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ABSTRACT

Background: Papillary fibroelastoma (PFE) and myxoma are relatively common types of benign cardiac tumors.
PFE and myxoma can be associated with fatal embolic events. However, PFE is not widely recognized within the
field of cerebrovascular diseases.

Case Description: A 54-year-old male presented with a sudden onset of left hemiparesis. Three-dimensional
computed tomography (CT) angiography revealed incomplete occlusion of the right middle cerebral artery.
Thrombolytic therapy with recombinant tissue-type plasminogen activator was performed, followed by
mechanical thrombectomy. Reperfusion was achieved within 199 minutes, resulting in thrombolysis in cerebral
infarction grade 2b. The retrieved emboli appeared as a white gelatinous substance, which was diagnosed as
PFE by histopathological examination. Transesophageal echocardiography and cardiac CT identified a 6-mm
mobile mass in the left atrium. PFE in the left atrium was considered to be the source of the embolism and tumor
resection was performed on day 18. Histopathological findings of the resected tumor were identical to those of the
emboli. The patient was transferred to a rehabilitation facility on day 36, with a modified Rankin Scale score of 2.

Conclusion: PFE and myxoma share many clinical features, but PFE tends to be smaller, so detection is more
challenging and has likely resulted in under-recognition. PFE and myxoma can be associated with fatal embolic
events. Resection is recommended for left-sided, mobile, symptomatic tumors larger than 10 mm. The differential
diagnosis of embolus retrieved through mechanical thrombectomy should consider both myxoma and PFE and
persistent efforts should be made to detect the embolic origin.

Keywords: Cardiac myxoma, Cardiac papillary fibroelastoma, Cerebral tumor embolism, Mechanical
thrombectomy

INTRODUCTION

Papillary fibroelastoma (PFE) and myxoma are relatively common types of benign cardiac
tumors.'21*15) Both PFE and myxoma can cause severe left-sided embolic events, including
ischemic stroke and sudden death. However, PFE is more challenging to detect as the tumor
is smaller than myxoma.?** In addition, PFE has not been widely recognized within the field
of cerebrovascular diseases because cardiac tumors are rare!'? and infrequently encountered, so
they may have been previously overlooked. We present a case of PFE that manifested as cerebral
embolism and was treated with mechanical thrombectomy.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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CASE REPORT
Patient information

A 54-year-old male delivery worker employed by a
transportation company experienced a sudden onset of left
hemiparesis while at work. He presented to our emergency
department 101 min after symptom onset.

Clinical findings

On arrival, he exhibited severe left hemiparesis, dysarthria, and
left hemispatial neglect, with a National Institutes of Health
Stroke Scale score of 11. He had no prior medical history.
Noncontrast computed tomography (CT) revealed early

ischemic changes in the right frontal operculum, temporal
operculum, and insular cortex, with an Alberta Stroke
Program Early CT Score of 7 [Figure la]. The hyperdense
vessel sign was absent in the major cerebral arteries. Three-
dimensional CT angiography demonstrated poor visualization
of the right middle cerebral artery (MCA) without evidence
of cervical carotid stenosis [Figure 1b]. Concurrent contrast-
enhanced CT of the chest revealed no clearly visualized
intracardiac thrombi or cardiac tumors [Figure 1c], and
electrocardiography (ECG) showed sinus rhythm.

Diagnosis assessment

The etiology of the embolism could not be determined, but
embolic occlusion of the right MCA was suspected.

Figure 1: (a-d) Prethrombectomy images. Noncontrast computed tomography (CT) reveals early
ischemic changes in the right frontal operculum, temporal operculum, and insular cortex (a). Three-
dimensional CT angiography shows contrast defects at two sites: the right distal M1 segment and
the distal M2 segment of the lower trunk, indicated by arrows in (b). Contrast-enhanced CT of the
chest reveals no clearly visualized intracardiac thrombi or cardiac tumors (c). Cerebral angiography
(left: anteroposterior view; right: lateral view) shows poor contrast at several sites: The distal M1
and the distal M2 segments of the lower trunk of the right middle cerebral artery (MCA), and the
right anterior temporal artery, indicated by arrows in (d). (¢) Two emboli were retrieved with a
stent retriever, corresponding to the contrast defects of MCA. One of them has broken away from
the tip of the stent retriever. They appear white and gelatinous. (f and g) Postthrombectomy images.
Cerebral angiography (left: anteroposterior view; right: lateral view) shows distal embolization in
the frontopolar artery, the posterior parietal artery, and angular artery (indicated by arrows), with
reperfusion achieving thrombolysis in cerebral infarction grade 2b (f). Diffusion-weighted magnetic
resonance imaging shows high-signal intensity areas in the right frontal operculum, temporal
operculum, insular cortex, medial frontal gyrus, cingulate gyrus, putamen, and corona radiata (g).
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Therapeutic intervention

