BAV is the relatively large aortic root anatomy, including
annulus diameters, that might exceed the sizing matrix of
the available commercial TAVR devices (4), in addition to
the associated high calcium burden, fused raphe, and aortic
dilatation. Here we present a case series of three patients with
low surgical risk and severe calcific BAV stenosis with large
annular dimensions, treated with the novel balloon-expandable
(BE) transcatheter Myval-XL 32 mm valve. All procedural
characteristics, in addition to 30-day clinical and hemodynamic
outcomes, are reported to describe the performance of the large
new device in such a challenging anatomy.

Patient 1

The first patient was a 76-year-old man with severe
symptomatic AS. A transthoracic echocardiogram (TTE)
showed a transvalvular velocity of 5.1 m/s, with maximum
and mean pressure gradients (PG) of 100 and 60 mmHg,
respectively. The AV effective orifice area (EOA) was 0.6 cm2

with mild aortic regurgitation and a reduced left ventricular
(LV) ejection fraction (EF) of 35%. A preprocedural-cardiac
computed tomography angiography (CCTA) confirmed a
severely calcified BAV, Sievers’ type 1-a, with a calcified raphe
and annular calcific nodule (5 × 5 mm). The measurements
showed a very large annulus with a perimeter of 99 mm,
a perimeter-derived diameter of 31 mm and an area of 747
mm2, wide sinuses (36 × 40 × 44 mm), inter commissural
distance (ICD) 4–5 mm above the annular level of 35 mm, a
sino-tubular junction diameter of 34 mm, and a mildly dilated
ascending aorta of 43 mm. The left and right coronary heights
were 15 and 25 mm, respectively (Figure 1). After a heart-
team discussion, transfemoral (TF) TAVR using the BE Myval-
XL 32 mm, was decided upon. The baseline ECG showed a
normal sinus rhythm, a PR interval of 172 ms, and a QRS
duration of 110 ms. The TVH was introduced through the right
common femoral artery (CFA) after local anesthesia using a 14
Fr Python sheath (Meril Life Sciences Pvt. Ltd., India). Balloon
pre-dilatation was performed using a Sapien-25 mm balloon
(Edwards Lifesciences, LLC, CA, USA). The device was crimped

over the Navigator delivery system (Meril Life Sciences Pvt.
Ltd., India). The deployment within the annulus was performed
in the tri-coplanar view (LAO15/CRA3), guided by the dense
and light marking bands of the crimped device, a feature
characteristic of the Myval (Figure 1E and Supplementary
Video 1), with temporary pacing over the LV guidewire.

Post-implantation aortography and invasive transvalvular
gradient were acceptable with Sellers’ grade 1 and 5 mmHg.
No intraprocedural complications were reported, and the
post-procedural ECG showed no new conduction disturbance
(Figures 1G,H). After 2 days, the patient was discharged from
the hospital on Aspirin as an antithrombotic treatment. Thirty-
day follow-up documented a good clinical status, with a mean
trans-prosthetic PG of 7 mmHg, an AV-EOA of 2.0 cm2 with
trace paravalvular leakage (PVL), and a significantly improved
EF to 50% (Table 1).

Patient 2

The second patient was a 79-year-old man with severe
AS. A TTE revealed a maximum and mean PG of 71 and 54
mmHg, respectively, an EOA of 0.7 cm2, and a preserved LV-
EF. A preprocedural-CCTA showed a calcified BAV Sievers type
1-a, with a large annular calcific nodule (10 × 15 mm). The
measurements documented a large annulus with a perimeter
of 101 mm, a perimeter-derived diameter of 31.5 mm, an
area of 774 mm2, an ICD of 35 mm, and wide sinuses
(Figure 2). A 32 mm Myval-XL was selected for TF-TAVR
with the risk of annular injury due to the annular calcium
chunk (not extending to the LVOT). Balloon pre-dilatation
was performed using a Sapien-25 mm balloon. The device
deployment was performed using the Navigator delivery system
in the tri-coplanar view (RAO4/CRA5) with pacing over the
LV guidewire. Final aortography (Supplementary Video 2) and
invasive transvalvular gradient revealed Sellers’ grade 0 and 5
mmHg. The post-procedural ECG showed no alteration of the
conduction (Figures 2F,G). The patient had an uneventful in-
hospital course and was discharged on day 2 with antiplatelet
monotherapy (Aspirin). The patient’s 30-day outcomes were
uneventful (Table 1).

Patient 3

The third patient was a 69-year-old man with symptomatic
severe AS and a history of paroxysmal atrial fibrillation and
coronary intervention. A TTE confirmed severe AS with an
EOA of 0.8 cm2 and preserved LV-EF. A preprocedural-CCTA
disclosed a severely calcified BAV Sievers type 1-a, with calcified
raphe and an Agatston calcium score of 6132 and calcium
volume of 4757 mm3 from a non-contrast CT-scan (Figure 3
and Supplementary Video 3). The measurements revealed a

Frontiers in Cardiovascular Medicine 02 frontiersin.org

39

https://doi.org/10.3389/fcvm.2022.1045280
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1045280 November 22, 2022 Time: 7:20 # 3

Elkoumy et al. 10.3389/fcvm.2022.1045280

FIGURE 1

(A) Preprocedural AV CWD recording from Apical 5 chamber view, with high maximum velocity = 5.1 m/s, mean PG = 66 mmHg (B) inter
commissural distance (4–5 mm) above the annular level = 35 mm, (C) AV significant calcification at the raphe level (D) annulus measurement
showing small annular calcific nodule, and (E) illustration of the Myval design showing the dense (dark blue arrows), light bands (light blue
arrows) and deployment within the annular plane (red dotted line) to obtain a proper position and implantation depth. (F) Implantation depth
(G,H) pre and postprocedural ECG without changes. AV, Aortic valve, BAV, Bicuspid Aortic Valve, CCTA, Cardiac Computed Tomography, CWD,
continuous wave Doppler, ECG, Electrocardiogram, PG, Pressure Gradient.

large annulus with a perimeter-derived diameter of 32.7 mm, a
perimeter of 102.6 mm, a perimeter-derived area of 812 mm2,
an ICD of 36 mm, wide sinuses (41 × 43 × 44 mm), and
an ascending aorta of 42 mm. The left and right coronary
heights were 12 and 19 mm, respectively. The decision was
made to implant a 32 mm Myval-XL. A baseline ECG showed

TABLE 1 Thirty-day follow-up for each of the three patients.

Patient 1 Patient 2 Patient 3

Pacemaker implantation No No No

Renal impairment No No No

Body surface area, m2* 2.18 2.31 2.39

Body mass index, kg/m2 35.1 32.8 30.4

TTE-follow up

Trans prosthetic Mean PG, mmHg 7 4 7

EOA, cm2 2.0 † 2.7

EOA index 0.92‡ 1.1

PVL Trace Trace Trace

LV-EF% 50 50 55

*The three patients have relatively large BSA and high BMI. †EOA was not measured
due to the missing mandatory parameters for the continuity equation. ‡EOA index is
acceptable regarding the patients’ high BMI. TTE, Trans thoracic echocardiogram; PG,
Pressure gradient; EOA, Effective orifice area; PVL, paravalvular leakage; LV-EF, Left
ventricle-ejection fraction.

a first-degree AV block (PR interval of 222 ms) and a QRS
of 104 ms. The patient was operated on through the right
CFA. A Sentinel Cerebral Protection System (Boston Scientific,
Marlborough, MA, USA) was inserted successfully from the
right radial artery. A transvenous pacing lead through the
left femoral vein was used for temporary pacing. Balloon pre-
dilatation was performed using a True Dilation

R©

balloon-26
mm (Bard Peripheral Vascular, Temple, AZ) (Supplementary
Video 4). The device deployment was performed using the
standard delivery system (Supplementary Video 5). The final
aortography revealed Sellers’ grade of 0 (Supplementary Video
6). The patient was monitored in the hospital for 7 days for any
new conduction disturbance requiring permanent pacemaker
implantation. Fortunately, no changes were noticed in the
pre-discharge ECG. Afterward, the patient was discharged
in good condition with Dabigatran 150 mg twice daily as
an antithrombotic. The patient’s 30-day follow-up confirmed
good clinical and hemodynamic outcomes (Table 1 and
Supplementary Videos 7–9).

Discussion

With the extension of TAVR indications into lower surgical
risk and younger populations, more BAV is expected to be
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FIGURE 2

(A) Preprocedural AV continuous wave Doppler with high maximum velocity, (B) preprocedural MSCT showing BAV with partially fused L-R
raphe and significant AV calcifications, (C) annulus measurement showing large annulus with large annular calcific nodule, (D) LVOT profile view
(no calcification) and ICD 4–5 mm above the annulus = 35 mm, (E) Myval-XL 32 mm deployment, (F) preprocedural ECG, and (G)
postprocedural ECG without changes.

