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Abstract: 

Background - To evaluate indications and results of surgery for primary cardiac tumors in 

children. 

Methods and Results - Eighty-nine patients aged  18 years undergoing surgery for cardiac 

tumor between 1990 and 2005 from 16 centers were included retrospectively (M/F =41/48; 

median age 4.3 months, range 1 day-18 years). Sixty-three patients (68.5%) presented with 

symptoms. Surgery consisted in complete resection in 62 (69.7%), partial in 21 (23.6%), and 

cardiac transplant in 4 (4.5%). Most frequent histotypes (93.2%) were benign (rhabdomyoma, 

myxoma, teratoma, fibroma and hemangioma). Post-operative complications occurred in 29.9%. 

Early and late mortality were 4.5% each (mean follow up: 6.3 ± 4.4 years); major adverse events 

occurred in 28.2% of the patients; 90.7% of patients are in NYHA class I. There were no 

statistically significant differences in survival, post-operative complications or adverse events 

after complete and partial resection in benign tumors other than myxomas. Cardiac transplant 

was associated significantly with higher mortality rate (p 0.006). Overall mortality was 

associated to malignancy (p 0.0008), and adverse events during follow up (p 0.005). 

Conclusions - Surgery for primary cardiac tumors in children has good early and long term 

outcomes, with low recurrence rate. Rhabdomyomas are the most frequent surgical histotypes. 

Malignant tumors affect negatively early and late survival. Heart transplant is indicated when 

conservative surgery is not feasible. Lack of recurrence after partial resection of benign cardiac 

tumors indicates that a less risky tumor debulking is effective for a subset of histotypes such as 

rhabdomyomas and fibromas. 
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Primary cardiac tumors are a very rare disease in pediatric practice1-4. They are more frequently 

benign neoplasms arising primarily in the inner lining, the muscle layer or the surrounding 

pericardium of the heart.2  

The current literature is reporting mostly on surgical resection of primary cardiac 

tumours, particularly myxomas, in adults 5,6, or single surgical case reports in pediatric patients 

7-9. There are only a few long term retrospective analyses that include the whole spectrum of 

primary cardiac tumors in children 10-12. 

For this reason, we have embarked on a multicenter study within the European 

Congenital Heart Surgeons Association (ECHSA), in order to evaluate indications and results 

after surgery for cardiac tumors in a large cohort of pediatric patients. 

 

Material and methods 

Patients who underwent surgery for primary cardiac tumor in the pediatric age (  18 years), 

between January 1st, 1990, and December 31st, 2005 were included. Sixteen centers were 

enrolled in this study. Review of medical records was approved by each hospital local 

committee on clinical investigation. Individual patients were not identified, and the need for 

patient consent was waived. Data were collected according to a common database; variables are 

described in Supplemental Table 1. 

Preoperative echocardiographic findings were defined as “hemodynamic impairment” in 

the presence  of one of the following: right or left ventricular outflow tract obstruction 

(R/LVOTO), defined as significant when peak systolic pressure gradient was > 50 mm Hg; 

mitral valve (MV) regurgitation (greater than mild) or stenosis (significant if trans-mitral 

velocity was > 1.3 m/s); pericardial effusion causing tamponade. 

after surgery for cardiac tumors in a large cohort of pediatric patients.
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Statistical analysis investigated the effects of various clinical variables on postoperative 

death and complications, and onset of adverse events (such as cardiac/non cardiac related death, 

reoperation, recurrence of cardiac/non cardiac tumor, other-including tuberous sclerosis) at 

follow up. Moreover, complications and adverse events were considered as risk factors for 

death. Log-rank Test was used to test clinical variables’ effect on survival. Since precise 

chronology of adverse events was not always known, we included in analysis all complications 

and adverse events occurring during follow-up, and we applied Fisher’s Exact Test to analyse 

the effects of clinical variables on complications and adverse events, and the effects of 

complications and adverse events on overall death. For the same reason,  freedom from adverse 

events (cardiac or non-cardiac tumor recurrence, cardiac reoperation) were  calculated at specific 

time points (1 and 10 years), including only patients with follow-up  1 year. 

Finally, McNemar Test was used to determine a significant difference of three major 

clinical variables (i.e., presence of arrhythmia, congestive heart failure, and echocardiographic 

pathological findings) before and after surgical repair. Survival functions were constructed with 

Kaplan-Meyer estimates13. P-values less than 0.05 were considered statistically significant. 

Analyses were performed using SAS System, version 9.2. 

Results 

Early outcomes 

Eighty-nine patients were collected for this surgical series (M/F: 41/48, mean age at operation: 

4,2 yrs, median age 4.3 months, range 1 day-18 years). Forty-six patients underwent operation 

under the age of 4 months. 

Surgery was advocated because of the presence of symptoms, electrocardiogram (ECG) 
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abnormalities or echocardiographic “impairment” as defined above (Table 1). 

At physical examination, a cardiac murmur was detected in 6.7% of the patients (6/89). 

Symptoms were present in 68.5% of patients (Supplemental Table 2), consisting in congestive 

heart failure in 22 (24.7%), arrhythmias in 12 (13.5%), neurological symptoms in 4 (4.5%, 

syncope and stroke from embolization in 2 patients each); other symptoms (such as chest pain, 

palpitations and respiratory distress, associated to pleural or pericardial effusions) were present 

in the remaining 17 symptomatic patients (Supplemental Table 2). 

Overall, preoperative ECG showed a regular sinus rhythm in 71 patients (79.8%). 

Rhythm disturbances were present in 18 patients, the most common being ectopic multiple atrial 

and/or ventricular beats in 13 patients, followed by atrial flutter in 3, and paroxysmal 

supraventricular tachycardia in 2 (Supplemental Table 2). 

The cardiac mass was mainly detected by means of two-dimensional echocardiography 

(92.0%). Prenatal echocardiographic diagnosis was available in 22.5%. 

At echocardiographic evaluation, 63 patients (70.8%) presented with hemodynamic 

impairment which was caused by AV valve distortion in 20 patients (22.5%), LVOTO in 18 

(20.2%), RVOTO in 11 (12.4%), and other findings in 14 (15.7%). Echocardiographic findings 

are listed in detail in Supplemental Table 2. 

In order to achieve a complete diagnosis, in addition to echocardiography, magnetic 

resonance imaging (MRI) and computed tomography (CT) scan were necessary in 26 (29.2%), 

and 11 cases (12.4%), respectively. 

