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Abstract:

An 82-year-old woman with a history of bladder cancer presented with dyspnea and loss of consciousness.
Contrast-enhanced computed tomography revealed pulmonary embolism, and emergency thrombus aspiration
therapy was performed, but the thrombus was not aspirated. Echocardiography showed mobile masses in the
heart and a right-to-left shunt due to a patent foramen ovale (PFO). Magnetic resonance imaging showed
multiple cerebral infarctions. Surgical thrombectomy and PFO closure were performed, and the patient was
diagnosed with intracardiac metastasis of bladder cancer based on intraoperative histopathology. This is a rare
case of concomitant pulmonary and cerebral tumor embolism and intracardiac metastasis from bladder cancer.

Key words: pulmonary tumor embolism, paradoxical embolism, patent foramen ovale, intracardiac
metastasis, pulmonary artery aspiration cytology

(Intern Med 60: 3749-3753, 2021)
(DOI: 10.2169/internalmedicine.6765-20)

Introduction

In patients with patent foramen ovale (PFO), when the
right atrial pressure exceeds the left atrial pressure, a right-
to-left shunt occurs. Embolic sources shift from the right
heart system to the left heart system through the PFO and
cause embolism in the systemic arterial system (1-3).

Malignant tumors are known to cause organ damage due
to embolism, in addition to direct organ damage. Paradoxi-
cal embolism and pulmonary tumor embolism (PTE) affect
the patient’s prognosis. PTE is associated with a mortality
rate of 8% (4). Autopsies of patients with solid tumors re-
vealed PTE in 3-26% of the cases (5). The majority of PTEs
are caused by breast, lung, and stomach cancers. However,
in a previous study, 3 of 109 patients with solid tumors had
PTE due to bladder cancer (4). In addition, metastatic ma-
lignant tumors are relatively common among heart tumors,
although cardiac metastasis of bladder cancer is rare.

We herein report a case of PTE complicated by paradoxi-

cal embolism due to PFO and intracardiac metastasis of
bladder cancer, which was diagnosed by an intraoperative
examination.

Case Report

An 82-year-old woman with gross hematuria visited our
urology department and was diagnosed with invasive bladder
cancer. She had never been diagnosed with congenital heart
disease or embolism. She underwent total cystectomy with
ileal conduit surgery and postoperative radiation therapy.
Computed tomography (CT) was performed two months af-
ter the operation, and neither relapse nor metastasis was ob-
served. Six months after the operation, she visited our hos-
pital for transient loss of consciousness and persistent dysp-
nea.

On admission, her blood pressure was 88/46 mmHg,
pulse rate was 132/min, and oxygen saturation was 74% in
room air. The D-dimer level was 14.7 pg/mL (<1.0 pg/mL),
and transthoracic echocardiography (TTE) showed normal
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Figure 1.

(A) Contrast-enhanced computed tomography image of the chest showing filling defects

in both pulmonary arteries (arrow). (B) Pulmonary angiography showing filling defects in the left

main pulmonary artery and both branches.

left ventricular wall motion and flattening of the interven-
tricular septum. Contrast-enhanced CT showed filling de-
fects in the bilateral pulmonary arteries (Fig. 1A) and right
ventricular dilatation. No thrombus was found in the limbs
or pelvic veins. We diagnosed her with pulmonary embolism
(PE) with obstructive shock. Despite treatment with fluid
therapy and dopamine in the emergency room, her systolic
blood pressure was approximately 60 mmHg, and no im-
provement was observed.

Given her advanced age, thrombolytic therapy had a high
risk of bleeding; therefore, thrombus aspiration therapy was
performed. Selective pulmonary angiography via an AXESS
7-Fr JR4.0 [Asahi Intecc (Thailand)] revealed defects in the
left main pulmonary artery and branches. Thrombus aspira-
tion therapy was performed using this catheter directed to
the left pulmonary artery, but the thrombus was not aspi-
rated. We did not advance an AXESS 7-Fr JR4.0 (Asahi In-
tecc) in the right pulmonary artery; instead, we used a 5-Fr
JR4.0 (Asahi Intecc) in the right pulmonary artery. Subtrac-
tion angiography also demonstrated defects in the right up-
per and lower pulmonary branches, but no thrombus was re-
moved (Fig. 1B).

After attempting thrombus aspiration, right heart catheteri-
zation was performed, showing a pulmonary artery pressure
of 31/21(26) mmHg. When the patient’s vital signs stabi-
lized, we abandoned aspiration. In addition, coronary angi-
ography did not reveal any significant stenosis of the coro-
nary artery.

