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Background: Cardiac myxoma is the most common primary cardiac tumor. Even though it
rarely causes a stroke, it is an important risk factor. Here, we compared our clinical experience
in managing myxoma patients who developed stroke complications with those who did not
present with this condition at the First Affiliated Hospital of Wenzhou Medical University.
Patients and Methods: The medical records were reviewed of 160 cardiac myxoma
patients who were treated in our facility from January 2006 to December 2019. They were
separated into either a stroke group or non-stroke group.

Results: Cardiac obstructive symptoms, embolic events and constitutional symptoms were
observed in 92 (57.7%), 25 (15.6%) and 18 (11.2%) patients, respectively. Among 23 cardiac
myxoma ischemic stroke patients, hypoesthesia (60.9%), hemiparesis (56.5%) and facial
paresis (47.8%) were the three most common neurological symptoms. The middle cerebral
artery (82.6%) was the most commonly affected vessel, whereas 73.9% of the ischemic
patients had multiple stroke lesions. Binary logistic regression analysis showed that coronary
heart disease and tumor sizes were independently associated in the stroke group (p <0.05).
The 10 years cumulative survival rate was 87.9% for all patients after surgical intervention.
There was no significant difference in the 10 years cumulative survival rate between the two
groups (80.0% vs 88.9%, p =0.274 > 0.05).

Conclusion: The three most common neurological symptoms (hypoesthesia, hemiparesis
and facial paresis), the middle cerebral artery and multiple lesions involvements were the
definitive markers of patients afflicted with cardiac myxoma stroke. Small tumor sizes were
independently associated with these patients. Surgical resection is a relatively safe procedure
for treating both the stroke and non-stroke patients.
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Introduction
At autopsy, the incidence of primary tumors of the heart is very rare. Their
incidence ranges only between 0.001% and 0.3%." In these rare instances, cardiac
myxomas are the most common pathology in 80% of the cases.” Cardiac myxomas
occur most frequently in 30 to 40 years old patients and they are twice as prevalent
in females as in males.> 75% of the cardiac myxomas originate from the left atrium
whereas they are less commonly found in the right atrium, bilateral atria, heart
valves, and only 3%-4% are detected in either ventricle.”

Systemic embolization of cardiac myxoma occurs in up to 45% of the patients,
half of which develop in the central nervous system.* The cerebrovascular region is
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the most common site of myxoma emboli. These strokes
were reported to range from 21% to 29%.>%¢ The most
common neurologic symptoms were hemiparesis (49%),
aphasia (27.9%), and alteration of consciousness (23.1%).”

The current study is based on our clinical experience
with cardiac myxomas over a period of 14 years at the
First Affiliated Hospital of Wenzhou Medical University.
We focus here on describing the symptoms of cardiac
myxomas and ischemic stroke complications that develop
in these patients. In addition, it deals with stroke lesion
patterns, and analysis of the stroke risk factors. Long-term
survival was also evaluated through follow-ups on patients
that underwent cardiac myxoma extirpation.

Methods
Study Population

The medical records of 160 consecutive patients with
pathologically confirmed cardiac myxoma were reviewed
at the First Affiliated Hospital of Wenzhou Medical
University between January 2006 and Dec 2019. The
items in their electoral clinical records that were reviewed
include: medical history, operative reports, neurologic
examination, pathological results, computed tomography
(CT) or magnetic resonance imaging (MRI) of the brain,
echocardiography and ECG. Ischemic stroke patients were
diagnosed based on either CT or MRI results.

Clinical Variables
Demographic data, stroke risk factors (ie smoking and
drinking habits, history of hypertension, diabetes mellitus,
hyperlipidaemia, and coronary heart disease), clinical pre-
sentations of myxoma and the neurologic examination
results obtained upon hospital admission were recorded.
Echocardiography analysis evaluated heart valvular struc-
ture, ejection fraction, left atrial diameter along with
occurrence of cardiac myxomas. The maximum tumor
diameter at the time of removal was also recorded.
Locations of cerebral infarcts and the affected cerebral
artery were identified based on the results of either CT or
MRI. Neuroimaging determined the infarct location based
on evaluation of the vascular distribution in the anterior
and/or posterior circulation.