FIGURE 3

(A) CCTA Annulus measurements with a very large area, (B) wide sinuses, (C) all calcifications (3D Hockey Puck-MIP view), (D) ascending aorta
diameters, (E) angiographic aortic angulation showed horizontal aorta, and (F) aortic valve calcifications (Agatston and volume mm3) measured
from non-contrast CT scan.

treated. BAV disease is associated with multiple anatomical
constraints such as extensive calcifications and large anatomy
(4, 5), so surgical intervention is still favored for those

populations (1, 6). This case report series describes the
successful implantation of a 32 mm Myval-XL and the
30-day outcome for three European patients with severe
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BAV stenosis and large annulus dimensions exceeding
the limits of all available commercial balloon- or self-
expandable transcatheter heart valves (THVs). The Myval
THV received a CE mark on June 2019 and introduced five
extra sizes, three intermediate (21.5, 24.5, and 27.5 mm)
and two extra-large (XL) sizes (30.5 and 32 mm). The
included patients are relatively young with low surgical
risk, so they may become exposed to future device re-
intervention (Valve-in-Valve procedure) and may benefit
from a rather large second device and a lower risk of
PPM. The CCTA analysis has revealed high-risk features,
such as significant calcifications within the raphe and
the annulus, with the risk of annular rupture, especially
with BEV. Hence, the SEV is frequently selected with
such features and BAV. For the three above cases, the
ICD diameter was larger than the annular diameter,
which revealed a flared configuration of the BAVs
device landing zone.

Because the maximum limit of the native annulus area
and perimeter-derived diameter for other BEVs are 683 mm2

and 29.5 mm, and for SEV, the maximum annulus perimeter
is 94.2 mm, and the maximum perimeter-derived diameter
is 30 mm, a 32 mm Myval-XL was the only THV fitting
with this anatomy without the need for significant oversizing,
which has been performed previously with such large anatomy
(7, 8). From a technical perspective, significant oversizing
might carry the risk of substantial deformation of the leaflet
and stent geometry and, subsequently, lead to early structural
failure, which may be less with a device designed specifically
for such anatomy.

The recently introduced Navitor Titan THV (Abbott,
USA) can fit larger anatomy better than other valves
(9), with the limits of a 707 mm2 annulus area, 30 mm
annulus diameter, and a perimeter of 95 mm, which is
still below the range of measurements described in this
report. A TAVR within large anatomy carries the risk of
device instability, embolization, or the presence of significant
residual PVL, especially with the significant calcifications
and asymmetric valve opening of BAV, which are not
encountered in the three cases in this report, emphasizing
the “stable behavior” during the implantation, in addition
to the acceptable post-procedural ECG changes. With the
use of the 14-Fr-Python sheath, which accommodates the
device through the ≥ 6.5 mm CFA diameter, only two
Perclose-ProGlide (Abbott, USA) were used to successfully
close the CFA without residual bleeding in the three
patients. The mean procedural time and contrast amounts
were 36 min and 70 ml, respectively. These findings are
consistent with the initial report on Myval’s safety and efficacy
in BAV (10).

Conclusion

The implantation of the 32 mm Myval-XL device in a large
annulus and BAV appears safe with promising and acceptable
hemodynamic and clinical outcomes. This might be considered
a step toward further expansion of the clinical indication of the
TAVR practice and highlights the concept of patient-specific
device selection by offering a dedicated device specifically
designed for patients with large anatomy.
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Case report: Percoronary device
closure of tortuous coronary artery
fistula into left atrium
Shi-Bin Sun1†, Zhongzheng Kong2†, Zeeshan Farhaj1 and
Li Hongxin1*
1Department of Cardiovascular Surgery, The First Affiliated Hospital of Shandong First Medical University
and Shandong Provincial Qianfoshan Hospital, Shandong Engineering Research Center for Heart Transplant
and Material, Jinan, China, 2Department of Cardiovascular Surgery, Shandong Provincial Qianfoshan
Hospital, Weifang Medical University, Weifang, China

Surgical ligation and transcatheter occlusion are the mainstream for the treatment

of coronary artery fistulas (CAFs). However, these techniques applied to tortuous

and aneurysmal CAF, especially those draining into left-heart, have their known

drawbacks. We report, a successful percoronary device closure of such CAF,

originating from left main coronary artery and draining into left atrium, through a

left subaxillary minithoracotomy. Through a puncture on the distal straight course,

we occluded CAF exclusively under transesophageal echocardiography guidance.

Complete occlusion was achieved. It’s a simple, safe, and effective alternative for

tortuous, large, and aneurysmal CAFs draining into the left heart.

KEYWORDS

coronary artery fistula, percoronary, device closure, minithoracotomy, occlusion

Introduction

Coronary artery fistula (CAF) is a rare congenital heart disease. Surgical ligation and
transcatheter device closure (TCC) are the mainstream for treatment of CAF (1–3). However,
surgical ligation is associated with significant trauma, morbidity, discomfort, an unsightly scar
and the use of cardiopulmonary bypass. The TCC is a preferable way of treatment, but is
troublesome in highly tortuous, large, and aneurysmal CAF, especially those draining into the
left heart chamber. We present an alternative and achievable technique of percoronary device
closure (PDC) of CAF, which was tortuous, large, aneurysmal and draining into the left atrium
(LA), under exclusive transesophageal echocardiography (TEE) guidance.

Case presentation

A 32-year-old man was admitted with a left scapular pain and diagnosed with a CAF by TEE
and computed tomographic angiography (CTA). The TEE showed the CAF originated from
main coronary artery (MCA) and drained into the LA with a continuous left-to-left shunt. The
maximum inner diameter of the CAF was 11 mm and the left ventricular end diastolic diameter
was 59 mm. The CTA was performed to delineate the anatomy of the CAF (Figures 1A–C).
A continuous murmur was detected in the parasternal left 2nd and 3rd intercostal space. Non-
specific electrocardiogram abnormalities were found. A bone-reserved thoracic CTA was also
performed before the procedure to determine the exact location of the incision and procedure
planning (Figure 1D). The informed consent was obtained.
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FIGURE 1

The anatomy of CAF. (A,B) The tortuous aneurysmal CAF originated from main coronary artery (MCA), made a 180◦ turn underneath the LAD and MCA,
and coursed backward to drain into the LA. (C) The drainage opening measuring 4.5 mm, was located at the LA roof between the aortic root and LAA.
(D) The thoracic computed-tomographic-angiography to determine the access. CAF, coronary artery fistula; AO, ascending aorta; LAD, left anterior
descending branch; LA, left atrium; LAA, left atrial appendage.

Under general anesthesia, the patient was placed in a right
lateral position. A 7-cm subaxillary incision was made in the left
4th intercostal space. The pericardium was incised and cradled. An
ordinary (size 8 mm) ventricular septal occluder (Starway Medical
Technology, Inc, Beijing, China), connected with a stay-in suture (5-0
Polydioxanone, Ethicon, Somerville), was selected and retracted into
the loading sheath. Figure 2 showed the steps of percoronary device
closure of CAF. A 15-min occlusion test of CAF was well-tolerated;
there was no evidence of myocardial ischemia. The occluder was
scrutinized by using a push-pull maneuver repeatedly and released
after satisfactory assessment. The device stay-in suture was removed
before the purse-string suture snugly tied. The pericardium and
incision were closed in layers with a drainage tube.

Complete occlusion was achieved immediately after device
release. Serial CKMB and troponin levels in the first 48 h were within
normal limits. The patient recovered uneventfully and discharged

7 days postoperative. The murmur disappeared post-occlusion.
Antiplatelet therapy was maintained on aspirin (100 mg/day) and
clopidogrel (75 mg/day) for a year. Medical evaluations including
electrocardiograms, TTE, CTA, and stress tests were reviewed during
the follow-up period of 18 months. These records demonstrated
an appropriate device position and complete occlusion of the CAF
and no complications (Figures 3A–D). The Supplementary Figure 1
shows the device and stay-in-suture use.

Comment

Coronary artery fistulas originating from the right coronary
artery account for 50–60% of cases and often drain into the right heart
(80%). Only 0.7% of cases originate from MCA and only 5–6% drain
into the LA (1–3).
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FIGURE 2

Schematic presentation of percoronary device closure of CAF. (A) The subaxillary incision. (B) The distal straight section of CAF was exposed between the
main pulmonary artery (MPA), root of AO, and the LAA. A purse-string suture was placed on it. (C) Following a puncture in purse-string, a flexible
guidewire was advanced into LA. Then, a 6F short delivery sheath was fed over the wire into the LA. (D) The device was deployed and positioned at the
drainage orifice of the CAF. CAF, coronary artery fistula; AO, ascending aorta; LAA, left atrial appendage; LA, left atrium; MPA, main pulmonary artery;
MCA, main coronary artery.

The common treatment for CAF is surgical and TCC. The choice
of the technique depends on its morphology, course, tortuosity, and
the presence of aneurysmal CAF.

