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Primary cardiac tumors in the fetal and neonatal populations are rare. In

neonates, these tumors may present with a range of clinical manifestations,

from asymptomatic cases to severe arrhythmias, valvular obstruction, and

cardiac dysfunction. This report describes a case of fatal malignant arrhythmia

caused by a cardiac tumor in an 8-day-old neonate. The electrocardiogram at

birth revealed multiple abnormalities, including ST-T segment alterations,

intraventricular conduction block, and bundle branch block. By the sixth

postnatal day, the patient developed rapid, polymorphic malignant ventricular

arrhythmias. Despite aggressive treatment, the neonate ultimately suffered

sudden cardiac death. This case underscores the potentially fatal risk of

arrhythmias associated with cardiac tumors.
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Introduction

Cardiac tumors have been reported to significantly impair neonatal cardiac function,

causing arrhythmias, valve malformations, and chamber obstruction, which can lead to

sudden neonatal death (1–3). Arrhythmias examined in this study include Wolff-

Parkinson-White syndrome (WPW), supraventricular tachycardia (SVT), ventricular

tachycardia (VT), and atrioventricular block (AVB) (4, 5). The early onset of

arrhythmias and electrical alternans may serve as indicators of heightened instability in

cardiac electrical activity.

Case report

The patient’s mother was a 33-year-old Chinese woman who had not been exposed to

any toxins, drugs, or other potential teratogenic substances during her pregnancy.

Moreover, she had no family history of tumors. At 34 weeks’ gestation, fetal

echocardiography identified a hyperechoic mass in the left ventricle measuring

approximately 47 × 44 × 40 mm (Figure 1). The mass exhibited uniformly distributed

internal echogenicity and was well delineated from the surrounding myocardial tissue.

Color Doppler ultrasound demonstrated an absence of blood flow within or around the

mass. Notably, the mass extended partially into the left ventricular outflow tract, raising

concerns about potential obstruction. Additional findings included mild tricuspid
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regurgitation, a slightly narrowed aortic arch, and a small

pericardial effusion. Subsequent amniocentesis for fetal

chromosomal karyotyping, chromosomal microarray analysis

(CMA), and Trio whole-exome sequencing (Trio-WES) did not

reveal any pathogenic variants.

The neonate was delivered via cesarean section at 38 weeks

and 6 days due to potential complications associated with a

cardiac mass. At birth, the male infant weighed 3,000 g and

measured 50 cm in length. Apgar scores were 9 at one minute

and 10 at both five and ten minutes. Vital signs were within

normal limits, with a heart rate of 123 beats per minute, a

respiratory rate of 42 breaths per minute, blood pressure of 62/

46 mmHg, and a body temperature of 36°C. No initial signs of

cardiac distress or other abnormalities were observed.

Additionally, the neurological examination was unremarkable,

and the initial electrocardiogram demonstrated a normal

sinus rhythm.

This neonate was born without cardiac symptoms, and the initial

neurologic examination and electrocardiogram were unremarkable.

However, a follow-up cardiac ultrasound (Figure 2A) performed

two days later revealed a hyperechoic mass situated between the

myocardium and pericardium, adjacent to both ventricles as well

as the aorta and pulmonary artery. The mass measured

approximately 40 × 34 × 36 mm and exhibited a homogeneous

internal echogenicity. There were no signs of compression on the

interventricular septum or the left ventricular wall, and wall

motion remained preserved. The differential diagnosis included

rhabdomyoma and fibroma.

Cardiac computed tomography (CT) (Figure 2B) revealed a

large, irregular mass located on the left side of the pericardium

that was poorly demarcated from the aorta, pulmonary artery,

and left ventricular wall, suggesting a neoplastic process. No

abnormalities were detected in the coronary arteries or their

branches; however, the aortic arch exhibited stenosis. CT scans of

the head and abdomen did not demonstrate any significant

findings. Additionally, electrolyte levels and troponin T were

within normal limits. Cardiac color Doppler ultrasound was

performed on the second day after birth, corroborating

these observations.

FIGURE 1

Fetal echocardiography at 34 weeks gestation. Fetal echocardiography detected a hyperechoic mass in the left ventricle, measuring approximately

47 × 44 × 40 mm.
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Echocardiography and cardiac computed tomography

confirmed patent blood flow within the left ventricle. Both in

utero viability and normal postnatal troponin T levels were

observed. Cardiac CT did not reveal significant coronary artery

compression or ischemia. The abnormal electrocardiographic

patterns were attributed to the tumor’s impact on myocardial

repolarization and depolarization. Given the tumor’s size,

the child commenced sirolimus chemotherapy post-birth.