Continuous infusion of unfractionated heparin, 5,000 units
of intravenous bolus, and continuous infusion of 1,000 units/
h were started after the catheter examination, and the acti-
vated partial thromboplastin time (aPTT) was maintained be-
tween 1.5 and 2.5 times the control values.

On the third day after admission, TTE showed a mobile
mass on the mitral valve and mitral chordae tendineae,
which moved between the left atrium and the left ventricle
(Fig. 2A). A mobile mass was also observed in the tricuspid
valve of the chordae tendineae (Fig. 2B). Furthermore, there
was flattening of the interventricular septum (Fig. 2C), and
pulmonary hypertension with a right ventricular systolic

pressure (RVSP) of 59.6 mmHg was detected. Trans-
esophageal echocardiography (TEE) revealed a PFO 4 mm
in diameter, a right-to-left shunt, and a mass in the right
atrium that straddled the PFO (Fig. 2D). The mass attached
to the mitral valve was 35 mmx10 mm in size and moved
back and forth between the left ventricle and the aorta be-
yond the aortic valve (Fig. 2E).

Although no significant neurological disorders were ob-
served, magnetic resonance diffusion-weighted imaging of
the brain (Fig. 3) showed scattered hyperintensities in the
bilateral cerebral hemispheres and cerebellum, and we diag-
nosed multiple cerebral infarctions. The structure attached to
the mitral valve was mobile, and since it could lead to fur-
ther embolism, we decided to perform emergent surgical re-
moval of the mass in the heart and PFO closure on the
fourth day.

An intraoperative examination revealed a white mass in
the left ventricle, which did not appear to be blood clots.
The PFO was 5 mm in diameter and located in the upper
part of the fossa ovalis. A string-like structure straddled the
PFO. This string-like structure and the mass on the left ven-
tricle were able to be easily removed. However, the mass on
the tricuspid chordae tendineae and right atrium were firmly
adhered, and we were unable to completely excise them. An
intraoperative histopathological analysis revealed that the
masses within the tricuspid chordae tendineae and right
atrium were urothelial carcinoma, suggesting intracardiac
metastasis of bladder cancer. After as much of the tumor as
possible was removed, the PFO was closed.

On a postoperative pathological examination (Fig. 4), the
mass found in the heart was determined to be metastasis of
high-grade urothelial carcinoma. Given her poor general
condition, chemotherapy after the operation was not initi-
ated. Postoperative TTE showed no mass in the left atrium
and ventricle, but it revealed a new mobile mass in the right
atrium (Fig. 5A) and inferior vena cava (Fig. 5B). Despite
intensive treatment, she died on the eighth day because of
multiple organ failure.
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Figure 2. Transthoracic echocardiogram on the third day. (A) Parasternal long-axis view. The im-
age demonstrated a mass on the mitral valve and mitral chordae tendineae (arrow). (B) Homogenous
spherical mass on the mitral valve and tricuspid chordae tendineae (arrow) and expansion of the
coronary sinus (arrowhead). (C) Parasternal short-axis view. This indicated dilatation of the right
ventricle and flattening of the interventricular septum. Transesophageal echocardiography on the
fourth day after admission. (D) View obtained at 60°. A blood flow indicated the presence of a right-
to-left shunt due to the patent foramen ovale (PFO). The linear structure (arrow) in the right atrium
straddled the PFO. (E) The view was obtained at 130°. It demonstrated the mobile mass (arrow) at-
tached to the mitral valve moving back and forth between the left ventricle and the aorta beyond the
aortic valve.

Figure 3. Magnetic resonance diffusion-weighted imaging of the brain showing scattered hyperin-
tensities in the bilateral cerebral hemispheres and cerebellum (arrows).

PFO is present in 25-30% of individuals (2, 3). Some

Discussion strokes of unknown origin may be caused by paradoxical

embolism due to PFO (1). Although observing a thrombus

This is a rare case of PTE due to bladder cancer with straddling the PFO is difficult, some cases are detected by
paradoxical embolism and intracardiac metastasis, which echocardiography (6-11). In the present case, we considered
was diagnosed by a intraoperative pathological examination.  there to be a high possibility of tumor embolism rather than
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thromboembolism, including Trousseau syndrome. We found
that the tumor had spread from the right atrium to the left
atrium via the PFO by TEE. In addition, contrast-enhanced
CT did not indicate any other sources of embolus; brain
magnetic resonance imaging did not demonstrate any steno-
sis of the intracranial or cervical arteries and showed cere-
bral infarcts scattered in various blood vessel regions. Al-
though she had atrial fibrillation, TEE did not show any
thrombus in the left atrial appendage thrombus, and we
could not find any thrombus in the heart during intraopera-
tive observation. Based on the above findings, we were able
to diagnose PE and paradoxical embolism caused by the tu-
mor.

