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Abstract


Myxomas are low-prevalence heart tumors in the pediatric population. They are located in the left atrium in 75-86% of cases, and 30-50% are accompanied by general symptoms such as fever, weight loss, myalgias, arthralgias and elevated inflammatory markers caused by IL-6 release. They are rapidly growing heart tumors, and their most important complications are valvular and ventricular inflow tract obstruction, which may cause sudden death. Three to ten percent of cases are associated with Carney complex (CNC), type 1, caused by a mutation of the PRKAR1A gene on chromosome 17. We present the case of a 10-year-old girl with general symptoms, a murmur, syncope, hemolytic anemia and multiple nevi, in whom a giant obstructive myxoma was found in the left atrium. Carney complex, type 1, was confirmed. She underwent successful surgical resection with no complications.
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Case Report


We present a 10-year-old female, who six months prior to consulting began experiencing general symptoms consisting of fatigue, weakness, poor exercise tolerance, weight loss, intermittent fever of 39 °C, progressive dyspnea and syncope with mild exertion in the last 30 days. She was referred to our cardiovascular center due to suspected bacterial endocarditis. On physical exam, she weighed 21 kg, had a height of 138 cm, a body mass index (BMI) of 11 kg/m2, and a heart rate of 95 beats per minute. She had an increased left parasternal impulse, with increased intensity of the first sound, a normal second heart sound, a holodiastolic murmur and a systolic murmur radiating to the anterior axillary line. Her peripheral pulses were normal. She had multiple nevi on her face and a blue nevus on the top of her left foot. She had no significant family medical history. An electrocardiogram showed sinus tachycardia, and the chest X-ray was normal. A transthoracic echocardiogram showed a cardiac tumor with irregular borders adhered to the left side of the interatrial septum, with a tumor area of 10.8 × 13.8 cm2. There was diastolic prolapse into the inflow tract as far as the trabeculated portion of the left ventricle (LV), causing obstruction of the mitral valve (MV) and LV outflow tract (Figure 1). In addition, there was moderate eccentric mitral regurgitation (MR) and left atrial (LA) dilation. The MV leaflets and subvalvular apparatus were normal. No other affected valves, or tumors at other sites, were found. Pulmonary pressure and LV function were normal. The labs showed a hemoglobin of 7.5 g/dl, normal leukocytes and platelets, and negative inflammatory markers and blood cultures. She underwent surgery with partial resection of the interatrial septum, complete transeptal tumor resection, and interatrial septum reconstruction with an autologous pericardial patch, with no complications. The anatomic pathology exam showed a tumor with irregular borders, weighing 23 grams and measuring 6 × 6 × 2 cm, with a myxoid appearance, soft consistency, light color and hemorrhagic and congestive areas (Figure 2). Microscopic examination revealed a neoplasm formed by elongated cells with scant, poorly defined cytoplasm and oval and fusiform nuclei, within a myxoid, vascularized and hemorrhagic stroma (Figure 3). Calretinin, factor XIIIa, CD31, CD34 and vimentin immunohistochemical markers were positive (confirming a myxoma). The differential diagnosis included chronic inflammatory processes or metastatic carcinomas, which were ruled out by negative CD68 and cytokeratin (CK) immunohistochemical markers.




	
		
		Figure 1: Echocardiography study (A) Apical four-chamber view showing a myxoma (yellow arrow) in the left atrium; (B) Diastolic prolapse of the myxoma (yellow arrow) into the inflow tract as far as the trabeculated portion of the LV; (C) Two-chamber view showing the same image as Figure B (the yellow arrow indicates the myxoma), and a dilated LA; (D) Long axis view showing the myxoma (yellow arrow) in the LA; (E) Long axis view showing the myxoma's (yellow arrow) diastolic prolapse into the inflow tract, causing obstruction of the mitral valve and LV outflow tract; (F) Apical four-chamber view showing eccentric mitral regurgitation (yellow arrow). 
 LA: Left Atrium; LV: Left Ventricle; RV: Right Ventricle; Ao: Aorta
	 
			View Figure 1
		
	




   


	
		
		Figure 2: (A) Cardiac surgery view through the open right atrium with partial resection of the interatrial septum; the yellow arrow shows the myxoma Partial resection of the interatrial septum (*); (B) Same view as in A; the yellow arrow shows hemorrhagic and congestive pedicle areas; (C) Macroscopic anatomic pathology showed a tumor with irregular borders, with a myxoid appearance, soft consistency, light color and hemorrhagic and congestive areas (*). 

RA: Right Atrium, SVC: Superior Vein cava with Cannula. 
		
		View Figure 2
		
	







	
		
		Figure 3: Microscopic anatomic study (A) Hematoxylin-eosin coloration, 10X magnification, showing vascularized myxoid stroma and elongated neoplastic cells with eosinophilic cytoplasm and ovoid nuclei; (B) 40X magnification showing sparse eosinophilic cytoplasm and nuclei with homogeneous chromatin; (C) Immunohistochemical markers (nuclear and cytoplasmic calretinin positive); (D) Immunohistochemical markers (CD31 positive); (E) Immunohistochemical markers (CD34 positive).
		