Clinical Follow-Up
After hospital discharge, outcome was monitored for per-
iods lasting from 0.5 to 14.2 years. Our evaluation

procedure entailed either clinical visits, or telephone inter-
views to record patients, survival.

Statistical Analysis

Continuous variables were expressed as meant SD (stan-
dard deviation) or median (IQR, interquartile range),
depending on the normality of data distribution and cate-
gorical variables were expressed as a percentage.
Categorical variables were analyzed using the y2 test,
continuous variables were analyzed using the Student’s
t-test, and non-normally distributed continuous variables
were analyzed using the Mann—Whitney rank sum tests.
A binary logistic regression analysis was used to assess
variables associated with determining myxoma-related
ischemic stroke. Kaplan—-Meier methods estimated survi-

val rate after surgical resection of cardiac myxoma.

Results
The mean age of the 160 patients diagnosed with cardiac
myxoma was 56.58+12.89 years (range 14-80). There
were 107 (66.9%) female patients, and the ratio of female:
male was 2.02:1. There were 142 left atrial myxomas
(88.7%), 13 right atrial myxomas (8.1%), 2 left ventricle
myxomas (1.2%), 2 right ventricle myxomas (1.2%), and 1
right atrial and ventricle myxoma (0.6%).

Cardiac obstructive symptoms were the most common
findings and they were present in 92 patients (48.1%).
Among them, chest pain or discomfort was the most com-
mon (54.2%), dyspnea and palpitations were evident in 43
and 13 patients, respectively. Embolic events occurred in 25
patients (22.0%). Embolic events were the initial manifesta-
tions in these 25 patients diagnosed with cardiac myxoma.
23 out of 25 patients with an embolism had brain infarct
symptoms. Among these 23 ischemic stroke patients, one
patient had a left limb embolism and stroke at the same time,
and another patient had both an acute ischemic stroke and
acute myocardial infarction. Another two in a group of 25
embolic patients had the following characteristics: one 25
years old patient without any predisposing risk factors pre-
sented with acute myocardial infarction, whereas another
had aorta emboli. 18 patients (16.9%) had constitutional
symptoms, including fever, fatigue, and weight loss.
Fatigue occurred in 6 patients and it was the most frequent
constitutional symptom. Weight loss and fever were
observed in 4 and 3 different cases, respectively. 60 patients
(37.5%) were asymptomatic (Table 1). In these cases, the
myxoma was

found by accident during a routine
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Table | Clinical Presentations of 160 Patients with Cardiac
Myxoma

Table 3 Locations of Cerebral Infarcts and Affected Cerebral
Artery in 23 Stroke Patients

Symptom n (%) Location n (%)
Cardiac obstructive symptoms 92 (57.5) Location of infarct
Chest pain or discomfort 68(42.5)
Dyspnea 43(26.9) Frontal 2(39.1)
Palpitation 138.1) Parietal 2(39.1)
Cough 12(7.5) Basal ganglic.)n 8(34.7)
Syncope 7(43) Corona radiate 6(26.1)
Temporal 5(21.7)
Embolism 25 (15.6) Occipital 5(21.7)
Brain 23(14.3) Cerebellum 4(17.3)
Limb 1(0.6) Brainstem 3(13.0)
Acute myocardial infarction 2(1.2) Insula 2(8.7)
Aortic saddle embolism 1(0.6) Thalamic 2(8.7)
Constitutional symptoms 18 (11.3) Affected cerebral artery
Fatigue 15(9.4) - ]
Weight loss 5G.1) Anterlor.cwculatlon 15(65.2)
Fever 212) B.oth su.ie MCA 4(17.4)
Incidental 60 (37.5) Single side MCA 11(47.8)
Anterior and posterior circulation 4(17.4)
Both side MCA+PCA 2(8.7)
Single side MCA+PCA 1(4.3)
echocardiography exam performed as part of a physical Single side MCA+BA 1(4.3)
examination and for other reasons. Posterior circulation 4(17.4)
Among these 23 ischemic stroke patients, hypoesthesia PCA 2(8.7)
(60.9%), hemiparesis (56.5%) and facial paresis (47.8%) BA 287)

were three of the most common neurological symptoms
(Table 2). The three most common underlying infarct regions
were the front lobe (39.1%), the parietal lobe (39.1%), and
the basal ganglion (34.7%) (Table 3). The most common
affected vessel was the middle cerebral artery (82.6%). The
anterior circulation was involved in 15 patients, whereas the
posterior circulation was involved in 4 others. Both the