In this case, we consider there to have been two types of
tumors in the patient’s heart: the tumor straddling the PFO
and on the mitral valve, and the tumor in the right atrium
and on the tricuspid valve. The tumor straddling the PFO
and on the mitral valve was deemed to have invaded the
heart due to the normal blood flow, and not due to intracar-

Figure 4. Postoperative pathological examination showing
high-grade urothelial carcinoma infiltration (arrow) in the car-
diac muscle tissue (arrowhead, x50, scale bar=0.25 mm).

diac metastasis. We suspect that the PE provoked a high
pulmonary artery pressure, and the right atrial pressure ex-
ceeded the left atrial pressure, which created a right-to-left
shunt through the PFO. In addition, the mass in the left
heart and the mass straddling the PFO were easily removed
during surgery, and we did not observe any infiltration into
the cardiac tissue on a pathological examination. These find-
ings suggest that these masses just drifted to the left heart
and that there was no intracardiac metastasis. In contrast, the
tumor in the right atrium had involvement with the heart be-
cause the pathological examination revealed urothelial carci-
noma infiltration of the myocardium.

Metastatic heart tumors are relatively common among
heart tumors, and a study on autopsies of 1,900 patients
with cancer reported cardiac metastases in 8% of the pa-
tients (12). In a previous report, the proportion of metastatic
tumors was shown to be high in lung cancer, breast cancer,
and hematological tumors (13). However, intracardiac metas-
tasis of bladder cancer is rare.

Tumor-bearing patients generally have a high risk of
thrombosis, and it is important to determine the source of
the embolism. In the present case, we were unable to con-
firm whether the PE had been caused by the tumor or
thrombus because we could not perform an autopsy or any
other pathological examinations. However, we consider the
PE in this case to have been caused not by the thrombus but
rather by the tumor for the following reasons. First, we con-
firmed the mobile mass of the bladder cancer in the right
atrium and at the ventricle during the operation, and it had a
high risk of drifting to the pulmonary arteries and provoking
PE. Second, we were unable to aspirate any thrombus dur-
ing thrombus aspiration therapy. If an embolus is a throm-
bus, we generally can aspirate some thrombus pieces in
most cases. Third, the patient had started continuous infu-
sion of unfractionated heparin after thrombus aspiration ther-
apy, and the aPTT was maintained between 1.5 and 2.5
times that of the control. The D-dimer level decreased from
14.7 pg/mL to 1.5 pg/mL, but her RVSP remained high, and

Figure 5. Four-chamber view (A) and parasternal view (B) of transthoracic echocardiography af-
ter the surgery (6 days after admission). They indicated new mobile masses in the right atrium and

inferior vena cava (arrow). They were not found immediately after the operation.
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we observed no improvement in the right heart overload.

In the present case, we detected the tumor embolism by
rapid intraoperative histopathology. However, we might have
been able to confirm the diagnosis earlier by pulmonary ar-
tery aspiration cytology. Pulmonary artery aspiration cytol-
ogy is a method of diagnosing blood cytology aspirated
from a Swan-Ganz catheter wedged into the pulmonary ar-
tery. Although filling defects in the pulmonary arteries on
contrast-enhanced chest CT and peripheral blood deficits in
pulmonary perfusion scintigraphy are suggestive findings of
PTE, pathological evidence is required for a definitive diag-
nosis (4, 14).

In previous case reports, pulmonary artery aspiration cy-
tology was useful for the diagnosis of PTE (4, 14-18), and
pulmonary tumor thrombotic microangiopathy (PTTM) has
been reported to be diagnosed with a sensitivity of 80-88%
and a specificity of 82-94% (19). In the present case, for the
early diagnosis, a cytodiagnosis of the aspirated blood from
the pulmonary artery should have been performed when
thrombus aspiration therapy was performed.

Furthermore, autopsies of patients with solid tumors re-
vealed PTE in 3-26% of the cases (5); therefore, in cases of
PE with not only bladder cancer but also a history of malig-
nant tumors, PTE is possible, and pulmonary artery aspira-
tion cytology is recommended.

In summary, this is a rare case of PTE complicated by
paradoxical embolism due to PFO and intracardiac metasta-
sis of bladder cancer. An intraoperative pathological exami-
nation confirmed that the embolisms were caused by bladder
cancer. The most important point is that, in patients with a
history of cancer, the possibility of tumor embolism as well
as thromboembolism should be considered. For the early di-
agnosis of PTE, pulmonary artery aspiration cytology may
be considered if PE occurs in patients with a history of ma-
lignancy, which is not limited to bladder cancer.
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