Cardiac tumors were found as single masses in 65 patients (73.0%) and multiple (2-4 

masses) in 24 (27.0%). The mass was localized mostly in the ventricles (44 patients, 49.4%) and 

in the atria (29 patients, 32.6%), while it was extracardiac in 13 patients (14.6%); finally it was 

and/or ventricular beats in 13 patients, followed by atrial flutter in 3, and paroxysyssmamaal

upraventricular tachycardia in 2 (Supplemental Table 2). 
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found in both atrial and ventricular cavities in 3 patients (3.4%, Supplemental Table 2). 

Pathological analysis revealed that rhabdomyoma was the most frequent tumor histotype 

(32 cases, 35.9%), followed by myxoma (18 cases, 20.2%), teratoma (12 cases, 13.5%), fibroma 

(9 cases, 10.1%), and hemangioma (8 cases, 9.0%). Most of primary cardiac tumors resulted to 

be histologically benign (93.2%). Malignant tumors were found in 6 patients (M/F: 4/2), who 

presented with congestive heart failure (4 cases), atrial flutter (1) and neurological symptoms 

(1). The tumor mass was greater than 5 cm in diameter in the majority (4/6) of patients. At 

histology, the mass was consistent with a sarcoma in 5 patients and a malignant teratoma in 1. 

Associated cardiac anomalies were present in 19 patients (21.3%, Supplemental Table 

3). Non cardiac anomalies were present in 15 patients (16.8%); tuberous sclerosis was the most 

common one (10 patients). The Carney complex was diagnosed in 2 patients only, who 

presented with multiple masses and both showed had late recurrence at follow up. 

Surgery consisted in complete resection of the mass in 62 patients (69.7%), partial 

resection in 21 (23.6 %) and cardiac transplant in 4 (4.5%) (Table 2). In one patient with a large 

biventricular rhabdomyoma, a cavopulmonary anastomosis was performed  as a staged 

univentricular palliation. One last patient was submitted to an incisional biopsy via midline 

sternotomy. Associated surgical manoeuvres were performed in 34 patients (Supplemental 

Table 4). 

Surgery required cardiopulmonary bypass (CPBP) in 85.4 % of the patients (median 

CPBP time 74.5 min, mean 86.6±69.3 min), with aortic cross clamping in 76.4% (median time 

39 min, mean 48.1±41.85 min).  

Among patients with malignant tumors (6 cases), mean age at operation was 90.0 ±76.4 

months (median 8.8 years, range 21 days-16 years). Surgery consisted in partial resection in 4 

3). Non cardiac anomalies were present in 15 patients (16.8%); tuberous sclerossisiss wwwass t tthehehe m m mosost 
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patients and complete in 2. 

Overall median Intensive Care Unit (ICU) stay was 3 days (range 1-32 days), with a 

median mechanical Intermittent Positive Pressure Ventilation (IPPV) of 18 hours (1-430 days). 

A longer hospitalization was observed after heart transplant (mean ICU stay: 23.7±14.5 days, 

mean IPPV time 120.0±86.5 hours). 

Postoperative complications occurred in 26 patients (29.2%, Table 4).The most frequent 

were pericardial and/or pleural effusions requiring drainage (6 patients), low cardiac output 

syndrome (5 patients), and arrhythmias (4 patients). Complications are listed according to tumor 

histotype in Table 3. 

Postoperative ECG showed sinus rhythm in 87.0%. 

Two-dimensional and Doppler echocardiographic study at discharge showed no major 

residual defects in 68.4%, a mild AV valve regurgitation in 19.0%, and trivial or mild aortic or 

pulmonary valve stenosis or regurgitation in the remaining patients. 

Eighty-five out of 89 patients, (95.5%) were discharged home in good clinical 

conditions. Four patients died within 30 days after surgery, accounting for an early mortality rate 

of 4.5%: three patients (2 with malignant neoplasms, 1 with a benign teratoma) died for 

postoperative low cardiac output syndrome; another patient with rhabdomyoma, who was 

previously submitted to brain surgery, died late for massive intraparenchimal brain 

haemorrhage. Thus, operative mortality decreases to 2.4% in the benign subgroup. 

Follow up 

At a mean follow-up of 6.33±4.37 years (follow up completeness 91%, range 0.3-18.6 years), 74 

patients are alive and well, the majority of whom are in NYHA class I. Among these, 59 patients 

(79.7%) show a functional capacity comparable to peers, whereas 11 patients (14.8%) affected 

Postoperative ECG showed sinus rhythm in 87.0%. 
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by rhabdomyoma and tuberous sclerosis show an impaired neurological status. Sixty-two 

patients (83.7%) are medication free. 

Late death occurred in 4 patients (4.5%, Table 2). In one patient, a malignant cerebral 

mass occurred 15 months after surgery for a malignant cardiac tumor; in another patient, a 

cerebral astrocytoma developed 3.1 years after cardiac transplant; a third patient died for severe 

pneumonia two-years after surgery, complicating long term mechanical ventilation for severe 

pulmonary fibrosis after resection of a sarcoma; a fourth patient died 11.3 years after heart 

transplant because of chronic cardiac rejection (graft vasculopathy). 

At follow up, global freedom from adverse events was 85.7% at 1 year (CI 95%: 0.577-

1.0), 76.3% at 10 years (CI 95%: 0.654-0872). 

Freedom from cardiac tumor recurrence was 94.9% at 10 years (CI 95%: 0.892-1): a 

myxoma recurred in 2 patients with a late diagnosis of Carney complex; a benign teratoma was 

re-operated successfully 2 years after incomplete resection; finally, progressive growth of a 

partially resected sarcoma occurred in another patient. 

Freedom from cardiac reoperation was 90.7% at 10 years (CI 95%: 0.832-0.982): 8 

patients needed a cardiac re-operation, which consisted in MV plasty in 2, tricuspid valve plasty 

in 2, a redo heart transplant in 2, and a recurrent myxoma resection in 2. 

Freedom from non-cardiac tumor recurrence was 93.2% at 10 years (CI 95%: 0.867-

0.997): a brain tumor occurred in 2 patients (after heart transplant in one case), a cholesteatoma 

in one and an unspecified malignant mass in another. Seven patients had other adverse events 

(seizures related to tuberous sclerosis in 4 patients with a previous rhabdomyoma, and 

paroxysmal nocturnal hemoglobinuria, intestinal intussusception, and chronic heart rejection 

after transplant one each). 