The major advantages of TCC over surgery include the avoidance
of cardiopulmonary bypass, median sternotomy and the related
complications, short recovery time, lower morbidity, and improved
cosmetic results. The TCC approaches are antegrade venous,
retrograde arterial, or arteriovenous loop. If the drainage orifice
locates in the right heart chamber and is easy to access, the antegrade
venous approach is the preferred route, whereas if access is difficult,
the arteriovenous loop method is a better choice (2, 3). Another access
route for highly tortuous CAF, draining into the right heart, is a
perventricular approach (4). However, TCC of fistulas, draining into
the left heart chambers, is challenging and can only be achieved by
retrograde arterial, or “arterioarterial loop” approach.

The proximal CAF arising from MCA is highly recommended
to close, as this type of fistula has the risk of increased aneurismal

dilatation and rupture. When the drainage site is located in the
left-heart, the CAF is particularly tortuous (3, 5). It results in not only
the well-known “coronary steal phenomenon,” but also a left-to-left
shunt that increases a volume overload to the left heart.

Although coils can be delivered with a retrograde arterial
approach through very small catheters and sheaths, the tortuous
aneurismal CAF prevent the guidewire and sheath’s advancement and
increase the risk of rupture. Additionally, the coil occlusion in large
CAF might be unstable or incomplete. Mispositioning or proximal
extension of the coils may result in obstruction of coronary branches
and myocardial ischemia. Incomplete occlusion might raise concerns
for bacterial endocarditis.

In this case, the CAF was large, aneurysmal, and tortuous. The
distal segment, which was adjacent to ascending aorta, LA, MCA
(Figures 1A, 2B) and in deep anatomic position, was exposed
through minithoracotomy. Surgical ligation is almost unthinkable
because of limited anatomic space and the risk of catastrophic
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FIGURE 3

Pre- and post-procedural comparison of CAF. (A–D) The CAF disappeared and thrombogenesis occurred from distal to proximal segment of the CAF.
CAF, coronary artery fistula; AO, ascending aorta; LAD, left anterior descending branch; LA, left atrium; arrow, fistulous drainage orifice.

bleeding. For TCC, there was not a feasible segment for positioning
a double-disk device except the segment below the MCA and the
drainage opening at the LA (Figures 1A, 3A). Device positioning
below the MCA has the risk of impingement on the MCA.
Device occlusion at the fistula drainage opening should be the
best choice, although the drainage site is almost inaccessible for
the delivery sheath due to the acute turn and tortuous course
of the CAF.

The PDC provides a straighter catheter course and a good
puncture angle, avoids potential damage to the adjacent structures
and femoral artery. The puncture site is chosen at the distal straight
course of CAF near the drainage opening, allowing larger catheters
to be used. This technique is a simple, safe, and effective alternative
therapy for tortuous, large, and aneurysmal CAFs draining into the
left heart chamber.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Affiliated Hospital
of Shandong First Medical University. The patients/participants
provided their written informed consent to participate in this study.

Author contributions

S-BS and ZK: conception, data collection, data analysis,
interpretation, drafting the manuscript, and revision. ZF and LH:
conception, drafting the manuscript, and critical revision. All authors
contributed to the article and approved the submitted version.

Funding

This study was supported by Shandong Key R&D Program
(2018GSF118058) and the Natural Science Foundation of Shandong
Province, China (ZR2013HM063).

Frontiers in Cardiovascular Medicine 04 frontiersin.org47

https://doi.org/10.3389/fcvm.2023.1106420
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-10-1106420 February 8, 2023 Time: 15:0 # 5

Sun et al. 10.3389/fcvm.2023.1106420

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may

be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1106420/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

The device can be seen attached to the delivery cable and ready to be loaded
in the delivery sheath. The polydioxanone stay-in-suture can be seen passed
through the center of the device under the screw, then passed back through
the sheath. The inset shows the closeup of the device with stay-in-suture.
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Minimally invasive closure of a
progressive pseudoaneurysm of
the ascending aorta: A case report
Yuan Wu1†, Linglin Fan1†, Fei Liu1, Hui Zhuang2† and Xijie Wu1*
1Department of Cardiac Surgery, Xiamen Cardiovascular Hospital of Xiamen University, School of
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Ascending aortic pseudoaneurysm (AAP) is rare but may cause life-threatening
complications. Although the placement of a stent graft and the use of occluder
devices and vascular plugs to exclude pseudoaneurysm are adopted for some
patients, the management of progressive pseudoaneurysms that may rupture at
any time remains a challenge that needs to be addressed. In this study, we
present the case of a patient with an AAP that was caused by aortic and mitral
valve replacement for the giant left ventricle. Aortic pseudoaneurysm was
suspected on the basis of a spherical cystic echo (70 × 80 mm) of the ascending
aorta; this pseudoaneurysm was detected by an ultrasonic cardiogram, and the
diagnosis was confirmed by an aortic computed tomography angiography (CTA)
examination. To prevent the unexpected rupture of a progressive
pseudoaneurysm, our patient was treated with a 28- mm ASD occluder without
any procedural complications. Our patient has a good prognosis, which will
inspire clinicians to choose minimally invasive procedures when dealing with
such high-risk cases in emergency situations.

KEYWORDS

aorta, pseudoaneurysm, minimally invasive treatment, high-risk patients, mortality

Background

Ascending aortic pseudoaneurysm (AAP) is a rare condition that occurs in less than

0.5% of all cardiothoracic surgical patients (1). If a large pseudoaneurysm is located in the

retrosternal space, then there is a very high risk of massive bleeding from rupture during

resternotomy (2). Redo surgery requires lengthy and meticulous tissue dissection with

significantly high mortality and morbidity (3). We performed a minimally invasive

closure on a patient with ascending aortic pseudoaneurysm to prevent the development of

this complication.
Case presentation

A 68-year-old male was asymptomatic until a postoperative review of calf lacerations was

performed. A 4/6 grade of diastolic whistling murmur in the auscultation area around the

mitral valve was detected on physical examination. His history was significant for aortic

valve and mitral valve replacement surgery in 2017 due to severe aortic and mitral

regurgitation. A chest x-ray indicated an enlarged, tumor-like swelling in the right cardiac

border and a metal shadow (Figure 1A). Routine blood tests revealed moderate anemia

with a hemoglobin level of 77 g/L, a CRP level of 6.29 mg/L, and an albumin level of

32.50 g/L. During hospitalization, the D-dimer level was approximately 6.96 mg/L and
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FIGURE 1

Preoperative: (A) Chest ray; (B) Cardiac ultrasound; (C–F) CT of coronary artery + thoracic and abdominal aorta [(C) Front position; (D) Tumor waist;
(E) Lower border of the tumor; (F) Pulmonary bifurcation].

Wu et al. 10.3389/fcvm.2023.1134196
there was persistently elevated calcitoninogen, which indicated that

a pseudoaneurysm may rupture at any time leading to sudden

death. In addition, he suffered serious damage to his liver and

kidney function. Other laboratory test results were normal. A

cardiac ultrasound indicated that the breadth of the aortic sinus

was approximately 63 mm, the sinus junction had disappeared,

the aortic arch diameter was 37 mm, and the descending aortic

diameter was 28 mm (Figure 1B). A CT of the coronary arteries

+ thoracic and abdominal aorta suggested that the ascending

aorta and aortic sinus were widened, the latter to an area of
Frontiers in Cardiovascular Medicine 02
50
49 mm× 50 mm. The right anterior border of the ascending aorta

presented with an aortic aneurysm–like structure measuring

approximately 72 mm× 84 mm (Figures 1C–F). From the image,

we can see that the breaking mouth from the left crown is

5.3 cm, and the breaking mouth from the right crown is 5.2 cm,

with a tumor neck of 4.01 cm (Supplementary Material S1).

Compared with open surgery, minimally invasive closure

greatly lowers the risk of sudden death from a punctured

pseudoaneurysm. Based on the results of the inflammatory

indicator and blood cultures tests, which did not show significant
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bacterial infection, we utilized empirical antibiotics to manage the

infection during hospitalization. After obtaining full informed

consent, the patient chose minimally invasive repair of the

pseudoaneurysm. After the patient was placed under general

anesthesia and into the supine position, the right femoral artery
FIGURE 2

Angiography suggested that the shape of the ascending aortic sinus and the l
junction of the ascending aorta, and of tumor-like deposits of a contras
70/40 mmHg. Then, a Lunderquist guidewire was fixed intra-aneurysmally, an
defect occluder. Intra-aortic angiography showed a complete sealing of the
85 mmHg, the blocker was replaced and reimaged and placed in the norm
Finally, the vehicle was observed for 5 min. A complete occlusion and good a
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was punctured with a 7F vascular sheath, and the left femoral

artery was punctured with a 5F vascular sheath. The sinus duct

junction was seen on the side of the greater curvature of the

ascending aorta with a tumor-like deposit of contrast

(Figures 2A,B). First, the blood pressure was lowered to
eft and right coronary arteries were normal, that there was a crack at the
t agent (A,B). First, the blood pressure was reduced to approximately
d the sheath was angled and delivered through the sheath into the atrial
breach (C). After gradually increasing the pressure to 90/60 and 130/

al position, and then the wire was rotated to release the blocker (D,E).
ortic valve function and occluder placement were confirmed (F).
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approximately 70/40 mm Hg. The Lunderquist guidewire was then

replaced and secured in the aneurysm. Then, the Cien-adjustable

bend sheath was fed, the sheath was tilted, and the atrial defect

occluder (42-28-32) was delivered through the sheath in the

aneurysm. The anterior disc was opened and the fixed guidewire

was gradually withdrawn posteriorly. The posterior disc was

opened and the wire was delivered further forward without

displacement of the occluder. Intra-aortic angiography showed a

complete closure of the breach (Figure 2C). After gradually
FIGURE 3

Preoperative: (A) Chest ray; (B) Cardiac ultrasound; (C–F) CT of the coronary a
(E) Lower border of the tumor; (F) Pulmonary bifurcation)].
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increasing the pressure to 90/60 and 130/85 mmHg, the blocker

was placed in the normal position on separate angiograms, and

the wire was then rotated to release the blocker (Figures 2D,E).