Recombinant tissue-type plasminogen activator was
administered intravenously at a dose of 0.6 mg/kg, followed by
mechanical thrombectomy. Cerebral angiography identified
two sites with contrast-filling defects in the distal M1 and
the distal M2 segments of the lower trunk of the right MCA.
The right anterior temporal artery originating from the M1
segment was also poorly visualized [Figure 1d]. Antegrade
flow in the lower trunk was preserved, but delayed perfusion
indicated partial occlusion. A combined thrombectomy was
performed using a stent retriever and aspiration catheter.
A Traxcess 14 microguidewire (Terumo, Tokyo, Japan) was
used coaxially with a Trevo Trak 21 microcatheter (Stryker,
Kalamazoo, MI, USA) to access the distal M2 segment of the
lower trunk. A Trevo NXT ProVue 4 x 41 mm stent retriever
(Stryker) was deployed from the distal M2 segment of the
lower trunk to the distal M1 segment. An AXS Catalyst 6
aspiration catheter (Stryker) was advanced to the stent to
compress the emboli between the devices. The stent retriever
and aspiration catheter were retrieved following the standard
procedure. With the guiding catheter’s balloon inflated to
occlude the internal carotid artery, both devices were slowly
withdrawn together into the guiding catheter. Consequently,
two emboli corresponding to the MCA filling defects were
removed by the stent retriever [Figure le]. During the
procedure, distal embolization occurred in the frontopolar
artery, which is a cortical branch of the right anterior cerebral
artery, as well as in the posterior parietal artery and the
angular artery, both of which are branches of the right MCA.
The distribution of these distal emboli suggested that the
embolus fragmented during retrieval and migrated to distal
vessels, including previously unaffected territory. These distal
emboli were unrecoverable, so the procedure was concluded.
Recanalization was achieved with thrombolysis in cerebral
infarction grade 2b, 199 min after symptom onset [Figure 1f].
Postprocedure CT revealed no hemorrhagic complications.
Diffusion-weighted magnetic resonance imaging on the
following day showed high signal intensity in the right
frontal operculum, temporal operculum, insular cortex,
medial frontal gyrus, cingulate gyrus, putamen, and corona
radiata [Figure 1g]. After treatment, the patient’s symptoms
gradually improved; however, mild hemiparesis in the left
upper limb remained. This residual neurological deficit was
suspected to be attributable to an infarction in the putamen
or corona radiata, likely caused by distal embolization.

Follow-up: Posttreatment evaluation of the embolic source
was conducted together with rehabilitation. The retrieved
emboli appeared as a white gelatinous substance atypical
of conventional thrombi [Figure le]. The gross findings
initially suggested the possibility of a cardiac myxoma;
however, the actual diagnosis differed from this initial
assumption. Histopathological examination of the emboli

revealed papillary structures [Figure 2a]. Each papilla
contains a poorly vascularized, eosinophilic myxomatous
stroma, which contains collagen fibers. A single layer of
endothelial cells lines the surface of the papilla. The presence
of myxoma cells characteristic of myxomas was not observed
[Figure 2a and b]. In conclusion, the emboli were diagnosed
as PFE, although the elastic fiber characteristics were not
evident. Transthoracic echocardiography did not reveal
intracardiac lesions. In contrast to the prethrombectomy
chest CT, which did not clearly visualize the cardiac lesion,
ECG-synchronized CT identified a 6-mm mass in the left
atrium [Figure 3a], and transesophageal echocardiography
confirmed it as a mobile lesion [Figure 3b]. Based on
these findings, the left atrial PFE was considered to be the
embolic source. On hospital day 18, the patient underwent
open thoracotomy for tumor resection. A gelatinous
mass was identified on the superior wall of the left atrium
[Figure 3c] and excised together with the surrounding tissue.
Histopathological examination of the resected mass revealed
findings identical to those of the emboli [Figure 4a and b].
The postoperative course was uneventful. The patient
exhibited residual neurological deficits, including fine
motor coordination impairments and sensory impairments
in the left upper limb, but was ambulatory and regained
independence in daily activities within the hospital. On
hospital day 36, the patient was transferred to a rehabilitation
facility with a modified Rankin Scale score of 2.

