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Aortic pseudoaneurysm after cardiac surgery is a rare entity, but it is potentially fatal due to its clinical course along with
higher morbidity and mortality rates. Instead of open surgical repair, percutaneous procedures have been introduced as
other options for managing an aortic pseudoaneurysm. In this case report, we describe transesophageal echocardiog-
raphy guidance for successful percutaneous closure of an aortic pseudoaneurysm located in the left ventricular outflow

tract by using a type II Amplatzer vascular plug in a patient in whom open surgical repair was not recommended.
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Aortic pseudoaneurysm (PsA) after cardiac surgery is a rare
entity, but it is prone to rupture, thrombosis, distal emboliza-
tion and fistula formation [1,2]. These fatal characteristics of
PsA make surgical treatment necessary. Despite the relatively
improved outcomes, open surgical treatment is challenging and
the morbidity and mortality rates of PsA are still high [3,4].
Furthermore, surgical treatment of PsA located in the aorta
or the left ventricular outflow tract (LVOT) can cause serious
complications, such as aorto-mitral valve disruption or coronary
compromise [5-7].

Recently, percutaneous approach for closure of PsA has been
preferred due to its less invasiveness and it has the potential to
become an alternative to surgical treatment especially in patients
in whom surgical treatment is expected to carry a higher risk.
However, due to the anatomical and procedural complexity,
meticulous guidance of multi-modality imaging should be pro-
vided during percutaneous closure of PsA located in the aortic
root or the LVOT.

In this report, the authors describe transesophageal echocar-
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diography (TEE) guidance, which was performed in addition to
fluoroscopic guidance, for facilitating successful percutaneous
closure of PsA located in the LVOT by using a vascular plug.

Case Report

A 17-year-old male with Marfan syndrome was admitted for
the repair of a LVOT PsA which was detected on a routine post-
operative follow-up imaging study. He underwent total 9 cardiac
surgeries including Bentall operation, total arch and descending
thoracic aorta replacement with tricuspid and mitral annulo-
plasty. Among these surgeries, two were performed for treating
graft infection with abscess formation and the other surgeries
were performed for repair of aortic dissection. The serial chest
computed tomography (CT) scans showed that the diameter
of PsA was increased from 30 mm to 33 mm in a year and that
it was located just below the left main coronary arterial open-
ing (Fig. 1). Transthoracic echocardiography (TTE) showed
communicating flow across the PsA. Through the preoperative
meeting among pediatric cardiologists, cardiac surgeons, and
anesthesiologists, percutaneous intervention was chosen for the
treatment of this patient because surgical repair was expected to
carry a very high risk.

On arrival at the hybrid operating room, anesthesia was in-
duced using thiopental rocuronium bromide. Anesthesia was
maintained with desflurane in a mixture of oxygen and medical
air. After anesthesia induction and orotracheal intubation was
performed, a TEE (iE33 xMATRIX Echocardiography system,
Philips, NV, USA) probe was placed and continuous TEE moni-

Fig. 1. Axial contrast-enhanced chest computed tomography image.
The diameter of the aortic pseudoaneurysm (PsA) was 33.75 mm as
indicated by the green line. RA: right atrium, Asc Ao: ascending aorta,
PsA: pseudoaneurysm, PT: pulmonary trunk, LPA: left pulmonary
artery, Desc Ao: descending aorta.

Online access in http://ekja.org

Kim et al.

toring was performed during the whole procedure by well-expe-
rienced cardiac anesthesiologists. Pre-procedural intraoperative
TEE examination showed good left ventricular contractility with

PATT 3T0C

TEET: W 2X

+ Dist 1.36cm

Fig. 2. (A) An intraoperative 2D TEE image with color Doppler, which
was taken by slight advancement of the TEE probe from the position
of the midesophageal aortic valve short-axis image, delineates the
proximal extent of the pseudoaneurysm (PsA) and its communication
with the LVOT (arrow). (B) 2D images with color Doppler focused on
the neck of the PsA confirm successful advancement of an 8 Fr guiding
sheath of the occluding device (arrow) from the ascending aorta into
the PsA cavity. (C) The diameter of the aneurysm neck was 13.6 mm
(solid line between cross marks). LA: left atrium, LV: left ventricle, PsA:
pseudoaneurysm, Ao: aorta, AMVL: anterior mitral valve leaflet.
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Video 1. Intraoperative two-dimensional (2D) transesophageal echo-
cardiography (TEE). Midesophageal aortic valve long-axis view with
color Doppler showing misdirection of the guidewire to the anterior
mitral valve leaflet (AMVL). LA: left atrium, AMVL: anterior mitral
valve leaflet, LVOT: left ventricle outflow tract, Ao: aorta, PsA: pseu-
doaneurysm.

