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An Unexpected Free-Floating Aortic Valve
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) has emerged as an
alternative procedure to surgical aortic valve replacement for patients
with aortic stenosis at high surgical risk,1 and its indications are ex-
panding to include those at low surgical risk.2-4

Although short-term outcomes following TAVI have improved in
the last decade along with advances in equipment, increases in the
number of procedures, and accumulation of experience by the heart
team, unanticipated complications still occur during the procedure. A
few cases of native or prosthetic valve leaflet avulsion flowing to the
aorta during TAVI have been previously reported.5-8 However, no
cases of valve leaflet avulsion presenting as a free-floating mass in
the left atrium (LA) during TAVI have been reported.

Herein, we report a case of aortic valve leaflet avulsion that traveled
upstream to the LA along with the flow of extracorporeal membrane
oxygenation (ECMO) and migrated to the descending aorta (DA)
immediately after prosthetic valve deployment. The present case
demonstrates the importance of transesophageal echocardiography
(TEE) in detecting, evaluating, and addressing procedural complica-
tions in a timely manner during TAVI.

CASE PRESENTATION

Written informed consent was obtained from the patient for publica-
tion of this case. A 92-year-old woman with a history of severe symp-
tomatic aortic stenosis and paroxysmal atrial fibrillation presented
with a chief complaint of dyspnea. The patient was scheduled for
TAVI using a 23-mm Edwards Sapien 3 valve (Edwards
Lifesciences) without predilatation. Transthoracic echocardiography
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(TTE) showed a severely calcified trileaflet aortic valve (aortic valve
area = 0.67 cm2; mean pressure gradient = 44 mm Hg; aortic valve
area index = 0.49 cm2/m2) and normal left ventricular (LV) systolic
function (ejection fraction = 65%). Color Doppler evaluation at the
mitral valve showed mild mitral regurgitation (MR) occupying 9%
of the LAwith a jet area of less than 3 cm2. Color Doppler evaluation
at the aortic valve showed mild aortic regurgitation (AR) with a vena
contracta width of 2.8 mm and a ratio of jet width to LVoutflow tract
width of 20%. Color Doppler evaluation at the tricuspid valve showed
that the mild tricuspid regurgitation area was less than 5 cm2 and the
inferior vena cava diameter was 16 mm with respiratory variability.
Dexmedetomidine and propofol were administered continuously to
maintain moderate sedation. A pacemaker wire for rapid ventricular
pacing was inserted via the right jugular vein. Vascular sheaths were
inserted into the bilateral femoral arteries and the right femoral vein
under fluoroscopic and echocardiographic guidance. The right
femoral arterial sheath was inserted for the transcatheter heart valve.
The valve was advanced over the stiff wire. Before valve deployment,
the patient had sudden hypotension that did not improve even after
extensive volume resuscitation and pressor support. We decided to
use venoarterial ECMO to improve the hemodynamic instability.
The patient was administered general anesthesia with endotracheal
intubation, and TEE was performed. Fluoroscopic imaging showed
that the stiff wire extended into the LA. Transesophageal echocardiog-
raphy showed that the acute MR was probably caused by entangle-
ment of the stiff wire and the chordae tendineae in the LV cavity.
The guidewire protruded into the LA, making it difficult to coapt
(Figure 1, Video 1). Once the stiff wire was repositioned, MR was
relieved under ECMOwith flow at 2.4 L/min. The bioprosthetic valve
was then introduced over the wire.

When we tried to advance the bioprosthetic valve across the
native aortic valve, it went deeper into the LV side beyond the
expected position. We attempted to withdraw the bioprosthetic
valve back into the ascending aorta but were unsuccessful due
to severe leaflet calcification. We tried to pull the valve to the
aortic side against strong resistance and adjust the bioprosthetic
valve to the exact position. However, a free-floating mass in the
LA was seen on fluoroscopic imaging and TEE (Figure 2,
Videos 2-4). In addition, TEE also showed AR due to the
disappearance of the right leaflet and central MR with noncoapted
mitral leaflets (Figure 3A and B, Videos 5 and 6).

