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Abstract

Large intracardiac masses including tumors, thrombi, and vegetations
result in detrimental embolic or obstructive sequelae and present a man-
agement dilemma. Open heart surgery, the traditional approach, may not
be an option for many patients with a prohibitive surgical risk due to
multiple comorbidities. Recently, percutaneous options have emerged
with reported success in extracting such intracardiac masses. A 42-year-
old female with history of advanced primary sclerosing cholangitis
with decompensated liver cirrhosis causing ascites and variceal bleed
presented to the emergency department with fatigue, subjective fevers,
chills and melena. Laboratory results revealed neutrophil-predominant
leukocytosis and normocytic anemia, and blood cultures were positive
for Candida albicans. Electrocardiography showed sinus tachycardia.
Chest X-ray was unremarkable. She underwent packed red blood cell
transfusion and esophageal banding for variceal bleeding. Transthoracic
echocardiogram revealed normal left ventricular ejection fraction and
no wall motion abnormalities. A right atrial mobile mass measuring ap-
proximately 1.0 x 3.0 cm was noted. Multidisciplinary heart team dis-
cussion concluded that while the mass posed a high embolic risk, the
patient had a prohibitive risk for surgical intervention. Successful percu-
taneous removal of the mass using Penumbra system device (Penumbra
Incorporated, Alameda, CA) was accomplished. This case report details
the procedure and outcomes, as well as presents a literature review.
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Introduction

Intracardiac masses are diverse and their clinical presentation
is usually a reflection of the specific pathogenic potential of
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the involved mass [1]. They are often incidental findings on
imaging studies [2]. They present a management dilemma due
to their potential detrimental effect [3] in patients who other-
wise may have multiple comorbidities and may not be suitable
candidates for surgical intervention.

The recent emergence of percutaneous options dedicated
to the extraction of intracardiac masses [4] provides prom-
ise for a nonsurgical option of timely removal or debulking,
thereby mitigating the hazard of prohibitive surgical risk or
watchful waiting of medical therapy. We present in this report
an intriguing case of a highly mobile right atrial mass with an
increased risk for embolization to the pulmonary circulation,
in the setting of prohibitive surgical risk. Successful percuta-
neous extraction of the mass resulted in early patient recovery
and discharge in a stable condition.

Case Report
Investigations

A 42-year-old female with a history of advanced primary scle-
rosing cholangitis with decompensated liver cirrhosis due to as-
cites, variceal bleeding, and ulcerative colitis presented to the
emergency department with fatigue, subjective fevers, chills and
melena. Physical examination was remarkable for tachycardia
with normal S1 and S2 and no murmurs. She otherwise had dif-
fuse abdominal tenderness and distention. Laboratory results
revealed unremarkable complete metabolic panel except for an
elevated alkaline phosphatase of 589 U/L and a total bilirubin of
4.3 mg/dL. Complete blood count was notable for leukocytosis,
with white blood cell count of 1.704 x 10%pL which rapidly
increased to 3.38 x 10%uL, and anemia, with hemoglobin of
7.8 g/dL which rapidly declined to 6.3 g/dL within 2 days. Ini-
tial electrocardiogram (Fig. 1) revealed sinus tachycardia with a
rate of 116 bpm. The patient underwent prompt transfusion and
esophagogastroduodenoscopy (EGD), which revealed bleeding
varices that were successfully banded.

Diagnosis

She developed febrile episodes during her hospitalization and
her blood cultures grew Candida albicans; thus, intravenous
(IV) anti-fungal treatment with micafungin was started. As
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Figure 1. Electrocardiogram at time of presentation to the emergency department.

part of her infectious work-up, a transthoracic echocardiogram
was performed which revealed normal left ventricular ejection
fraction without segmental wall-motion abnormalities. There
was a large right atrial mobile mass measuring approximately
1.0 x 3.0 cm, likely representing thrombus versus vegetation
(Fig. 2). Trace tricuspid regurgitation was reported.

Treatment

The patient was continued on IV anti-fungal therapy without
resolution of the right atrial mass after 1 week of treatment. A
multidisciplinary heart team meeting was convened and con-

Figure 2. Transthoracic echocardiogram showing the large right atrial
echodensity (arrow) protruding through the tricuspid valve.
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cluded that she was at a prohibitively elevated risk for surgical
removal of the mass given her multiple comorbidities, variceal
bleeding, and ongoing septicemia, with the recommendation
to pursue a percutancous alternative. Based on the clinical
presentation and the imaging studies, it was felt that it would
be insufficient to continue anti-fungal therapy alone without
percutaneous intervention. The patient agreed to undergo per-
cutaneous mass extraction.