1.0), 76.3% at 10 years (CI 95%: 0.654-0872).

Freedom from cardiac tumor recurrence was 94.9% at 10 years (CI 95%: 0.892-1): a 

mymyyxxoxommama rrrecece uuurreed dd inini  2 patients with a late diagnonoosssisss of Carney comommplexexx;; ; a a benign teratoma was

ee-ooopep rated suuccccesessffululu lyyy 22 2 y yeaeaearsrs aaftftf eerer iinnccommmplllete rreeeseccctitiionon;;; ffifinanallllyyy, pprorooggrresessissivveve ggroror wtwtw hh h ofofof aa 

papartrtrtiaiaallllllyy y rereesesesectctededd sssararcocommama occcccururrrerered d d inin  aanononothththerrr p p patattieeentnt.. 

Freedodoom m m frfrfromomom c caraa dididiacacac r reoeoeopepeperarar titiiononon w wwasasas 909090.7.77% % % atatt 1 1 10 0 0 yeyeyeararars s s (CCCI I 959595%:%:%: 0 0.888323232-0-00.9.99828 ): 8 
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Statistical analysis 

Survival curves according to Kaplan Meier analysis are shown in Figure 1. The survival 

estimate for surgical patients affected by a malignant tumor is significantly lower when 

compared to patients with a benign tumor (overall mortality is 60.0% vs. 6.5%, respectively; 

p=0.0008, Table 4). In contrast, there is no statistical association between tumor malignancy and 

post-operative complications or follow-up adverse events. 

Effects of clinical variables on outcomes are summarized in Table 4. Symptoms at 

presentation, arrhythmias, preoperative heart failure and hemodynamic impairment are not 

significantly related to survival or a higher rate of post-operative complications or adverse 

events at follow-up. There is no significant difference in patients after complete or partial mass 

resection in terms of overall mortality and post-operative complications, while a significant 

incidence of adverse events at follow-up is detected (18.5% in complete vs. 43.7% in partial; 

Fisher’s Exact Test p=0.009). Cardiac transplant is significantly associated to a higher overall 

mortality (25.0% vs. 2.7%; p=0.006). Simultaneous surgical repair of associated cardiac 

anomalies does not increase either the surgical mortality risk or the incidence of post-operative 

complications or adverse events at follow-up. In addition, postoperative overall mortality is not 

influenced by the association with a non cardiac anomaly. Complicated postoperative course do 

have a negative effect on survival in patients with benign cardiac tumors (75% vs. 27.8%; 

p=0.026), while occurrence of adverse events at follow up influence negatively survival in all 

patients (100% vs. 24.3%; p=0.005) 

The effectiveness of surgery on improving patients’ clinical conditions is demonstrated 

by McNemar test on variables such as presence of symptoms, hemodynamic impairment and 

cardiac rhythm abnormalities (Table 5). In fact, 18 patients presented with arrhythmia before 

events at follow-up. There is no significant difference in patients after complete ooor papp rtrtrtiaiaial ll mamamasss  

esection in terms of overall mortality and post-operative complications, while a significant 

nnciciidededenncnce e ofofof aaadvvererersese events at follow-up is detectctctededd (18.5% in comommpletettee e vvs. 43.7% in partial; 

FFishhhere ’s Exactt T TTesesst p=p==0.0..0000009)9)9). CCaCardrdrdiaiai cc trransppplaant iiis sigggniniifificcaanntntlyly aassssocociaii tteed d tototo a a hhhigigigheheher r ovvvereralaa ll l

momoortrtr alalalititi yy y (2(2(25.5.5 0%0%% vvvs.s. 2 22.777%;%  ppp=0=0=0 00.0060606).). SSSimimmululultaaanenen oououss s suuurgrggicicicaaal rrrepepe aiaia rrr ofofo  a aassssocociaiai teteted d cacacarrdrdiaiaac c

anomalies dooesese  n nototot iiincnccrerer assse e e eiee thhhererer t tthehh  sssurururgigigicacacal l momom rtrtr alala itty y y ririisksksk o oor r r ththt e e e ininincicicidededencncnce e ofofof p p pososost-t-t operative
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operation, but only 6 showed persistence of arrhythmias after surgery (p=0.0075). Likewise, 17 

patients presented with congestive heart failure (CHF) before operation, while only 1 patient 

among these 17 was showing persisting CHF postoperatively and during follow-up (p=0.033). 

Finally, 48 patients had echocardiographic hemodynamic impairment before operation, while 

only 16 had its persistence after operation and during the follow-up (p<0.0001). 

 

Discussion 

Primary cardiac tumors are rare, with an estimated prevalence of 0.0017 to 0.28 in autopsy 

series.1-2 In the pediatric age, an incidence of cardiac tumors of approximately 0.14% has been 

reported during fetal life3; furthermore, the review of the echocardiographic database at Boston 

Children’s Hospital showed an incidence of about 0.17% in children4. 

Current literature on treatment for primary cardiac tumors in children mostly reports on 

single cases7-9 or small series10-12. Thus, definitive statements on this matter are often 

unconclusive. For this reason, we have started a multicenter study within the ECHSA in order to 

collect data on a large scale and define the early and late results after surgery for primary cardiac 

tumors in the pediatric age. To the best of our knowledge, this is the largest multicenter 

retrospective surgical series ever reported. 

Since some cardiac tumors may potentially regress, surgical treatment is usually 

indicated whenever symptoms are present. In this series, symptoms were present in most of the 

patients (68.5%), but not in all. Nontheless, surgery was advocated even in bsence of symptoms, 

whenever instrumental data (echocardiography or ECG) were indicating a life- threatening 

condition (Table 1). Despite a potential regression might have occurred in some of these cases, 

surgery was considered as a prophylactic strategy, in order to prevent from mass related 

eported during fetal life3; furthermore, the review of the echocardiographic dataabbabasess  aat t t BoBoBostststonon

Children’s Hospital showed an incidence of about 0.17% in children4. 