A multidisciplinary heart team discussed the risks and benefits of
transcatheter and surgical interventions. Mass removal under cardio-
pulmonary bypass (CPB) and surgical aortic valve replacement were
considered. However, given the patient’s advanced age and general
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Figure 1 2D TEE with color flow Doppler, mid esophageal long
axis display (137�) demonstrates acute significant MR and the
guidewire protruding into the LA.

Figure 2 2D TEE, mid esophageal zoomed LAA view (88�) dem-
onstrates a 3.0 cm � 0.5 cm free-floating mass (yellow arrow).

VIDEO HIGHLIGHTS

Video 1: 2D TEE midesophageal long axis (137�) view dem-

onstrates acute significant MR and the stiff wire in the LV cavity

interacting with the chordae tendineae as the guidewire is

extended into the LA.

Video 2: X-ray fluoroscopy demonstrates a free-floating mass

in the LA, AR, transcatheter aortic valve implantation over the

stiff wire, temporary pacer wire, and ECMO venous cannula.

Video 3: 2D TEE midesophageal long axis (88�) LA-focused
view demonstrates an echo-bright free-floating mass.

Video 4: 3D TEE midesophageal volume-rendered image

from the perspective of the LA demonstrates a free-floating

mass.

Video 5: 2D TEE with color flow Doppler, midesophageal

long-axis (141�) aortic valve-focused view prior to valve

deployment demonstrates the acute AR during diastole and MR

during systole.

Video 6: 2DTEE midesophageal short axis (45�) aortic valve–
focused view demonstrates the absence of the right aortic leaflet.

Video 7: 2D TEE midesophageal long axis (128�) view dem-

onstrates the mass that passed through the prosthetic valve to

the DA at that moment.

Video 8: X-ray fluoroscopy after deploying the valve demon-

strates stagnation of the mass in the DA.

Viewthevideocontentonlineatwww.cvcasejournal.com.

130 Inoue et al CASE: Cardiovascular Imaging Case Reports
April 2023
frailty, mass removal under CPB and TAVI was thought to be less inva-
sive. Therefore, we proceeded with TAVI while preparing for emer-
gent CPB. To reduce the risk of ventricular migration during valve
deployment, the ECMO flow was stopped and the cannulas were
clamped until the valve was released. Rapid pacing was initiated at
180 bpm, with appropriate drops in blood pressure and pulse pres-
sure, and TAVI was performed. The ECMO flow was temporarily
increased from 2.4 to 3.5 L/min immediately after deployment so
that the floating mass would stay in the LA. However, upon discontin-
uation of rapid pacing, the mass unexpectedly passed through the
prosthetic valve to the DA (Figure 4, Videos 7 and 8).

After valve deployment, a mild paravalvular leak remained with no
pericardial effusion. After removal of the delivery systems from the
LV, TEE showed that MR was improved to the preoperative baseline
level, leading to fair coaptation of the mitral leaflets. An endovascular
snare system was inserted through the right femoral sheath. The
floating mass was successfully removed using the snare system
without neurological complications (Figure 5). The ECMO flow was
weaned slowly and removed in the operating room. The patient
was transferred to the intensive care unit and extubated the next day.

Transthoracic echocardiography in the intensive care unit showed a
normal functioning bioprosthetic valve (peak velocity = 1.46 m/sec;
mean gradient = 4.26 mm Hg; circumferential extent of prosthetic
valve paravalvular regurgitation = 9%).

Pathologically, the mass was a portion of the aortic valve with
degenerative changes.
DISCUSSION

Two uncommon events were shown in this case. First, an aortic valve
leaflet avulsed and traveled upstream to the LA due to retrograde
ECMO flow. Second, the avulsed aortic valve leaflet migrated to the
DA after deployment. Transesophageal echocardiography was proven
to be useful for managing both events.