Finally, the catheter sheath was retrieved in the descending aorta

and observed for 5 min. A complete occlusion and good aortic

valve function and occluder position were confirmed

(Figure 2F). An intraoperative transesophageal ultrasound

reassessment of the unaffected aortic valve function was

performed (Supplementary Material S2).
rtery + thoracic and abdominal aorta [(C) Front position; (D) Tumor waist;
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At the 3-month and 6-month follow-ups, our patient was

found to have a good postoperative heart, liver, and kidney

function. A postoperative chest x-ray showed no obvious

abnormalities (Figure 3A). A postoperative echocardiography

showed that the position of the AAP occluder was normal and

the internal diameter of the ascending aorta had reduced

(Figure 3B). A postoperative CT of the thoracic and abdominal

aorta indicated that the occluder was in a normal position

(Figures 3C–F).
Discussion

During cardiac surgery, an ascending aorta pseudoaneurysm

can lead to serious complications. Traditionally, surgery has been

the recommended approach for the correction of thoracic

pseudoaneurysms (4); however, it carries a risk of 7%–41%

mortality and a very bad prognosis (5). As a result, percutaneous

endovascular approaches have emerged as a viable alternative to

traditional therapy (6).

Some studies have reported on the adoption of techniques such

as a placement of a stent graft and transcatheter aortic valve

implantation and the use of occluder devices vascular plugs to

exclude pseudoaneurysm (7, 8). However, little information on

whether endovascular therapy is suitable for progressive

pseudoaneurysm patients is available (9). In our patient, a CT of

the coronary arteries + thoracic and abdominal aorta provided us

with accurate anatomical information. The aneurysm was located

in the noncoronary sinus with a safe distance from the right and

left coronary arteries, and it did not affect the coronary blood

flow, given that the AAP neck was too large for the use of coils.

In addition, due to the possibility of rupture of a huge

pseudoaneurysm aneurysm at any time, the current instance was

not appropriate for stent graft placement. Therefore, our case can

be described as one of an asymptomatic patient with an

expanding AAP. To the best of our knowledge, this is the largest

device ever used for postsurgical pseudoaneurysm closure. A

promising sign of progress toward final AAP closure was the

reduced internal diameter of the ascending aorta shown on the

3-month and 6-month imaging follow-ups.

Minimally invasive surgery avoids a reoperation of the heart

and reduces the risk of poor perfusion of all organs. In this case,

the patient regained his postoperative cardiac function and had

significantly improved liver and kidney function. Compared with

open-heart surgery, minimally invasive surgery reduces the risk

of surgery and complications such as intraoperative bleeding and

infection. In this case, the patient was admitted with

malnutrition and moderate anemia, and the pseudoaneurysm was

in the active stage of rupture. We attempted to use antibiotics

along with surgery to prevent infection. Our patient was

discharged from the hospital one week after surgery and showed

favorable outcomes in the follow-up; therefore, this treatment

may provide a new option for the emergency treatment of

patients with high-risk aortic pseudoaneurysms.

In conclusion, the procedure reduced not only the risk of death

but also the incidence of complications. Our case may strengthen
Frontiers in Cardiovascular Medicine 05
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the understanding of surgeons about minimally invasive

treatment of patients with high-risk pseudoaneurysms and

inspire clinicians to choose a minimally invasive approach.

Eventually, the shift in treatment philosophy may reduce

perioperative mortality rates.
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The progression of the patient’s condition.
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The breaking mouth from the left crown was: 5.3 cm.
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Pre- and post-operative comparison of intraoperative transesophageal
ultrasound of aortic valve function.
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Case report: Unruptured sinus
of Valsalva aneurysms causing
postural angina pectoris and false
“pulmonary hypertension”
Chi Zhou, Jingwen Tao and Sheng Li*

Division of Cardiology, Department of Internal Medicine, Tongji Hospital, Tongji Medical College of
Huazhong University of Science and Technology, Wuhan, China

A 37-year-old woman presented with worsening intermittent chest pain and
dyspnea in the previous year. Although the dyspnea was exertion-dependent,
her chest pain was heavily dependent on her postural position, worsening in the
supine position but alleviated by lying prone or by sitting up and leaning
forward. She was cyanotic, and a diastolic murmur in the left third intercostal
space was auscultated. An electrocardiogram recorded when she laid flat
and had angina pectoris attacks showed ST-segment elevation in the aVR and
depression in the II, III, aVF, and V3–V6 leads. However, when she sat up for a
few minutes, her symptoms and ST-segment abnormalities disappeared.
Echocardiography and cardiac computed tomography angiography revealed
large unruptured aneurysms of the left and non-coronary sinuses, along with a
dilated aortic root, severe aortic regurgitation, and right ventricular high
pressure. Coronary angiography showed ∼90% pulsating stenosis of the left
main coronary artery and ∼80% pulsating stenosis of the proximal left
circumflex artery, presumably caused by pulsation of the dilated sinus of
Valsalva aneurysm under blood pressure. Genetic testing revealed c.1781 C >G
nonsense mutations in the FLNA gene. The patient underwent surgery, which
confirmed dual unruptured left/non-coronary sinus of Valsalva aneurysms. Our
case illustrates an unusual postural form of angina pectoris and false “pulmonary
hypertension” caused by large dual unruptured left/non-coronary sinus of
Valsalva aneurysms.

KEYWORDS

sinus of Valsalva aneurysm, postural angina pectoris, pulmonary hypertension, case report,

FLNA gene mutation

Introduction

Sinus of Valsalva aneurysm (SVA) is a rare cardiac abnormality that was first described

by Hope in 1839. Its estimated prevalence is 0.09% in the general population (1). It is worth

noting that SVA occurs five times more often in Asian than Western populations, with a

predominance in men (2). The origin of SVA can be congenital or acquired, with the

former being more common. Congenital SVA is caused by defective continuity between

the aortic media and aortic valve annulus fibrosis. Previous studies have indicated that

mutations in FBN1 or MFAP5 may be related to congenital SVA (3). Acquired SVA

usually arises from chest trauma, infective endocarditis, syphilis, tuberculosis, aortitis,

atherosclerosis, or connective tissue disorders (4). The clinical presentation of SVA varies.

Ruptured SVA often causes substernal chest pain, dyspnea, and sudden cardiac arrest,

whereas most unruptured SVA cases are asymptomatic (1). Once an unruptured SVA is
01 frontiersin.org
55

http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1120633&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1120633
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1120633/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1120633/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1120633/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1120633/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1120633
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Zhou et al. 10.3389/fcvm.2023.1120633
identified, surgical repair is vital to prevent its rupture, which can

lead to myocardial infarction, malignant arrhythmia, heart failure,

and pericardial tamponade. The mean survival period for patients

with untreated, ruptured SVA is 3.9 years (5). This report describes

a case of dual unruptured left/non-coronary SVAs that led to

postural angina pectoris and false “pulmonary hypertension”.
Case presentation

A 37-year-old woman presented with worsening intermittent

chest pain and dyspnea for 1 year and was admitted to our

hospital. Interestingly, although the dyspnea was exertion-

dependent, her chest pain heavily depended on the postural

position as it worsened in the supine position but was alleviated

by lying prone or sitting up and leaning forward. The patient
FIGURE 1

(A) The patient was cyanotic. (B) Electrocardiogram showing sinus rhythm and o
in the II, III, aVF, and V3–V6 leads (red arrow) when she laid flat and experienc
were relieved when she sat up.
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had moderate anemia due to adenomyosis. She had no history of

chest trauma, infective endocarditis, syphilis, tuberculosis,

hypertension, diabetes, dyslipidemia, aortic aneurysm, or

connective tissue disease. Her vital signs were as follows: body

temperature 36.5 °C, blood pressure 130/70 mmHg, pulse

75 beats/min, respiratory rate 20 breaths/min, and oxygen

saturation 96% (indoor air). A physical examination revealed lip

cyanosis (Figure 1A) and a diastolic murmur at the left third

intercostal space was present. Respiratory and abdominal

examinations revealed no abnormal findings. Written informed

consent for publication was obtained from the patient.

