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Abstract

Cardiac myxomas are the most common benign neoplasm of the heart, although their prevalence in the general population
is relatively low. They are most frequently located in the left atrium and primarily affect women. Although they represent only
1% of cases of stroke, patients with cardiac myxoma are at higher risk of experiencing them. Inmediate surgical resection
is the treatment of choice to prevent complications. The American Heart Association considers thrombolysis as the most
appropriate treatment for stroke in these patients, in addition to thrombectomy as an equally safe treatment. Stroke is among
the most common neurological complications, while aneurysms and brain metastases occur less frequently. The objective of
this article is to perform a general review of cardiac myxomas, their diagnosis, and secondary neurological complications, in
addition to presenting a series of cases reported in a tertiary center in Mexico City. Timely diagnosis and treatment are es-
sential to prevent complications that may jeopardize the patient’s life or impair their functionality.
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Enfermedad vascular cerebral como complicacion neuroldgica del mixoma cardiaco:
serie de casos y revision de la literatura

Resumen

Los mixomas cardiacos son la neoplasia benigna mds comun del corazon, aunque su prevalencia en la poblacion general
es relativamente baja. Se ubican con mayor frecuencia en la auricula izquierda y afectan principalmente a las mujeres.
Aunque representan solo el 1% de los casos de accidente cerebrovascular, los pacientes con mixoma cardiaco tienen un
mayor riesgo de experimentarlos. La reseccion quirdrgica inmediata es el tratamiento de eleccién para prevenir complica-
ciones. La American Heart Association considera que la trombdlisis es el tratamiento mas apropiado para el infarto cerebral
en estos pacientes, ademas de la trombectomia como un tratamiento igualmente seguro. Entre las complicaciones neuroldgi-
cas mds comunes se encuentran los infartos cerebrales, ademds de los aneurismas y las metastasis cerebrales con menor
frecuencia. El objetivo de este articulo es realizar una revision general de los mixomas cardiacos, su diagndstico y las
complicaciones neuroldgicas secundarias, ademds de presentar una serie de casos reportados en un centro de tercer
nivel en la Ciudad de México. El diagndstico y tratamiento oportunos son esenciales para prevenir complicaciones que
puedan poner en peligro la vida del paciente o afectar su funcionalidad.

Palabras clave: Neoplasias cardiacas. Mixoma. Accidente cerebrovascular. Trastornos cerebrovasculares. Neoplasias encefélicas.
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Introduction

Cardiac myxomas are the most common benign pri-
mary neoplasm of the heart. They have the potential to
embolize and grow at the site of implantation, which
can cause infarction in other organs such as the brain'.
It is crucial to perform a timely diagnosis and treatment
to prevent complications that endanger life and affect
functionality?.

The aim of this article is to conduct a comprehensive
review of cardiac myxomas and their relationship with
neurological complications and to present a series of
reported cases in a third-level center in Mexico City.

Epidemiology

Cardiac tumors are extremely rare, their prevalence
is higher in Europe and North America, with 0.117 and
0.114 cases, respectively, and lower in Turkey and
South America, with 0.0413 and 0.058 cases, respec-
tively?. The incidence of these tumors is 1.38-30 cases
per 100,000 inhabitants/years. Of the total primary
cardiac tumors, 80-85% are benign. Among them,
70% are myxomas, 15-20% are lipomas, and 10-15%
are papillary fibroelastomas, which are the most com-
mon. The remaining 10-20% of primary tumors are
malignant’45.

The prevalence of cardiac myxoma is 0.03% in the
general population and the annual incidence is 0.5-
1 case/million. Epidemiologically, they are divided into
sporadic or familial cases (corresponding to the Carney
complex), with the former being the most common,
accounting for 95% of myxoma cases®. These condi-
tions can occur at any age, with preference for females,
with a ratio of 3:167.,

Anatomy

Myxomas have a preference for the atrium as the most
common location for growth, although they can affect any
cavity of the heart. The affected sites include 60-90% in
the left atrium, 12.7 to 28% in the right atrium, 1.7 to 8%
in the right ventricle, 0.6-4% in the left ventricle, and 0.8-
1.6% are multifocal*. Commonly, they originate in the
limbus of the oval fossa of the atrial septum. However,
they can also arise from the posterior atrial wall, the an-
terior atrial wall, and the atrial appendage®.

Myxoma can appear as polyps in up to two-thirds of
cases while having a solid or papillary structure in one-
third of cases. Compared to papillary myxomas, they are
softer. The polyps are pedunculated, more compact, and

less prone to fragmentation and subsequent emboliza-
tion. On the other hand, papillary or villous myxomas are
gelatinous, more fragile, and less compact. They have a
higher potential for fragmentation and embolization to-
ward the central nervous system, kidney, spleen, limbs,
and coronary vessels®®.

Histology

Cardiac myxomas consist of spindle-shaped and po-
lygonal star-shaped cells embedded in an amorphous
myxoid stroma. Multinucleated cells may also be pres-
ent in some cases. These cells are arranged in chains
or clusters around the capillaries®. The tumor surface
is often covered by flattened endothelium, while the
tumor mass is abundantly supplied with vessels that
have thin walls and lack pericytes'’.