Table 2 Neurological Symptoms in 23 Stroke Patients

Abbreviations: MCA, middle cerebral artery; PCA, posterior cerebral artery; BA,
basal artery.

anterior and posterior regions were involved in 4 patients
(Table 3). 17 (73.9%) ischemic patients had multiple stroke
lesions. But there were no differences between single lesion
and multiple lesions in the anterior circulation and posterior
circulation (Table 4). 3 patients received thrombolytic ther-
apy with recombinant tissue plasminogen activator (rTPA),
whereas neither of them had an intracranial hemorrhage.

Neurological Symptom n (%) After ischemic stroke, 21 patients received antiplatelet,

Hypoesthesia 14(60.9%) whereas two others accepted anticoagulation therapy. These

Hemiparesis 13 (56.5%)

Facial paresis 11(47.8%)

Conscious alteration 7 (30.4%) Table 4 Comparisons of Site and Number of Infarcts

Hemiplegia 7(30.4%) R R .

" Infarct Side Single Multiple P
Dysarthria 7(30.4%)
. (n=6) (n=17)

Aphasia 6 (26.1%)

Dizziness 6(26.1%) Anterior circulation 4 12 1.000

Ataxia 2(8.7%) Left 3 3 0.279

Vision disturbance 2(8.7%) Right | 5 1.000

Diplopia 2(8.7%) Bilateral - 4 -

Seizures 1(4.3%) Anterior and posterior - 3 -

Gaze 1(4.3%) circulation

Headache 1(4.3%) Posterior circulation 2 2 0.270
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Table 5 Comparison of Factors Between the Stroke and Non-Stroke Groups

Cardiac Myxoma (n=160) Stroke (n=23) No-Stroke (n=137) P
Age, years 56.58+12.89 60.48+9.69 55.93+13.27 0.118
Female (%) 107(66.9) 13 (56.5) 94(68.6) 0.254
Hypertension (%) 47(29.4) 10 (43.5) 37(27.0) 0.109
Diabetes mellitus (%) 23(14.4) 3 (13.0) 20(14.6) 0.844
Hyperlipidemia (%) 14(8.8) 6 (26.1) 8(5.8) 0.001
Coronary heart disease (%) 12(7.5) 5(21.7) 7(5.1) 0.005
Atrial fibrillation (%) 12(7.5) 2(8.7) 10(7.3) 0.841
Current smoking (%) 15(9.4) 3 (13.0) 12(8.8) 0.514
Current drinking (%) 5@3.1) 0 5(3.6) 1.000
Valvular heart disease (%) 34(23.1) 4(17.4) 30(21.9) 0.625
Ejection fraction, % 64.16x7.39 64.77+4.98 64.05+7.74 0.670
Left atrial diameter before operation, mm 39.27+6.78 39.61+6.40 39.21+6.86 0.798
Tumor size, cm 441+1.67 3.43£1.05 4.54+1.70 0.003
Tumor in left atrium (%) 142 (88.6) 21 (91.3) 121 (88.3) 1.000

23 patients had surgical resection performed 3—4 weeks after
stroke onset. There was no intracerebral hemorrhagic con-
version of the ischemic infarcts and no recurrent ischemic
strokes before an operation.

Basic characteristics, stroke risk factors, tumor sizes,
and echocardiography findings (ie ejection fraction, and
left atrium diameter) were compared between the stroke
and non-stroke group. The tumors were significantly smal-
ler in the stroke group, and hyperlipidemia and coronary
heart disease were significantly more frequent in the stroke
group. There were no significant differences among the
other stroke risk factors, the ejection fraction, and left
atrial diameter (Table 5). Binary logistic regression
showed that tumor size and coronary heart disease were
independently associated with myxoma-related stroke (p =
0.003; OR 0.592; 95% CI (0.419-0.837), p = 0.009; OR
5.666; 95% CI (1.542,20.821), respectively) after adjusted
above mentioned factors (Table 6). Taken together, the
results suggest that the risk of stroke is higher in patients
having small tumors.

