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Summary

Rhabdomyomas are the most common prenatal cardiac tumours, and are often associ-
ated with tuberous sclerosis complex (TSC). They have been shown to grow during foetal
development, but may often regress or shrink in early childhood.

In the present case, ultrasonography at 20+2 gestational weeks identified two echogenic
masses suspicious of rhabdomyomas in the foetal heart. Neither of these tumours caused
significant haemodynamic instability. Genetic testing of DNA extracted from amniocytes
revealed a pathogenic variant of the TSC7 gene, supporting the diagnosis of tuberous
sclerosis. The pregnancy was terminated at 21+1 weeks. Pathological examination con-
firmed the presence of two cardiac rhabdomyomas, histologically characterised by distinc-
tive large vacuolated cells with central nuclei and radial cytoplasmic extensions.

Further research and a multidisciplinary approach are highly recommended to improve
management and outcomes of prenatal tumours.
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Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder
with an estimated incidence of 1:10,000 newborns, characterised by
hamartomas in multiple organs such as the skin, central nervous sys-
tem, heart, lungs and kidney'. TSC is caused by a single heterozygous
TSC1 or TSC2 mutation, and a somatic “second-hit” mutation in the un-
affected allele is required for loss of the hamartin-tuberin complex and
activation of the mammalian rapamycin complex 1 target (nTORC1),
which results in hamartoma development?. The loss of heterozygosity
for the TSC1 or TSC2 locus has been reported in kidney and cardiac
lesions associated with tuberous sclerosis. However, there are conflict-
ing results regarding tuber formation, raising the possibility that some
lesions in tuberous sclerosis may be due to haploinsufficiency®*.

Diagnosis based on genetic and clinical criteria is generally made in the
first 15 months of life. Genetic testing involves the detection of pathogenic
TSC1 and TSC2 mutations, while clinical criteria involve cutaneous, renal,
pulmonary, cardiac and neurological manifestations’. Cutaneous lesions
may occur at any age and affect over 90% of TSC patients, while neuro-
logical and renal sequelae are the main causes of morbidity and mortality.


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

34

E. Nardi et al.

Rhabdomyomas are the most frequently encountered
cardiac tumours in children, and can be the first sign
of TSC in foetuses and infants®. Almost 90% of these
tumours are multiple, and common manifestations in-
clude hydrops fetalis, left ventricular outflow tract ob-
struction, arrhythmias, and cardiac shock®. The poor
neonatal outcome is significantly associated with the
size of the tumour (=20 mm in diameter) and the oc-
currence of foetal dysrhythmias’.

Herein, we report a case of foetal cardiac rhabdomyo-
ma due to paternal mutation the TSC7 gene.

Case report

A 21-year-old primigravida, whose pregnancy had re-
mained unrecognised until 15 weeks, underwent an ul-
trasound examination at 20+2 weeks. The foetus was
diagnosed with two echogenic masses suspicious of
rhabdomyomas, one measuring 4.0 x 4.5 mm, located
in the interventricular septum with a slight protrusion
into the left ventricle, and the other measuring 3.5 x
3.7 mm, located between the superior vena cava ori-
fice and the posterior wall of the right atrium. Both tu-
mours were non-obstructive and did not produce sig-
nificant haemodynamic changes. No other congenital
defects were noted.

A previous mutation analysis of the TSC7 and TSC2
genes revealed that the father carried the ¢.1525C > T
(p-Arg509X) pathogenic variant in the TSC1 gene.
Therefore, amniocentesis was performed and the
¢.1525C>T variant was detected by Sanger sequenc-

ing on amniocyte DNA. Following the diagnosis of tu-
berous sclerosis, the woman chose to terminate the
pregnancy at 21+1 weeks.

Gross examination showed a phenotypic female. On
opening the chest and abdomen, the pericardial sac,
heart, lungs, and abdominal organs appeared mac-
roscopically normal. The heart measured 2.9 x 2.0 x
1.8 cm. The two rhabdomyomas appeared as well-cir-
cumscribed, firm, grey-brown nodules on the whole
heart section. No abnormalities were observed upon
the macroscopic examination of, lungs and kidneys.
On opening the skull, no macroscopic alterations
were identified.

