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A B S T R A C T   

Cerebrovascular events may attribute to the fragmentation of a cardiac tumor. Due to the small 
number of reported cases of large vascular occlusion-acute ischemic stroke (LVO-AIS) associated 
with atrial myxoma, current guidelines still follow the principle of intravenous thrombolysis 
priority, even if LVO-AIS patients are eligible for mechanical thrombectomy, and have not rec-
ommended the timing of cardiac surgery or preoperative anticoagulation and antithrombotic 
therapy. Surgical removal is the definitive therapy for cardiac myxomas, especially for left-sided 
myxomas. With this case, we aim to demonstrate the main challenges that clinicians may 
encounter when dealing with patients with AIS secondary to cardiac myxoma: the difficulties with 
clinical diagnosis, strategies for reperfusion therapy, and therapeutic management of cardiac 
myxoma.   

1. Introduction 

Cardioembolic stroke accounts for 20 % of all acute ischemic stroke (AIS) cases, of which cardiac myxoma only accounts for 0.5 %, 
with females in their 50s being at the greatest risk [1,2]. About 75 % of cardiac myxomas originate in the left atrium; hence, systemic 
embolism is particularly frequent, especially that of the cerebral arteries [3]. A stroke due to cardioembolism is generally severe and 
life-threatening. Therefore, urgent vascular recanalization and cardiac myxoma resection are required after diagnosis. 

2. Case presentation 

A previously healthy 55-year-old woman without known medical problems presented to our hospital with sudden weakness in the 
left limbs, slurred speech, and drooling for 4 h. Her consciousness became altered on the way to the hospital. Left facial paresis, grade 
0 and grade 3 myodynamia of the left and right limbs, respectively, and positive left Babinski sign were found on physical exam. The 
National Institutes of Health Stroke Scale (NIHSS) score was 14. Brain computed tomography (CT) angiography confirmed the 
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diagnosis of large vascular occlusion-acute ischemic stroke (LVO-AIS) with total infarction of the anterior circulation. Fast-processing 
of ischemic stroke (F-STROKE) suggested an extremely low ischemic core volume (ICV) and large penumbra volume (PV), which could 
predict that mechanical thrombectomy (MT) would be the most beneficial treatment (Fig. 1A). Furthermore, a characteristic “tumor 
plop” was identified during cardiac auscultation at the early diastolic mitral region. Transthoracic echocardiography revealed a solid 
mass of 38 mm × 25 mm in the left atrium (Fig. 1B). She underwent MT 4.5 hours after the stroke onset without intravenous 
thrombolysis (IVT) (Fig. 1C). Afterward, her neurological symptoms significantly improved. NIHSS score was changed to 4. The 
embolus removed from the intracranial artery was not a regular blood clot but a gelatinous one (Fig. 1D). Moreover, the pathological 
assessment indicated that it was a part of myxoma (Fig. 1E). She had underwent a successful left atrial myxoma resection and atrial 
septal repair within seven days of hospitalization (Fig. 1F). Due to non-thrombotic LVO-AIS, only a low dose of low molecular weight 
heparin sodium (100 UI/kg/day) was administered preoperatively, reducing the amount of extravasated blood exudation by 
approximately 400 mL after cardiopulmonary bypass. She had an unremarkable postoperative course and was discharged home eight 
days after the surgery. There was no symptomatic intracranial hemorrhage (sICH) during the two-month follow-up. 

3. Discussion 

There were two major difficulties in this case, make strategies for reperfusion therapy and investigate the cause of cerebral em-
bolism, especially the former. 

