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I. Introduction: 
Cardiac myxoma is a rare cause, but an important etiology as well for stroke in the young [11]. 

Although rare, myxoma remains the most common heart tumor in adults (9). Commonly found in the left 

atrium. However, nonspecific systemic symptoms and minor embolic phenomena may be over- looked in the 

absence of any history of cardiac problems. In this situation, cardiac investigations may not be performed and 

diagnosis of this rare condition may be delayed until the onset of more significant embolic disease, such as 

stroke with functional impairment, as in the case reported here. The clinical presentation of cardiac myxoma is 

discussed, along with appropriate investigations and treatment, which may prevent such sequelae. 

We report the case of patient admitted to our department with ischemic stroke revealing a left intra-

atrial myxoma. She underwent a successful surgical excision of this myxoma. This article aims to highlight the 

pertinent aspects of this rare condition.  

 

II. Observation: 
A 51-year-old woman having menopause as cardiovascular risk factors, she was initially hospitalized 

in the neurology department for the management of a prolonged loss of consciousness of sudden onset with 

persistent aphasia. She also reported holocranial headaces, without notion of seizures or signs of intracranial 

hypertension. The patient was afebrile in good general condition. Cerebral CT scan was carried out objecting an 

ischemic stroke in supratentorial with old appearance (Fig.1) in the same the Thoraco-abdominal CT scan 

revealed acute bilateral renal and splenic infarctions (Fig.2).   

Subsequently, the patient was referred to the cardiology department to look for embolism of cardiac 

origin. The cardiac examination was normal with an electrocardiogram recorded a regular rhythm with no 

repolarization or conduction disorder. 
 

 
(Fig. 1) : Cerebral CT:Supra tentorial ischemic lesion 
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(Fig. 2) :Abdominal CT:Acute renal and splenic infarctions 

 

Echocardiography (TTE) revealed a rounded hyperdense mass with a large implantation base at the 

level of the intra-atrial septum (AIS) measuring 25X 15 mm over which a thrombus measuring 5X5 mm with 

good biventricular functions (LVEF=63%) without mitro-aortic valve disease notable (Fig.3). Transesophageal 

ultrasound (TOE) confirms the presence of a heterogeneous echogenic motile polylobed mass attached to the 

septal wall of the left atrium (Fig.4). In addition, angio-CT scan of her supra aortic vessels was performed 

without notable anomalies; even Hematology investigations were unremarkable. 

 

 
(Fig. 3) : TTE : 2 D Echo showing atrial myxoma measuring 25*15mm 
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(Fig. 4) TOE : Motile polylobed mass on the left atrium 

 

The diagnosis retained was that of primary cardiac myxoma, in the absence of a neoplastic clinical and 

para-clinical context. The differential diagnosis entertained in view of the clinical, neuroimaging, as well as 

cardiac imaging findings were intracardiac tumor-like myxoma versus infective or noninfective endocarditis. 

Given the symptomatic nature of this tumor, surgical excision was quickly scheduled. 

 The surgical treatment was carried out under cardiopulmonary bypass with hemodynamic control to 

avoid any secondary embolization. After myocardial protection the tumor was approached by bilateral 

auriculotomy , which demonstrated a polylobed mass with myxoid aspect in intra-OG having a very wide 

implantation base at the level of the intra-auricular septum (Fig.5).the resection of the mass made by potting its 

implantation base associated with closure of the septal defect and both right and left auriculotomys . 
 

 
(Fig.5) Operative excision of myxoma 
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(Fig.6) The excised 21*16mm mass, including the rim of the atrial mass 

 

The postoperative consequences were simple without complications with amelioration in her 

neurological status and Echocardiography aspect. The anatomy-pathological results of the tumor pieces 

confirmed the myxoid nature of the tumor (Fig. 6 ) . The patient was maintained on single antiplatelet agent for 
secondary stroke prophylaxis, with advice for speech and language rehabilitation for his residual neurological 

deficits. 