Microscopically, the tumours were composed of
rounded and polygonal cells with eosinophilic cyto-
plasm containing intracellular glycogen (positive PAS
staining); these cells occasionally exhibited central
nuclei with radial cytoplasmic extensions toward the
cell membrane (so-called “spider cells’ Fig. 2 A-C).
The cells demonstrated a strong immunoreactivity to
myoglobin confirming the striated muscle characteris-
tics of the neoplastic cells (Fig. 2D).

Microscopic examination revealed a lung parenchy-
ma consistent with the reported gestational age. The
nephrogenic cortex was appropriately represented at
the renal level and foci of extramedullary erythropoie-
sis were found in the liver.

A histological examination of the placenta was also
carried out showing a severe chorioamnionitis and a
maturation of the chorionic villi in accordance with the
gestational age.

Figure 1. Ultrasound examination at 20+2 weeks. (A): Apical rhabdomyoma of the interventricular septum (4.0x4.5 mm)
diagnosed at 20+2 gestational weeks by ultrasound. (B): Right atrial rhabdomyoma between the superior vena cava orifice

and the posterior wall (3.5x3.7 mm).
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Figure 2. Histology of foetal cardiac rhabdomyoma. (A): Whole heart section showing the two rhabdomyomas; the single
arrow indicates right atrial rhabdomyoma between the superior vena cava orifice and the posterior wall, while the double ar-
rows indicate apical rhabdomyoma of the interventricular septum (magnification x2). (B): Cardiac rhabdomyoma composed
of distinctive large vacuolated polygonal cells (magnification x10). (C): Positive PAS staining for intracellular glycogen (mag-
nification 20x). (D): Positive myoglobin staining (magnification 20x).

Discussion

An increasing number of foetal cardiac neoplasms,
closely related to the gestational age of the foetus?,
have been reported in recent years due to the ad-
vancement of prenatal detection techniques. Most tu-
mours are detected by prenatal ultrasound® and, once
detected, a foetal echocardiography (FE) is required
to assess the characteristics of the mass and the im-
pact on cardiac haemodynamics. Although rhabdomy-
omas may occur anywhere within the cardiac muscle,
they usually develop in the ventricles, often as multi-
ple masses'™. They can grow and increase in number

during foetal life, but generally stop growing and often
regress or shrink after birth"'. In the reported case, two
rhabdomyomas were observed, one in the apical por-
tion of the interventricular septum and the other in the
right atrium between the superior vena cava orifice
and the posterior wall. The presence of a rhabdomyo-
ma in the right atrium can lead to cardiac arrhythmias
in both antenatal and postnatal periods, resulting in
adverse neonatal outcomes’,

Prenatal genetic testing for TSC is recommended
when foetal cardiac rhabdomyomas are identified by
ultrasound.

Tuberous sclerosis is a rare genetic disorder charac-
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terised by hamartomas in multiple organ systems. Ear-
ly manifestations, most commonly affecting the heart
and brain, can be detected by prenatal imaging. Car-
diac rhabdomyomas may be the only finding before
other clinical abnormalities appear, and therefore, the
diagnosis of TSC should always be considered when
they are discovered by foetal ultrasound”.

A growing number of case reports on the association
of foetal cardiac tumours with TSC diagnosis have
been reported in the literature'. Table | summarises
reported cases.

Through targeted exome capture, next-generation se-
quencing (NGS) and Sanger sequencing, Chen and
collaborators® recently reported a case of foetal cardi-

Table I. Summary of reported cases of cardiac rhabdomyoma due to TSC gene mutation.