In the catheterization lab, bilateral femoral veins were ac-
cessed using Seldinger technique with ultrasound guidance,
as a precaution in case of massive pulmonary embolization.
Venogram performed through a 6-F Pigtail catheter revealed
no masses extending into either the superior or inferior vena
cava. Venous access was secured using 18-F Gore DrySeal
Flex Sheath (W. L. Gore & Associates, Newark, DE) inserted
over a Supra Core guidewire (Abbott Cardiovascular, Plym-
outh, MN). Penumbra Lightning 12 aspiration catheter (Fig. 3)
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Figure 3. Components of the Penumbra Lightning 12 Intelligent Aspira-
tion System used in our case.
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Figure 4. Right atrial mass (Candida vegetation) gross appearance.
The green arrow shows the body of the mass, while the blue arrow
shows the stalk.

was advanced into a Flex sheath, and with echo guidance was
anchored at the right atrial mass. Aspiration was applied using
the Lightning Intelligent Aspiration System. The Penumbra
catheter was then withdrawn to the tip of the Flex catheter and
both were retracted en block through the Gore DrySeal sheath
along with the adherent mass. The Gore DrySeal was removed
and a previously placed PerClose device (Abbott Cardiovascu-
lar, Plymouth, MN) was deployed with adequate hemostasis; a
suture was placed for closure of the venotomy.

Follow-up and outcomes

The pathologic examination of the right atrial mass (Fig. 4)
was consistent with Candida albicans vegetation. The patient
continued to recover well and the plan was to administer IV
anti-fungal therapy for 6 weeks. Post-procedure transthoracic
echocardiogram (TTE) revealed resolution of the right atrial
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Figure 5. Follow-up transthoracic echocardiogram showing resolution
of the right atrial mass (arrow) following percutaneous extraction.

mass (Fig. 5); mild tricuspid regurgitation was reported. She
was discharged home and set up for IV anti-fungal therapy.
She followed up with infectious disease service, and a subse-
quent TTE about 10 days following the procedure revealed no
recurrence of the atrial mass with continued clinical stability.

Discussion

Cardiac masses are heterogeneous in pathogenesis and presen-
tation [5] and include primary and secondary cardiac tumors
[6], intracardiac thrombi [7], large vegetations [8] and calcified
lesions [9]. They are associated with variable manifestations
and symptoms due to flow obstructive [10], neurologic seque-
lae [11], peripheral embolization [12], inflammatory response
[13] and electrical disturbance [14]. Although the general in-
cidence of cardiac masses is not clear, a 12-year single-center
experience [15] reported an overall echocardiographic preva-
lence, confirmed by other modalities, of 0.2%, with 0.05% pri-
mary benign tumors, 0.004% primary malignant tumors and
0.03% secondary tumors, in addition to 0.1% thrombi.

A TTE is the first-line imaging modality in the diagnosis
of intracardiac masses [16], often with the aid of contrast en-
hancement [17], three-dimensional (3D) TTE [18], transesoph-
ageal echocardiography (TEE) [19], and 3D TEE [20], which
is especially intraoperatively and in the volumetric assessment
of masses [21]. Intracardiac echocardiography has also been
employed to guide biopsy of an intracardiac mass [22]. Spec-
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Table 1. Comparison of the AngioVac, Penumbra and Inari Systems

Device Aspiration uses

Contraindications

Advantages Disadvantages

Intracardiac masses;
Pulmonary emboli

AngioVac system

Penumbra Lightning
Aspiration System

Intracardiac masses; Pulmonary
emboli; Peripheral thrombi

Inari Medical
Device System

Pulmonary emboli;
Venous thrombi

Severe vascular disease;
Chronic thrombi or
adherent masses

Pre-existing
vascular injuries

IVC filter or venous
stents; Small vessels

ECMO causes increased
procedural time and cost

Minimal blood loss
(blood is returned
through v-v ECMO)

ECMO not required Blood loss is expected
during the procedure
ECMO not required Thrombus can

be dislodged

ECMO: extracorporeal membrane oxygenation; IVC: inferior vena cava; v-v: veno-venous.

tral Doppler imaging, especially pulsed wave tissue Doppler
imaging (TDI), for measuring an intracardiac mass mobility,
can also be useful in the embolic risk stratification [23]. Com-
puted tomography (CT) is useful as an adjunctive or alterna-
tive method for diagnosing and characterizing cardiac masses
[24]. Cardiac magnetic resonance imaging can provide further
clarity to details not obvious by echocardiography or cardiac
CT [25]. All three modalities, when available, may provide
complementary information essential in the management of
cardiac masses [26]. A potential role for nuclear imaging with
metabolic agents (tagged fluorodeoxyglucose) combined with
CT ([18F]FDG-PET/CT) has also been demonstrated [27].
Multimodality imaging is often needed for better delineation
of the anatomic and physiologic aspects of an intracardiac
mass and helps plan management [28].