The histogenesis of the myxoma is not well under-
stood, but the current understanding is that it originates
from primitive pluripotent mesenchymal cells. The
genes encoding cardiac precursor markers can reacti-
vate and express themselves in cells of the cardiac
myxoma, causing differentiation along endothelial or
endocardial lines'. A previous hypothesis was that
myxomas originated from Prichard structures. These
structures are microscopic, lined by thick endothelial
cells, and are found in the oval fossa. Another hypoth-
esis suggested that myxomas originated from neuroen-
docrine tissue'.

Clinical presentation

The clinical manifestations of myxoma can be divided
into three groups. The first is the systemic group, which
includes constitutional symptoms such as fever, arthral-
gia, weight loss, and fatigue. The second group is the
cardiac group, caused by the mass effect that interferes
with cardiac function and blood flow. This can lead to
arrhythmias, regurgitation, or pericardial effusion, with
or without tamponade, also affecting the cardiac valves
and causing dyspnea, chest discomfort, and syncope.
Finally, the third group is the group of embolic compli-
cations, which can include pulmonary or systemic
thromboembolism caused by the tumor’.

Neurological complications occur as a result of em-
bolic events. These complications can manifest in var-
ious ways, such as neurological syncope, headache,
dizziness, seizures, transient ischemic attacks, isch-
emic or hemorrhagic strokes caused by aneurysm rup-
ture, and brain metastases™'. These complications
can initially occur in up to 80% of myxoma cases'.
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Diagnosis

The diagnostic protocol for cardiac myxomas in-
cludes imaging studies such as echocardiography,
computed tomography (CT), and cardiovascular mag-
netic resonance (CMR). Less commonly used tests,
such as positron emission tomography (PET) and an-
giography, may also be employed. Each of these stud-
ies offers specific information that is valuable for the
diagnostic approach, preoperative planning, assessing
the disease’s extent, and establishing a definitive his-
topathological diagnosis.

Echocardiography

Echocardiography is the primary diagnostic study
and is performed using two modalities: transesopha-
geal echocardiogram (TEE) and transthoracic echocar-
diogram (TTE). TEE demonstrates superior sensitivity
at 100%, compared to 95% for TTE. It also has a higher
capability to identify insertion points, with 95.2% com-
pared to 64.5% for TTE. Furthermore, TEE offers ad-
vantages in observing small lesions'.

Echocardiography enables the characterization of tu-
mors based on their size, morphology, location, extent,
and hemodynamic effects, as well as the shape of the
mass (Fig. 1). Myxomas appear as spherical masses
attached to the endocardial surface, sometimes with
hypoechoic internal areas, speckled echogenic spots,
and typically echogenic calcifications®®.

In addition, it enables the assessment of myocardial
perfusion and the comparative perfusion of a cardiac
mass, enhances the clarity of intracavitary structures,
and evaluates vascularization distinguishing between
vascular and non-vascular tumors or thrombi relies on
how cardiac masses differ in perfusion. Myxomas often
have poor blood irrigation, with quantitatively lower per-
fusion than the surrounding myocardium. Thrombi are
avascular and do not perfuse in the echocardiogram,
while malignant tumors are highly vascularized due to
abnormal neovascularization, resulting in greater en-
hancement compared to adjacent myocardium'”.

In a study involving 27 patients with cardiac myxoma,
TTE revealed several findings. Liquefaction was ob-
served in 18.5% (5/27) of the cases, characterized by
an irregular anechoic cystic mass with a small fraction
of hypoechoic basement. Calcifications were found in
70.4% (19/27) of the cases, presenting a hyperechoic
appearance with shadow, multiple nodules in different
positions of the heart in 11.1% (3/27), and high prolifer-
ative activity was observed in 7.4% (2/27) with irregular

masses of large size and wide base, accompanied by
abundant blood supply. These echocardiographic char-
acteristics resemble those of malignant carcinoma, and
a predilection for the right ventricle is noted'®.

CT

CT is a diagnostic method that can be used as an
alternative to echocardiography and CMR. It offers high
spatial and temporal resolution, the ability to recon-
struct multiplanar images, and rapid acquisition times.
These features enable precise delineation of lesion
margins and their relationship with tissue planes, which
are valuable for surgical planning'®.

Myxomas can be observed with CT scans as rounded,
movable, lobulated, and well-defined masses, typically
with a narrow pedicle. They often have a heterogeneous
appearance and may contain areas of calcification. CT
is a valuable tool for assessing the size, shape, location,
and calcification of myxomas. The appearance of myxo-
mas can vary depending on their composition, such as
the presence of hemorrhage, calcification, necrosis, fi-
brosis, or cystic changes'. CT is also useful in tumor
staging, as it can detect metastases in cases of
suspected malignancy. However, it has some disadvan-
tages, such as radiation exposure and limited temporal
and soft tissue resolution when compared to MRI'™.