First, the aortic valve leaflet avulsion traveled to the LA, which was
induced by retrograde ECMO flow. The current case can be consid-
ered unique in that the leaflet was detached from the native aortic
valve and traveled upstream to the LA because of the retrograde
ECMO flow. Extracorporeal membrane oxygenation can be used suc-
cessfully in patients undergoing TAVI as a rescue maneuver.9

Extracorporeal membrane oxygenation has unique hemodynamic ef-
fects compared with other cardiac support devices, such as intra-aortic
balloon pumping and percutaneous transaortic ventricular assist de-
vices. Extracorporeal membrane oxygenation supports circulation to
maintain vital organ function. However, blood flow can be antegrade
or retrograde depending on the native cardiac output (CO) relative to

http://www.cvcasejournal.com


Figure 3 (A) 2D TEE with color flow Doppler, mid esophageal long-axis view (141�) demonstrates the acute AR and MR. (B) 2D TEE,
mid esophageal zoomed short axis aortic valve view (45�) demonstrates the absence of the right aortic leaflet (yellow arrow).

Figure 4 2D TEE, mid esophageal zoomed long axis view (128
degrees) demonstrates a mass that was seen to pass through
the prosthetic valve (yellow arrow).

Figure 5 A 2.0 cm� 0.5 cm leaflet of the native aortic valve was
retrieved using a transcatheter snare device.
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ECMO flow.10 One explanation for the leaflet having ended up in the
LA is that it is easier for the left ventricle (LV) to push the leaflet avul-
sion backward into the low-pressure LA with the MR flow than to
eject it forward against ECMO flow. The presence of MR could be ex-
plained by the fact that repositioning of the bioprosthetic valve led to
restriction of the chordae tendineae after interaction with the stiff
wire.11 Notably, aortic valve leaflet avulsion due tomechanical trauma
can be found in the LV, LA, and even the pulmonary vein, especially
during ECMO. The heart team should share information about this
pitfall and discuss emergency management while the CPB is prepared
for immediate use, because surgical removal of an intracardiac free-
floating mass is the typical treatment to prevent systemic emboli.

Second, the aortic valve leaflet avulsion migrated to the DA after
deployment. Previous case reports have shown that fragments de-
tached from the aortic valve can cause systemic embolism after
deployment.7,8 However, our case was different from previous cases,
as the aortic valve leaflet was retained in the DAwithout embolization
and was retrieved by endovascular surgery. The migratory aortic valve
leaflet eventually remained in the DA due to the retrograde ECMO
flow competing with the post-TAVI native CO. In other words,
migration of the mass into the DA visually showed the shift of the
so-called watershed. We could not perform mass removal under
CPB because we underestimated the post-TAVI native CO. Another
report showed that rapid improvement in cardiac function triggered
stroke in patients with intracardiac thrombosis.12 In this case, migra-
tory leaflet avulsion in the systemic circulation also occurred immedi-
ately after improvement in CO with TAVI, suggesting that changes in
CO may pose an increased risk of developing embolism, including
stroke. An ultra-short-acting b-1 selective antagonist exerting a sup-
pressive effect on native CO could be an option to lock the torn leaflet
in the LA and remove it under CPB. An attempt to control the water-
shed by increasing ECMO flow was not sufficient for an emergent
management approach. For patients with a potential risk of embolism
resulting from TAVI, a cerebral protection device is also recommen-
ded, although it is used off-label in Japan. When sources of emboli,
such as leaflet tissue, thrombus, or atheroma, are found prior to valve
replacement during ECMO, the heart team should discuss how to
address the embolus in addition to the method of valve replacement
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(i.e., surgical, transcatheter, or both). Although the optimal measures
have not been defined, the order of interventions is also important.