Effective reperfusion therapy includes IVT and MT. Alteplase IVT administered within 4.5 hours since stroke onset had improved 
body function at 3–6 months [4]. However, MT can be performed in stroke specialty centers with anterior circulated stroke based on 
imaging features within 6–24 hours of stroke onset [5]. This case demonstrated that MT alone could achieve a good clinical outcome 
for LVO-AIS caused by left atrial myxoma, because the decision time of reperfusion therapy was out of the critical IVT time window 
(4.5 h). Additionally, the patient had no underlying diseases or vascular risk factors. Meanwhile, F-stroke indicated that MT would 
provide more net clinical benefit for this patient [6]. Measurements of acute ICV and PV have been considered as effective predictors 
for clinical outcome in patients receiving MT [7,8]. It is well evidenced that MT is more beneficial in patients with small ICV (<70 mL), 
large PV (>15 mL), and a mismatch ratio of <1.8 between total hypoperfusion and ICV [9]. MT may be superior to intravenous 
thrombolysis by minimizing the risk of hemorrhage in the setting of atrial myxoma emboli [10]. Indeed, the patient who underwent 
MT without IVT showed marked improvement in neurological signs and symptoms within seven days and did not develop sICH. 
Therefore, it may be reasonable to support the implementation of a rapid and direct MT-alone strategy instead of bridging therapy in 
patients with AIS-LVO. 

Although cardiac myxoma should be resected as soon as possible to avoid systemic embolism that endangers life, current guidelines 
have not recommended the timing of cardiac surgery or related preoperative anticoagulation and antithrombotic therapy due to the 
small number of reported cases of atrial myxoma-associated AIS. Prolonged time interval between stroke and tumor excision surgery is 
significantly associated with stroke recurrence [10]. On account of the most spontaneous hemorrhagic transformation after AIS occurs 
within seven days of symptom onset [11]. Hence, this patient underwent cardiac surgery seven days after recanalization with MT and 
appeared to be operable and safe to operate. 

IVT prior to MT is referred to as bridging therapy recommended for most patients for whom appropriate to both types of reperfusion 
therapy [12]. Patients with LVO-AIS should receive IVT immediately if eligible, even if MT is considered [13]. MT should then begin as 
soon as possible [14]. Every 10 minutes of earlier MT treatment resulted in 39 days of disability-free life [15]. Treatment of LVO-AIS 
caused by embolic atrial myxoma is controversial, largely because the embolus could be composed of the tumor itself, adhered 
thrombotic material or a combination of both [16]. The potential disadvantages of IVT initiation include delayed MT, increased risk of 
sICH, and migration to the distal part of the vessel beyond the reach of MT after the partial dissolution of large vessel thrombosis [17]. 
Controversially, IVT or bridging therapy may temporarily recirculate vessels because the embolus may consist of a tumor, adherent 
thrombus, or a combination of both, yet the risk of ICH is high, especially considering fatal sICH after cardiopulmonary bypass [16]. At 
the same time, there is increasing evidence that MT alone may not be inferior to the clinical outcome achieved by bridging therapy 
[18–20]. An updated meta-analysis in more than 2000 patients with acute ischemic stroke showed that sICH occurred in 5 % of pa-
tients after IVT, and cerebral micro-bleeds presence on pretreatment MRI scans is associated with an approximate doubling of the risk 
of sICH following IVT [21]. Another meta-analysis reported 8.6 % of sICH after bridging therapy [12]. Accordingly, it is sometimes 
reasonable to avoid the use of both medical and mechanical treatments in favor of a single strategy of rapid and direct MT for AIS-LVO 
patients. 