A biopsy was scheduled, necessitating a 48-hour

discontinuation of sirolimus; consequently, after five days of

FIGURE 2

Cardiac color Doppler ultrasound and CT in the pediatric patient. (A) A cardiac ultrasound performed two days after birth revealed a hyperechoic

region adjacent to both ventricles, as well as near the aorta and pulmonary artery. The lesion measured 40 × 34 × 36 mm, and no significant blood

flow was detected on color Doppler imaging. (B) Cardiac enhanced CT showed a large irregular lesion in the pericardium, left side, clear edge,

62 × 33 mm, plain CT value 61 HU, enhanced scan showed mild homogeneous enhancement. Morphology of great vessels: Normal aorta, left

ventricle, branches. Atria: Normal size left and right. Ventricles: Normal size left and right. Valves: Normal shape and density aortic, pulmonary,

mitral, tricuspid.
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FIGURE 3

The electrocardiogram of the pediatric patient. 3 The image above is an electrocardiogram of a child soon after birth. The paper speed is 25 mm/s,

10 mm/MV. (A) Displays the results of the newborn’s first ECG, showing sinus rhythm, nonspecific intraventricular block, ST segment elevation in

inferior leads, and a prolonged Q-T interval. (B) Depicts the day 6 ECG results, which include sinus rhythm, left axis deviation, nonspecific

intraventricular block, and ST-segment elevation. (C) Shows the day 7 electrocardiogram of the newborn, revealing multifocal/polymorphic

ventricular tachycardia with intermittent torsade de pointes. (D) Presents the electrocardiogram results of the newborn on day 7, showing

electrical alternans in the Q-T interval and left axis deviation. (E,F) depict a neonatal electrocardiogram on day 8, showing monomorphic

ventricular tachycardia with ST-T segment changes.
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treatment, sirolimus was paused in preparation for the procedure

on the seventh day.

On the seventh day, the child screamed, and ECG showed an

unrecognizable heart rhythm. Emergency measures, including

cardiopulmonary resuscitation, brain protection, and tracheal

intubation, were implemented. ECG revealed ventricular

fibrillation and pulseless ventricular tachycardia. Despite repeated

defibrillation, rhythm stabilization failed, reverting to pulseless

ventricular tachycardia. During ongoing CPR, lidocaine, esmolol,

amiodarone, and sodium bicarbonate were administered. The

ECG waveform temporarily disappeared but was restored after

intravenous epinephrine, though wide deformity ventricular

tachycardia and torsade de pointes were present. Magnesium

sulfate was also given. The neonate gradually returned to sinus

rhythm with a heart rate of 90–100 beats per minute.

Paroxysmal ventricular tachycardia, frequent ventricular

premature beats, paired ventricular premature beats, and R-on-T

phenomenon were noted.

On the eighth day, ventricular tachycardia recurred, leading to

sudden hypotension, desaturation, multiorgan failure, anuria,

systemic edema, and frequent malignant arrhythmia episodes.

Balloon ventilation and epinephrine were used to maintain

blood pressure, but the condition did not improve significantly,

and polymorphic ventricular tachycardia persisted. The neonate

experienced recurrent malignant arrhythmia, decreased blood

oxygen and pressure, and was declared clinically dead after a

flat electrocardiogram and unmeasurable blood pressure

were diagnosed.

Discussion

This case illustrates the difficulties in treating neonatal

ventricular tachycardia induced by a cardiac tumor, which caused

severe arrhythmias unresponsive to pharmacologic and electrical

treatments. Figure 3 shows the ECG results of the child

measured from birth to the 8th day after birth. Although rare,

neonatal cardiac tumors can significantly disrupt cardiac function

and rhythm (6–8). The timeline for the case’s examinations and

interventions is shown in the Figure 4.

Sirolimus, also referred to as rapamycin, is a macrolide

compound obtained from Streptomyces hygroscopicus. Its

primary mechanism involves targeting mTORC1. Once it

permeates the cell membrane, it binds to a cytosolic protein

known as FKBP-12, thereby inhibiting mTORC1 activation. This

inhibition disrupts cellular growth by halting the transition from

the G1 phase to the S phase, ultimately contributing to the

drug’s beneficial impact on cell proliferation (9). While sirolimus

does not target mTORC2 directly, extended treatment has been

observed to diminish its activity. This reduction in mTORC2

function is linked to immunosuppressive effects on both T and

B cells, as well as the development of glucose intolerance (10),

possibly leading to new-onset diabetes mellitus (11). Rapalogs, in

contrast, specifically target mTORC1, resulting in more beneficial

metabolic effects (12). At present, there is a scarcity of

comprehensive data on dosing, treatment duration, and safety

profiles in newborns, with only a limited number of case reports

available in the literature (13, 14). Nonetheless, these treatments

FIGURE 4

The timeline for the case’s examinations and interventions.
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appear promising for managing TSC symptoms and

rhabdomyoma, with numerous reports indicating that they can

significantly reduce the tumor’s size (14).