 

III. Discussion: 
At autopsy, the incidence of primary tumors of the heart is very rare; heir incidence ranges only 

between 0.001% and 0.3% (19) , In these rare instances, cardiac myxomas are the most common primary 

cardiac tumor in 80% of the cases [20] , with an estimated annual incidence of 0.5 per million population per 

year [25] . Cardiac myxoma has been defined by the World Health Organization as a neoplasm composed of 

stellate to plump, cytologically bland mesenchymal cells set in a myxoid stroma (2), Embryologically, the tumor 
is believed to originate from entrapped undifferentiated embryonic foregut (3). Lee et al. reported that the stroke 

patients aged 48.5 years (range, 17-70) [12]; Ekinci & Donnan’s patient series aged between 6 and 82 years [13] 

. Aziz et al. reported a female predominance with a female-male ratio of 2:1 in cardiac myxoma [26 ], More than 

80% of cardiac myxomas arise from the left atrium (5). 

 myxoma represent a rare etiology of cardioembolic stroke (1). Cardioembolic stroke accounts for 14-

30% of ischemic strokes with a predilection of early and later recurrences [10], there is no consensus regarding 

whether or not tumor size is related to the likelihood of a stroke. Some reports showed that the mobility and 

morphology of the tumor, but not its size, appears to be related to its embolic risk (14,15,16) .On the other hand, 

some studies showed that smaller tumors with an irregular surface were more common in embolic events 

(17,18).  

Although cardiac myxomas are histologically benign, they may be lethal because of their strategic 
position, they can mimic not only every cardiac disease but also infective, immunologic, and malignant 

processes [20] . Myxomas must therefore be included in the differential diagnosis of valvular heart disease, 

cardiac insufficiency, cardiomegaly, bacterial endocarditis, disturbances of ventricular and supraventricular 

rhythm, syncope, and systemic or pulmonary embolism [20]. Multitude of presentations in the form of cardiac 

obstructive symptoms, embolization (cerebral and/or systemic) as well as constitutional symptoms (4-6). Fifty 

percentage of cardiac myxoma patients present with symptoms related to mitral valve obstruction (dyspnea, 

dizziness, palpitations, and congestive heart failure), and can occur in up to 70% of them during the natural 

course of the illness (5). Constitutional symptoms in the form of fever, weight loss, and fatigue may occur in 

about 58% of those with cardiac myxoma.  

Systemic embolization can be noted in one-third of cases at any time during the course of the illness (4-

6). Neurological symptoms have been documented in about 26% to 45% of cardiac myxomas (5). Cerebral 

embolization may present commonly as ischemic infarcts (4, 5) and rarely with myxomatous intracranial 
aneurysms, brain parenchymal myxomatous metastases, as well as intracerebral hemorrhage (? ).  Active illness 

is often accompanied by elevation of erythrocyte sedimentation rate and C-reactive protein, hyperglobulinemia 

and anemia. Constitutional symptoms may be mediated by interleukin-6 produced by the myxoma itself (24)  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/#cit0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/#cit0015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/#cit0017
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We stress on the importance of echocardiographic examination in young patients after ischaemic stroke 

and multidisciplinary team cooperation in the treatment management of such patients. Transthoracic 

echocardiography gives the initial clue toward the presence of a cardiac mass, with transesophageal 
echocardiogram providing further details about the location as well as mobility, especially for small-sized 

lesions and biatrial multiple cardiac tumors (7,8) . Cardiac MRI can assist in delineating tumor size, attachment 

and mobility [27]. This information may be helpful in surgical resection, which, because of the risk of further 

embolization, should not be deferred even in asymptomatic cases discovered incidentally. 