DISCUSSION

Cardiogenic or atherosclerotic thrombi cause most cases
of cerebral embolism.'?!] However, the underlying cause
is rarely nonthrombotic emboli. Nonthrombotic emboli
may consist of fat, air, calcified fragments, bacterial clumps,
and tumor tissue.'"?!) Cerebral tumor embolism is a rare

pathological condition, accounting for approximately 0.5%
of all ischemic strokes, in which the tumor tissue acts as an
embolus, leading to obstruction of the cerebral arteries.” The
most common cause of cerebral tumor embolism is cardiac

: & & ’,‘;\.M_ C S ‘h’]»‘
Figure 2: Histopathological examination of the emboli
(a: Hematoxylin and Eosin staining, 2x, b: Elastica and Masson
staining, 4x). (a) The lesion has a papillary structure. Each papilla
contains a poorly vascularized, eosinophilic myxomatous stroma. A
single layer of endothelial cells lines the surface. Myxoma cells were
not observed. (b) Collagen fibers are observed. The elastic fibers are
not evident.
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Figure 3: (a) Electrocardiography-synchronized computed tomography shows a 6-mm mass within the
left atrium (indicated by an arrow). (b) Transesophageal echocardiography shows mobility of the mass
in the left atrium (indicated by an arrow). (c) Intraoperative findings during open thoracotomy for
tumor resection show a gelatinous mass in the superior wall of the left atrium (indicated by an arrow).

Figure 4: Histopathological examination of the resected tumor (a:
Hematoxylin and Eosin staining, 2x, b: Elastica and Masson staining
4x). The lesion was excised along with the myocardium (indicated
by arrows) and the endocardium (indicated by arrowheads). The
histological features of the tumor are consistent with those of the
emboli.

tumors, such as myxoma, which are responsible for about
50% of cases of cerebral tumor embolism.”*! The second
most common source is pulmonary tumors, which can lead
to cerebral embolism through invasion of the pulmonary
veins or the left heart system.***! These epidemiological
findings have been confirmed since the increased use of
thrombectomy procedures. Historically, the diagnosis of
cerebral tumor embolism, excluding autopsy cases, lacked
histopathological confirmation of the identity between the
embolus and its source. The clinical diagnosis of tumor
embolism was made by screening for potential embolic
sources and considering the tumor as the most likely
cause. Recently, the widespread adoption of thrombectomy
has enabled the retrieval of embolus, thus allowing for
histopathological confirmation. A more definitive diagnosis
is now possible by demonstrating the histopathological
identity between the retrieved embolus and the suspected
tumor tissue. Consequently, the number of cases of
cerebral tumor embolism caused by various tumors has
increased.>#1017:222426321 - This  development emphasizes
the dual role of thrombectomy as both a therapeutic
intervention and a diagnostic tool for identifying rare
etiologies of ischemic stroke.[-410:17:22:24,2632]

PFE is a benign cardiac tumor first described by Cheitlin et al.
in 1975.51 PFE and cardiac myxoma are commonly associated
with cerebral tumor embolism.!" PFE is a rare cardiac tumor
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but is the third most common after myxoma and lipoma, with
a reported incidence of approximately 0.002% in autopsy
studies.!! However, the detection rate of PFE has risen with
advances in echocardiographic imaging, increased utilization
of cardiac ultrasonography, and growing awareness of the
condition. PFE has possibly surpassed myxoma as the
most common benign cardiac tumor.”" PFE is generally
considered benign, but its true neoplastic nature remains
uncertain. The etiology of PFE is not well understood, and its
macroscopic, microscopic, and molecular heterogeneity has
led to hypotheses that these lesions may represent tumors,
hamartomas, organized thrombi, or abnormal endocardial
responses to trauma.'s! Histopathologically, PFE has a
characteristic papillary structure. Each papilla consists of
a poorly vascularized, eosinophilic myxomatous stroma
with dense cores of elastic and collagen fibers. The surface
of each papilla is lined by a single layer of endothelial cells
that transition into the endocardium at the lesion base.
Macroscopically, PFE typically appears as gelatinous, sea
anemone-like structures with a lobulated morphology and is
frequently pedunculated, usually with a short stalk forming
the attachment to the endocardial surface.®!#!

Cardiac tumors, exemplified by myxomas, are widely
recognized as causes of cerebral embolism. However, the
increasing detection rates of cardiac tumors indicate that
PFE is also a significant cause of cerebral tumor embolism.
A study reviewing 37 cases of cerebral tumor embolism
treated with thrombectomy reported that 17 cases (45%)
were of cardiac origin, including 11 myxomas (29.7%) and
6 PFEs (16.2%).5%*! The similarities and differences between
PFE and myxoma are summarized in Table 1. Approximately
80% of PFEs originate from the valvular apparatus or
annulus, predominantly in the heart valves of the left side.
Among these, 44% arise from the aortic valve, followed by
35% from the mitral valve. In contrast, myxoma typically
originates from within the cavities, with 75% occurring in
the left atrium and 15-20% in the right atrium. PFE tends to
be smaller than myxoma,!" with an average size of 9 mm®""
compared to 50-60 mm for myxoma.” Consequently, PFE
is asymptomatic in about 60% of cases.” Both PFE and
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Table 1: Comparison of the characteristics of PFE and myxoma.

PFE

Myxoma

Common sites

Average size

Macroscopic findings

Pathological findings

Pathophysiology

Treatment

Cardiac valve, especially the mitral valve and aortic
valvel's!