In non-contrast CT scans, the tumor typically has low-
er attenuation compared to non-opacified blood. Myxo-
mas often exhibit heterogeneity due to various factors
such as hemorrhage, calcification, ossification, necrosis,
cysts, or fibrosis. Tumors may also demonstrate visible
enhancement after the administration of contrast, al-
though this may be less pronounced than in magnetic
resonance imaging (MRI) and could be challenging to
observe due to the presence of highly contrasted sur-
rounding blood. Dual-energy CT with a medium iodine
concentration is effective in accurately determining if a
mass exhibits visible growth'>".

CMR

It provides a comprehensive and non-invasive eval-
uation of the mass, its potential involvement of the
cardiac chambers, the pericardium, extracardiac struc-
tures, and its surrounding anatomy. This is useful in
surgical planning®. CMR enables the evaluation of var-
ious characteristics of the heart, including morphology,
dimensions, location, extent, homogeneity, and the
presence of infiltration in the surrounding tissues. In
addition, CMR can provide valuable information about
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Figure 1. Transthoracic echocardiogram. Two-dimensional echocardiography, parasternal long axis view. A: an
intracardiac mass is observed, compatible with intracardiac myxoma measuring 74 x 24 mm, with an implantation base
at the level of the oval fossa, which protrudes into the ventricular cavity. Apical four-chamber view. B: transmitral flow
is shown in pulsed Doppler mode, with a mean transmitral gradient of 3.5 mmHg, without valvular obstruction. C: an
intracardiac mass is observed in the left atrium that protrudes into the ventricular cavity.

signal characteristics that assist in histopathological
characterization, such as fatty infiltration, necrosis,
hemorrhage, calcification, and vascularity'S.

To differentiate between tumors and thrombi, especially
if they originate in the left atrial appendage, late gadolin-
ium enhancement sequences performed 10-15 min after
contrast administration is useful. Enhancement is usually
heterogeneous, and it has been observed that enhanced
areas correspond to regions rich in myxomatous tissue
and focal inflammation. Internal cysts or necrosis could
cause non-enhanced areas as well. First-pass perfusion
studies may show mild, heterogeneous enhancement.
Another sequence that can help differentiate between
myxoma and thrombus is the inversion time. Steady-state
free precession cine images are useful for evaluating
myxoma function, as mobile lesions can prolapse through
the AV valve during diastole. If there is associated mitral
valve obstruction, features such as left atrial enlarge-
ment, pulmonary venous hypertension with pulmonary
vascular redistribution, and pulmonary edema can be
observed on X-rays, CT, and MRI®®

Some limitations of CMR are its lower temporal res-
olution, prolonged acquisition times (30 min-1 h), limited
availability, and contraindications in hemodynamically
unstable patients or those with older generation cardiac
devices, as well as in patients with claustrophobia'®.

PET

PET provides an accurate assessment of the metabol-
ic activity of tumors using fluorodeoxyglucose (18F-FDG).

It is useful in the staging of malignant tumors, the detec-
tion of possible involvement of the myocardium and peri-
cardium, the evaluation of early responses to cancer
therapies, the planning of radiation therapy, and the op-
timization of sites for biopsy sampling®®.

The level of FDG uptake in tumors is a valuable tool
for distinguishing between benign and malignant tu-
mors. A study on the detection of benign versus malig-
nant cardiac masses found that this method has a
sensitivity of 100% and a specificity of 92%!©.

Angiocardiography

Angiocardiography is rarely used as a diagnostic
method due to the availability of non-invasive studies
and greater accessibility to other tests such as echo-
cardiography, in addition to the risk of embolization of
tumor fragments during the procedure. In angiocardiog-
raphy, tumors usually appear as filling defects. In cases
of left atrial myxoma, a radiotransparent mass within the
left atrium can be visualized on the pulmonary angio-
gram®'°, The usefulness of this lies in providing valuable
pre-operative information by identifying the blood ves-
sels that supply blood to the cardiac myxoma'®.

Histopathology

In general, immunohistochemistry is used to detect
cardiac myxomas. This technique utilizes a variety of
biomarkers such as CD31, CD34, CD56, FVII Ag, S-100
protein, calretinin, vimentin, desmin, smooth muscle my-
osin, al-antitrypsin, and alpha 1-antichymotrypsin2°.
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Myxoma surgery

Functionally, myxomas are considered malignant due
to the embolic phenomena they can cause due to the
mass effecté. To prevent complications, it is important to
perform surgical resection as soon as possible. During
the procedure, systemic anticoagulation is required for
the resection of the myxoma. However, this can increase
the risk of intracranial hemorrhage. Despite this risk,
various studies and reported series have shown that the
procedure is generally safe with low or no mortality?'.

Surgical resection of the myxoma is the preferred
treatment to alleviate symptoms and prevent neurolog-
ical complications. However, there is still uncertainty
regarding the best timing for surgery following the oc-
currence of neurological complications, such as cere-
bral infarction®.

At present, there are new surgical approaches and
minimally invasive techniques?®?, as well as technology
used in surgeries such as robotic surgery??, which
helps reduce post-operative complications, further de-
crease mortality, and restore quality of life early on, in
addition to enabling early return to work and daily ac-
tivities®. It has also improved the availability and types
of treatments, with reports of up to 2.45% of patients
undergoing resection of cardiac myxoma undergoing
heart transplantation?.