Fig. 1. (A) F-STROKE demonstration. (A.a) hypoperfusion volume: 76.8 mL, infarction core volume: 0 mL, mismatch volume: 76.8 mL. (A.b) 
Cerebral blood flow (CBF), blood flow scales from slow (dark blue) to fast (deep red), decreased blood flow from right cerebral artery obstruction is 
indicated by green and blue areas. (A.c) T max (time to peak) represents the time for blood to fill the vessels. The higher the number (the redder the 
color), the more severe the cerebral ischemia. (B) Transthoracic echocardiography shows a 38 × 25-mm pedicled solid mass in the left atrium 
attaching to the atrial septum. Arrow indicates myxoma cordis in the left atrium. LA, left atrium; RA, right atrium. (C) Cerebral angiography before 
and after MT. (C.a, C.c) Before: complete occlusion was observed at the bifurcation of the M1 segment of the right middle cerebral artery. The right 
anterior cerebral artery partially compensates for blood flow to the brain region supplied by the right middle cerebral artery. (C.b, C.d) After: the 
occluded artery was recanalized. (D) A gelatinous embolus under the naked eye. (E) Histopathology of the gelatinous embolus 200 × , showing 
abundant mucinous spindle cells, characteristic acidic mucopolysaccharide matrix, and embedded polygons, consistent with cardiac myxoma. (F) A 
rare bifurcated myxoma. Its bigger part is in the left atrium facing the mitral valve direction, while the other portion is heading into the left atrial 
appendage. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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Although, MT has represented important progress in the treatment of LVO-AIS in recent years, which can significantly improve the 
prognosis [14,15]. However, the current guidelines still follow the principle of IVT priority, and bridging therapy is currently superior 
to direct thrombectomy in patients with anterior circulation ischemic stroke [13,22,23]. 

TOAST classification for ischemic stroke has been widely used with good inter-observer consistency. The five TOAST subtypes of 
ischemic stroke are: large artery atherosclerosis, cardioembolism, small vessel occlusion, stroke of other determined etiology, and 
stroke of undetermined etiology [24]. Patient in this case was a manual laborer with good lifestyle, and without traditional vascular 
risk factors such as hypertension, hyperlipidemia, atherosclerosis, etc. Careful questioning of the patient and her husband revealed that 
she had never previously had headaches, dizzines, or sudden loss of consciousness after strenuous exercise, amaurosis fugax, aphasia or 
dysarthria, hemianopsia, loss of partial sensation, amnesia, or confusion. On the basis of detailed history taking, the patient’s family 
history included hypertension only in her father, and no other family history was identified. We should beware of cardioaortic sources 
of cerebral embolism, such as atrial fibrillation, valvular heart disease, myxoma, etc. Therefore, emergent echocardiography should be 
completed prior to treatment, providing basis for MT. Transthoracic echocardiography is often recommended to plan secondary stroke 
management, providing diagnosis evidence of cardiogenic stroke [25,26]. It’s not only wide availability, non-invasive, but also giving 
information about the cardiac myxoma such as myxoma location, pedicle location, size, activity form [27]. In this case, the myxoma 
showed a rare bifurcated shape. The echocardiography revealed only the portion of myxoma in the left atrium facing the mitral valve. 
In fact, a portion of the myxoma protruded into the left atrial appendage, making the excision procedure extra difficult. Consequently, 
preoperative transesophageal echocardiography (TEE) would improve the success rate of this rare bifurcated myxoma excision. 

A delayed cerebral aneurysm may appear or continue to grow despite the surgical removal of the atrial myxoma [28]. Aneurysms 
could be found before the diagnosis, at the same time as cardiac myxoma, or even 25 years after resection of the atrial mass, the mean 
time to diagnoses was 4.5 years [29]. Therefore, long-term follow-up of patients with cardiac myxomas for possible cooccurrence of 
cerebral aneurysms is also very important [30]. Cerebral aneurysm was not found before MT and 14 days after the heart surgery in this 
case. We will review cerebral angiography on her annually for early detection and intervention. 

4. Conclusion 

In summary, we herein presented a case of LVO-AIS secondary to the left atrial myxoma that achieved good clinical outcome with 
MT, reducing the risk of sICH before and after the heart surgery. According to this case, we strongly suggest that echocardiography 
should be completed in an emergency room to exclude cardioaortic sources of cerebral embolism in patients with no vascular risk 
factors, providing a basis for reperfusion therapy. We also found that left atrial myxoma could be excised within seven days after MT, 
along with administering preoperative low-dose heparin. Additionally, preoperative TEE can improve the success rate of myxoma 
excision surgery because of the different shapes that cardiac myxoma can present with. 
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