At immunosuppressive dosages, both sirolimus and everolimus

have been linked to various side effects. These include

hematological issues (such as anemia, leukopenia, and

thrombocytopenia), metabolic disturbances (including

hypercholesterolemia and hypertriglyceridemia), diarrhea, among

others. Furthermore, when sirolimus is combined with

cyclosporine, there is evidence of elevated creatinine levels and

diminished glomerular function. Notably, the study by Klawitter

et al. demonstrated that these medications did not impair

tubular, interstitial, or vascular functions (9). Nephrotoxicity was

observed solely when sirolimus, administered at a dosage of

5 mg/kg/day, was combined with cyclosporin given at its

maximum dose of 10 mg/kg/day (15). The condition may present

as proteinuria or glomerulonephritis, particularly in the form of

focal segmental glomerulosclerosis. Conversely, when paired with

cyclosporin, everolimus does not appear to exhibit a synergistic

effect that exacerbates nephrotoxicity (16). Other investigations

examining pancreatic impairment have found no evidence to

suggest a connection with the administration of either sirolimus

or everolimus (17). In the case reported by us, due to the large

cardiac tumor, sirolimus chemotherapy was given on the first day

after birth. The drug concentration of simoros was 41.91 ng/ml

from August 8 to 21, and sirolimus was discontinued on August

24, and a cardiac tumor biopsy was planned on August 26.

The neonate initially had a normal sinus rhythm and Q-T

interval but developed ventricular tachycardia and torsade de

pointes by day 7. Normal initial electrolyte and troponin

T levels, along with a cardiac CT showing no coronary

abnormalities, indicated that the arrhythmia was not due to

electrolyte imbalances or coronary stenosis. Despite medical

treatment and defibrillation, the newborn’s electrocardiogram

revealed Q-T alternans.

In our reported case, the family’s decision to decline an autopsy

prevented us from obtaining a pathological evaluation of the

cardiac tumor. Fetal echocardiography, particularly when using

the four-chamber view in the second trimester, has proven to be

a highly sensitive method for detecting fetal cardiac tumors.

Notably, C. Chen J et al. have documented several case series on

this subject (18), Fetal cardiac rhabdomyomas were the most

prevalent tumors and are typically small due to their self-limited

growth. On fetal echocardiography, pathologically confirmed

rhabdomyomas had maximum and median diameters of 23 mm

and 11 mm, respectively. In contrast, both fibromas and

hemangiomas reached maximum diameters of at least 30 mm,

indicating a faster growth rate. Additionally, papillary

fibroelastomas are commonly found attached on the downstream

side of the valve, and the occurrence of multiple cardiac

rhabdomyomas has been strongly associated with tuberous

sclerosis complex (TSC) (19, 20). Fetal cardiac tumors have been

reported to be associated with TSC at a rate of 30%–50% (21).

Cardiac myxomas can vary significantly in size and are

predominantly located in the left atrium. Nonetheless, the high

distensibility and mobility of these tumors—especially when they

are of the soft, myxoid type—can cause them to deform and

become elongated during prolapse, thereby altering their

apparent size (22). Rhabdomyomas are frequently observed as

multiple lesions, commonly found in either the interventricular

septum or the free wall of the heart (23). Conversely, fibromas

generally present as solitary masses, most commonly found in

the free wall of the left ventricle with infiltration into the

myocardium, and they frequently undergo calcification (23).

Rhabdomyomas, rhabdomyosarcomas, and leiomyosarcomas

typically exhibit uniform echogenicity; nonetheless, central

regions that appear brighter and more lucent may indicate the

presence of necrotic areas or calcifications. In contrast, lipomas

can present a spectrum of echogenic characteristics—from hypo-

to hyperechoic—although they are generally consistent in

appearance (24). Fibromas show usually an increased

echogenicity compared to the normal myocardium (25–27).

Hemangiomas, angiosarcomas, and lymphomas typically present

with a heterogeneous echogenic profile, marked by scattered

areas that appear echolucent (28–30). Sarcomas and lymphomas

affecting either atrium can rapidly expand and cause obstruction

by invading structures such as the mitral or tricuspid annulus.

Similarly, pulmonary artery sarcomas are known to produce

marked stenosis. In some instances, sarcomas extending from the

atria may obstruct the venae cavae or pulmonary veins. Although

rare, valvular fibroelastomas can result in valve regurgitation by

exerting traction on the cusps. Additionally, large, solid

extracardiac tumors may compress nearby vessels or cardiac

chambers (24).

In this case, the patient’s echocardiogram revealed a

hyperechoic mass situated between the myocardium and

pericardium. The mass was diffusely distributed and closely

adhered to the left ventricle, right ventricle, and the regions

corresponding to the main and pulmonary arteries, with

dimensions of approximately 40 × 34 × 36 mm. Its internal echoes

were relatively uniform, and the boundary with the myocardium

was clearly defined. Cardiac computed tomography (CT) further

demonstrated a large, irregular pericardial mass predominantly

located on the left side, measuring about 62 × 33 mm. The non-

contrast CT scan showed a value of approximately 61 Hounsfield

units, while the contrast-enhanced scan revealed mild and

uniform enhancement. Based on the echocardiographic and CT

findings, a benign cardiac tumor was suspected; however, the

absence of histopathological examination precluded a definitive

diagnosis of the tumor type.

The rapid deterioration of the patient’s condition shortly after

birth presents significant challenges to clinicians. This case

highlights the urgent need for optimized management strategies

to prevent fatal arrhythmias in neonates with cardiac tumors.