Transesophageal echocardiography played a crucial role in both
events in this case. The prompt identification of the free-floating
mass, which is likely to embolize, helped to determine an emergent
management approach for the unanticipated complications.
Additionally, real-time tracking of the migration of the aortic valve
leaflet avulsion modified the emergent management approach.
Although TAVI and mass removal under CPB was the original plan,
the rapid assessment obtained with TEE helped us make a prompt de-
cision to remove CPB and led to alternative transcatheter interven-
tion. Therefore, clinicians should track mobile leaflets with caution,
especially after deployment. Contrary to our expectation, TAVI and
transcatheter mass removal without the need for cardiac arrest and
CPB was probably the best alternative for this patient.

Although TTE is typically used as an adjunct to fluoroscopy for sim-
ple TAVI,13,14 our case demonstrated that TEE is superior to fluoros-
copy in detecting, evaluating, and addressing procedural
complications in a timely manner. Transesophageal echocardiography
has 2 different strengths in this case compared with angiography. It is
important to learn the strengths of echocardiography and choose the
optimal imaging method depending on the situation.

First, TEE can better assess the location of a mobile aortic valve
leaflet than angiography. Angiography can visualize a large area of
the heart and greater vessels at once and projects the image of a
three-dimensional structure on a two-dimensional screen.
Therefore, multiple projections are necessary to accurately locate
the mobile aortic valve leaflet. With TEE, however, detailed informa-
tion about the location of the mobile aortic leaflet was obtained
continuously without contrast. In addition, angiography could not
clearly differentiate the calcified, avulsed aortic leaflet from the blood
vessels and heart due to the low contrast. With TEE, however, it was
easier to detect it because it was shown as a free-floating high echoic
mass on the screen. In fact, none of the 4 cardiologists noticed that the
mass had migrated to the DA until the echocardiologist mentioned it.
This was because they were concentrating on checking the location of
the bioprosthetic valve and postdeployment complications.

Second, TEE is superior to angiography in that it allows rapid, repet-
itive, and constant assessment of valve regurgitation. Transesophageal
echocardiography can visualize intracardiac structures and valvular
regurgitation rapidly, continuously, and repeatedly without contrast
and radiation. Deterioration of AR and absence of the right aortic
leaflet were indicative of valve avulsion. If echocardiography identifies
a free-floating mass in the left side of the heart during TAVI along with
acute AR, clinicians should suspect valve avulsion that can cause
adverse complications.

Whether TEE or TTE is the better option to guide TAVI when com-
bined with fluoroscopy has remained controversial.13,14 Transthoracic
echocardiography and TEE are useful during TAVI, and both can show
almost the same structures. However, TEE remains of great help in
complicated TAVI procedures because of its ability to provide high-
quality imaging repeatedly, rapidly, and constantly compared with
TTE.13 In addition, TEE can provide more effective images, especially
of the posterior cardiovascular structures, including the LA and DA.
Transthoracic echocardiography could not have tracked the mass
that had migrated from the LA to the DA because TTE is not effective
at viewing these structures. Assessing the location of the mobile aortic
valve leaflet was more effective with TEE, as the TEE probe and pos-
terior structures are sufficiently close to provide a higher-resolution
image. As intraoperative complications can be detected more quickly
and accurately with TEE than with TTE, TEE is considered an essential
monitor for complicated TAVI.

Anesthetic management has increasingly switched from general
anesthesia with TEE to moderate sedation with TTE, and the use of
TEE has decreased.15 However, clinicians should make a rapid transi-
tion from TTE to TEE emergently when the patient develops unex-
plained life-threatening hemodynamic instability or when procedural
complications related to posterior cardiovascular structures, including
the LA and DA, occur.

CONCLUSION

An avulsed aortic leaflet traveled upstream to the LAwith retrograde
ECMO flow and migrated to the DA after deployment.
Transesophageal echocardiography is an essential tool for compli-
cated TAVI and may potentially minimize the damage of procedural
complications.
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