Yanlei Zhang .al reported a 10 years cumulative survival rate was more than 85% in cardiac myxoma 

patients who underwent surgery, his report deals just with the long-time outcome of cardiac myxoma with and 

without stroke. 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 (31) 

. .Primary tumors recur in only 1% to 3% of sporadic cases, often because of inadequate resection. For patients 

with sporadic myxoma, annual review with echocardiography is suggested for a period of 3 to 4 years, when the 

risk of recurrence is greatest [28].The recurrence rate is 1~3% after surgery (29). For Carney complex, which 
has a recurrence rate of up to 25%, lifetime annual review with familial screening is recommended (30). 

 

IV. Conclusion 
Cardiac myxoma stroke is rare and ischemic strokes being the most common presentation. Surgical removal of 

the tumor should be performed as soon as possible; the long-term prognosis is excellent, and recurrences are 

rare. In follow-up examinations as well, echocardiography is essential. 

 

References 
 
[1]. Haroun M J, Nair V, Salehian O. Now you see it, now you don’t? [J]. Circulation, 2015, 131(21): 1872-1879. 

[2]. Burke AP, Tazelaar H, Gomez-Roman JJ. Cardiac myxoma. In: Travis WD, Brambilla E, Müller-Hermelink HK Harris CC, eds. 

WHO Classification of Tumors. Lyon, France: International Agency for Research on Cancer; 2004; pp. 260–263    

[3]. Mallick SR, Das P, Shukla B, Kothari S, Devagourou V, Ray R. Right atrial myxoma with glandular differentiation: a rare entity in 

pediatric age group. Ann Pediatr Cardiol 2010; 3: 159–162. 

[4]. Desousa AL, Muller J, Campbell R, Batnitzky S, Rankin L. Atrial myxoma: a review of the neurological complications, metastases, 

and recurrences.J Neurol Neurosurg Psychiatry. 1978; 41:1119–1124. doi: 10.1136/jnnp.41.12.1119  

[5]. Lee VH, Connolly HM, Brown RD. Central nervous system manifestations of cardiac myxoma.Arch Neurol. 2007; 64:1115–1120. 

doi: 10.1001/archneur.64.8.1115 .  

[6]. xu Q, Zhang X, Wu P, Wang M, Zhou Y, Feng Y. Multiple intracranial aneurysms followed left atrial myxoma: case report and 

literature review.J Thorac Dis. 2013; 5:E227–E231. doi: 10.3978/j.issn.2072-1439.2013.11.27Google Scholar 

[7]. Boutayeb A, Mahfoudi L, Moughil S. Atrial Myxoma: from diagnosis to management.Clin Surg. 2017; 2: 1498.Google Scholar 

[8]. Rahmanian PB, Castillo JG, Sanz J, Adams DH, Filsoufi F. Cardiac myxoma: preoperative diagnosis using a multimodal imaging 

approach and surgical outcome in a large contemporary series.Interact Cardiovasc Thorac Surg. 2007; 6:479–483. doi: 

10.1510/icvts.2007.154096Google Scholar 

[9]. Bakkali A, Sedrati M, Cheikhaoui Y. Myxomes cardiaques. Ann Cardiol Angeiol 2009;58:94–8.  

[10]. Arboix A, Alió J. Cardioembolic stroke: clinical features, specific cardiac disorders and prognosis. Curr Cardiol Rev. 

2010;6(3):150-61 

[11]. Sanya EO, Kolo PM, Adamu UG, Opadijo OG, Wahab KW, Mustapha AF, et al. Intracardiac tumor: a risk factor for stroke in the 

young--a case report. Niger J Clin Pract. 2008;11(1):81-4. 

[12]. Lee VH, Connolly HM, Brown RD Jr. Central nervous system manifestations of cardiac myxoma. Arch Neurol. 2007;64(8):1115-

20.  

[13]. Ekinci EI, Donnan GA. Neurological manifestations of cardiac myxoma: a review of the literature and report of cases. Intern Med J. 

2004;34(5):243-9. 