The recurrence rate in the resection of benign atrial
tumors is lower compared to malignant tumors from the
same site (0.8% vs. 22.2%)?*. Some factors that in-
crease the risk of recurrence include incomplete tumor
resection due to limited tumor exposure, multifocal, and
genetic conditions'®22,

Up to 25.5% of patients may experience postopera-
tive complications. These can include pulmonary infec-
tions in 5.1% of cases; arrhythmias in 2.3%; embolism
in 1.5%; and less frequently, pulmonary hemorrhage,
and cerebral hemorrhage secondary to embolism, as
well as nerve injuries®®. In another series, a frequency
of 20.6% of arrhythmias during the immediate post-op-
erative period and transient ischemic attacks in 6.7-
10.5% was described?®. The main causes of death in
the post-surgical follow-up are heart failure, massive
cerebral embolism, and pneumonia®.

Neurologic complications

Cerebrovascular disease

Embolism can lead to the development of ischemic
cerebral infarctions (Fig. 2). In patients with myxoma,

systemic embolism occurs in 30-50% of cases, with
50% of those embolizations affecting the central ner-
vous system and the retinal artery. This is attributed
to the biological ability of myxoma to detach and
cause embolization or to the tumor’s morphology,
especially when it has an external velvety appear-
ance, which independently increases the risk of em-
bolism (OR = 8.7; 95% confidence interval [Cl]: 2.4-
42.1; p < 0.001)°.

The risk factors associated with embolism in patients
with myxoma include NYHA class l/ll heart failure
(OR =2.98, 95% Cl = 1.66-5.33, p < 0.01), hypertension
(OR = 1.41, 95% CI = 1.04-1.92, p = 0.03), irregular
tumor surface (OR =3.99, 95% Cl = 3.04-5.25, p < 0.01),
atypical location (OR = 1.81, 95% Cl = 1.13-2.88,
p = 0.01), narrow-based tumors (MD = -0.36, 95%
Cl = -0.51--0.22, p < 0.01), and increased levels of fi-
brinogen (MD = 0.62, 95% CI = 0.28-0.95, p < 0.01)%".

Myxomas are a rare cause of ischemic brain infarc-
tions, accounting for < 1% of cases. Cardiac myxomas
represent < 1% of cases of stroke. Risk factors asso-
ciated with a higher risk of stroke include tumor size
smaller than 30 mm (OR = 2.652, 95% CI: 1.061-6.627,
p = 0.037), highly mobile tumors (OR = 2.700, 95%
Cl: 1.357-5.371, p = 0.005), thrombus on the tumor
surface (OR = 1.856, 95% Cl: 1.003-3.434, p = 0.049),
and lower levels of BNP (OR = 0.995, 95% CI: 0.989-
0.999, p = 0.047)%.

The American Heart Association, in conjunction with
the American Stroke Association, considers
thrombolysis as a viable treatment for patients with
cardiac myxoma presenting with stroke?®. This state-
ment is based on reported cases that have demon-
strated the effectiveness and safety of intravenous
and intra-arterial thrombolysis treatment. Clinical im-
provement, defined by a reduction of 4 or more points
on the NIHSS scale, has been observed in 52.2%-
64.3% of multicenter series. It has also been found
that standard-dose alteplase leads to a higher rate of
neurological improvement compared to low doses
(64.3% vs. 37.5%, respectively)?®. In cases where
proximal arterial occlusion is documented, mechanical
thrombectomy is indicated®.

Resection of the myxoma prevents neurological com-
plications and should be performed as soon as possi-
ble. In patients with cerebral infarction, it has been
observed that a prolonged interval between cerebral
infarction and myxoma resection is significantly asso-
ciated with recurrent cerebral infarction (p = 0.021)'3,
as well as prolonged symptoms at the time of surgery
(OR = 1.046, 95% CI: 1.005-1.088, p = 0.029)%°.
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Figure 2. Cerebral magnetic resonance imaging. A and B: cerebral metastases are shown in the right temporal lobe.

Cerebral aneurysm

Neoplastic cerebral aneurysms are extremely rare but
have high morbidity and mortality. The first aneurysm
secondary to cardiac myxoma was reported in 1966°'.
They occur in 13-56% of patients with myxoma, with a
higher risk of aneurysm rupture (20-25%) compared to
aneurysms of other etiologies®, which can result in intra-
cerebral hemorrhage in 19.6% of cases. Typically, they are
treated with open surgery, chemotherapy, radiation thera-
py, endovascular occlusion with coils, or conservatively3,

The prognosis of a neoplastic cerebral aneurysm de-
pends on the histology of the primary tumor®. It is sig-
nificantly better in the case of cardiac myxomas compared
to choriocarcinoma or other carcinomas (p < 0.0001). The
mortality rate for cardiac myxomas is 11.4%, while for
choriocarcinoma and other carcinomas, it ranges from
60.9% to 92.3%, respectively. Furthermore, 77.3% of pa-
tients with cardiac myxomas remain stable, either with or
without the disappearance of the aneurysm?3.

At present, there are no established guidelines for
the treatment of aneurysms caused by cardiac myxo-
mas. However, a conservative approach and regular
radiological monitoring are typically preferred. In most
cases, the aneurysms remain stable, and in some in-
stances, they may even regress spontaneously. It has

been observed that the risk of delayed cerebral aneu-
rysm formation is not reduced, even if a cardiac tumor
resection is performed3.