Author, year

Weeks and methods of
diagnosis

Symptoms

Mother / Foetus
management

TSC mutation

Barnes et al., 2018

21 weeks of gestation by
foetal echocardiography

Outflow tract obstruction
with supraventricular
tachycardia and impending
hydrops fetalis

Sirolimus administration
to the mother with tumor
regression in utero.
Delivery occurred at 36
weeks of gestation

TSC1 variant, (c.1781delT,
p.Val594Glyfs*35);

Park et al., 2019

21+5 weeks by foetal
echocardiography

N/A

Sirolimus administration
to the mother began at
23 weeks of gestation; at
29 + 5 weeks no cardiac
mass was observed on
foetal echocardiography.
A male was delivered at
39 weeks of gestation

TSC2 (c.5108dup,
p.Ser1704Valfs*2) transmitted
from the mother

Vachon-Marceau et
al., 2019

21 weeks of gestation by
foetal echocardiography

Tricuspid regurgitation and
biventricular systolic and
diastolic dysfunction

Sirolimus treatment
began at 31+4 weeks and
stopped at 36 weeks.
Delivery at 39 weeks of
gestation

De novo variant in
the TSC2 gene

Chen et al., 2020

24 weeks by ultrasound

N/A

Interruption of pregnancy
after 24+ 4 weeks’
gestation

TSC2 (c.2294delC,
p.Val766Trpfs*4);
heterozygous variant in
peripheral blood lymphocytes
and paternal sperm

Pluym et al., 2020

22 weeks of
gestation with foetal
echocardiography

Mild narrowing of the left
ventricle inflow

Sirolimus treatment began
at 28 weeks and stopped
at 35weeks.
Vaginal delivery at 36+6
weeks

TSC2 de novo variant c.1362-
66_1384 del

Dagge et al., 2021

22 weeks of gestation
by ultrasound

Supraventricular
extrasystoles, obstruction
of the right ventricular flow,
mild tricuspid insufficiency

Sirolimus treatment began
at 27 weeks until delivery.
At 39 weeks of gestation,
an elective cesarean was
performed

TSC2 de novo variant
(c.1831C>T, p.Arg- 611Trp)
diagnosed in the mother.
No genetic analysis in the
fetus

Will et al., 2023

21 weeks by ultrasound

Insufficiency of the
tricuspid valve and reduced
contractility of the right
ventricle

Sirolimus administration
to the mother began at
27 weeks’ gestation; the
rhabdomyoma shrank
with improvement of the
ventricular function.
Delivery was induced at
39 weeks and 1 day of
gestation

TSC2 (c.5160T>G,
p.Asn1720Lys) transmitted
from the father

Madsz et al., 2023

30 weeks by ultrasound

None

Oral everolimus
administration until 36
weeks

TSC2 de novo
variant (c.3037delG;
p.Asp1013llefsTer3)

Current case

20+2 weeks by
ultrasound

The two rhabdomyomas
were non-obstructive
and haemodynamically
insignificant

Interruption of pregnancy
after 21+1 weeks
gestation

TSC1 (c.1525C>T,
p.Arg509X) transmitted from
the father
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ac rhabdomyoma due to paternal mosaicism in TSC2,
with no detectable mutation at this locus in maternal
blood samples. Similar to our case, the pregnancy
was interrupted at 24+4 weeks of gestation.

TSC is a genetic disorder, resulting in hyperactivity of
the mTOR pathway. Given their anti-proliferative effects,
mTOR inhibitors can be used in the treatment of foetal
masses, representing a potential pharmacological alter-
native to surgery. In patients with TSC these inhibitors
are used to reduce the size of cardiac rhabdomyomas™.
Treatment, including in-utero therapy, is typically indicat-
ed when deterioration in cardiacfunction is observed on
foetal echocardiograms™. Qaderi et al. reported that in
almost all fetuses treated with these drugs, a reduction
in rhabdomyoma size was observed'®.

Only a few cases of congenital cardiac rhabdomyoma
are associated with TSC7 mutation®81%1819 Chen et
al.®2 showed that out of 37 fetuses in which cardiac
tumours were identified by foetal echocardiograms,
six had a TSC17 mutation and 31 a TSC2 mutation,
indicating a close correlation between multiple cardi-
ac tumours and TSC. Uchyiama et al." described two
Japanese siblings with cardiac tumours and a TSC1
intragenic deletion that determined two aberrant tran-
scripts inherited from the father who carried a mosa-
icism, and was asymptomatic. Mutations in the TSC2
gene appear to be nearly 3 times more frequent than
in TSC1, although TSC7 gene mutations are more
common in familial cases with autosomal dominant
inheritance®22. This may be attributed to the fact that
patients with TSC1 mutations have less severe symp-
toms than those with TSC2 mutations, and therefore
their chances of having children and transmitting the
mutation are higher?.