Cardiac masses, especially malignant tumors, carry a high
mortality rate as they often are diagnosed in patients with
multiple advanced comorbidities and malignancies [29]. The
embolic potential and mortality of predominantly left-sided
tumors were attributed to the histological type rather than im-
plantation site of the tumor in one study [30]. Surgical resection
remains a desired curative and often well-tolerated treatment
when medical treatment alone is not expected to provide suf-
ficient or timely resolution of an intracardiac mass [31]. Surgi-
cal intervention however may not be an ideal option for some
patients when their risk of open heart surgery is very high or
prohibitive, and medical management alone is not anticipated
to alleviate the potential obstructive, embolic, infectious or
arrhythmic sequelae of the mass. Percutaneous intravascular
and intracardiac treatment options have been gradually gain-
ing momentum and currently offer an attractive alternative of
care in many high-risk patients. With the increase in the use of
percutaneous cardiac interventional options, there have been
several studies evaluating the role of catheter-based devices
such as AngioVac, Penumbra and Inari in the aspiration of in-
tracardiac masses [32], as compared in Table 1.

AngioVac system (AngioDynamics Inc., Latham, NY, USA)
employs a bypass circuit via extracorporeal membrane oxy-
genation (ECMO) veno-venous support to extract masses from
the venous system through suction generated at the tip of the
catheter by a centrifugal pump. This minimizes blood loss by
reinfusing the blood back into the circuit while providing ac-
tive clearance of debris. AngioVac was approved by FDA in
2009 for the removal of unwanted material from the vascular
system and has been used as early as 2011 in the removal of
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complex masses from the right atrium [33]. In a meta-analysis
of the AngioVac catheter device system use in caval throm-
boemboli, right-sided cardiac masses, catheter-related throm-
bosis, and pulmonary embolism, the success rate was 73.6%,
with reported access site complications including bleeding,
hematoma, and distal embolization [34]. Rajput et al reported
16 patients who had intracardiac masses aspirated using the
AngioVac device catheter system; none had access site com-
plications and all were successfully closed using Perclose de-
vice [35].

The Penumbra Lightning Aspiration System is another
newer percutaneous catheter device system; it is a delivery
system which does not require ECMO as in the AngioVac sys-
tem. The Penumbra system was initially used in neuro-inter-
ventional procedures for cerebrovascular accidents. One study
demonstrated it to be of use in debulking vegetations prior to
lead extraction [36]. Another report showed an improved clini-
cal outcome in patients suffering submassive pulmonary em-
boli [37].

The INARI CloTriever system (Inari Medical, Inc., CA,
USA) is another system approved by the FDA in 2017 for re-
trieving clots from the venous system in the setting of deep
vein thrombosis [38]. Success has also been reported using the
Flowtriever system in the treatment of acute intermediate-risk
pulmonary embolism [39]. Its use in the removal of tricuspid
valve vegetation was also reported [40]. Furthermore, the sys-
tem was employed in the aspiration of tumor embolization into
the pulmonary artery, providing therapeutic and diagnostic
benefit [41].

Our patient developed a relatively large right atrial mass
following fungemia related to a previous catheter device. Al-
though success has been reported in treating a similar case
with medication [42], conservative management with IV anti-
fungal and removal of the catheter alone would not have been
expected to clear the infection in our patient. Successful sur-
gical removal of a candida-infected thrombus from the right
atrium was previously reported [43]; however, our patient was
considered inoperable due to ongoing variceal bleeding neces-
sitating multiple esophageal banding, in the setting of acutely
decompensated liver cirrhosis. A multi-disciplinary meeting
involving the primary cardiologist, interventional cardiologist,
and cardiovascular surgeon was convened to entertain options,
and a percutaneous mass removal was recommended. The pa-
tient underwent successful percutaneous mass extraction using
a Penumbra catheter device.
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In conclusion, intracardiac masses are often incidental
findings on echocardiography performed in various clinical
settings, with heterogeneous pathologies [44]. They carry an
imminent threat for detrimental embolism or obstruction, and
often portend a poor prognosis. While surgical therapy offers
complete removal under direct visualization, such masses are
increasingly encountered in patients who may not be good sur-
gical candidates. The percutaneous approach of retrieving or
debulking these masses offers a safer and less invasive alter-
native, perhaps yet another venue where cardiac surgery and
interventional cardiology merge [45].

Learning points

Transcatheter therapeutics have progressed exponentially over
the past few decades and currently offer a plausible alterna-
tive to the removal or debulking of intravascular thrombi and
masses in patients deemed high risk for surgery. The recent
approval of devices specifically designed for the extraction of
intracardiac masses adds more tools to the armamentarium of
the cardiologist, offering hope of cure or palliation to many
patients previously considered inoperable. It is essential for the
treating physician to be familiar with these procedures so that
eligible patients can be referred and treated in a timely manner.
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