What proactive measures should be prioritized in the selection of

treatment plans? The early occurrence of arrhythmias and

electrical alternans may signal an increase in the instability of

cardiac electrical activity, further prompting consideration of the

feasibility and effectiveness of comprehensive treatment options

such as partial resection of the cardiac tumor combined with

implantation of an implantable cardioverter-defibrillator (ICD),

extracorporeal membrane oxygenation (ECMO), and heart
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transplantation. In the cases we reported, combining

echocardiography and enhanced cardiac CT, the patient’s left

ventricular blood flow was normal after birth. The tumor did not

cause obstruction of the left ventricular inflow or outflow tracts,

nor did it affect hemodynamics. There was no respiratory

impairment or significant systemic embolism risk, and there were

no indications for emergency surgery. Additionally, the cardiac

tumor was located between the epicardium and myocardium,

and the coronary artery runs through the heart surface, making

surgical resection impossible. Chemotherapy combined with

heart transplantation might be the only treatment option. To

determine the nature of the tumor, a biopsy could be performed,

but this would require the patient to stop using cyclosporine for

48 h. After the patient developed malignant arrhythmias, there

was a significant disturbance in the internal environment,

generalized edema, and recurrent malignant arrhythmias. The

risk of biopsy is extremely high, as it may trigger ventricular

fibrillation, and surgical procedures cannot be performed until

the condition stabilizes. After the onset of cardiogenic shock,

active anti-arrhythmic treatment and correction of internal

environmental disturbances were initiated. However, the patient

had gastrointestinal bleeding and neonatal necrotizing

enterocolitis, and the family refused hemodialysis and surgical

treatment, leading to the inability to correct generalized edema

and electrolyte disturbances. Despite active anti-shock treatment,

the patient’s lactic acid levels showed a clear downward trend,

but the recurrent malignant arrhythmias could not be prevented,

ultimately resulting in the patient’s death.

Studies suggest that electrical alternans might serve as a non-

invasive test for electrophysiological instability (31). The neonate

displayed a prolonged Q-T interval at birth, later developing

ventricular tachycardia and fibrillation. Q-T interval alternans

appeared as the disease progressed, but subsequent treatments

failed to sustain sinus rhythm, implying that electrical alternans in

humans may also indicate a reduced ventricular fibrillation

threshold. This case emphasizes the malignant and lethal potential

of tachyarrhythmias associated with neonatal cardiac tumors. Some

experts suggest that effectively controlling ventricular tachycardia

linked to benign cardiac tumors in infancy could lead to a good

prognosis without future arrhythmias or drug treatment (32).

Electrical alternans (EA) refers to a phenomenon observed in

electrocardiograms, where the amplitude and morphology of QRS

complexes alternate between consecutive heartbeats. In the context

of neonatal cardiac tumors—especially in cases linked to tuberous

sclerosis complex (TSC) or involving multiple myocardial tumors

—this alternation may signal underlying electrophysiological

disturbances or damage to myocardial cells (33). Based on our

reports, electrical alternans might serve as an early indicator of

malignant arrhythmias, warranting additional ECG monitoring

and thorough cardiac function evaluation. For example, one case

involving a neonatal cardiac tumor presented with electrical

alternans alongside ventricular tachycardia on the ECG, implying

a potential arrhythmia risk (34). Accordingly, healthcare

professionals should monitor electrical alternans closely and

integrate its assessment into the ECG critical value protocols to

promptly identify high-risk individuals and intervene appropriately.

Neonatal cardiac tumors are assessed according to various risk

categories determined by factors such as size, anatomical

placement, hemodynamic impact, and any association with

genetic syndromes. For instance, low-risk tumors are typically

small, do not hinder hemodynamic function, and are not

accompanied by arrhythmias or heart failure. In contrast,

medium-risk tumors are larger and may lead to slight

hemodynamic impairment without eliciting clear symptoms.

High-risk tumors tend to be substantial in size and can trigger

significant hemodynamic disturbances, arrhythmias, or heart

failure, which may necessitate surgical intervention (35, 36).

Conservative management: For tumors classified as low-risk, a

strategy of careful observation and regular follow-up is typically

preferred over immediate surgical intervention, as research has

demonstrated that many cardiac rhabdomyomas tend to regress

naturally after birth. Medication: In cases involving specific

tumor types, such as multiple cardiomyomas linked to tuberous

sclerosis complex, mTOR inhibitors like sirolimus can be

administered to control tumor growth and alleviate arrhythmias

(37, 38). Surgical treatment: For tumors deemed high-risk or

intermediate-risk—particularly those that lead to hemodynamic

instability or arrhythmias—surgical removal becomes a viable

option. The decision regarding the timing and approach for

surgery should be tailored to the tumor’s location, size, and the

patient’s overall condition (39, 40). ICD: For patients susceptible

to life-threatening arrhythmias, such as paroxysmal ventricular

tachycardia or ventricular fibrillation, the implantation of an ICD

should be contemplated as an interim measure to prevent sudden

cardiac death (34, 41).

ECMO is an effective supportive technique used to treat

patients with heart failure following neonatal cardiac surgery.