Brain metastases

Brain parenchymal metastases are typically removed
through surgical resection®. Studies have shown that
the combination of temozolomide and radiosurgery can
help eliminate and control the recurrence of metastatic
myxoma'. In addition, it has been reported that low-
dose radiation combined with chemotherapy can assist
in the degradation of metastases. An alternative option
is frameless stereotactic radiosurgery, which is less in-
vasive compared to endovascular or open surgery and
has fewer systemic effects from chemotherapy?®.

Prognosis and surveillance

Benign primary neoplasms of the heart have a late
mortality rate of 0.79%2. Among a series of 180 surgi-
cally treated patients, the mortality rate was 2.4% and
the tumor recurrence rate was 0.8% during an average
follow-up period of 48 months?.

Cardiac myxomas have a disease recurrence rate of
2-3%°" and neurological complications in up to 12% of
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Table 1. Summary of characteristics of patients with myxoma and cerebrovascular disease

w i w

51/M
2 37M
3 44F
4 54/F
5 39M
6 16/M
7 28/F
8 40F
9 36/M
10 18/F
1 53/M

Dyslipidemia
and
alcoholism

Dyslipidemia

Acute arterial
insufficiency
and
supracondylar
amputation

Dyslipidemia

Diabetes

mellitus type 2,

dyslipidemia,
and active
smoking

Migraine and
ischemic
heart disease

Unknown

Unknown

Family history
of stroke and
ischemic

heart disease

Dyslipidemia

Type 2
diabetes, verte
brobasilar
stroke

Left atrial
myxoma

Left atrial
myxoma

Left atrial
myxoma
36mm x
18 mm

Left atrial
myxoma

Atrial
myxoma

Atrial
myxoma

Atrial
myxoma

Left atrial
myxoma

Atrial
myxoma

Atrial
myxoma

Left atrial
myxoma

Clinical

presentation

Dysarthrias,
left central
facial paresis,
left
hemiparesis
NIHSS 4

Loss of
awake state,
motor
aphasia, right
hemiparesis,
initial

NIHSS 4
Loss of
awake state,
seizures,
initial

NIHSS 10
Right-hand
paresis,
dizziness, and
decreased
visual acuity

Memory loss,
headache,
weakness

Right
hemiparesis,
headache,
campimetry
deficit, initial
NIHSS of 16
Left
hemiparesis,
initial N
IHSS of 12
Right
hemiparesis
and
headache

Seizures,
headache,
dizziness,
hemiparesis

Hemiparesis,
headache

Loss of awake
state, deviation
of the lip
corner to the
left, right
central facial
paralysis,
dysarthria,
right
hemiparesis,
motor aphasia,

M: male; F: female; ASA: acetylsalicylic acid; mRS: modified Rankin Scale.

Affected
arterial
territory

Right middle
cerebral artery

Left middle
cerebral artery

Left middle
cerebral artery

Multiple
territories

Middle
cerebral artery

Internal
carotid

Right middle
cerebral artery

Multiple
territories

Middle
cerebral artery
and
lenticulostriate
arteries

Left middle
cerebral artery

Multiple
territories
Posterior
communicating
artery inferior
posterior
cerebellar
artery

Myxoma

treatment

Myxoma
resection
surgery

Myxoma
resection
surgery and
mitral valve
plasty

Myxoma
resection

surgery

Myxoma
resection
surgery and
mitral valve
plasty

Myxoma
resection
surgery

Myxoma
resection

surgery

Myxoma
resection

surgery

Myxoma
resection

surgery

Myxoma
resection
surgery

Myxoma
resection

surgery
Myxoma
resection
surgery

Treatment

Thrombolysis

Thrombolysis

Thrombectomy

ASA, statins

Thrombectomy

Thrombolysis

Thrombolysis

Thrombolysis

ASA, statins

Thrombolysis

Thrombectomy
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cases’. Therefore, some authors recommend perform-
ing annual echocardiographic follow-up after surgery for
4 years® to detect recurrence of the disease or new
neurological complications. However, since there are
reports of recurrence occurring up to 3, 7, or more years
later®25 and of cerebral aneurysms appearing up to 7
and 25 years after surgery for myxoma3"%, it is import-
ant to actively monitor the patient for a longer period of
time.

Case series presentation

A series of cases is presented with the presentation
of cerebrovascular disease and cardiac myxoma diag-
nosed incidentally during the stroke study protocol and
treated at a third-level center in Mexico City (Table 1).
Eleven patients with a mean age of 37.5 years + 13.1
at the time of cerebrovascular disease symptoms were
included, with a range of 16-54 years. Fifty-five percent
(n = 6) were women and 45% (n = 5) were men. All
patients presented symptoms consistent with stroke,
and up to 18% had a history of transient ischemic at-
tacks before the first ischemic event.