A hematological evaluation showed a hemoglobin level of 73 g/

L (microcytic hypochromic anemia), a white blood cell count of

4.59 × 109/L, and a platelet count of 143 × 109/L. Other

laboratory data, including myocardial enzyme levels, NT pro-

brain natriuretic peptide levels, coagulation function, and hepatic
bvious ST-segment elevation in the aVR (red arrow) as well as depressions
ed angina pectoris. (C) The angina pectoris and ST segment abnormalities
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and renal function were normal. Electrocardiography showed sinus

rhythm, obvious ST-segment elevation in the aVR, and depression

in the II, III, aVF, and V3–V6 leads when she lay flat and had

angina pectoris attacks (Figure 1B). However, when she sat up

for a few minutes, her symptoms and ST segment abnormalities

disappeared (Figure 1C). Echocardiography revealed large

unruptured aneurysms in both the left (47 mm × 43 mm) and

non-coronary (44 mm × 35 mm) sinuses (Figure 2A), along with

an enlarged left ventricle (58 mm, Figure 2B), a dilated aortic

root (52 mm, Figure 2C), a ventricular septal membranous

aneurysm (19 mm × 16 mm, Figure 2D), severe aortic

regurgitation (Figure 2E), right ventricular high pressure

(pressure gradient 54 mmHg, Figure 2F), and decreased left

ventricular systolic function (ejection fraction 51%). Coronary

angiography showed ∼90% pulsating stenosis of the left main

coronary artery (LM) and ∼80% pulsating stenosis of the

proximal left circumflex artery (LCX), presumably caused by

pulsation of the dilated left SVA under blood pressure

(Supplementary Video S1). The aortic root was severely

distorted when we attempted to intubate the coronary arteries.

Non-obstructive atherosclerosis was observed in the right

coronary artery (RCA). Cardiac computed tomography

angiography (CCTA) clearly showed a large unruptured left SVA

(Figure 3A), which was anatomically close to the LM

(Figure 3B) and proximal LCX (Figure 3C), causing severe

narrowing of the vessel lumens. The dilated left SVA upwardly

squeezed the pulmonary trunk (Figure 3D) and accelerated the

maximum pulmonary blood flow to 3.7 m/s. The dilated
FIGURE 2

Echocardiogram showing (A) the unruptured left SVA (#) and non-coronary SV
membranous aneurysm (red arrow), (E) severe aortic regurgitation, and (F) rig
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non-coronary SVA adjoined the right atrium without a crevasse

(Figure 3A). The right coronary sinus was normal, and the RCA

blood flow was smooth. The sagittal plane view showed dual

unruptured left/non-coronary SVAs (Figure 3E). Three-

dimensional reconstruction images showed the LM and LCX

running along the epicardium of the left SVA, with severe

narrowing of the LCX (Figure 3F). To rule out other etiologies,

C-reactive protein, erythrocyte sedimentation rate, rheumatoid

factor, antinuclear antibody, antidouble stranded DNA antibody,

anti-neutrophil cytoplasmic antibody, lupus anticoagulant,

T-spot, and syphilis serology tests were performed, but all were

negative. Genetic testing revealed c.1781 C > G nonsense

mutations in the FLNA gene. According to the American College

of Medical Genetics and Genomics (ACMG) standard, FLNA

c.1781 C > G was determined as a “likely pathogenic mutation”

since it satisfied the criteria of both PVS1 (pathogenic very

strong) and PM2 (pathogenic moderate).

On admission, we administered nitroglycerin, an oxygen mask,

and metachysis to alleviate her symptoms. Three days later, the

patient underwent surgical intervention, including aneurysm

patch closure, coronary artery reconstruction, and aortic valve

and aortic root replacement. Operative findings confirmed a dual

unruptured Valsalva aneurysm of the left coronary and non-

coronary sinuses (Figure 4). The right coronary sinus was

normal. The modified Bentall procedure was performed using a

26 mm biological composite graft and a mechanical aortic valve

(Carbomedics Inc., Austin, TX, United States). The LM artery

was then re-implanted into the newly formed left coronary sinus.
A (*), (B) enlarged left ventricle, (C) dilated aortic root, (D) ventricular septal
ht ventricular high pressure.
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FIGURE 3

CCTA images showing (A) the unruptured left SVA (#) and non-coronary SVA (*), the effect of the dilated left SVA on the (B) LM (red arrow) and the (C) LCX
(red arrow), and (D) the dilated left SVA upwardly squeezed the pulmonary trunk (red arrow). (E) Sagittal plane view of the dual unruptured left/
non-coronary SVAs. (F) Three-dimensional reconstruction image showing the dual unruptured left/non-coronary SVAs, passage of the LM and LCX,
and compression of the LCX (red arrow).

FIGURE 4

Intraoperative images confirmed the dual unruptured left (black arrow)/non-coronary (blue arrow) SVAs. The right coronary sinus (green arrow) was
normal.
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Unfortunately, the patient experienced cardiac arrest during the

operation, and, despite receiving an emergency thoracotomy, the

heart was unable to recover after surgery and she died.
Discussion

SVA is an uncommon congenital heart disease and its clinical

symptoms depend on its origin and size, its influence on adjacent

anatomical structures, and whether it ruptures. Regardless of

etiology, the majority of SVA cases originate from the right

coronary sinus (65%–86%), followed by the non-coronary sinus

(10%–30%), while left coronary sinus aneurysms are rare (2%–5%)

(6). However, cases of multiple SVAs are extremely rare (7). In

our case of dual unruptured left/non-coronary SVAs, the dilated

SVA compressed the LM, LCX, and pulmonary trunk, inducing

postural angina pectoris and false “pulmonary hypertension”.

The etiology of SVA can be congenital or acquired, with the

former being most common. Ventricular septal defects, bicuspid

aortic valves, or aortic valve regurgitation often coexist with

congenital SVA (8). In this case, echocardiography revealed a

dilated aortic root and severe aortic regurgitation, while the

aortic valve was tricuspid. Acquired SVA may be accompanied

by manifestations of the primary diseases. In our case, none of

the acquired pathologies, including chest trauma, infective

disease, aortitis, or connective tissue disease, were found.

However, a nonsense mutation of the FLNA gene, which encodes

Filamin A and causes Melnick-Needles Syndrome and Cardiac

Valvular Dysplasia, may account for the occurrence of SVA.

In previous studies, unruptured SVAs were generally

asymptomatic and often presented as incidental findings during

cardiac imaging, whereas those that ruptured into the cardiac

chamber or pericardium induced acute heart failure or cardiac

tamponade, respectively (9). Right SVAs protrude and rupture into

the right ventricle, non-coronary SVAs tend to rupture into the

right atrium, and left SVAs typically rupture into the pulmonary

artery, left ventricle, or pericardium (10). Hemodynamic

alterations can lead to relevant manifestations. Blood stagnation in

the SVA leads to embolization, which may migrate the coronary

or peripheral arteries (11). Several reports have described that left

or right SVAs cause compression of the LAD, while non-coronary

SVAs cause compression of the RCA, which results in angina

pectoris (9, 12, 13). In our patient, the dilated left SVA

compressed the LM and proximal LCX during systole, inducing

acute interruption of coronary blood flow, which was relieved

during diastole. Her symptoms were alleviated when she sat up

due to the change in the direction of the effect of gravity on the

left SVA. Dynamic electrocardiographic changes suggested an

intrinsic mechanism: a mass effect of the left SVA on the LM and

LCX since they run along the epicardium of the left SVA. In the

supine position, the dilated left SVA compressed the epicardial

coronary artery, impairing blood flow. However, the mass effect of

the left SVA was relieved in the prone or upright and seated

positions. CCTA clearly showed that the LM and proximal LCX

narrowed and ran along the dilated left SVA. In the majority of

relevant studies, coronary ischemia was caused by SVA
Frontiers in Cardiovascular Medicine 05
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compression; however, this study is the first to report that these

symptoms are posture-dependent.

Patients with congenital heart diseases who develop pulmonary

hypertension are always affected by left-to-right shunting such as

atrial or ventricular septal defects. A ruptured right SVA

fistulizing into the right atrium caused reversible flow-induced

pulmonary hypertension (14). Mansour et al. (15) reported a

very large right SVA compressing the right ventricular outflow

tract that caused high right intraventricular pressure and

tricuspid regurgitation in an elderly man. In our case, the dilated

left and non-coronary SVAs did not rupture into the right heart

system, and no crevasse was noted in the ventricular septum.

Unusually, the unruptured left SVA grew sufficiently large to

squeeze the pulmonary trunk, thus decreasing the pulmonary

blood flow volume and pulmonary oxygenation. This is a case of

false “pulmonary hypertension” in this patient as the right

ventricular high pressure was caused by extrinsic compression of

the pulmonary trunk. The oxygen-rich blood flow from the

pulmonary capillaries to the peripheral arteries through the left

heart was insufficient, which caused dyspnea and cyanosis.