[14]. Lee SJ, Kim JH, Na CY, et al. Eleven years’ experience with Korean cardiac myxoma patients: focus on embolic 

complications. Cerebrovasc Dis. 2012;33(5):471–479. doi:10.1159/000335830 [PubMed] [CrossRef] [Google Scholar] 

[15]. Wen XY, Chen YM, Yu LL, et al. Neurological manifestations of atrial myxoma: a retrospective analysis. Oncol Lett. 

2018;16(4):4635–4639. doi:10.3892/ol.2018.9218 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

[16]. Stefanou MI, Rath D, Stadler V, et al. Cardiac myxoma and cerebrovascular events: a retrospective cohort study. Front Neurol. 

2018;9:823. doi:10.3389/fneur.2018.00823 [PMC free article] [PubMed] [CrossRef] [Google Scholar]  

[17]. Cao GF, Bi Q, Cao L, et al. The clinical characteristics of stroke in young patients with cardiac myxoma. Zhonghua Nei Ke Za Zhi. 

2017;56(4):263–267. doi:10.3760/cma.j.issn.0578-1426.2017.04.005 [PubMed] [CrossRef] [Google Scholar] 

[18]. Loire R. Myxoma of the left atrium, clinical outcome of 100 operated patients. Arch Mal Coeur Vaiss. 1996;89(9):1119–1125. 

[PubMed] [Google Scholar]  

[19]. Reynen K. Frequency of primary tumors of the heart. Am J Cardiol. 1996;77(1):107. doi:10.1016/S0002-9149(97)89149-7 

[PubMed] [CrossRef] [Google Scholar] 

[20]. Reynen K. Cardiac myxomas. N Engl J Med. 1995;333(24):1610–1617. doi:10.1056/NEJM199512143332407 [PubMed] 

[CrossRef] [Google Scholar] 

[21]. Desousa AL, Muller J, Campbell R, Batnitzky S, Rankin L. Atrial myxoma: a review of the neurological complications, metastases, 

and recurrences.J Neurol Neurosurg Psychiatry. 1978; 41:1119–1124. doi: 10.1136/jnnp.41.12.1119CrossrefMedlineGoogle 

Scholar 

[22]. Lee VH, Connolly HM, Brown RD. Central nervous system manifestations of cardiac myxoma.Arch Neurol. 2007; 64:1115–1120. 

doi:10.1001/archneur.64.8.1115CrossrefMedlineGoogle Scholar 

[23]. Xu Q, Zhang X, Wu P, Wang M, Zhou Y, Feng Y. Multiple intracranial aneurysms followed left atrial myxoma: case report and 