CuCuCurrrrrreennt liliiteteterar ture on treatment for primararary yy cccardiac tumors s ini  cchihihilldldren mostly reports on

iiinggglel  cases7-97-9 oorrr ssmmalalall sseseriririesess10-10-10-1212. TThThuus,, deffifinniitiveee ssstatteemmemennntsss ononn tthihis s mmamatttererr a aarere oooftftf eenen 

ununcococ ncncnclulusisiiveveve.. FoFoor ththisiss r reeaeasson,n,n, wwweee hahahavevee s sstatatartrtrtededd a a a mumumultl iiccenennteteterr stststudududy y wiwiw ththhinnn t thehehe E EECHCHHSSASA iiin ororddeder r r to 

collect data oon n n a a a lalaargrgrge e scsccalle e e ananand d d deded fififinene t t thehehe e eearararlylyy a aandndnd l l attee e rereresususultltlts s s afaa teteter r sususurgrgrgererery y fofofor r r prprprimimmary cardiaccc
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potentially fatal complications (tumor embolization, severe valve regurgitation or stenosis, 

impinging AV valve orifice, ventricular arrhythmias). 

Furthermore, as described elsewhere10-12, 14,15 surgery for cardiac tumors in pediatric age 

carries an acceptable mortality risk. In our series, overall operative mortality accounts for 4.5%; 

however, considering only the benign histotypes, only 2/83 died at operation (2.4%), confirming 

a low operative mortality rate. In addition, in children with benign cardiac tumors, there was no 

difference in terms of overall mortality and post-operative complications  between complete and 

partial resection of the tumor other than myxoma, especially for those tumors which may 

spontaneously regress such as rhabdomyomas15-17. This is not in contrast with the significantly 

different incidence of adverse events at follow-up detected in these 2 groups (p=0.009): in fact, 

most histotypes undergoing partial surgical resection were rhabdomyomas, in whom 

development of tuberous sclerosis may be a common adverse event. Moreover, there was no re-

growth of tumor late after partial resection, confirming the efficacy of this type of treatment. In 

light of these data, partial resection with a less risky tumor debulking may be the safest surgical 

option for patients with benign cardiac tumors other than myxomas, especially when the mass is 

involving the ventricular myocardium close to the coronary arteries. Finally, our experience 

demonstrates that surgery ameliorates patients’ clinical conditions, as shown in Table 5. 

Surgical resection is usually tailored on patient’s characteristics. It requires CPBP and 

aortic cross clamp in most cases, especially when the mass is intracardiac. Gentle manipulation 

of the heart is suggested, so as to avoid cardiac mass fragmentation and embolization (i.e 

myxomas). Since surgical approach (i.e. transatrial, transventricular, transaortic) depends on the 

mass position, it is of paramount importance that its correct location is diagnosed preoperatively. 

A proper surgical exposure of the mass is essential to ensure a radical resection and to preserve 

different incidence of adverse events at follow-up detected in these 2 groups (p=0=00.00009099):):): i iinn n fafafactct,

most histotypes undergoing partial surgical resection were rhabdomyomas, in whom 

deevevevelololopmpmpmenenentt off tttubububeerous sclerosis may be a commmmmmooon adverse eveentnn . MoMoMorrereover, there was no re-

ggrowwwth of tumomorr laaatee a aafttererer pp paarartittiaal l rerer sseseccctiioon, ccooonfirmrmrming g g tththe e effffificacaaccyy oofff thhiis s tytytyppepe ooff f trtrreaeatmtmtmeenent.t.t  IIIn nfff

iighghght t ofofof t theheesesese d datatta,, pp ararrtiialala r resssecectititiononon w wititth h aa a lelelessss r r risisskykyy tumumumororor d debebebulullkikiingngng m mmayayay bbbe ee thththe e sasasafefesstst sssururggigicacaal

option for ppatatieieientntn s s s wiwiw ththth b benennigigign n cacacardrdrdiaiai c c  tututumomomorsrsrs o oothththeeer r r ththananan m mmyxyxyxomomomasss, , esesespepepecicicialala lylyy w wwhehehen n n tht e mass iss 
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the integrity of the surrounding cardiac structures, especially of the coronary vessels which may 

run close to the mass. Partial debulking has proven to be effective in most benign histotypes, 

whenever a more complete resection may damage surrounding tissues. Finally, associated 

procedures may be necessary, such as atrial patch closure after myxoma resection, and RV patch 

reconstruction after fibroma resection. 

Overall, 8 patients died in this series (9.0%); mortality was associated to the malignant 

nature of the mass (3 cases), or to onset of non-cardiac events (4 cases), whereas only one death 

can be directly related to the operation (after extensive resection of an extracardiac teratoma). As 

previously reported by Uzun and coworkers2, survival after surgery in the long term is definetly 

related to the malignant nature of the tumor (p=0.0008), with a mortality rate of 33% for the 

malignant masses, versus 4.1 % for the benign ones (Figure 1). These patients with a malignant 

mass may actually benefit clinically from palliative surgery, such as a partial resection, 

associated to chemotherapy and radiotherapy18. However, prognosis in these patients is 

extremely poor even after surgery. 

In our multicenter experience, cardiac transplant was considered as the only option in 4 

patients with a large mass (mostly a fibroma) which was invading the left ventricular cavity and 

infiltrating the left ventricular myocardium (Table 2). Despite the low numerosity, our analysis 

demonstrated a reduced long term survival (p=0.006), when compared to conservative surgery, 

and a mild tendency to higher rate of postoperative complications occurrence (p=0.069). Thus, 

according to current data on results after cardiac transplant in children19-21, we believe thata 

surgical resection should be attempted whenever possible, to avoid the undesirable 

complications of cardiac transplant. 

In the current literature on pediatric cardiac tumors, the incidence of preoperative 

elated to the malignant nature of the tumor (p=0.0008), with a mortality rate off 3 333%3%% fffororor tt thehehe 

malignant masses, versus 4.1 % for the benign ones (Figure 1). These patients with a malignant 

mamassssss m mmayayy aa actctctualllllyy y beb nefit clinically from palliatititiveveve surgery, suchh a as a a papapartr ial resection, 

assooocic ated to chchhemememottheheh raraapypyp  a aandnnd radadadioioi tthheeerappyy1188. HHoHowwevevever,r, p pprooogngnnosssiss iiinnn thhheseseee ppapatitieenentstst  ii iss 

exxtrtrtrememmelelyy y popopooror eeeveeen n aaafteteer r suurgrgrgerereryy.y.  

In ourur m mmululltitit cecec ntntnteree  eeexpxpxperrrieieiencncnce,ee  cccararardididiacacac t trararansnsnsplplplaantntt w w wasasas c cconononsis dededererered dd asasas ththt e e e onononlylyy o ooptp ion in 4 
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symptoms is described as high as 60% of cases 1,2,10,21,22. These data are confirmed in our 

surgical series, where the majority of patients were symptomatic preoperatively (68.5%). 