The diagnosis and assessment of SVA relies on

echocardiography, CCTA, and MRI (9). Three-dimensional

images allow for a more accurate evaluation of aneurysms within

the cardiac chambers and coronary arteries. Invasive angiography

is risky in patients with SVA as their coronary arteries are

difficult to engage, and their aortic roots are more prone to

injury. Based on surgical series, case reports, and single-center

data, early or emergent surgical repair is recommended in

symptomatic unruptured and ruptured patients (16). As the

unruptured SVAs caused postural angina pectoris and dyspnea in

this case, we decided on surgical intervention immediately after

systematic examination. Patch closure reduces the SVA volume,

and aortic valve replacement or valvuloplasty is necessary in

cases of aortic valve regurgitation. Other incisions are performed

when the SVA ruptures into the cardiac chambers. Coronary

artery bypass grafting should be performed in cases of an SVA-

compressed epicardial coronary artery. Reparative surgery is

associated with a low perioperative mortality rate, a low risk of

recurrence, and long-term survival (5). Percutaneous aneurysm

closure devices have been shown to be an alternative treatment

with promising results (17).

Unfortunately, our patient experienced cardiac arrest during

the operation. Several issues might have caused the death: (1) the

dilated left SVA might have severely compressed the coronary

arteries during anesthesia and thoracotomy, which might have

induced acute myocardial infarction. Inadequate cardiac output

might have led to circulatory collapse. (2) The pulmonary trunk

was completely obstructed by the SVA. There was no oxygen-

rich blood coming from the pulmonary circulation to the heart,

which might have induced cardiac arrest and oxygen depletion.

(3) Anatomically, the atrioventricular node is close to the non-

and right-coronary sinuses. Electrocardiography revealed 1st

atrioventricular block in this patient on admission. We presume

that the non-coronary SVA might have compressed the

atrioventricular node and might have induced complete

atrioventricular block during the operation.
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In conclusion, SVA is a rare cardiac abnormality with several

clinical manifestations. This case suggests that, in patients with

unexplained postural angina pectoris or pulmonary hypertension, the

possibility of SVA should be considered. Echocardiography should be

immediately performed in suspected cases. A prompt diagnosis can

be established based on CCTA findings. Once identified, immediate

surgical intervention as soon as possible is recommended.
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Noblestitch® system for PFO
closure: A novel but judicious
alternative to traditional
devices—A case report
Eustaquio Maria Onorato1 , Luca Grancini1, Giovanni Monizzi1,
Angelo Mastrangelo1, Franco Fabbiocchi1 and
Antonio L. Bartorelli1,2

1University Cardiology Department, Cardiologia Universitaria, I.R.C.C.S. Ospedale Galeazzi-
Sant’Ambrogio, Milan, Italy, 2Department of Biomedical and Clinical Sciences, “Luigi Sacco”, University of
Milan, Milan, Italy

Background: Percutaneous suture-mediated patent foramen ovale (PFO) closure
has recently been used with the aim of avoiding double-disc nitinol device
implantation. This novel technique has been carried out successfully in several
centers offering PFO closure with an effective closure rate comparable to
conventional double-disc devices.
Case summary: A 50-year-old man, a pentathlon athlete, suffering from a previous
left-sided ischemic stroke, underwent percutaneous closure of a permanent right-
to-left shunt via PFO with a large fenestrated septum primum aneurysm at another
institution. The NobleStitch® system was successfully implanted using local
anesthesia and under angiographic-fluoroscopic monitoring. He was discharged
home on aspirin 100 mg daily with a moderate residual shunt on contrast
transthoracic echocardiography (cTTE) that persisted unaltered at subsequent
controls. After 7 months, unable to resume sporting activity because of physical
discomfort and dyspnea on exertion, the patient asked for a second opinion at
our Heart and Brain clinic. Two-dimensional (2D) TTE showed septum primum
laceration next to a radiopaque polypropylene knot with a moderate
bidirectional shunt located at the fenestrated septum primum far from the PFO
site. A catheter-based closure of the septal defect was therefore planned under
local anesthesia and rotational intracardiac echo monitoring. An equally sized
discs 28.5 mm× 28.5 mm Flex II UNI occluder (Occlutech GmbH, Jena,
Germany) was successfully implanted across the atrial septal defect without
complications. The patient was discharged in good clinical conditions; dual
antiplatelet therapy (aspirin 100 mg/daily and clopidogrel 75 mg/daily) was
recommended for 2 months and then single antiplatelet therapy (aspirin100 mg/
daily) up to 6 months. Abolition of the residual shunt was confirmed at 1- and
6-month follow-up by contrast transcranial Doppler and 2D color Doppler cTTE.
Discussion: Closing a PFO with a suture-base system, without leaving a device
implant behind, may be a cutting-edge technology and potential alternative to
traditional devices. Nevertheless, meticulous selection of the PFO anatomies by
2D TEE is key to a successful closure procedure in order to avoid complications
that must be managed again with a second percutaneous procedure or by surgery.

KEYWORDS

patent foramen ovale, transcatheter closure, suture-based PFO closure, atrial septal tear,

residual shunt
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Introduction

In carefully selected patients with cryptogenic stroke, patent

foramen ovale (PFO) closure has been shown to significantly

reduce the risk of recurrent neurological events and new brain

infarcts compared with antiplatelet treatment alone (1–3).

Conventional PFO nitinol double-disc occluders, routinely

used for this purpose, are associated with potential but extremely

low risk of early and late complications (arrhythmias, thrombus

formation, embolization, erosion). Among the limitations of

traditional occluders, future transseptal puncture and left-sided

interventions may be impeded by the presence of a bulky device

covering the interatrial septum.

Recently, a percutaneous suture-mediated system to close the

PFO has been added to interventional practice with encouraging

results in terms of safety and efficacy, as long as a meticulous

selection of suitable PFO anatomies is carried out. Currently,

closure rates with the suture-mediated system appear to be

similar to those obtained with double-disc metal-alloy occluders

(4). Nevertheless, there is still a paucity of data describing in

detail the efficacy and safety of the NobleStitch® system.
Case presentation

A 50-year-old man, a professional pentathlon athlete without

documented risk factors for heart disease, suffered from a left-

sided ischemic stroke with dysarthria and right hemianopsia. He

was admitted to the stroke unit of another institution where

brain magnetic resonance imaging (MRI) showed left posterior

insular cortex ischemic stroke. Thrombolysis with intravenous

tissue plasminogen activator (IV-tPA) was administered.

Afterward, contrast transthoracic and transesophageal

echocardiography (cTTE/TEE) and contrast Transcranial Doppler

(cTCD) were performed at the Cardiology Department of this

institution confirming “spontaneous severe right-to-left shunt

(RLS) via a PFO 17.5 mm in length, >5 mm in width associated

with abnormally redundant fenestrated septum primum

aneurysm (ASA) protruding predominantly to the right atrium

in basal conditions and to the left atrium during the

cardiorespiratory cycle” (Supplementary Figure S1).

Notwithstanding, the PFO anatomy was considered appropriate

by the local team, and it was decided to implant a suture-based

“deviceless” NobleStitch® EL system, consisting of two

polypropylene sutures (one for the septum primum and one for

the septum secundum) tightened together by a dedicated delivery

and sealing system (KwiKnot). The patient was discharged home

on aspirin 100 mg daily for 1 month. Two-dimensional (2D)

TTE color Doppler at discharge showed a moderate residual

bidirectional shunt, primarily left-to-right across the septum

primum fenestration (septal defect), that persisted unaltered on

subsequent controls. After 7 months, the patient was unable to

resume his sporting activity and attended our Heart and Brain

clinic for a second opinion due to tiredness, dyspnea on exertion,

and persistent mild dysarthria, a sequela of the index event.
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Luckily, no new lesions were found at the control brain MRI.