		View Figure 3
		
	






A genetic study confirmed CNC, type 1, finding an 18.8 kb deletion on chromosome 17 (chr17:66.521,042-66539,872) which involved exons 6-11 on the PRKAR1A gene (NM_002734, 4). Echocardiographic follow up showed minimal MR and no residual tumor. She was discharged from our center after 21 days, without complications. She is currently in follow up and the family is being studied for CNC, type 1.


Discussion


Primary heart tumors are a rare heart disease, constituting 0.001% to 0.028% of autopsy studies [1]. They may occur in all age groups, including newborns. They have a 0.17-0.2% prevalence in the pediatric population [2], with the following order: Rhabdomyomas 45-75%, fibromas 6-25%, and myxomas 5-10% [3]. In order of frequency, myxomas are found in the LA (75-86%), right atrium (20%), right ventricle (5%), LV (3%), and, less frequently, in the aortic valve and inferior vena cava [4]. They are rapidly growing tumors, gaining 1 to 2 grams/month. They can produce vascular endothelial growth factor, leading to angiogenesis and the presence of hemorrhagic zones. Large tumors are often complicated by obstructive phenomena when they are located in the ventricular outflow or inflow tracts. In some cases, they are found on autopsy as a cause of sudden death. Between 30 and 45% of myxomas in the LA are complicated by embolic events, with the central nervous system being the most affected (more than 50% of cases). Cases of retinal, renal, mesenteric, coronary or lower limb emboli have also been reported [5]. Other complications include arrhythmias, myocardial infarction, or tumor infection. The presented case had a large myxoma adhered to the left side of the interatrial septum over the fossa ovalis region, with high angiogenic activity evidenced by hemorrhagic zones, and accelerated growth which was causing obstruction of the LV inflow tract during diastole. In addition, a portion of the tumor was causing partial obstruction of the LV outflow tract (Figure 1). This led to low cardiac output with the slightest exertion and explains the syncope reported by the patient.



Myxoma growth can extend to the mitral annulus and affect valve function. In our case, we found no infiltration of the annulus or the leaflets. The MR found was secondary to annulus dilation (Figure 1). Thirty to fifty percent of cases have general symptoms such as fever, weight loss, myalgias, arthralgias, Raynaud's phenomenon, weakness and decreased functional class. In their study, Gabe, et al. showed that up to 74.2% of their cases presented with general symptoms [6]. This is important during the initial assessment and consideration of differential diagnoses like endocarditis or connective tissue disorders. These symptoms are attributed to the release of IL-6. Laboratory abnormalities such as a high erythrocyte sedimentation rate, anemia, leukocytosis, thrombocytopenia and elevated gamma globulins are also found [7]. In our case, the myxoma's large size and its constant prolapse into the LV inflow and outflow tracts were the mechanical conditions causing hemolytic anemia. This complication is described with some frequency in large tumors that prolapse into the ventricular inflow tracts [8].



Three to ten percent of myxomas originate in association with CNC, an autosomal-dominant condition that can result from PRKAR1A gene mutation [9]. The PRKAR1A gene codes for the cAMP-dependent protein kinase alpha regulatory subunit (R1-a). PRKAR1A gene mutations have been related to acrodysostosis 1, with or without hormone resistance, and CNC, type 1. This syndrome was first described by J. Aidan Carney in 1985 [10] as a new lentiginosis and myxoma syndrome, along with multiple neoplasia affecting (in addition to other organs and systems) several endocrine glands (adrenal, testicular, pituitary), with a characteristic tendency towards multicentric involvement (heart, breast, skin) and bilateral involvement in paired organs (adrenal glands and testicles). Diagnostic confirmation requires meeting two or more of the following clinical criteria, or one clinical criterion + one supplemental criterion (Table 1) [11,12].



 

	
	
	Table 1: Diagnostic criteria for carney complex [modified from Correa R, et al. [12]. View Table 1
	




 

In accordance with the literature, the multiple nevi found on the physical exam and the LA giant myxoma led to a strong clinical suspicion of CNC, which was confirmed with the detection of the PRKAR1A gene mutation on chromosome 17, as well as the histopathological and immunohistochemical tests which confirmed the myxoma. It is important to diagnose CNC because tumors may develop in first-degree relatives, and the recurrence rate of the myxoma after resection may be 12-22%, compared to sporadic forms which only have a 1-4% rate of recurrence [13]. Therefore, the recommendation of the experts is to follow up with serial imaging, as well as a genetic study of the first-degree relatives [14]. This is currently being done with our patient.



Giant myxomas are a surgical emergency due to the complications described. Surgical resection is considered to be curative, with a low prevalence of complications [15].


Conclusion


This case teaches us that cardiac tumor may present with constitutional or systemic symptoms in the initial stages, followed by cardiovascular symptoms caused by their mechanical effects. The presence of multiple nevi should point towards the presence of a myxoma, as we proved in our case. Due to the association with CNC, type 1, a genetic study was performed confirming a deletion on chromosome 17 involving the PRKAR1A gene. As a general recommendation, follow up is necessary due to recurrence and the possible appearance of these tumors in first-degree relatives.
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