However, presence of symptoms does not affect overall survival, incidence of postoperative 

complications or adverse event at follow-up. Symptoms are not associated with any specific 

cardiac tumor histotype, apart from malignancy and hemangioma, in which symptoms were 

always present in our series (Supplemental Table 2). 

Finally, in contrast with what is actually reported 22-24, myxomas were not associated 

with a greater incidence of neurological symptoms (only 1 patient among 18) when compared to 

other histotypes, and they were often operated in the absence of symptoms (about 50% of cases), 

because of their intracavitary growth, in order to prevent from life-threatening complications. 

Our analysis shows a relationship between tumor histotype and cardiac localization, i.e. 

rhabdomyoma in the ventricles, myxoma in the atria, teratoma mostly intrapericardial and 

extracardiac (Figure 2), despite this association resulted not statistically significant. As far as 

the presence of symptoms, which has often been associated with the size of tumor or its 

localization2,3,11,21,22, in our series we were not able to demonstrate a statistically significant 

association. 

Our study has stressed once more the crucial role of two-dimensional and Doppler 

echocardiography in achieving a proper diagnosis of cardiac tumor and mass location25,26. 

Echocardiography was the only instrumental diagnostic tool in most of the patients, precise 

enough to avoid other diagnostic imaging techniques that might delay an otherwise emergency 

surgery. Thus, CT and MRI remain a second level exam, which was required in about one third 

of our patients, especially when a malignant mass was suspected, in order to achieve a better 

definition of its location and relationship with the surrounding structures 26-28. In our series, 

because of their intracavitary growth, in order to prevent from life-threatening cooompmpplilicacacatititiononons.s.s  

Our analysis shows a relationship between tumor histotype and cardiac localization, i.e. 

hhababbdododomymymyomomo aa innn t ttheheh  ventricles, myxoma in the atatatriiaa, teratoma momoostlyy iiintntntrar pericardial and yy

exxtrrraca ardiac (FiFiiguguguree 2 2 2),, dd deesespipipittete thihih sss aasssoociaattiooon reessuultededed nnooot sstatattitisstticcalalllylyl   sigiggnininifificacaantntnt.. AAsA  fffaarar a aas 
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tumor masses were multiple in one forth of patients, mostly consisting of rhabdomyomas, as 

reported elsewhere10, 21,22,29. Noteworthy, in our study, the incidence of multiple myxomas is 

slightly higher (12.5%) than what reported in literature (10%)5,30, and were found only in 

patients with associated Carney complex, i.e. an autosomal dominant disorder characterized by 

multiple cardiac and nervous neoplasms, cutaneous myxomas and spotty pigmentation of the 

skin (lentigines and blue nevi)31-34. Most cases are familial and clinical presentation often occurs 

in teenagers or young adults. In our experience, multiple myxomas were more frequent probably 

because our patients were all younger than 18 years. In addition, the rare finding of tumor 

recurrence in our series was associated with Carney complex.  

Our study confirms the frequent association of tuberous sclerosis with rhabdomyomas35-

38. In our experience, incidence of tuberous sclerosis  is consistently lower  (47.0%) than what 

commonly reported (80-90%). This is probably due to the “surgical” nature of this series. As 

such, it is not representing the whole population of pediatric patients with cardiac 

rhabdomyomas. Moreover, our data confirm the impaired late neurological status associated to 

tuberous sclerosis (88.0%).39-41 Overall, these data and the documented regression of these 

tumors42-44 may be important for the prenatal counselling45. 

As previously underlined, our series is a surgical one and does not reflect the 

characteristcs of all pediatric cardiac tumors. Anyhow, the pathological examination of excised 

cardiac masses has revealed that rhabdomyoma is the most frequent tumor in the pediatric age, 

followed by myxoma, teratoma, fibroma, hemangioma, whereas the malignant types are very 

rare. These data differ substantially from what reported in previous surgical series10-14,21, where 

fibroma was considered the most common cardiac tumor requiring surgery. On the other side, 

they confirm the prevalence and the age-distribution of tumors’ histotypes in the general 

Our study confirms the frequent association of tuberous sclerosis with rhahaabdbddomommyoyoyomamamass3335-

8. In our experience, incidence of tuberous sclerosis  is consisf tently lower  (47.0%) than what 

coommmmmmoononlylyly r r eepporrrteteted d (80-90%). This is probably dududueee to the “surgicccala ” nanaatututure of this series. As

uuchhh, it is not rerepppreeesenenntiingngng t t thehehe w whohoholelele p ppooppulaaatioon oofof ppedddiaiaatrtricici  ppaatitiiennntss wwwitthh cacaardrdrdiaiac cc
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pediatric population1,2,11,46. In addition, the distribution of the various tumors’ histotypes 

depends on patient’s age (Figure 3). In fact, the prevalence of rhabdomyomas, fibromas and 

teratomas is higher in the first quartile of ages, while myxomas are more frequent in older 

children, as reported also elsewhere2,10,21. This confirms on a large scale what has been often 

reported in previous case reports 7,9,15,46,47, and it may support the “acquired” origin of myxomas 

48, when compared to other histotypes which are commonly described in neonates or even 

prenatally, and therefore may be considered “congenital” hamartomas (such as rhabdomyomas 

or fibromas). 

Finally, prenatal echocardiography is nowadays an efficacious imaging diagnostic tool 

that allows to plan and optimize the surgical and medical management in neonates with complex 

congenital heart disease49-50. In this surgical experience of primary cardiac tumors, prenatal 

diagnosis was achieved in 22.5% of cases , but it was not associated to significant differences in 

operative mortality or postoperative complications when compared to patients without fetal 

diagnosis. This may be due to the fact that this surgical series is including patient with different 

ages, the majority of whom was referred because of symptoms rather than a fetal diagnosis.  

 

Conclusions 

Our study on a large cohort of pediatric patients confirms that surgical resection of primary 

cardiac tumors in children is indicated in presence of symptoms and hemodynamic impairment. 