Studies have shown that ECMO plays a crucial role in managing

heart failure after cardiac surgery, especially when the patient

cannot be taken off cardiopulmonary bypass (CPB) or when low

cardiac output syndrome (LCOS) occurs (42, 43). A retrospective

study found that 23 newborns who received ECMO support after

cardiac surgery had a success rate of 78.26% in being weaned off

ECMO and a discharge rate of 52.17%. However, the use of

ECMO also carries a higher risk of complications, including

bleeding, nerve damage, renal failure, and gastrointestinal

bleeding (42). The surgical treatment of cardiac tumors depends

on the tumor’s location, size, and its impact on heart function.

A case report describes a newborn with an intramyocardial

tumor who underwent surgery on the 19th day after birth. The

child recovered well within two months post-surgery, and no

recurrence was observed during follow-up (42). Another

newborn received surgery for a cardiac tumor and severe fetal

edema, and the child recovered well post-surgery. Pathological

examination revealed a mature cystic tumor (44). For benign

cardiac tumors, the recurrence rate is low after complete

resection, and common postoperative complications include heart

failure, infection, and damage to adjacent structures or nerves.

However, most patients ultimately survive. Recent studies have

shown that ECMO can be used to treat complications associated

with malignant tumors in certain cases. For example, a child

with lymphoma suffered from cardiogenic shock due to tumor
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lysis syndrome and received ECMO combined with continuous

renal replacement therapy (CRRT). This treatment successfully

corrected the internal environment disorder and shortened the

duration of ECMO support (45). In cardiac tumor surgery,

the use of ECMO involves considering several factors, including

the tumor’s location, size, its impact on heart function, and the

patient’s overall condition. For instance, a newborn with a right

atrial tumor received ECMO support before surgery to maintain

circulatory function. Postoperative pathology revealed a cardiac

hemangioma (46). Early identification and intervention of

residual lesions is the key to improving postoperative prognosis.

Studies have shown that early cardiac catheterization or CT

angiography during ECMO support can significantly improve the

rate of off-line and hospital discharge (47).

Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Institutional

Ethics Review Board of the University of Hong Kong—Shenzhen

Hospital. The studies were conducted in accordance with the

local legislation and institutional requirements. Written informed

consent for participation in this study was provided by the

participants’ legal guardians/next of kin. Written informed

consent was obtained from the individual(s), and minor(s)’ legal

guardian/next of kin, for the publication of any potentially

identifiable images or data included in this article.

Author contributions

GW: Conceptualization, Data curation, Writing – original

draft, Writing – review & editing. JD: Conceptualization, Data

curation, Software, Writing – original draft, Writing – review &

editing. HW: Conceptualization, Formal analysis, Writing –

review & editing. YC: Supervision, Writing – review & editing.

XD: Supervision, Writing – review & editing. HairL: Supervision,

Writing – review & editing. HaiyL: Conceptualization,

Methodology, Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the

research and/or publication of this article. The authors thank the

Shenzhen Science and Technology Innovation Commission,

China, for funding support (Grant No. JCYJ20220530142405013).

Acknowledgments

The authors thank all the participants for their time and effort

in this study.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025.

1552916/full#supplementary-material

References

1. Cascini F, Longo F, Parenti D, Capelli A. A case of sudden infant death due to a
primary cardiac sarcoma. J Forensic Sci. (2012) 57(5):1368–71. doi: 10.1111/j.1556-
4029.2012.02136.x

2. Hals J, Ek J, Sandnes K. Cardiac myxoma as the cause of death in an infant. Acta
Paediatr Scand. (1990) 79(10):999–1000. doi: 10.1111/j.1651-2227.1990.tb11372.x

3. Mecchia D, Lavezzi AM, Matturri L. Primary cardiac fibroma and
cardiac conduction system alterations in a case of sudden death of a 4-month-
old infant. Open Cardiovasc Med J. (2013) 7:47–9. doi: 10.2174/
1874192401307010047

4. Shaher RM, Mintzer J, Farina M, Alley R, Bishop M. Clinical presentation of
rhabdomyoma of the heart in infancy and childhood. Am J Cardiol. (1972)
30(1):95–103. doi: 10.1016/0002-9149(72)90133-6

5. Golding R, Reed G. Rhabdomyoma of the heart. Two unusual clinical
presentations. N Engl J Med. (1967) 276(17):957–9. doi: 10.1056/
NEJM196704272761705

6. Gribaa R, Slim M, Neffati E, Boughzela E. Conservative management of cardiac
hemangioma for 11 years. Tex Heart Inst J. (2015) 42(5):450–3. doi: 10.14503/THIJ-
14-4121

Wang et al. 10.3389/fcvm.2025.1552916

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2025.1552916/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1552916/full#supplementary-material
https://doi.org/10.1111/j.1556-4029.2012.02136.x
https://doi.org/10.1111/j.1556-4029.2012.02136.x
https://doi.org/10.1111/j.1651-2227.1990.tb11372.x
https://doi.org/10.2174/1874192401307010047
https://doi.org/10.2174/1874192401307010047
https://doi.org/10.1016/0002-9149(72)90133-6
https://doi.org/10.1056/NEJM196704272761705
https://doi.org/10.1056/NEJM196704272761705
https://doi.org/10.14503/THIJ-14-4121
https://doi.org/10.14503/THIJ-14-4121
https://doi.org/10.3389/fcvm.2025.1552916
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