The presence of multiple cardiac rhabdomyomas is
a strong predictor of TSC?425, However, to determine
whether there is a significant difference in the strength
of the association with TSC between cases of multiple
or single cardiac rhabdomyomas, larger sample sizes
are required.

Genetic screening for TSC mutations should be of-
fered to the parents of a foetus following prenatal di-
agnosis of TSC to estimate the risk of the disease in
subsequent pregnancies. A positive genetic diagnosis
can help guiding prenatal and postnatal management
of these infants.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

FunDpING

The research reported in this publication was sup-
ported by Fondazione CRF Firenze Grant number
B15F21003630007.

AUTHORS CONTRIBUTION

Conceptualization: FC, EN; Data acquisition: EN, AS,
OA; Writing: EN, AS, OA; Review: FG, LP, AM, VS, FC.

ETHICAL CONSIDERATIONS

The present study complied with the Ethical Princi-
ples for Medical Research Involving Human Subjects
according to the World Medical Association Declara-
tion of Helsinki; all samples were anonymized before
histology and immunohistochemistry; no futher ethical
approval was necessary to perform the retrospective
study.

References

' Portocarrero LKL, Quental KN, Samorano LP, et al. Tuberous
sclerosis complex: review based on new diagnostic criteria. An
Bras Dermatol. 2018 Jun;93(3):323-331. https://doi.org/10.1590/
abd1806-4841.20186972.

2 Will JC, Siedentopf N, Schmid O, et al. Successful Prenatal Treat-
ment of cardiac rhabdomyoma in a fetus with tuberous sclerosis.
Pediatr Rep. 2023 Mar 22;15(1):245-253. https://doi.org/10.3390/
pediatric15010020.

3 Niida Y, Stemmer-Rachamimov AO, Logrip M, et al. Survey of so-
matic mutations in tuberous sclerosis complex (TSC) hamarto-
mas suggests different genetic mechanisms for pathogenesis of
TSC lesions. Am J Hum Genet. 2001 Sep;69(3):493-503. https://
doi.org/10.1086/321972. Epub 2001 Jul 20.

4 Wilson C, Bonnet C, Guy C, et al. Tsc1 haploinsufficiency with-
out mammalian target of rapamycin activation is sufficient for
renal cyst formation in Tsc1+/- mice. Cancer Res. 2006 Aug
15;66(16):7934-8. https://doi.org/10.1158/0008-5472.

5 Chen L, Jiang Y, Wang J. Fetal cardiac rhabdomyoma due to
paternal mosaicism of TSC2: A case report. Medicine (Balti-
more). 2020 Aug 28;99(35):21949. https://doi.org/10.1097/
MD.0000000000021949.

5 Yuan SM. Fetal primary cardiac tumors during perinatal period. Pe-
diatr Neonatol. 2017 Jun;58(3):205-210. hitps://doi.org/10.1016/j.
pedneo.2016.07.004.

7 Chao A.S., Chao A., Wang T.H., et al. Outcome of antenatally
diagnosed cardiac rhabdomyoma: case series and a meta-anal-
ysis. Ultrasound Obstet. Gynecol. 2008;31:289-295. https://doi.
org/10.1002/uog.5264.

8 Chen J, Wang J, Sun H, et al. Fetal cardiac tumor: echocardiogra-
phy, clinical outcome and genetic analysis in 53 cases. Ultrasound
Obstet Gynecol. 2019 Jul;54(1):103-109. https://doi.org/10.1002/
uog.19108.

9 Jozwiak S, Kotulska K. Are all prenatally diagnosed multiple car-
diac rhabdomyomas a sign of tuberous sclerosis? Prenat Diagn
2006; 26: 867-869. https://doi.org/10.1002/pd.1506.

1 Butany J, Nair V, Naseemuddin A, et al., Cardiac tumours: diagno-
sis and management. Lancet Oncol. 2005 Apr;6(4):219-28. https://
doi.org/10.1016/S1470-2045(05)70093-0.

" Ekmekci E, Ozkan BO, Yildiz MS, et al. Prenatal diagnosis of fetal
cardiac rhabdomyoma associated with tuberous sclerosis: A case
report. Case Rep Womens Health. 2018 Jun 20;19:e00070. https:/
doi.org/10.1016/j.crwh.2018.e00070.