literature review.J Thorac Dis. 2013; 5:E227–E231. doi: 10.3978/j.issn.2072-1439.2013.11.27Google Scholar  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=2013&pages=E227-E231&journal=J+Thorac+Dis&author=Q+Xu&author=X+Zhang&author=P+Wu&author=M+Wang&author=Y+Zhou&author=Y+Feng&title=Multiple+intracranial+aneurysms+followed+left+atrial+myxoma%3A+case+report+and+literature+review.
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=2017&pages=1498&journal=Clin+Surg&author=A+Boutayeb&author=L+Mahfoudi&author=S+Moughil&title=Atrial+Myxoma%3A+from+diagnosis+to+management.
http://scholar.google.com/scholar_lookup?hl=en&volume=6&publication_year=2007&pages=479-483&journal=Interact+Cardiovasc+Thorac+Surg&author=PB+Rahmanian&author=JG+Castillo&author=J+Sanz&author=DH+Adams&author=F+Filsoufi&title=Cardiac+myxoma%3A+preoperative+diagnosis+using+a+multimodal+imaging+approach+and+surgical+outcome+in+a+large+contemporary+series.
https://www.ncbi.nlm.nih.gov/pubmed/22517375
https://dx.doi.org/10.1159%2F000335830
https://scholar.google.com/scholar_lookup?journal=Cerebrovasc+Dis&title=Eleven+years%E2%80%99+experience+with+Korean+cardiac+myxoma+patients:+focus+on+embolic+complications&volume=33&issue=5&publication_year=2012&pages=471-479&pmid=22517375&doi=10.1159/000335830&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6126161/
https://www.ncbi.nlm.nih.gov/pubmed/30214598
https://dx.doi.org/10.3892%2Fol.2018.9218
https://scholar.google.com/scholar_lookup?journal=Oncol+Lett&title=Neurological+manifestations+of+atrial+myxoma:+a+retrospective+analysis&volume=16&issue=4&publication_year=2018&pages=4635-4639&pmid=30214598&doi=10.3892/ol.2018.9218&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6178925/
https://www.ncbi.nlm.nih.gov/pubmed/30337904
https://dx.doi.org/10.3389%2Ffneur.2018.00823
https://scholar.google.com/scholar_lookup?journal=Front+Neurol&title=Cardiac+myxoma+and+cerebrovascular+events:+a+retrospective+cohort+study&volume=9&publication_year=2018&pages=823&pmid=30337904&doi=10.3389/fneur.2018.00823&
https://www.ncbi.nlm.nih.gov/pubmed/28355718
https://dx.doi.org/10.3760%2Fcma.j.issn.0578-1426.2017.04.005
https://scholar.google.com/scholar_lookup?journal=Zhonghua+Nei+Ke+Za+Zhi&title=The+clinical+characteristics+of+stroke+in+young+patients+with+cardiac+myxoma&volume=56&issue=4&publication_year=2017&pages=263-267&pmid=28355718&doi=10.3760/cma.j.issn.0578-1426.2017.04.005&
https://www.ncbi.nlm.nih.gov/pubmed/8952835
https://scholar.google.com/scholar_lookup?journal=Arch+Mal+Coeur+Vaiss&title=Myxoma+of+the+left+atrium,+clinical+outcome+of+100+operated+patients&volume=89&issue=9&publication_year=1996&pages=1119-1125&pmid=8952835&
https://www.ncbi.nlm.nih.gov/pubmed/8540447
https://dx.doi.org/10.1016%2FS0002-9149(97)89149-7
https://scholar.google.com/scholar_lookup?journal=Am+J+Cardiol&title=Frequency+of+primary+tumors+of+the+heart&volume=77&issue=1&publication_year=1996&pages=107&pmid=8540447&doi=10.1016/S0002-9149(97)89149-7&
https://www.ncbi.nlm.nih.gov/pubmed/7477198
https://dx.doi.org/10.1056%2FNEJM199512143332407
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Cardiac+myxomas&volume=333&issue=24&publication_year=1995&pages=1610-1617&pmid=7477198&doi=10.1056/NEJM199512143332407&
https://www.ahajournals.org/servlet/linkout?suffix=e_1_3_3_2_2&dbid=16&doi=10.1161%2FSTROKEAHA.120.031679&key=10.1136%2Fjnnp.41.12.1119
https://www.ahajournals.org/servlet/linkout?suffix=e_1_3_3_2_2&dbid=16&doi=10.1161%2FSTROKEAHA.120.031679&key=10.1136%2Fjnnp.41.12.1119
http://scholar.google.com/scholar_lookup?hl=en&volume=41&publication_year=1978&pages=1119-1124&journal=J+Neurol+Neurosurg+Psychiatry&author=AL+Desousa&author=J+Muller&author=R+Campbell&author=S+Batnitzky&author=L+Rankin&title=Atrial+myxoma%3A+a+review+of+the+neurological+complications%2C+metastases%2C+and+recurrences.
http://scholar.google.com/scholar_lookup?hl=en&volume=41&publication_year=1978&pages=1119-1124&journal=J+Neurol+Neurosurg+Psychiatry&author=AL+Desousa&author=J+Muller&author=R+Campbell&author=S+Batnitzky&author=L+Rankin&title=Atrial+myxoma%3A+a+review+of+the+neurological+complications%2C+metastases%2C+and+recurrences.
https://www.ahajournals.org/servlet/linkout?suffix=e_1_3_3_3_2&dbid=16&doi=10.1161%2FSTROKEAHA.120.031679&key=10.1001%2Farchneur.64.8.1115
https://www.ahajournals.org/servlet/linkout?suffix=e_1_3_3_3_2&dbid=16&doi=10.1161%2FSTROKEAHA.120.031679&key=10.1001%2Farchneur.64.8.1115
http://scholar.google.com/scholar_lookup?hl=en&volume=64&publication_year=2007&pages=1115-1120&journal=Arch+Neurol&author=VH+Lee&author=HM+Connolly&author=RD+Brown&title=Central+nervous+system+manifestations+of+cardiac+myxoma.
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=2013&pages=E227-E231&journal=J+Thorac+Dis&author=Q+Xu&author=X+Zhang&author=P+Wu&author=M+Wang&author=Y+Zhou&author=Y+Feng&title=Multiple+intracranial+aneurysms+followed+left+atrial+myxoma%3A+case+report+and+literature+review.