7. Wang Y, Liu S, Yang J, Gu T, Zhang L. Cardiac hemangioma caused ventricular
arrhythmia: a rare case and literature review. J Electrocardiol. (2017) 50(5):667–70.
doi: 10.1016/j.jelectrocard.2017.04.014

8. Kassi M, Polsani V, Shen S, Chang SM. A rare case of cardiac hemangioma
causing ventricular fibrillation. J Am Coll Cardiol. (2013) 62(6):562. doi: 10.1016/j.
jacc.2013.01.104

9. Bevacqua M, Baldo F, Pastore S, Valencic E, Tommasini A, Maestro A, et al. Off-
label use of sirolimus and everolimus in a pediatric center: a case series and review of
the literature. Paediatr Drugs. (2019) 21(3):185–93. doi: 10.1007/s40272-019-00337-7

10. Arriola Apelo SI, Neuman JC, Baar EL, Syed FA, Cummings NE, Brar HK, et al.
Alternative rapamycin treatment regimens mitigate the impact of rapamycin on
glucose homeostasis and the immune system. Aging Cell. (2016) 15(1):28–38.
doi: 10.1111/acel.12405

11. Johnston O, Rose CL, Webster AC, Gill JS. Sirolimus is associated with new-
onset diabetes in kidney transplant recipients. J Am Soc Nephrol. (2008)
19(7):1411–8. doi: 10.1681/ASN.2007111202

12. Tenderich G, Fuchs U, Zittermann A, Muckelbauer R, Berthold HK, Koerfer R.
Comparison of sirolimus and everolimus in their effects on blood lipid profiles and
haematological parameters in heart transplant recipients. Clin Transplant. (2007)
21(4):536–43. doi: 10.1111/j.1399-0012.2007.00686.x

13. Lawley C, Popat H, Wong M, Badawi N, Ayer J. A dramatic response to
sirolimus therapy in a premature infant with massive cardiac rhabdomyoma. JACC
Case Rep. (2019) 1(3):327–31. doi: 10.1016/j.jaccas.2019.07.030

14. Sugalska M, Tomik A, Jóźwiak S, Werner B. Treatment of cardiac
rhabdomyomas with mTOR inhibitors in children with tuberous sclerosis complex-
A systematic review. Int J Environ Res Public Health. (2021) 18(9):22. doi: 10.3390/
ijerph18094907

15. Klawitter J, Nashan B, Christians U. Everolimus and sirolimus in
transplantation-related but different. Expert Opin Drug Saf. (2015) 14(7):1055–70.
doi: 10.1517/14740338.2015.1040388

16. Sánchez-Fructuoso AI, Ruiz JC, Pérez-Flores I, Gómez Alamillo C, Calvo
Romero N, Arias M. Comparative analysis of adverse events requiring suspension
of mTOR inhibitors: everolimus versus sirolimus. Transplant Proc. (2010)
42(8):3050–2. doi: 10.1016/j.transproceed.2010.07.083

17. Piao SG, Bae SK, Lim SW, Song J-H, Chung BH, Choi BS, et al. Drug interaction
between cyclosporine and mTOR inhibitors in experimental model of chronic
cyclosporine nephrotoxicity and pancreatic islet dysfunction. Transplantation.
(2012) 93(4):383–9. doi: 10.1097/TP.0b013e3182421604

18. Chen J, Wang J, Sun H, Gu X, Hao X, Fu Y, et al. Fetal cardiac tumor:
echocardiography, clinical outcome and genetic analysis in 53 cases. Ultrasound
Obstet Gynecol. (2019) 54(1):103–9. doi: 10.1002/uog.19108

19. Gu X, Han L, Chen J, Wang J, Hao X, Zhang Y, et al. Antenatal screening and
diagnosis of tuberous sclerosis complex by fetal echocardiography and targeted
genomic sequencing. Medicine (Baltimore). (2018) 97(15):e0112. doi: 10.1097/MD.
0000000000010112

20. Jin N, Wu Y, Meng Q, Luo Q. Prenatal diagnosis of tuberous sclerosis complex:
echocardiography, cranial magnetic resonance, and genetic testing of 40 cases with
fetal cardiac tumors. Heliyon. (2023) 9(6):e16980. doi: 10.1016/j.heliyon.2023.e16980

21. Jóźwiak S, Kawalec W, Dłuzewska J, Daszkowska J, Mirkowicz-Malek M,
Michalowicz R. Cardiac tumours in tuberous sclerosis: their incidence and course.
Eur J Pediatr. (1994) 153(3):155–7. doi: 10.1007/s004310050110

22. Yu JY, Zhu H, Wang LH, Wang QY, Zhan HW, Li JF, et al. Primary cardiac
angiosarcoma diagnosed by myocardial biopsy guided by intracardiac
echocardiography: a case report. Zhonghua Nei Ke Za Zhi. (2022) 61(5):572–4.
doi: 10.3760/cma.j.cn112138-20210805-00532