There was no perioperative mortality in these160 cases.
Only 12 (7.5%) of the 160 patients had complications
related to surgery. Two patients had a postoperative
ischemic stroke and they required rehabilitation for several
months. Other complications included pulmonary infection
(2 patients), pleural effusion (2 patients), pleural effusion
and pulmonary infection (2 patients), deep vein thrombosis
(DVT) (2 patients), acute myocardial infarction (1 patient),
and acute pancreatitis (1 patient). All of the ischemic
stroke patients underwent surgical resection of a cardiac
myxoma 3 to 4 weeks after a stroke. No intracerebral

hemorrhage or recurrence of an ischemic stroke appeared
during the perioperative period. All of these complications
completely resolved except in stroke patients during their
hospitalization.

Among these 160 patients, 132 patients were available
for follow-up after undergoing a cardiac myxoma opera-
tion, while 28 (17.5%) patients failed to participate (3
were in the stroke group, and 25 were in the non-stroke
group). In this study, the results of these 28 patients who
failed to participate were excluded from the study. The
follow-up period lasted from 0.42 to 14.17 years (median
4.46 years, interquartile range 1.77-7.34). During the fol-
low-up period, 1 patient in the stroke group had another
stroke, and atrial myxoma recurred in two patients (2/
132,1.5%). 5 patients died during a follow-up (one in the
stroke group, and four in the non-stroke group), but their
mortality was not different between the two groups (p >
0.05). The 10 years cumulative survival rate was 87.9%

Table 6 Binary Logistic Regression Model for Determining
Myxoma-Related Ischemic Stroke

Variables Adjusted OR (95% Cls) p

Age 1.033(0.963,1.082) 0.179
Female 1.168(0.345,3.948) 0.803
Hypertension 1.608(0.557,4.642) 0.380
Diabetes mellitus 0.357(0.078,1.644) 0.186
Hyperlipidemia 3.092(0.832,11.495) 0.092
Atrial fibrillation 0.504(0.060,4.205) 0.526
Coronary heart disease 5.666(1.542,20.821) 0.009
Valvular heart disease 0.720(0.148,3.514) 0.685
Tumor size 0.592(0.419,0.837) 0.003
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Figure | Kaplan-Meier plot for cumulative proportion of survival after surgery for cardiac myxoma in studied population. Cum survival = cumulative survival.

for all patients after an operation (Figure 1). In the stroke
group, the 10 years cumulative survival rate was 80.0%
after an operation. In the non-stroke group, the 10 years
cumulative survival rate was 88.9% after operation, but
this difference between the two groups was not significant
(p =0.274 > 0.05) (Figure 2).

Discussion
In our study, stroke occurred in 14.3% of the patients
whereas limb embolism was seen in only 0.6% of those
individuals. And, acute myocardial infarction occurred in
1.2% of the cases. Embolic events may involve the central
nervous system, the extremity, visceral, coronary, and pul-
monary emboli.*'" Our results also showed the involve-
ment of ischemic stroke, the extremity, coronary, and aorta
emboli. Embolic events in atrial myxoma are thought to be
secondary to embolization of tumor particles. Emboli can
also be composed of thrombotic material covered with
tumor cells.'*'* Myxomas with an irregular tumor surface,
tumor location, are more frequently associated with pro-
duction of emboli."*'*

There is no consensus regarding whether or not tumor
size is related to the likelihood of a stroke. Some previous

reports showed that the mobility and morphology of the
tumor, but not its size, appears to be related to its embolic
risk.>!>1® On the other hand, some studies showed that
smaller tumors with an irregular surface were more com-
mon in embolic events.>'” In a previous report from
China, small tumors with a diameter of less than 3 cm
were more common in patients with cerebral infarction,
indicating that small tumors had a higher risk of stroke.
The causes might be related to the early occurrence of
tissue detachment and thrombosis in these patients.
Therefore, the effect of complications should not be
ignored because of small size tumor. Once a tumor is
found, early surgery is warranted to reduce the risk of
recurrent stroke.® Our study shows that the tumor sizes
of the atrial myxoma in the stroke group were shorter than
in the no-stroke group (3.43+1.05 cm vs 4.54£1.70 cm,
p=0.003). Nevertheless, binary logistic regression showed
that tumor sizes were independently associated with myx-
oma-related stroke.