9 mmP”

Pedunculated and sea-anemone-like structures with
lobulated morphology!®1#3°!

Papillary structure lined by a single layer of endothelial
cells!®1835)

Myxomatous stroma with deposits of acid
mucopolysaccharides!®!5

Dense cores of elastic and collagen fibers!®!#3

Poorly vascularized tissue

Asymptomatic (60%), TIA/CI (19%), angina pectoris
(8%), MI (4%), heart failure (4%), sudden death (3%)?*

Surgical intervention: symptomatic, mobile, left-sided, or

Cardiac cavity, especially the left atrium®!

50-60 mm?”

Pedunculated®”

Myxoma cells appear stellate or fusiform!”
Myxomatous stroma with deposits of acid
mucopolysaccharides!”**!

Mesenchymal tissue with abundant vascularity!

Heart failure/sudden death (67%), systemic
inflammatory response due to IL-6 (34%), TIA/CI
(20%), other systemic embolism (9%)?*!

Surgical intervention®!

>10 mm lesions!'®

Anticoagulation therapy: other lesions!"

PFE: Papillary fibroelastoma, TIA: Transient ischemic attack, CI: Cerebral infarction, MI: Myocardial infarction, IL-6: Interleukin-6

myxoma are classified as benign tumors but are associated
with severe embolic complications, including ischemic
stroke and coronary ischemia.® Embolic events are often
caused by fragmentation of the tumor itself or by fibrin
thrombi forming on the tumor surface.”® Myxoma carries
the risk of fatal embolic events, including sudden death,
thus requiring urgent surgical excision as the standard
treatment.”” PFE carries similar embolic risks, but their
management is less clear due to the frequent detection of
asymptomatic cases.'" Surgical intervention is generally
recommended for symptomatic, mobile, left-sided, or
>10 mm lesions.!" Careful observation may be considered
for asymptomatic cases or if cardiac surgery is high
risk.'®" Anticoagulation therapy has been advocated to
prevent embolism from microthrombi, but the evidence
supporting this approach remains limited."¥ Myxoma
carries the risk of recurrence, so the standard surgical
approach is wide excision, including the surrounding
tissues.!®*! In contrast, the postoperative recurrence rate of
PFE is reported to be 0-1.6%, so the indications for extended
resection remain unclear.!">3!

An important point to note in this case is distal embolization.
Although distal embolization is common as a technical
complication of thrombectomy, the distal embolization in this
case may be attributed to the nature of the embolus. Distal
embolization typically occurs due to thrombus fragmentation
and embolic migration during retrieval.®® This was also
observed in our case. Thrombectomy was performed using a
combined technique with a stent retriever and an aspiration
catheter, which resulted in distal embolization. This may
be related to the embolus being composed of tumor tissue.

Tumor emboli are soft and fragile.®***! Therefore, retrieving
with a stent retriever is more likely to fragment the soft
embolus, increasing the risk of distal embolization.?*? In
contrast, retrieving with an aspiration catheter is less likely
to fragment the embolus and may also shorten the procedure
time, potentially making it more suitable for retrieving tumor
emboli.?**! In our case, preprocedural evaluation indicated
a low likelihood of tumor embolism. However, if tumor
embolism had been considered highly likely based on the
preprocedural assessment, a more careful selection of the
thrombectomy technique would have been warranted.

In the present case, the macroscopic findings of the retrieved
emboli raised the suspicion of a cardiac tumor. Subsequent
imaging identified a cardiac lesion, which was surgically
resected as the embolic source. Pathological examination
confirmed the histopathological identity between the
retrieved emboli and the resected tumor tissue, establishing
the diagnosis of cerebral tumor embolism caused by cardiac
PFE. Only one previous similar case of PFE manifesting as
cerebral tumor embolism identified the embolic source
by imaging, and surgical resection was performed.!'! In
contrast, scattered reports have suggested PFE as the embolic
source based on pathological findings, but the embolic
source could not be identified by imaging, so clinical
observation was continued without intervention.?
PFE may have been underdiagnosed in the past because
of its small size and limited recognition within the field of
cerebrovascular diseases. In the present case, the lesion was
not detected by both contrast-enhanced CT of the chest and
transthoracic echocardiography; however, it was successfully
identified using ECG-synchronized CT and transesophageal
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echocardiography. PFE, like myxoma, has the potential to
cause fatal embolic events despite their small size. Therefore,
persistent efforts to detect these lesions are essential.

CONCLUSION

The present case of PFE manifesting as cerebral embolism
was treated with mechanical thrombectomy. The differential
diagnosis based on the retrieved embolus should consider
not only myxoma but also PFE. PFE is smaller and more
challenging to detect compared to myxoma but carries a
similar risk of fatal embolic events. Therefore, persistent
efforts to detect PFE are essential.
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