23. Freedom RM, Lee K-J, MacDonald C, Taylor G. Selected aspects of cardiac
tumors in infancy and childhood. Pediatr Cardiol. (2000) 21(4):299–316. doi: 10.
1007/s002460010070

24. Pino PG, Moreo A, Lestuzzi C. Differential diagnosis of cardiac tumors: general
consideration and echocardiographic approach. J Clin Ultrasound. (2022)
50(8):1177–93. doi: 10.1002/jcu.23309

25. Bai R, Zhang Y, Wang H, Yang J, Sun D. Invasive cardiac lipoma diagnosis based
on echocardiography: case report and literature review. J Clin Ultrasound. (2021)
49(4):408–12. doi: 10.1002/jcu.22893

26. Shu S, Yuan H, Kong X, Wang J, Wang J, Zheng C. The value of multimodality
imaging in diagnosis and treatment of cardiac lipoma. BMC Med Imaging. (2021)
21(1):71. doi: 10.1186/s12880-021-00603-6

27. Liu L, Zuo Y, Huang Y, Cao L. Echocardiographical findings of giant cardiac
lipoma: a case report. Medicine (Baltimore). (2019) 98(8):e14456. doi: 10.1097/MD.
0000000000014456

28. Kusajima K, Hata H, Fujita T, Shimahara Y, Sato S, Ishibashi-Ueda H, et al.
Successful surgical treatment for recurrent cardiac fibroma 21 years after resection.
Surg Case Rep. (2015) 1(1):41. doi: 10.1186/s40792-015-0043-3

29. Gasparovic H, Coric V, Milicic D, Rajsman G, Burcar I, Stern-Padovan R, et al.
Left ventricular fibroma mimicking an acute coronary syndrome. Ann Thorac Surg.
(2006) 82(5):1891–2. doi: 10.1016/j.athoracsur.2006.03.034

30. Chu Z-G, Zhu Z-Y, Liu M-Q, Lv F-J. Cardiac fibromas in the adult. J Card Surg.
(2014) 29(2):159–62. doi: 10.1111/jocs.12251

31. Smith JM, Clancy EA, Valeri CR, Ruskin JN, Cohen RJ. Electrical alternans and
cardiac electrical instability. Circulation. (1988) 77(1):110–21. doi: 10.1161/01.CIR.77.
1.110

32. Zeigler VL, Gillette PC, Crawford FA Jr, Wiles HB, Fyfe DA. New approaches to
treatment of incessant ventricular tachycardia in the very young. J Am Coll Cardiol.
(1990) 16(3):681–5. doi: 10.1016/0735-1097(90)90360-2

33. Mehmood MA, Bapna M, Siddiqa A, Haider A, Saad M. Hemorrhagic
pericardial effusion leading to cardiac tamponade: a rare initial presentation of
adenocarcinoma of the lung. Cureus. (2020) 12(11):e11411. doi: 10.7759/cureus.11411

34. Kieu V, Czosek RJ, Knilans TK, Quintessenza JA, Bryant R, Mohan S.
Venoarterial extracorporeal membrane oxygenation and implantable cardioverter-
defibrillator implantation in a hemodynamically unstable infant with ventricular
tachycardia from multiple cardiac rhabdomyomas. HeartRhythm Case Rep. (2019)
5(4):196–200. doi: 10.1016/j.hrcr.2018.12.009

35. Habanova H, Kaldararova M, Tittel P, Kovacikova L, Cunderlik A, Rusnak I.
Primary cardiac tumours: how well can prenatal diagnosis “predict” postnatal
outcome?. Bratisl Lek Listy. (2021) 122(5):315–9. doi: 10.4149/BLL_2021_053

36. Svobodov AA, Glushko LA, Ergashov AY. Surgical treatment of primary cardiac
tumors in children systematic review and meta-analysis. Pediatr Cardiol. (2022)
43(2):251–66. doi: 10.1007/s00246-022-02814-2

37. Ng LY, McGuinness J, Prendiville T, Franklin O, Walsh M, Kenny D, et al.
Cardiac rhabdomyomas presenting with critical cardiac obstruction in neonates and
infants: treatment strategies and outcome, A single-center experience. Pediatr
Cardiol. (2024) 45(5):1132–41. doi: 10.1007/s00246-024-03420-0

38. Vakrilova L, Marinov R, Hitrova-Nikolova S, Dobrev D, Denev M, Lazarov S.
Cardiac myosarcoma in a newborn infant-A case report and literature review. Front
Cardiovasc Med. (2021) 8:675202. doi: 10.3389/fcvm.2021.675202

39. Atik E. Case 5/2013—a four-year-old boy with a rhabdomyoma-type cardiac
tumor in both ventricles and repeated ventricular tachycardia. Arq Bras Cardiol.
(2013) 101(4):e74–6. doi: 10.5935/abc.20130193

40. Etuwewe B, John C, Abdelaziz M. Asymptomatic cardiac rhabdomyoma in
neonates: is surgery indicated? Images Paediatr Cardiol. (2009) 11(2):1–8.