Since tumor resection has a low mortality risk (especially in the setting of benign tumors), it 

may be indicated even in asymptomatic patients as a safe prophylactic therapy to avoid 

potentially lethal complications. In this surgical series, rhabdomyoma was the most frequent 

tumor, followed by myxoma, teratoma, fibroma and hemangioma, while primary malignant 

hat allows to plan and optimize the surgical and medical management in neonatteees wwwititth h h cococompmpm llex

congenital heart disease49-50. In this surgical experience of primary cardiac tumors, prenatal f
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cardiac tumors were very rare. Complete resection of the tumor, whenever possible, is the main 

goal of surgery. However, partial resection of benign cardiac tumors other than myxomas 

ensures optimal early and long term results as well. Surgical repair of associated cardiac 

anomalies does not imply a higher risk of mortality or post-operative complications and adverse 

events at follow-up. Cardiac transplant should be considered only for un-resectable cardiac 

masses which are impairing the cardiac function, because of the increased mortality risk, post-

operative complications, adverse events at follow- up, and the significant worsening of the 

quality of life. At a mean follow-up of more than 6 years, overall mortality rate is 8.9%. 

Mortality is mainly related to malignancy, associated diseases, post-operative complications and 

adverse events during follow-up. Recurrence of a benign cardiac tumor is rare and usually 

related to Carney complex. 
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Table 1. Indications to surgery according to tumor histotype. 

Tumor histotype 
(number of pts ) 

Presence of symptoms 
(pts, % of histotype) 

Abnormal ECG 
(pts, % of histotype) 

Echocardiographic hemodynamical impairment  
(pts, % of histotype) 

Rhabdomyoma (32 pts) 23 (71.8) 9 (28.1) 26 (81.2) 
Myxoma (18 pts) 10 (55.5) 0 (0.0) 14 (77.7) 
Teratoma (12 pts) 7 (58.3) 3 (25.0) 4 (33.3) 
Fibroma (9 pts) 5 (55.5) 1 (11.1) 9 (100.0) 
Hemangioma (8 pts) 8 (100.0) 2 (25.0) 3 (37.5) 
Sarcoma (5 pts) 5 (100.0) 3 (60.0) 3 (60.0) 
Other* (5 pts) 3 (60.0) 0 (0.0) 4 (80.0) 
Total (89 pts) 61 (68.5) 18 (20.2) 63 (70.8) 
All data are shown as number of patients and % of tumor histotype. ECG: electrocardiogram. Other* includes: pseudotumor (3), papilloma (1) malignant 
teratoma (1). 

Table 2. Primary surgical procedures and early and late death rates according to tumor histotype. 

Histotype N pts Complete 
resection 

Partial 
resection 

OHT Other 
surgery 

Early death (within 30 
days from operation) 

Late death (after 30 days 
from operation) 

Rhabdomyoma 32 15 (46.9) 14 (43.8) 1 (3.1) 2 (6.2) 1 (3.1)† 0 (0.0) 
Myxoma 18 17  (94.4) 1 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Teratoma 12 12 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0) 
Fibroma 9 5 (55.6) 1 (11.1) 3 (33.3) 0 (0.0) 0 (0.0) 2 (22.2) § 
Hemangioma 8 7 (87.5) 1 (12.5) 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0) 
Sarcoma* 5 2 (40.0) 3 (60.0) 0 (0.0) 0 (0.0) 1 (20.0) 2 (40.0) 
Other 5 4 (80.0) 1 (20.0) 0 (0.0) 0 (0.0) 1 (20.0) ‡ 0 (0.0) 
Total 89 62 (69.7) 21 (23.6) 4 (4.5) 2(2.2) 4(4.5) 4(4.5) 
All data are shown as number of patients and % of tumor histotype. OHT: orthotopic heart transplant. 
Other tumor histotypes: includes: pseudotumor (3), papilloma (1), malignant teratoma (1). Other surgery: Cavo-pulmonary anastomosis in one, midline 
sternotomy and incisional biopsy in another. 
*2 pts lost at follow up; †post operative brain hemorrhage; ‡ malignant teratoma; §S/P heart transplant.
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ma (1). 

e e 2. PP rimary surgigicacall l rrproccedededurresese aa andndnd e eararlyly aa a dndnd laatet dd ea hhth rataa es aa a ccccor ididi gngng t to o tutumomom r r hih stss ototypype.e  

tt pypype N NN ptpts s oCoC mpmm lete 
rerer esectctc ioion 

Parttrtiaiai l 
rereseseectctc ioion n 

OHOHO T T OtOtOt eeher r
susurgrgr erry y y

aEarly y death hh ww(wit ihihin 30303  
adadaysyy ff f ororom m opoperere atat oioion)n)n  

aLaLate dd d aeatht  ( ffa ter r 30 
rfrfr mmom o opepeperaratititionon)

domymyomoma a 3232 151  (466.9.9) 1414 ( (434 .8) 11 (3(3.11) ) 2 2 (6(6.22) ) 11 (3(3.1)††† 0 0 (0(0.00) 
mama 11 1888 171717  (9(9(9444.4)4)4) 11 1 (( (555.6)6)6) 00 0 (( (000.000))) 000 (0(0(0 00.0))) 000 (0(0(0 00.0))) 000 (0(0(0 00.0))) 
oma 1112 2 2 12122 ( (10101 0.0)0)0) 0 0 0 ( ( 00.. )0)0  000 ( (00.0.0)0)) 0 00 ( 0.0 0)00)  1 1 8(8(8 3.3.3) ) ) 0 (0.0)
mmaa 99 55 (5(555 6)6) 11 ((1111 11)) 33 (3(333 3)3) 00 ((00 0)0) 00 (0(0 00)) 22 (2(222 2)2) §

 at UNIVSTUDI PADOVA on May 26, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.111.037226 

22 

Table 3. Postoperative complications according to tumor histotype 

All data are shown as number of patients and % of tumor histotype. Other tumor histotypes include: pseudotumor (3), papilloma (1), malignant teratoma (1). 
Other complications include: undetermined minor secondary complications (3); acute cardiac transplant rejection (1); multi-organ failure (1); superior vena cava 
thrombosis post heart transplant (1); respiratory insufficiency requiring long term mechanical ventilation; (1) cerebral haemorrhage on previous brain surgery 
site (1). Legend: LCO: low cardiac output syndrome; PNX: pneumothorax. 

Table 4. Significance of clinical variables as significant risk factors for outcomes. 