Single cerebral vessel (mostly the middle cerebral
artery), multiple regional involvements and solitary left
atrial myxoma are very definitive characteristics in
patients with cardiac myxoma stroke. The most commonly
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Figure 2 Kaplan—Meier curves for during follow-up in cardiac myxoma patients after surgical resection. There was no significant difference in survival rate between the

stroke group and no-stroke group (p = 0.197). Cum survival = cumulative survival.

affected cerebral vessel was the middle cerebral artery and
affected areas were the basal ganglion, cerebellum, parie-
tal, and temporal regions.” The predominant patterns in the
lesion topography of cardiac myxoma in ischemic stroke
patients were multiple lesions and middle cerebral artery
territory involvement. Neuroimaging showed bilateral,
supratentorial, and infratentorial embolic infarcts.'® It
was reported that the main lesion pattern was multiple
lesions (72.7%), followed by middle cerebral artery regio-
nal lesions (63.6%).” Our findings are similar because
73.9% of the ischemic patients had multiple stroke lesions
and the middle cerebral artery (82.6%) was the most
common affected vessel.

Among these 23 ischemic stroke patients in this report,
3 patients received thrombolytic therapy with recombinant
tissue plasminogen activator (rTPA), and none of these
individuals experienced an intracranial hemorrhage.
Although there are no clear guidelines and there is lack
of consensus regarding the type of treatment that is needed
for managing acute stroke secondary to cardiac myxoma
embolization, there are about 20 cases of thrombolysis
with rTPA. The therapeutic effects of rTPA were variable.
Most patients experienced an improvement, whereas some

symptoms remained unchanged. On the other hand, some

patients even had an intracranial hemorrhage.'® The effi-
cacy of r'TPA may be reduced in patients whose embolus is
mainly composed of tumor tissue rather than a thrombus.*
Therefore, mechanical thrombectomy may be a better
option than thrombolysis for treatment of patients who
have an occluded large artery.'**°

The 10 years cumulative survival rate was more than
85% in cardiac myxoma patients who underwent surgery.
This finding agrees with another report involving about 64
cardiac myxoma patients who were operated on. Their 10
years cumulative survival rate was about 84%.>' Even
though there are some other earlier reports describing the
long-time outcome of cardiac myxoma with and without
embolization, the current report deals just with the long-
time outcome of cardiac myxoma with and without stroke.
Both of them 10 years cumulative survival rate were more
than 80%. The lack of difference in survival between the
two groups shows that surgical resection is a relatively
safe procedure for treating cardiac myxoma patients in
both the stroke and the non-stroke groups.

This study has some limitations. Firstly, because of its
retrospective design in using medical records, the results of
this study may be limited. Secondly, selection bias may have
occurred because the enrolled patients were drawn only
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from a single-center. Thirdly, in some procedures, myxomas
were divided into two types according to the criteria
described in previous clinicopathologic studies: type 1,
with an irregular surface and a soft consistency, and type
2, with a regular surface and a compact consistency.'*"?
However, such descriptions and classifications were not

provided in the surgical records of surgeons.

Conclusions

This report provides clinical characterizations and clinical
outcome of ischemic stroke complications in cardiac myxoma
patients. The three most common neurological symptoms
were hypoesthesia, hemiparesis and facial paresis. These con-
ditions accompanied the middle cerebral artery and multiple
regional involvement which were the most apparent charac-
teristics in the cardiac myxoma stroke patients. Small tumor
sizes were independently associated with these patients.
Surgical resection is a relatively safe and curative option for
cardiac myxoma and cardiac myxoma stroke patients.
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