41. Chockalingam P, Clur S-AB, Wilde AAM, Kuipers I, van Woensel J, Blom NA.
Implantable cardioverter defibrillator as a bridge to recovery in an infant with
cardiac rhabdomyoma. Eur J Pediatr. (2009) 168(7):863–6. doi: 10.1007/s00431-
008-0837-4

42. Yu X, Yang Y, Zhang W, Guo Z, Shen J, Xu Z, et al. Postcardiotomy
extracorporeal membrane oxygenation in neonates. Thorac Cardiovasc Surg. (2021)
69(Suppl 3):e41–e7. doi: 10.1055/s-0041-1730034

43. Roeleveld PP, Mendonca M. Neonatal cardiac ECMO in 2019 and beyond. Front
Pediatr. (2019) 7:327. doi: 10.3389/fped.2019.00327

44. Beichl M, Thanhaeuser M, Ulm B, Zimpfer D. Successful surgical treatment of a
1160 g neonate with cardiac teratoma and severe foetal hydrops: a case report. Eur
Heart J Case Rep. (2021) 5(2):ytaa527. doi: 10.1093/ehjcr/ytaa527

45. Wang Z, Zhang F, Xiang L, Yang Y, Wang W, Li B, et al. Successful use of
extracorporeal life support and continuous renal replacement therapy in the
treatment of cardiogenic shock induced by tumor Lysis syndrome in a pediatric
patient with lymphoma: a case report. Front Med (Lausanne). (2021) 8:762788.
doi: 10.3389/fmed.2021.762788

46. Zhuang J, Pan W, Zhou C-B, Han F-Z. Ex utero intrapartum treatment for the
pericardial effusion drain of a fetal cardiac tumor. Chin Med J (Engl). (2017)
130(11):1381–2. doi: 10.4103/0366-6999.206342

47. Agarwal HS, Hardison DC, Saville BR, Donahue BS, Lamb FS, Bichell DP, et al.
Residual lesions in postoperative pediatric cardiac surgery patients receiving
extracorporeal membrane oxygenation support. J Thorac Cardiovasc Surg. (2014)
147(1):434–41. doi: 10.1016/j.jtcvs.2013.03.021

Wang et al. 10.3389/fcvm.2025.1552916

Frontiers in Cardiovascular Medicine 09 frontiersin.org

https://doi.org/10.1016/j.jelectrocard.2017.04.014
https://doi.org/10.1016/j.jacc.2013.01.104
https://doi.org/10.1016/j.jacc.2013.01.104
https://doi.org/10.1007/s40272-019-00337-7
https://doi.org/10.1111/acel.12405
https://doi.org/10.1681/ASN.2007111202
https://doi.org/10.1111/j.1399-0012.2007.00686.x
https://doi.org/10.1016/j.jaccas.2019.07.030
https://doi.org/10.3390/ijerph18094907
https://doi.org/10.3390/ijerph18094907
https://doi.org/10.1517/14740338.2015.1040388
https://doi.org/10.1016/j.transproceed.2010.07.083
https://doi.org/10.1097/TP.0b013e3182421604
https://doi.org/10.1002/uog.19108
https://doi.org/10.1097/MD.0000000000010112
https://doi.org/10.1097/MD.0000000000010112
https://doi.org/10.1016/j.heliyon.2023.e16980
https://doi.org/10.1007/s004310050110
https://doi.org/10.3760/cma.j.cn112138-20210805-00532
https://doi.org/10.1007/s002460010070
https://doi.org/10.1007/s002460010070
https://doi.org/10.1002/jcu.23309
https://doi.org/10.1002/jcu.22893
https://doi.org/10.1186/s12880-021-00603-6
https://doi.org/10.1097/MD.0000000000014456
https://doi.org/10.1097/MD.0000000000014456
https://doi.org/10.1186/s40792-015-0043-3
https://doi.org/10.1016/j.athoracsur.2006.03.034
https://doi.org/10.1111/jocs.12251
https://doi.org/10.1161/01.CIR.77.1.110
https://doi.org/10.1161/01.CIR.77.1.110
https://doi.org/10.1016/0735-1097(90)90360-2
https://doi.org/10.7759/cureus.11411
https://doi.org/10.1016/j.hrcr.2018.12.009
https://doi.org/10.4149/BLL_2021_053
https://doi.org/10.1007/s00246-022-02814-2
https://doi.org/10.1007/s00246-024-03420-0
https://doi.org/10.3389/fcvm.2021.675202
https://doi.org/10.5935/abc.20130193
https://doi.org/10.1007/s00431-008-0837-4
https://doi.org/10.1007/s00431-008-0837-4
https://doi.org/10.1055/s-0041-1730034
https://doi.org/10.3389/fped.2019.00327
https://doi.org/10.1093/ehjcr/ytaa527
https://doi.org/10.3389/fmed.2021.762788
https://doi.org/10.4103/0366-6999.206342
https://doi.org/10.1016/j.jtcvs.2013.03.021
https://doi.org/10.3389/fcvm.2025.1552916
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Electrical alternans of the Q-T interval and fatal arrhythmias caused by neonatal cardiac tumor: a case report
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