2 Peng L, CaiY, Wu J, et al. Prenatal diagnosis and clinical manage-
ment of cardiac rhabdomyoma: a single-center study. Front Car-
diovasc Med. 2024 Feb 16;11:1340271. https://doi.org/10.3389/
fcvm.2024.1340271. PMID: 38433754; PMCID: PMC10904520.



38

E. Nardi et al.

Dragoumi P, O’Callaghan F, Zafeiriou DI. Diagnosis of tuber-
ous sclerosis complex in the fetus. Eur J Paediatr Neurol. 2018
Nov;22(6):1027-1034. https://doi.org/10.1016/j.ejpn.2018.08.005.

Saffari A, Brosse |, Wiemer-Kruel A, et al. Safety and efficacy
of mTOR inhibitor treatment in patients with tuberous sclero-
sis complex under 2years of age - a multicenter retrospective
study. Orphanet J Rare Dis. 2019;14:96. https://doi.org/10.1186/
s13023-019-1077-6.

Qaderi S, Javinani A, Blumenfeld YJ, et al. Mammalian target of
rapamycin inhibitors: A new-possible approach for in-utero medi-
cation therapy. Prenat Diagn. 2024 Jan;44(1):88-98. https://doi.
org/10.1002/pd.6492.

Lee KA, Won HS, Shim JY, et al. Molecular genetic, cardiac and
neurodevelopmental findings in cases of prenatally diagnosed
rhabdomyoma associated with tuberous sclerosis complex. Ul-
trasound Obstet Gynecol. 2013 Mar;41(3):306-11. https://doi.
org/10.1002/uog.11227.

Pavlicek J, Klaskova E, Kapralova S, et al. Fetal heart rhabdo-
myomatosis: a single-center experience. J Matern Fetal Neonatal
Med. 2021;34:701-707. https://doi.org/10.1080/14767058.2019.161
3365.

Uchiyama H, Masunaga Y, Ishikawa T, et al. TSC1 intragenic de-
letion transmitted from a mosaic father to two siblings with car-
diac rhabdomyomas: Identification of two aberrant transcripts.
Eur J Med Genet. 2020;63:104060. https://doi.org/10.1016/j.
€jmg.2020.104060.

20

21

22

23

24

25

Barnes BT, Procaccini D, Crino J, et al. Maternal Sirolimus Ther-
apy for Fetal Cardiac Rhabdomyomas. N Engl J Med. 2018 May
10;378(19):1844-1845. https://doi.org/10.1056/NEJMc1800352.

Crino PB, Nathanson KL, Henske EP. The tuberous sclerosis com-
plex. The New England journal of medicine, 355(13), 1345-1356.
https://doi.org/10.1056/NEJMra055323

Curatolo P, Bombardieri R, Jozwiak S. Tuberous sclerosis.
Lancet 2008; 372(9639), 657-668. https://doi.org/10.1016/
S0140-6736(08)61279-9.

Dabora SL, Jozwiak S, Franz DN, et al. Mutational analysis in a
cohort of 224 tuberous sclerosis patients indicates increased se-
verity of TSC2, compared with TSC1, disease in multiple organs.
Am J Hum Genet 2001;68:64—80. https://doi.org/10.1086/316951.

Cheadle JP, Reeve MP, Sampson JR, et al. Molecular genetic
advances in tuberous sclerosis. Hum Genet 2000;107:97-114.
https://doi.org/10.1007/s004390000348.

Jozwiak S, Domanska-Pakiela D, Kwiatkowski DJ, et al. Multiple
cardiac rhabdomyomas as a sole symptom of tuberous sclerosis
complex: case report with molecular confirmation. J Child Neurol
2005; 20: 988-989. https://doi.org/10.1177/088307380502001211
01.

Jozwiak S, Kotulska K, Kasprzyk-Obara J, et al. Clinical and
genotype studies of cardiac tumors in 154 patients with tuberous
sclerosis complex. Pediatrics 2006; 118: e1146—1151. https://doi.
org/10.1542/peds.2006-0504.