Video 2. Intraoperative two-dimensional (2D) transesophageal echo-
cardiography (TEE). Midesophageal aortic valve long-axis view
showing advancement of the guidewire (arrows) into the PsA lumen.
LA: left atrium, LVOT: left ventricle outflow tract, Ao: aorta, PsA: pseu-
doaneurysm.

mild aortic and mitral regurgitation and the location of PsA,
adjacent to the aorto-mitral junction and it was communicating
with the LVOT (Fig. 2A). There was no significant pathology
related to the previously replaced prosthetic aortic valve.

Before the procedure, 5,000 units of unfractionated heparin
were injected intravenously and the activated clotting time mea-
sured following the injection was 216 seconds. Using the approach
via the right common femoral artery, an 8-Fr guiding sheath was
advanced into the LVOT and placed across the neck of the PsA
under biplane fluoroscopy and TEE guidance (Fig. 2B). Fluoros-
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Fig. 3. (A) A 2D image with color Doppler, which was taken
immediately after deploying the vascular plug device (arrow), shows
diminished Doppler flow pattern within the PsA lumen. (B) 3D enface
TEE image of the deployed disc (arrow) seen from the perspective of
the PsA cavity. (C) Confirmatory angiography shows diminished flow
within the PsA lumen (dotted line). One piece of the type II Amplatzer
vascular plug (arrows) is composed of 3 discs and a waist pin that passes
through the center. Two out of the 3 discs are located across the PsA
lumen and the remaining 1 disc is located outside the PsA lumen. LA:
left atrium, PsA: pseudoaneurysm, AMVL: anterior mitral valve leaflet,
LVOT: left ventricular outflow tract, Ao: aorta, Asc Ao: ascending aorta.
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Fig. 4. Postprocedural TTE image with color Doppler on the following
day after the procedure. The color Doppler pattern shows diminished
flow within the PsA lumen. RV: right ventricle, Ao: aorta, LA: left
atrium, PsA: pseudoaneurysm, arrows: vascular plug device.

copy showed a pulsating pouch derived from the aorta. Simulta-
neously, TEE demonstrated a wide jet of swirling arterial blood
flow within the PsA. The diameter and the length of aneurysm
neck measured by intra-procedural TEE were 13.6 mm and 8.6
mm, respectively (Fig. 2C). During the first several attempts to
advance the guidewire into the lumen of the PsA, the guidewire
passed through the mitral leaflet into the left ventricle, which
caused mitral regurgitation (Video 1). After each attempt, we
discussed and modified the direction of the guidewire. Finally,
the guidewire was successfully advanced into the lumen of the
PsA after several failed attempts (Video 2).

A 16-mm-diameter type II Amplatzer vascular plug (AVP,
AGA Medical Corporation, MN, USA) was chosen and posi-
tioned across the neck of the PsA. After confirming the accept-
able position and the intact aortic and mitral valvular function
using angiography and TEE, the AVP was deployed. Successful
deployment without leakage flow around the AVP was con-
firmed through the following TEE examination (Figs. 3A and 3B).
Angiography also showed diminished flow communication in
the PsA (Fig. 3C). After the uneventful procedure, the patient
was transferred to the post-anesthesia care unit. The post-proce-
dural TTE also showed no residual flow in the communicating
pouch on the aortic root PsA and adequate position of the de-
vice (Fig. 4). The post-procedural course was unremarkable and
the patient was discharged on post-procedural day 3 without
any complications.

Discussion
Aortic PsA is a rare postoperative complication of cardiac

surgery, probably due to graft infection, aortic dissection, con-
nective tissue disorders, and excessive use of biologic glue [1-3].
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It usually arises from a dehiscence in the mitral-aortic interval-
vular fibrosa [8] and the most common site is previous aortic
suture line after cardiac surgery. Development of the LVOT PsA,
as in our case report, is very rare. We considered the patient’s
history of undergoing multiple surgeries of the mitral valve and
aorta, as the predisposing factor.