The studies carried out were part of the medical pro-
cedures. All patients underwent a brain tomography as
part of the initial study protocol for stroke, and an echo-
cardiogram in the early days of hospitalization was
performed and interpreted by an echocardiologist.
None of the patients were aware of their myxoma diag-
nosis before the first stroke. In some cases, cerebral
MRI and angiography were performed for diagnostic
and therapeutic purposes of the stroke. In some pa-
tients, CT or CMR was performed as part of the pre-sur-
gical protocol for myxoma resection.

All patients presented with cardioembolic stroke
(100%, n = 11), and all were incidentally diagnosed
with myxoma during the search for the etiology of the
stroke. Initially, thrombolysis was used (54%, n = 6)
and mechanical thrombectomy was performed (27%,
n = 3) without complications, adjusting the pharma-
cological treatment with antiplatelet and anticoagu-
lant medications, and subsequently, the myxoma was
resected.

The average length of hospital stay during the first
stroke event was 10.67 + 11.8. Up to 64% (n = 7) re-
mained without cardiac symptoms after the resection
and during follow-up. Patients were assessed for func-
tional capacity using the modified Rankin Scale (mRS)
at discharge and during follow-up at 3, 6, and 18 months.
At discharge, 54% (n = 6) had a good functional out-
come (MRS < 2 points) and 45% (n = 5) had a poor

functional outcome (MRS > 3 points). At 18 months,
64% (n = 7) had a good functional outcome and 36%
(n = 4) had a poor functional outcome.

The average follow-up period was 21.5 + 17.2 months.
Among the patients, 18% (n = 2) experienced recurrent
strokes, and brain metastasis was found in one of these
patients.

Discussion

Although cardiac myxomas have a low prevalence,
several case series have been documented in Mexico.
The Cardiology Hospital of Centro Médico Nacional
Siglo XXI reported 51 primary cardiac tumor cases over
16 years, with 74% being myxomas*’. The Centro Médi-
co Nacional 20 de Noviembre reported 34 myxoma
cases over 11 years*'. In addition, the Centro Médico
ABC also reported 12 cardiac tumor cases over
12 years, where 75.1% were myxomas, occurring more
frequently in women at a ratio of 5:1%2. Our report in-
cludes 11 cases recorded over a 25-year period.

Diagnosis and treatment present significant challenges
within our country’s health systems. Regular long-term fol-
low-up using imaging studies such as echocardiography
and MRl is required to detect new tumors or brain lesions.
While guidelines recommend a 4-year follow-up®, numer-
ous cases have been reported beyond this timeframe®43,

In our case series, two patients experienced recurrent
stroke after myxoma resection. The first patient had three
strokes at 3-, 8-, and 24-month post-surgery and the
second had two at 5- and 51 months after the myxoma
resection. In both cases, follow-up was lost multiple
times, which prevented imaging studies from being per-
formed to assess any tumor growth. As a result, we as-
sociate tumor growth with the recurrence of stroke.

The risk of recurrent stroke grows with increasing
time intervals between the initial cerebral infarction
and the surgical resection of the myxoma**. In our
series, patients with recurrence had a time interval of
2-3 weeks between the first stroke and myxoma re-
section, and this may have increased the risk of re-
current strokes.

Myxoma resection is the only treatment that can pre-
vent neurological complications®* since up to 46% of
patients with recurrence of cerebral infarction were on
antiplatelet or antiplatelet treatment*. In our case se-
ries, patients were given platelet and anticoagulant
treatment in the acute stroke and long-term antiplatelet
treatment was implemented.

Treatment of stroke with thrombolysis and thrombec-
tomy seems to be effective treatment with a good



R. Solis-Gémez et al. Stroke as complication of cardiac myxoma

prognosis, especially in the case of thrombolysis. Rao
et al. (2022) found in a study involving patients with
cerebral infarction and myxoma that the average mRS
was 2 for patients treated with thrombolysis and 3 for
those treated with mechanical thrombectomy at dis-
charge and at the 3-month follow-up?°,

In this case series, six patients underwent thrombol-
ysis treatment. The average mRS at discharge was 2,
dropping to 1.6 at the 6-month follow-up. On the other
hand, three patients were treated with thrombectomy.
The average mRS for these patients was 2.3 at both
discharge and the 6-month follow-up. All patients re-
mained free from complications.

Conclusion

Myxomas are a rare cause of cerebrovascular dis-
ease. Therefore, it is crucial to identify the cardiac tumor
early on to allow for prompt resection as the initial treat-
ment, to prevent neurological complications. Patients
who experience a cardioembolic event should undergo
a comprehensive diagnostic protocol to determine the
cause, such as the presence of a blood clot or emboli-
zation due to an intracardiac tumor. Once the diagnosis
is confirmed, the stroke is treated, and the myxoma is
removed and patients should be closely monitored for
any recurrence of the primary tumor and potential sub-
sequent neurological complications.

Funding

The authors declare that this work was carried out
with the authors’ own resources.

Conflicts of interest

The authors declare that they have no conflicts of
interest.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that the procedures followed were in
accordance with the regulations of the relevant clinical
research ethics committee and with those of the Code
of Ethics of the World Medical Association (Declaration
of Helsinki).

Confidentiality of data. The authors declare that
they have followed the protocols of their work center on
the publication of patient data.