Cardiac Myxoma Revealed By Ischemic Stroke, Case Report 

DOI: 10.9790/0853-2101111318                              www.iosrjournal.org                                                 18 | Page 

[24]. McCarthy PM, Piehler JM, Schaff HV, Pluth JR, Orszulak TA, Vidaillet HJ Jr, et al. The significance of multiple, recurrent, and 

"complex" cardiac myxomas. J Thorac Cardiovasc Surg. 1986;91(3):389-96. 

[25]. Pinede L, Duhaut P, Loire R. (2001). Clinical presentation of left atrial myxoma. A series of 112 consecutive cases. Medicine 

(Baltimore); 80 (3):159-72. 

[26]. Aziz F, Zaeem M. Atrial myxoma presenting as acute stroke: a case report and review of literature. Greener J Med 

Sci. 2013;3(5):171–173.  

[27]. Bienfait HP, Moll LC. (2001). Fatal cerebral embolism in a young patient with an oc- cult left atrial myxoma. Clin Neurol 

Neurosurg; 103(1):37-8. 

[28]. Engberding R, Daniel WG, Erbel R, Kasper W, Lestuzzi C, Curius JM, et al. (1993). Diagnosis of heart tumours by transesophageal 

echocardiography: a multicentre study in 154 patients. Eur Heart J; 14:1223-8. 

[29]. O'Rourke F, Dean N, Mouradian MS, Akhtar N, Shuaib A (2003): Atrial myxoma as a cause of stroke: case report and discussion. 

CMAJ 169(10): 1049-1051. 

[30]. Kapral MK, Silver FL. (1999). Preventive health care, 1999 update: 2. Echocardiography for the detection of a cardiac source of 

embolus in patients with stroke. Canadian Task Force on Preventive Health Care. CMAJ; 161(8):989-96. 

[31]. Yanlei Zhang,1 Zusen Ye,1 Yun Fu,2 Zheng Zhang,1 Qiang Ye,1 Feichi Chen,1 and Jianhua Cheng1 Author information Article 

notes Copyright and License information Disclaimer , Characterizations of Ischemic Stroke Complications in Cardiac Myxoma 

Patients at a Single Institution in Eastern China , Neuropsychiatr Dis Treat. 2021; 17: 33–40. Published online 2021 Jan 

7. doi: 10.2147/NDT.S280641 

 

 

 

 

 

 

 

 

ZENOUAKI Salma, et. al. “ Cardiac Myxoma Revealed By Ischemic Stroke, Case Report.” IOSR 

Journal of Dental and Medical Sciences (IOSR-JDMS), 21(01), 2022, pp. 13-18. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=33442253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/
https://www.ncbi.nlm.nih.gov/pmc/about/disclaimer/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7800702/
https://dx.doi.org/10.2147%2FNDT.S280641