Half of the PsAs are asymptomatic and detected by chance
on the routine follow-up imaging study [2-4]. Although the PsA
is asymptomatic, its clinical course can be unpredictable and
rupture of PsA can be lethal. Cardiac PsAs are reported to have
a 30-45% risk of rupture if left untreated [9]. Therefore, surgical
repair has been generally considered as the treatment of choice
regardless of the presence of symptoms; however, sometimes it
can be challenging with reported mortality rates ranging from
6.7% to 29% [3,4,9]. In the last decade, percutaneous endovas-
cular closure of PsA was developed as a less invasive alternative
treatment for high surgical risk patients [7,10]. The treatment
option of endovascular approach has been reported including
intra-arterial thrombin injection, coil embolization, aortic stent
graft insertion and closure using an Amplatzer septal occluder
device.

The risk of redo surgery was expected to be prohibitively high
because of severe kyphoscoliosis and history of repeated car-
diac surgery. Therefore, we selected the endovascular approach
rather than surgical repair. Among the options of endovascular
approach, we chose the closure using Amplatzer vascular plug.
The PsA was located adjacent to the aorto-mitral junction and
the left coronary ostium. Stent graft insertion and coil emboli-
zation were ruled out due to the inadequate length of landing
zone. Intra-arterial thrombin injection was excluded because of
the relatively large size of the PsA (33 mm) [11].

When using the septal occluder device, careful case selection
is needed due to the concern related to its mechanical effects on
the coronary arteries or valves [11,12].

First, the neck diameter of the aneurysm was between 11 and
13 mm based on preoperative CT angiography 2 months before
the procedure. The 14-mm-diameter type II AVP was initially
planned to be used. However, the diameter was measured as
13.6 mm by intra-procedural TEE, and therefore, the 16-mm
diameter type II AVP was finally selected.

Second, in our case, the advancement of guidewire through
the PsA opening was expected to be difficult because of the
steep angulation between the PsA and LVOT. Simultaneous
TEE monitoring enabled advancement of the guidewire into the
PsA lumen through several attempts. This also contributed to
reducing the total dose of radiocontrast dye, which is potentially
nephrotoxic.

Lastly, intra-procedural TEE monitoring allowed our inter-
vention team to check continuously and intermittently for any
ventricular systolic or valvular dysfunctions related to the de-
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ployment of the AVP. There was a concern about potential val-
vular dysfunction after deployment of the AVP due to the very
short distance from the aortic valve to the opening of the PsA.
Therefore, prior to deploying the AVP, aortic and mitral valvular
function as well as any coronary disruption should be evalu-
ated by using both TEE and fluoroscopy. After positioning of
the AVP, we also checked the regional wall motion. Procedural
complications could be effectively detected and handled im-
mediately under concurrent TEE monitoring rather than single
fluoroscopy guidance only [7]. In addition, neither elevation nor
depression of ST segments was observed during the procedure
in leads II and V. One piece of AVP is composed of 3 discs and
a waist pin that passes through the center. We deployed 2 out of
the 3 discs across the PsA lumen because positioning the 2 discs
within the PsA lumen has been suggested to improve device sta-
bility and to alleviate the risk of embolization [10].

Recently, concurrrent TEE monitoring has routinely been
used during the procedure using AVPs in many confidential
centers [11,13,14]. Successful percutaneous closure of a large
ascending aortic PsA using an Amplatzer occluder device under
TTE guidance has been reported. TTE could be a less invasive
alternative to TEE during the procedure, but it compromises
real-time fluoroscopic guidance. However, if the PsA opening is
located high (probably in the distal ascending aorta), the proce-
dure without TEE guidance could be challenging [14].

The number of anesthetic interventions for diagnostic and
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interventional procedures performed outside of the operating
room as well as the types of the procedures over the past few
decades has been growing [15]. Because of the complexity of the
procedures and the patients’ conditions, there is a wide variety
in the anesthetic management options in this area. Therefore,
proficient handling of all kinds of monitoring devices and pre-
cise analysis of data from these devices are also becoming more
and more important in the anesthesia outside of the operating
room. Moreover, considering the recent reports of successful
anesthetic management using TEE in this field [6,7,11,13,14], ef-
ficient use of TEE would be one of the essential requirements for
successful anesthesia.

In conclusion, the percutaneous endovascular approach
would be an alternative treatment option for the management
of aortic PsA in high surgical risk paients. During this interven-
tion, concurrent TEE monitoring with conventional fluoroscopy
could provide critical assistance in determining the precise size
of the PsA, guiding the catheter, deciding adequate device selec-
tion, and identifying complications. Therefore, it would be rea-
sonable to use both TEE and fluoroscopy for successful percuta-
neous endovascular intervention in patients with aortic PsA.
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