Overall mortality Post-Op complication Adverse events at follow-up Clinical Variables 
Log-Rank test Fisher’s Exact Test Fisher's Exact Test 

Malignancy 0.0008 /// 0.409 0.086 
Symptoms 0.171 /// 0.189 0.600 
ECG other than SR 0.881 /// 0.094 0.370 
CHF 0.299 /// 0.050 0.743 
Multiple mass 0.447 /// 0.409 0.018 
Hemodynamic impairment 0.971 /// 0.147 0.693 
Associated cardiac anomaly 0.402 /// 0.203 0.208 
Associated non-cardiac anomaly 0.352 /// 0.526 0.784 
Total vs partial resection, benign 0.479 /// 0.187 0.009 
Orthotopic Heart Transplant 0.006 /// 0.069 0.518 
Associated surgical procedures 0.134 /// 0.702 0.729 
Age at op < 6 months 0.211 /// 0.717 0.694 
Age at op < 12 months 0.140 /// 0.795 0.822 
Post-op complications for benign tumor /// 0.026 /// /// 
Adverse events during follow-up /// 0.005 /// /// 

Histotype n. pts LCO Postoperative 
Arrhythmia 

PNX Pleural and/or 
pericardial effusion 

Phrenic nerve 
injury 

Other 
complication 

Total 

Rhabdomyoma 32 1 1 1 3 1 3 10 (31 ) 
Myxoma 18 0 1 1 1 0 1 4 (22) 
Teratoma 12 2 1 0 0 0 1 4 (33) 
Fibroma 9 0 1 0 0 0 2 3 (33) 
Hemangioma 8 0 0 0 1 0 1 2 (25) 
Sarcoma 5 1 0 0 0 0 0 1 (20) 
Other 5 1 0 0 1 0 0 2 (40) 
Total 89 5 (5.6) 4 (5.4) 2 (2.2) 6 (6.7) 1 (1.1) 8 (9.0) 26 ( 29.2) 

ta are shown as number of patients and % of tumor histotype. Other tumor histotypes include: pseudotumor (3), papilloma (( )1)1 , mamam lil gnng ananant tt teteterararatotot mam  (1
complications include: undetermined minor secondary complications (3); acute cardiac transplant rejection (1); multi-organ fafafaililuru e e (1(1( ););); s s supupuperererioioi rr r vevevenanaaa
bosis post heart transplant (1); respiratory insufficiency requiring long term mechanical ventilation; (1) cerebral haemorrhage on previous braiin surgerr
). Legend: LCO: low cardiac output syndrome; PNX: pneumothorax. 
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Table 5. Effects of surgery on patients’ clinical conditions evaluated by McNemar Test. 
 

Post-Op Total McNemar  p value 
ECG Rhythm SR no SR   

SR 65 2 67 Pre-Op 
no SR 12 6 18 

Total 77 8 85 

0.0075 

    
CHF No Yes   

No 52 6 58 Pre-Op 
Yes 16 1 17 

Total 68 7 75 

0.033 

    
Echo alteration No Yes   

No 18 4 22 Pre-Op 
Yes 32 16 48 

Total 50 20 70 

<0.0001 

The McNemar test  was used to determine a statistical relation between two identical variables belonging to 
the same population, before and after an event, such as cardiac surgery. CHF: congestive heart failure; ECG: 
electrocardiogram; SR: sinus rhythm. The total number of patients is lower than 89 because of missing 
information  

Figure Legends: 

Figure 1. Survival curves according to Kaplan Meier analysis: the survival estimate for surgical 

patients affected by a malignant tumor is significantly lower when compared to patients with a 

benign tumor (p=0.0008). In the bottom line of the diagram, along the X axis (years if follow 

up), we have listed the patients at risk for each period.  

 

Figure 2. Bar chart showing association between cardiac tumor histotype and cardiac site (p 

value at Fisher Exact Test < 0.0001). 

 

Figure 3. Relationship between tumor histotype and age at operation. It is evident that the need 

of surgery for rhabdomyomas decreases as age grows, while myxomas increase in frequency at 

older ages (p-value at ANOVA test applied to age in its original scale  <0.0001). The relation 

between tumor type and age at operation has been evaluated by means of ANOVA test, 

considering age as a continuous variable. Age is represented in quartiles in the figure, so as to 

give a clearer visual display  

p p , , g y g ;
lectrocardiogram; SR: sinus rhythm. The total number of patients is lower than 89 because ofofof m m misisissisisingngng 
nformation  
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Supplemental Table 1. Data were collected according to a common database which was constructed by 
one of the authors (MAP). Collected variables were grouped in pre-operative, intra-operative, post-
operative, pathological and follow up data. 

Pre-operative Intra-operative Post-operative Pathological Follow up 

Gender Surgical technique IPPV time 
(hrs) 

Histotype Occurrence of 
adverse events 

Age Cardiopulmonary bypass 
times 

ICU stay 
(d) 

Dimensions (mm) ECG findings 

Weight Minimal body 
temperature 

Postoperative 
complications  

Weight (gr) Echocardiographic 
findings 

Symptoms 
 

 ECG findings  Medications 

Mass characteristics  Echocardiographic 
findings 

 NYHA class 

ECG findings 
 

   Psychosomatic 
growth  

Echocardiographic 
findings 

   Self perception of 
quality of life 

Cardiac Computed 
Tomography 

    

Cardiac Magnetic 
Resonance Imaging 

    

Other Cardiac 
Anomalies 

    

Other non Cardiac 
Anomalies 
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Supplemental Table  2. Clinical, ECG and echocardiographic findings according to tumor histotype. 

Tumor Gender 

P
re
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at
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 d
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g

n
o
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s 

Symptoms and findings ECG rhythm Number of masses Echo findings Cardiac site 

Histotype 
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l p
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to
ty

pe
) 

C
H

F
 

(%
 o

f h
is
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o

n
e 
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S
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to
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) 

P
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o
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 o
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to
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) 
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) 

M
u
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(%
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to
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L
V

O
T
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(%
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to
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) 

R
V

O
T

O
 

(%
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f h
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to
ty

pe
) 

A
V

V
I 

(%
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f h
is

to
ty

pe
) 

O
th

er
c

 

(%
 o

f h
is

to
ty

pe
) 

N
o

n
e 

(%
 o

f h
is

to
ty

pe
) 

A
 

(%
 o

f h
is

to
ty

pe
) 

V
 

(%
 o

f h
is

to
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pe
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A
+

V
 

(%
 o

f h
is

to
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E
xt

ra
 

(%
 o

f h
is

to
ty

pe
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Rhabdomyoma 
32 

(36.0) 
14 

(43.8) 
18 

(56.3) 
8 

(25.0) 
6 

(18.8) 
3 

(9.4) 
7 

(21.9) 
1 

(3.1) 
6 

(18.8) 
9 

(28.1) 
23 

(71.9) 
1 

(3.1) 
1 

(3.1) 
7 

(21.9) 
11 

(34.4) 
21 

(65.6) 
15 

(46.9) 
6 

(18.8) 
3 

(9.4) 
2 

(6.3) 
6 

(18.8) 
1 

(3.1) 
29 

(90.6) 
2 

(6.3) 
0 

(0.0) 