Nevertheless, 2D TTE color Doppler confirmed the redundant

ASA, the small residual shunt across the tear next to the

radiopaque polypropylene knot, and the persistent predominant

left-to-right shunt through the atrial septal defect located far

from the PFO site. After the heart team discussion, written

informed consent was obtained from the patient. A catheter-

based atrial septal defect closure was planned under local

anesthesia and rotational intracardiac echo (Ultra ICE, Boston

Scientific Corporation, San Jose, CA, United States) monitoring,

the standard procedural guidance at our center. The tearing of

the aneurysmatic septum primum, next to the KwiKnot and

probably induced by the stretching of the NobleStitch® device,

and the septal defect were clearly visible by rotational

intracardiac echo (Figures 1A–C). In order to anchor the device

on septum secundum rims, a Flex II UNI occluder (Occlutech

GmbH, Jena, Germany) with equally sized discs (28.5 mm ×

28.5 mm) was successfully implanted under intracardiac echo

(Figures 2A–C) and fluoroscopic guidance (Figures 3A–F)

across the septal defect, “sandwiching” the KwiKnot between the

two discs and covering the septum primum laceration next to the

knot. Intraprocedural agitated saline injection from the femoral

vein confirmed abolition of the interatrial residual shunt

(Figure 2D). The patient was discharged home the following day

in good clinical conditions. Dual antiplatelet therapy (aspirin

100 mg/daily and clopidogrel 75 mg/daily) was recommended for

the first 2 months and then single antiplatelet therapy (aspirin

100 mg/daily) up to 6 months.

cTTE and cTCD at 1- and 6-month follow-up confirmed the

stable position of the nitinol double-disc device without residual

shunt (Figure 4). Currently, the dysarthria has improved, and

the patient has resumed competitive sporting activity 2 months

after the procedure.
Discussion

The concept of closing a PFO with a suture-based system,

without leaving a device implant behind, is very innovative and a

potential alternative to nitinol double-disc devices. The

NobleStitch® system closes the PFO by applying sutures through

the septum primum and septum secundum, subsequently

creating a knot between the two sutures, and removing excess

suture material. Only one registry has been published (4) with

effective PFO closure in the majority of septal anatomies without

complications. Thereafter, a retrospective observational study of

247 patients sought to assess PFO anatomy by preprocedural

TEE in patients deemed suitable for suture-mediated technique

to identify predictors of the most common complication, a post-

procedural residual shunt (5). This study revealed that PFO >

5 mm in width and spontaneously large RLS are less likely to be

closed with one stitch only. More recently, another prospective

single-center study with a 6-month follow-up period (n = 116)

investigated factors that may have contributed to residual

intracardiac shunting ≥2 (20%, n = 23), revealing that the
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FIGURE 2

Intraprocedural rotational intracardiac Echo by Ultra ICE (mechanical 9F/9 MHz 360° scan probe, Ultra ICETM, EP technologies, BSC, CA, United States) in
the parasagittal long axis (“four chamber”) plane showing procedural steps (A–C) of implantation of Flex II UNI occluder (Occlutech GmbH, Jena,
Germany) with equally sized discs (28.5 mm× 28.5 mm) (orange asterisk); (D) after agitated saline solution injection from the femoral vein, no residual
shunt immediately after device release. RA, right atrium; LA, left atrium; DS, delivery sheath across the septal fenestration.

FIGURE 1

Intraprocedural rotational intracardiac Echo by Ultra ICE (mechanical 9F/9 MHz 360° scan probe, Ultra ICETM, EP technologies, BSC, CA, United States) in
the parasagittal long axis (“four chamber”) plane showing septum primum aneurysm, NobleStitch EL sealing system (radiopaque polypropylene knot,
yellow arrow), laceration of the septum primum next to the knot (red arrowhead) (A,B) and the guidewire (orange arrow) crossing the septal
fenestration (red asterisk) (C). S1, septum primum; S2, septum secundum; RA, right atrium; LA, left atrium; RSVP, right superior pulmonary vein; Tr,
tricuspid valve.

Onorato et al. 10.3389/fcvm.2023.1095661

Frontiers in Cardiovascular Medicine 03 frontiersin.org
63

https://doi.org/10.3389/fcvm.2023.1095661
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


FIGURE 3

Fluoroscopic steps of implantation of Flex II UNI occluder (Occlutech GmbH, Jena, Germany) with equally sized discs (28.5 mm× 28.5 mm) under
rotational intracardiac echo by Ultra ICE (black asterisk). (A–C) left and right disc opening; (D,E) pull and push maneuver to test device stability;
(F) device deployed. Red arrow, radiopaque polypropylene knot.

FIGURE 4

Two-dimensional TTE color Doppler in apical four-chambers (A) and parasternal short-axis (B) views showing a correct and stable position of the equally
sized discs nitinol device (red asterisk) without residual shunt. cTCD confirming abolition of the interatrial shunt both in basal conditions (C) and after
adequate Valsalva maneuver (D). TTE, transthoracic echocardiography; cTCD, contrast transcranial Doppler.
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principal causes were partial stitch detachment (n = 12), atrial

septal tear (n = 3), and KwiKnot embolization (n = 2) (6).

Moreover, a modified technique involving double suture of the

septum primum resulted in improved efficacy of the procedure by

increasing the surface contact between the septa without the need

to place a second septum secundum stitch. However, the current

findings are limited by the few cases included in the report (7).

Finally, the suture-based “deviceless” NobleStitch® system has

not been gradually growing in importance, and there is limited

experience worldwide. On the other hand, an increasing number

of reports have documented iatrogenic septum primum

lacerations resulting from the use of the NobleStitch® system.

These lacerations can cause persistent residual shunts that do not

reduce or disappear over time and, as a result, require

management, either with a second percutaneous procedure using

conventional devices or by surgery (8–10).

Lastly, a PFO Comparative Trial (STITCH) is recruiting

patients in the US and European Union with the aim of

comparing the effective closure rate of NobleStitch EL vs. FDA

Approved Amplatzer Occluder Device (ClinicalTrials.gov

identifier: NCT04339699).

It is noteworthy to mention that longer follow-up is

imperatively justified to clarify not only the efficacy, but also the

safety of this novel but selective alternative to traditional devices.
Conclusion

If PFO closure to prevent recurrent cryptogenic stroke is here

to stay, it is imperative to avoid any residual shunts during mid-

and long-term follow-up. While suture-based PFO closure

systems offer a promising alternative to conventional occluders, a

meticulous patient selection process is essential. Specifically, it is

necessary to exclude unsuitable PFO anatomies, such as a

prominent and fenestrated ASA, PFO > 5 mm in width, septum

secundum lipomatous hypertrophy, and spontaneously large RLS,

to achieve procedural success and reduce the risk of new embolic

events.
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Case report: Stenosis turned
leak … and turned stenosis—
complications of paravalvular
prosthetic leak closure with a
plug device
Barbara Pitta Gros1,2*, Olivier Roux1, Eric Eeckhout1,2

and Matthias Kirsch2,3

1Department of Cardiology, Lausanne University Hospital, Lausanne, Switzerland, 2University of Lausanne,
Lausanne, Switzerland, 3Department of Cardiac Surgery, Lausanne University Hospital, Lausanne,
Switzerland

Background: Paravalvular leak is one of the most common complications and is
among the most important prognostic factors of short- and long-term mortality
after transcatheter aortic valve implantation (TAVI). Percutaneous valvular leak
repair constitutes a first-line treatment for paravalvular leaks and is associated
with high success rates and few serious complications nowadays. To the best of
our knowledge, this is the first case where placement of the device through the
stenting of the bioprosthesis resulted in creating a new symptomatic stenosis
that required surgery.
Case summary: We present a case of a patient with low-flow, low-gradient aortic
stenosis treated with transfemoral implantation of a biological aortic prosthesis.
One month after the procedure, the patient presented with acute pulmonary
oedema and a paravalvular leak was discovered, which was corrected by
percutaneous repair with a plug device. Five weeks after the valvular leak repair,
the patient was readmitted for heart failure. At this time, a new aortic stenosis
and paravalvular leak were diagnosed and the patient was referred for surgery.
The new aortic mixed diseased was caused by the positioning of the plug
device through the valve’s metal stenting, which resulted in a paravalvular leak
and pressed against the valve’s leaflets, causing valvular stenosis. The patient
was referred for surgical replacement and evolved well afterward.
Conclusion: This case illustrates a rare complication of a complex procedure, and
it highlights the need for multidisciplinary decisions and good cooperation
between the cardiology and cardiac surgery teams to develop better criteria in
the selection of the appropriate technique for managing paravalvular leaks after
TAVI.
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Introduction

Despite the broadening of indications for transcatheter aortic valve implantation (TAVI)

to include low-risk patients, as supported by subsequent studies (1, 2), some complications

still undermine the use of this technique. Paravalvular leak (PVL) is one of the most

common complications and is amongst the most important prognostic factors of
01 frontiersin.org
67

http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1132063&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1132063
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1132063/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1132063/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1132063/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1132063/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1132063/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1132063
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Pitta Gros et al. 10.3389/fcvm.2023.1132063
mortality at short- and long-term after TAVI (3–5), being

associated with a threefold increase in 30-day mortality (95% CI:

1.73–5.02) and a 2.3-fold increase in 1-year mortality (95% CI:

−1.84 to 2.81) for moderate to severe leaks (6).

When comparing surgical to percutaneous aortic valve

replacement, the incidence of moderate to severe paravalvular

leaks between the percutaneous and the surgical series did not

differ significantly in the PARTNER trial: the percutaneous

group presenting 0.6% and the surgical group 0.5% at 1 year. By

contrast, mild paravalvular leak at 1 year is still significantly

higher in the percutaneous series, with 29.4% compared to 2.1%

in the surgical one (2).