Right to privacy and informed consent. The au-
thors have obtained the written informed consent of the
patients or subjects mentioned in the article. The cor-
responding author is in possession of this document.

Use of artificial intelligence for generating text.
The authors declare that they have not used any type
of generative artificial intelligence for the writing of this
manuscript nor for the creation of images, graphics,
tables, or their corresponding captions.

References

1. Tyebally S, Chen D, Bhattacharyya S, Mughrabi A, Hussain Z, Manisty C,
et al. Cardiac tumors: JACC cardiooncology state-of-the-art review. JACC
Cardio Oncol. 2020;2:293-311.

2. Rahouma M, Arisha MJ, Elmously A, EI-Sayed Ahmed MM, Spadaccio C,
Mehta K, et al. Cardiac tumors prevalence and mortality: a systematic
review and meta-analysis. Int J Surg. 2020;76:178-89.

3. Poterucha TJ, Kochav J, O’Connor DS, Rosner GF. Cardiac tumors:
clinical presentation, diagnosis, and management. Curr Treat Options
Oncol. 2019;20:66.

4. Campisi A, Ciarrocchi AP, Asadi N, Del’Amore A. Primary and secondary
cardiac tumors: clinical presentation, diagnosis, surgical treatment, and
results. Gen Thorac Cardiovasc Surg. 2022;70:107-15.

5. Casavecchia G, Lestuzzi C, Gravina M, Corrado G, Tusa M, Brunetti ND,
et al. Cardiac tumors. J Cardiovasc Echogr. 2020;30 Suppl 1:545-53.

6. Islam AK. Cardiac myxomas: a narrative review. World J Cardiol.
2022;14:206-19.

7. Griborio-Guzman AG, Aseyev Ol, Shah H, Sadreddini M. Cardiac myxo-
mas: clinical presentation, diagnosis and management. Heart. 2022;
108:827-33.

8. Abu Abeeleh M, Saleh S, Alhaddad E, Alsmady M, Alshehabat M, Bani
Ismail Z, et al. Cardiac myxoma: clinical characteristics, surgical inter-
vention, intra-operative challenges and outcome. Perfusion. 2017;
32:686-90.

9. Amemiya K, Yonemoto Y, Ishibashi-Ueda H, Matsumoto M, Ohta-Ogo K,
lkeda Y, et al. Morphological characteristics of cardiac myxoma causing
embolism: a series of 40 years of experience at a single institute. Vir-
chows Arch. 2023;482:377-84.

10. Karpathiou G, Dumollard JM, Camy F, Sramek V, Dridi M, Picot T, et al.
Senescence, immune microenvironment, and vascularization in cardiac
myxomas. Cardiovasc Pathol. 2021;52:107335.

11. Presta |, Donato A, Chirchiglia D, Malara N, Donato G. Cardiac myxoma
and neural crests: a tense relationship. Cardiovasc Pathol. 2020;
44:107163.

12. Ageely GA, Alsulami SS, Alkenani AA, Albeshri EE. Cardiac myxoma
presenting with multisystem involvement. Saudi Med J. 2022;43:1057-61.

13. Rosario M, Fonseca AC, Sotero FD, Ferro JM. Neurological complica-
tions of cardiac tumors. Curr Neurol Neurosci Rep. 2019;19:15.

14. Ma K, Zhao D, Li X, Duan H, Yan C, Wang S, et al. Case report: multiple
brain metastases of atrial myxoma: clinical experience and literature re-
view. Front Neurol. 2023;13:1046441.

15. McAllister BJ. Multi modality imaging features of cardiac myxoma. J Car-
diovasc Imaging. 2020;28:235-43.

16. Ma H, Niu Y, Tian M, Liu L, Gong W, Zheng M. A study of 399 cardiac
tumors: characteristics of echocardiography and pathological features.
Echocardiography. 2022;39:37-45.

17. Haiji K, Nasis A. Radiological characteristics of atrial myxoma in cardiac
computed tomography. J Cardiovasc Comput Tomogr. 2017;11:234-6.

18. Colin GC, Gerber BL, Amzulescu M, Bogaert J. Cardiac myxoma: a
contemporary multimodality imaging review. Int J Cardiovasc Imaging.
2018;34:1789-808.

19. Lee SY, Lee SH, Jung SM, Choi JH, Chon MK, Hwang KW, et al. Value
of coronary angiography in the cardiac myxoma. Clin Anat. 2020;
33:833-8.

20. Velez Torres JM, Martinez Duarte E, Diaz-Perez JA, Rosenberg AE.
Cardiac myxoma: review and update of contemporary immunohistoche-
mical markers and molecular pathology. Adv Anat Pathol. 2020;27:380-4.

21. Gaisendrees C, Gerfer S, Schréder C, Schlachtenberger G, Walter S,
Ivanov B, et al. Benign and malignant cardiac masses: long-term out-
comes after surgical resection. Expert Rev Anticancer Ther. 2022;
22:1153-8.

22. Shin C, Ju MH, Lee CH, Lim MH, Je HG. Surgical outcomes of cardiac
myxoma resection through right mini-thoracotomy. J Chest Surg. 2023;
56:42-8.