Myxoma 
18 

(20.2) 
5 

(27.8) 
13 

(72.2) 
0 

(0.0) 
6 

(33.7) 
0 

(0.0) 
0 

(0.0) 
1 

(5.6) 
3 

(16.7) 
8 

(44.4) 
18 

(100.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
16 

(88.9) 
2 

(11.1) 
0 

(0.0) 
0 

(0.0) 
11 

(61.1) 
3 

(16.7) 
4 

(22.2) 
18 

(100.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 

Teratoma 
12 

(13.5) 
5 

(41.7) 
7 

(58.3) 
8 

(66.7) 
2 

(16.7) 
1 

(8.3) 
0 

(0.0) 
0 

(0.0) 
4 

(33.3) 
5 

(41.7) 
9 

(75.0) 
0 

(0.0) 
0 

(0.0) 
3 

(25.0) 
12 

(100.0) 
0 

(0.0) 
1 

(8.3) 
0 

(0.0) 
1 

(8.3) 
2 

(16.7) 
8 

(66.7) 
0 

(0.0) 
1 

(8.3) 
0 

(0.0) 
11 

(91.7) 

Fibroma 
9 

(10.1) 
6 

(66.7) 
3 

(33.3) 
2 

(22.7) 
4 

(44.4) 
0 

(0.0) 
1 

(11.1) 
0 

(0.0) 
0 

(0.0) 
4 

(44.4) 
8 

(88.9) 
0 

(0.0) 
0 

(0.0) 
1 

(11.1) 
9 

(100.0) 
0 

(0.0) 
2 

(22.2) 
3 

(33.3) 
1 

(11.1) 
3 

(33.3) 
0 

(0.0) 
0 

(0.0) 
8 

(88.9) 
1 

(11.1) 
0 

(0.0) 

Hemangioma 
8 

(9.0) 
3 

(37.5) 
5 

(62.5) 
2 

(25.0) 
1 

(12.5) 
2 

(25.0) 
2 

(25.0) 
1 

(12.5) 
2 

(25.0) 
0 

(0.0) 
6 

(75.0) 
1 

(12.5) 
1 

(12.5) 
0 

(0.0) 
8 

(100.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
1 

(12.5) 
2 

(25.0) 
5 

(62.5) 
3 

(37.5) 
3 

(37.5) 
0 

(0.0) 
2 

(25.0) 

Sarcoma 
5 

(5.6) 
5 

(100.0) 
0 

(0.0) 
0 

(0.0) 
3 

(60.0) 
0 

(0.0) 
2 

(40.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
2 

(40.0) 
1 

(20.0) 
0 

(0.0) 
2 

(40.0) 
4 

(80.0) 
1 

(20.0) 
0 

(0.0) 
1 

(20.0) 
2 

(40.0) 
0 

(0.0) 
2 

(40.0) 
4 

(80.0) 
1 

(20.0) 
0 

(0.0) 
0 

(0.0) 

Other 
5 

(5.6) 
3 

(60.0) 
2 

(40.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
1 

(20.0) 
2 

(40.0) 
2 

(40.0) 
5 

(100.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
5 

(100.0) 
0 

(0.0) 
0 

(0.0) 
1 

(20.0) 
1 

(20.0) 
2 

(40.0) 
1 

(20.0) 
3 

(60.0) 
2 

(40.0) 
0 

(0.0) 
0 

(0.0) 

Total 
89 

(100.0) 
41 

(46.1) 
48 

(53.9) 
20 

(22.5) 
22 

(24.7) 
6 

(6.7) 
12 

(13.5) 
4 

(4.5) 
17 

(19.1) 
28 

(31.5) 
71 

(79.8) 
3 

(3.4) 
2 

(2.2) 
13 

(14.6) 
65 

(73.0) 
24 

(27.0) 
18 

(20.2) 
11 

(12.4) 
20 

(22.5) 
14 

(15.7) 
26 

(29.2) 
29 

(33.0) 
44 

(49.0) 
3 

(3.0) 
13 

(15.0) 

All data are shown as number of patients and % of tumor histotype. 
Other tumor histotypes includes: pseudotumor (3); papilloma (1); malignant teratoma (1). 
Othera symptoms and findings: pleural or pericardial effusion; respiratory distress; palpitations; chest pain. 
Otherb ECG: atrial or ventricular ectopic beats; ventricular tachycardia. 
Otherc Echo findings: pericardial effusion; bicuspid aortic valve; associated congenital heart disease. 
AVVI: atrioventricular valve impairment; CHF: congestive heart failure; CNS: central nervous system; ECG: electrocardiogram; LVOTO: left ventricular outflow tract 
obstruction; M: murmur; RVOTO: right ventricular outflow tract obstruction; SR: sinus rhythm; SVT; supraventricular tachycardia. 
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Supplemental Table  3. Associated cardiac anomalies 

Cardiac  Anomaly n. of patients (n=89) % 

None 70 78.7 

ASD 6 6.7 

PFO 4 4.5 

VSD 3 3.4 

PDA 3 3.4 

AV septal defect 1 1.1 

ASD + VSD 1 1.1 

TGA 1 1.1 

ASD: atrial septal defect; AV: atrio-ventricular; PFO: patent foramen 
ovale; PDA: patent ductus arteriosus; TGA: transposition of the great 
arteries; VSD: ventricular septal defect 
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Supplemental Table 4. Associated surgical procedures 

Surgical procedure n. of patients(n=34) % 

ASD closure 8 24.2 

Atrial patch plasty 6 18.2 

AV valve plasty 5 15.2 

Ventricular patch plasty 2 6.1 

PDA closure 2 6.1 

PV plasty 2 6.1 

Aorto-pulmonary shunts 2 6.1 

AVSD closure 1 3.0 

Damus Kaye Stensel 1 3.0 

Pneumonectomy 1 3.0 

Ross Procedure 1 3.0 

SAS resection 1 3.0 

VSD closure 1 3.0 

ASD: atrial septal defect; AV: atrio-ventricular; AVSD: atrioventricular septal defect; .PDA: patent 
ductus arteriosus; SAS: subaortic stenosis;     VSD: ventricular septal defect 
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