Here, we present the first case of paravalvular leak after TAVI

treated percutaneously with an Amplatzer device where migration

of the device resulted in severe aortic stenosis needing a surgical

intervention.
Case presentation

A 79-year-old female with a history of hypertension, permanent

atrial fibrillation, and progressing aortic stenosis presented with

NYHA stage II dyspnoea and peripheral oedema.

Echocardiography showed a tricuspid aortic valve with severe

paradoxical low-flow, low-gradient aortic stenosis with a surface of

0.5 cm2 by planimetry, a mean gradient of 19 mmHg, a preserved

ejection fraction at 60%, and a low left ventricular output of

25 ml/min/m2 due to moderate hypertrophy. A CT scan revealed a

modified Agatston calcium score of 630, with a calcium volume of

197 mm3 and moderate calcifications of the valve with

heterogenous peripheral distribution. The patient’s surgical risk

was characterised by an EuroSCORE II of 1.60% and an STS score

of 3.4% of predicted mortality, and her frailty score was at class 5.

The case was discussed in a multidisciplinary Heart Team

meeting, and due to the patient’s persistent symptoms and

recurring hospitalisations, despite the low calcium score, an invasive

strategy was decided. The patient was strongly opposed to cardiac

surgery, despite her relatively low surgical risk, which contributed

to the decision to perform a percutaneous aortic valve implantation.
FIGURE 1

Left side: ECG before procedure showing atrial fibrillation, narrow QRS, and
showing a large QRS with a left bundle branch block.
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The patient underwent a transfemoral implantation of a

biological aortic prosthesis type Edwards Sapien 3 of 23 mm,

with a good echocardiographic result, mild paravalvular leak, and

a mean valve gradient that came down to 8 mmHg.

Immediately after the procedure, a new left bundle branch

block was noted (Figure 1) that motivated a His-ventricular

(HV) exploration. A His-right ventricle conduction delay of

64 ms was found, which increased to 95 ms after Ajmaline

provocation. Considering these results and given that the patient

was in permanent atrial fibrillation with a difficult-to-control

heart rate, despite bitherapy, the decision to implant a pacemaker

was made. The patient was implanted with a single-chamber

pacemaker SORIN, followed by an atrioventricular node ablation.

One month after the procedure, the patient presented with

acute pulmonary oedema. Physical examination revealed a new

diastolic heart murmur, and the echocardiography confirmed a

seemingly significant paravalvular leak with an ERO (Effective

Regurgitant Orifice) by PISA method at 0.1 cm2 and a

planimetry of 0.4 cm2.

Given the new findings, the patient was referred for

percutaneous repair of the paravalvular leak and was successfully

implanted with an Amplatzer Vascular Plug 4 of 8 mm

(Figure 2B), resulting in a significant reduction of regurgitation

and resolution of the heart murmur. Post-procedural

echocardiography showed a residual paravalvular leak involving

1/5 of the valve perimeter, a calculated valve surface of 1 cm2,

and a trans-aortic mean gradient of 14 mmHg.

Five weeks after the valvular leak repair, the patient was

readmitted for acute heart failure. At this time, echocardiography

showed mixed aortic disease with aortic stenosis characterised by

a surface of 1 cm2, a mean gradient of 23 mmHg, and a

significant paravalvular aortic regurgitation involving 1/3 of the

valve perimeter (Figure 3). The case was reconsidered by the

Heart Team, and a surgical approach was proposed.

During the surgical procedure, it was found that the Amplatzer

had moved from its initial position and was oriented towards the

leaflets of the bioprosthesis as shown in Figures 2 A,C. This

contributed to the post-procedural aortic stenosis by impeding

the opening of the right coronary leaflet and providing

insufficient leak barrier. A surgical aortic valve replacement was
two premature ventricular contractions; right side: ECG after procedure
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FIGURE 2

(A) Amplatzer vascular plug and bioprosthesis in vivo. (B) Angiography of initial implantation of Amplatzer vascular plug. (C) Bioprosthesis ex vivo with
manual replacement of the Amplatzer vascular plug by the surgeon.
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performed using a sutureless LIVANOVA Perceval S bioprosthesis

size M, which was completed without any complications. The

postoperative echocardiography revealed a preserved left ventricle

ejection fraction (62%) with grade 3 diastolic dysfunction, an

aortic bioprosthesis with a calculated surface of 0.9 cm2, and a

mean gradient of 18 mmHg with no regurgitation. The patient

evolved well and was transferred to cardiac rehabilitation. The

mid-term follow-up at 4 years showed a benefit of the procedures

in terms of symptoms, with the patient now being in NYHA

class I, and hospitalisations, with only one hospitalisation for

acute heart failure since being discharged.
Discussion

This case highlights two common complications of TAVI

procedures and, more importantly, a complication of

percutaneous paravalvular leak repair.

In recent years, new data have emerged regarding electrical

conduction complications, when comparing surgical to

percutaneous aortic valve replacement. For instance, the

incidence of a new left bundle branch block is found to be

10.5%–34.3% in TAVI procedures (7), compared to 4% in

surgical aortic valve replacements (8). Additionally, 7.3% of the

patients undergoing percutaneous aortic valve replacement end

up needing a permanent pacemaker implantation (all causes

combined), compared to 3.4% in the surgical series (p = 0.014)
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(9). New left bundle branch block and new pacemaker

implantation are some of the few outcomes that favour surgical

approach.

With regards to the mechanical complication, this patient

initially presented with a mild paravalvular leak that later

progressed to a more significant one. The mechanism of this

progression is unknown to date. Progression of paravalvular leaks

has been described by the PARTNER trial (10); however, it

happened over years instead of months seen in our case. So far,

no mechanism has been proposed to explain the improvement or

worsening of PVL, and measurement methods may explain, in

part, these findings. The calcium volume described in the CT

scan was low, and there were no indicators of preferential

deposition in the device landing zone that could help predict this

outcome.

Percutaneous valvular leak repair is a first-line treatment for

paravalvular leaks and is nowadays associated with high success

rates and few serious complications (11). However, it is a delicate

and complex procedure and the correct choice of device and

placement is essential. The literature concerning percutaneous

paravalvular leak closure after TAVI is relatively scarce, and only

a few case series have been published. The number of closures is

too low to provide a good understanding of the complications. In

contrast, more cases of complications after percutaneous PVL

closure have been described in surgical series, and a few larger

studies have been published in the literature that describe the

most frequent complications encountered (Table 1).
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TABLE 1 Literature review of case series of Percutaneous PVL closures and its complications.

First author Year PVL
closures (n)

Type of procedure Number and type of complications

Arri (12) 2015 5 TAVI 1 patient (20%) needed a second device implantation due to complexity of the leak

Gérardin (13) 2019 7 TAVI No complications

Sorajja (14) 2011 154 Aortic 21%, mitral 79% 11 patients (8.7%) due to either inability to cross the defect, prosthetic leaflet impingement
from the occluder, or persistent severe regurgitationBioprosthesis 39%, mechanical 61%

Ruiz (15) 2011 49 Aortic 22%, mitral 78% 8 patients (16%) due to inability to cross the defect with the delivery system, 3 patients (6%)
due to device interference with the mechanical function of the valve prosthesis, and 1 patient
(2%) due to wire entrapment during the attempt to cross the aortic paravalvular leak

Bioprosthesis 65%, mechanical 35%

Sorajja (16) 2011 115 Aortic 22%, mitral 78% 5 patients (4%) due to prosthetic leaflet impingement, 2 patients (1.7%) due to inability to
cross with delivery sheath, 1 patient (0.9%) due to inability to cross with guidewire, 18
patients (15.6%) due to device deployed with residual moderate or severe regurgitation, and
1 patient (0.9%) due to malposition in left ventricle (LV)

Bioprosthesis 37%, mechanical 63%

TAVI, transcatheter aortic valve implantation.

Pitta Gros et al. 10.3389/fcvm.2023.1132063
In our patient’s case, the Amplatzer device appears to have

moved and intertwined with the metallic stenting of the

prosthesis, which not only caused a failure in completely

resolving the leak but also restricted the valve’s full opening and

led to a reduction in the valve surface, resulting in a new aortic
FIGURE 3

Transthoracic echocardiography image of the paravalvular leak in short-axis v
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stenosis. The reason for the device’s migration is unknown, but it

could be related to its initial position during the procedure.

These complications highlight the ongoing debate on

indications between TAVI and surgical approaches. Despite the

patient’s vehement objection to a surgical approach, in light of
iew (A) and apical five-chamber view (B).
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her Euroscore/STS score and frailty score, and considering the

small size of the valve annulus, a surgical approach may have

yielded better results in this case. Ultimately, the patient

underwent surgery anyway.
Conclusion

To the best of our knowledge, this is the first case in which a

TAVI paravalvular leak treated percutaneously with an Amplatzer

device was complicated by the device’s migration through the

stenting of the bioprosthesis, resulting in a new symptomatic

stenosis that required surgery. This highlights the need for better

criteria for selecting the appropriate technique for managing

paravalvular leaks after TAVI. Whether a baseline surgical

approach or valve post-dilation would have been a better option

in this patient remains unclear.
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