167



168

Rev Mex Neuroci. 2024;25(6)

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Liu Y, Liu Z, Li X, Jiang Y, Lu C, Zhang C, et al. A comparison of total
thoracoscopic versus robotic approach for cardiac myxoma resection: a
single-center retrospective study. J Robot Surg. 2023;17:1393-400.
Wang Q, Jiang Y, Lin L, Li S, Lv J, Chen J. Clinical characteristics of
primary atrial tumor and their diagnostic value: a retrospective study of
10 years. Front Surg. 2023;10:1097287.

Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J,
Lombardi-Hill D, et al. 2021 Guideline for the prevention of stroke in
patients with stroke and transient ischemic attack: a guideline from the
American Heart Association/American Stroke Association. Stroke.
2021;52:364-467.

Gorlr DA, Saskin H. Clinical characteristics, diagnostic methods and
results of surgically treated histologically benign cardiac myxomas. Car-
diovasc J Afr. 2023;34:27-34.

Qiao ML, Ma L, Wang CB, Fang LB, Fan ZX, Niu TT, et al. Clinical fea-
tures, risk factors and survival in cardiac myxoma-related ischemic stroke:
a multicenter case-control study. J Neurol Sci. 2023;444:120517.

Liu Y, Wang J, Guo L, Ping L. Risk factors of embolism for the cardiac
myxoma patients: a systematic review and metanalysis. BMC Cardiovasc
Disord. 2020;20:348.

Rao J, Tao Z, Bao Q, Jiang M, Zhou E, Cai X, et al. Intravenous throm-
bolysis for acute ischemic stroke in patients with cardiac myxoma: a case
series and pooled analysis. Front Neurol. 2022;13:893807.

Rao J, Tao Z, Bao Q, Xu M, Jiang M, Weng X, et al. Mechanical throm-
bectomy for acute ischemic stroke in patients with cardiac myxoma: a
case series and pooled analysis. Front Neurol. 2022;13:877056.
Stoane L, Allen JH Jr., Collins HA. Radiologic observations in cerebral
embolization from left heart myxomas. Radiology. 1966;87:262-6.
Mendes Franco R, Sousa J, Matos M, Albuquerque L, Azevedo E,
Abreu P. Multiple intracranial aneurysms years after cardiac myxoma
resection. Pract Neurol. 2023;23:519-20.

Li Z, Xu X, Hu L, Sun H, Yue Y. Intracranial aneurysms after intravenous
thrombolysis in patient with atrial myxoma: a case study. J Stroke Cere-
brovasc Dis. 2020;29:104796.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Nussbaum ES, Torok CM, Khalil ZM, Pederson JM. Non-myxoma neo-
plastic cerebral aneurysms: a systematic review. J Clin Neurosci. 2020;
82:200-6.

Zheng J, Zhang J. Neoplastic cerebral aneurysm from metastatic tumor:
a systematic review of clinical and treatment characteristics. Clin Neurol
Neurosurg. 2015;128:107-11.

Chojdak-tukasiewicz J, Budrewicz S, Waliszewska-Prosét M. Cerebral
aneurysms caused by atrial myxoma-a systematic review of the literatu-
re. J Pers Med. 2022;13:8.

Zhang S, Zhang Q, Yu H, Liu L, Sun R, Song X, et al. Neuroimaging
characteristics and long-term prognosis of myxoma-related intracranial
diseases. Neuroradiology. 2020;62:307-17.

Canali E, Serani M, Tarzia P, Ciampi P, Canestrelli S, Calo L. Echocar-
diography in cardioembolic stroke prevention. Eur Heart J Suppl.
2023;25:C212-7.

Tolu-Akinnawo O, Dufera RR, Ramanna N. Recurrent left atrial myxoma:
the significance of active surveillance. Cureus. 2023;15:€33990.
Alfaro-Gémez F, Careaga-Reyna G, Valero-Elizondo G, Argliero-Sanchez R.
Tumores cardiacos. Experiencia de 16 afios en el Hospital de Cardiologia
del Centro Médico Nacional Siglo XXI. Cir Cir. 2003;71:179-85.
Rodriguez OM, Diaz QG, Archundia GA, Flores CO, Espinosa BO, Go-
mez ML. Mixomas cardiacos. Experiencia quirdrgica de 11 afios en el
centro médico nacional “20 de Noviembre”. Cir Gen. 2008;30:21-5.
Jiménez TN, Sanchez MG, Soto LM. Andlisis y prevalencia de tumores
cardiacos en un periodo de 12 afios en un hospital privado. An Med
(Mex). 2015;60:165-70.

Mendoza C, Bernstein E, Ferreira A. Multiple recurrences of nonfamilial
cardiac myxomas: a report of two cases. Tex Heart Inst J. 2007;34:236-9.
Shrestha GS, Rimal A, Shrestha SK, Shrestha PS, Acharya SP. Recu-
rrent ischemic stroke in a patient with atrial myxoma: a case report. JNMA
J Nepal Med Assoc. 2022;60:969-71.

Stefanou MI, Rath D, Stadler V, Richter H, Hennersdorf F, Lausberg HF,
et al. Cardiac myxoma and cerebrovascular events: a retrospective co-
hort study. Front Neurol. 2018;9:823.



