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Imaging Follow Up and Learning the Latest Advances
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Abstract A 27 year old multigravida, presented with giant
left ventricular cardiac rhabdomyoma at the 23rd gesta-
tional week. A previous bad obstetric history prompted
amniocentesis. A heterozygous, pathogenic, missense
variant in exon 40 of the Tuberous Sclerosis (TSC 2) gene
with autosomal dominant inheritance was extracted from
fetal DNA by targeted gene capture. Sanger’s sequencing
confirmed the same. This fetus highlighted the need for
genetic assessment in every cardiac rhabdomyoma and a
paradigm shift in fetal counseling protocol. We retrospec-
tively reviewed our personal, multi-centric 13 years
(2008-2020) database of cardiac rhabdomyomas in
the fetal and pediatric cohort. Cardiac rhabdomyoma pre-
ceded extra-cardiac manifestations of Tuberous Sclerosis
in 87.5% of our cohort. This article underscores this for-
gotten ominous association. We propose a paradigm shift
in fetal counseling in such a scenario, remembering the
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heterogeneous timing and presentations of this widely
variable genetic lesion.
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Introduction

The traditional concept regarding cardiac rhabdomyomas is
that they are primarily benign masses and can be conser-
vatively watched as the majority will spontaneously regress
within the first three years of life. This probably leads to a
misplaced sense of security while counseling the family.
However, repeated encounters with fetal, neonatal, pedi-
atric and adolescent TSC transformed our outlook. We
proactively attempted to introspect on all our previous
cases and assessed them longitudinally.

Case Report

A 27 year old multigravida (G4, A2, L1), married for
8 years, presented at 23 weeks of gestation with an ano-
maly scan at 22 weeks showing a cardiac mass. Both the
spouses (maternal and paternal ages 27 and 33 years
respectively) were phenotypically non-syndromic and
married nonconsanguineously with an apparently healthy
six years old daughter (pregnancy 1) delivered by a lower
segment cesarian section (LSCS). Two subsequent preg-
nancies underwent a spontaneous miscarriage at the 10th
and 12th weeks of gestation and were not investigated. The
current (4th) pregnancy was conceived spontaneously.
There was no history of teratogenic exposure, addictions,
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viral infections, pregnancy induced hypertension, gesta-
tional diabetes, uterine or placental complications thus far.

Fetal echocardiography was done with a Voluson E8
ultrasound machine (GE Medical Systems, Zipf, Austria)
with a transabdominal 2—4 MHz curvilinear transducer
with a customized cardiac preset. Four chamber, paraster-
nal long and short axis views, subcostal and 3 vessel tra-
chea view revealed multiple, giant (largest one measuring
8 mm x 6 mm) homogeneous, hyperechogenic avascular
mass, attached to the mid and apical interventricular sep-
tum (total ventricular septal length = 9 mm), with margin
indistinguishable from the adjacent septum (video la, 1b).
Fetal heart rate was 144/min with a 1:1 atrioventricular
conduction. There were no ectopics, sustained arrhythmias,
inflow and/or outflow obstruction, valvular regurgitation,
pericardial effusion, fetal heart failure or other cardiac
anomalies. Both the foramen ovale and ductus arteriosus
were shunting normally with normal biventricular function.
The extracardiac fetal anomaly scan including neurosono-
gram was within normal limit.

After parental counseling and consent, amniocentesis
was performed for targeted genomic sequencing particu-
larly to exclude TSC complex. DNA analysis at 25 weeks
of gestation revealed TSC2 gene coordinates at chromo-
some 16:2138118, location exon 40, variant
NM_000548.5:¢.5138G > A;p.Argl713His with heterozy-
gosity and pathogenic autosomal dominant inheritance.
Trisomy 21 was negative.

Repeat fetal echocardiography at 26 and 34 weeks of
gestation revealed a marginal reduction in size
(6 x 6 mm) with a more spheroidal appearance localizing
towards the left ventricular (LV) apex. Parents refused
consent for fetal cranial MRI and genetic screening of the
family.

Neonatal History: A term, male fetus was born through
LSCS, with normal Apgar scores and no perinatal events.
Immediate neonatal echocardiography confirmed the find-
ings. Sinus rhythm with heart rate varying between 130 and
140/min was maintained. Postnatal neurosonogram was
within normal limit and abdominal ultrasound showed a
solitary kidney. A Pediatric neurologist’s opinion was
sought. Elective cranial MRI had been done at 2 months of
age and found to be within normal limit. Cardiology follow
up with echocardiography and ECG available up to
6 months of age revealed no deterioration.

This case motivated us to retrospectively analyze our
personal cardiac rhabdomyoma database between 2008 and
2020. The results are depicted in Table 1 and chart 1.
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Data Analysis

Our case series includes 8 fetuses and children with cardiac
rhabdomyoma seen over a period of 12 years (2008-2021)
with age at diagnosis ranging between 23 weeks of gesta-
tion to 12 years. Two had solitary, while 6 had multiple
rhabdomyomas. Both atrial (n = 1) and ventricular loca-
tions (n = 7) were seen.

Four children (50%) had arrhythmias, refractory VT in 2
while atrial ectopics and trigeminy in one case each. Both
children with ventricular tachycardia expired. A neonate
(case 5) born with refractory VT and pericardial tamponade
could not be saved inspite of emergency surgery. Preop-
erative morphological and histopathological findings con-
firmed the diagnosis of rhabdomyoma in this neonate. Fetal
diagnosis of the cardiac tumor was established in the late
third trimester in this pregnancy. This was beyond the
then permissible legal age of termination of pregnancy in
India. Another infant (case 8) had VT at 1 year of age and
succumbed to that.

Cardiac findings were first to appear in all cases except
case 4 presenting with adenoma sebaceum at 6 years of
age.

Neurological lesions (epilepsy, mental retardation,
tubers) were found in 57% excluding the index newborn
who is barely six months old. Neurological presentation
lagged cardiac tumors by 1-12 years of age. The only
exception was case number 4 where epilepsy with neuro-
cutaneous markers prompted retrospective cardiac evalua-
tion. Instead of spontaneous involution, the rhabdomyoma
underwent lipomatous degeneration and by virtue of its
location in the interventricular septum and RV produced
trigeminy and pre-syncope. The patient was started on
prophylactic anti-arrhythmic and a detailed electro-physi-
ological study is being planned.

Cutaneous features (ash-leaf macules, Shagreen and
hypopigmented patches) presented late from six months of
age.

Thus in 87.5% of this case series, cardiac rhabdomyoma
was the earliest presentation of Tuberous Sclerosis. None
of these subjects had a positive family history or clinical
findings. Genetic assessment could be performed in only
50% of cases due to financial constraints.

Our institutional protocol of genetic assessment for
tuberous sclerosis in every fetus/child with rhabdomyoma
was started in 2016. This coupled with financial constraints
explain the low diagnostic frequency of TSC mutation.
Patient number 7 and 8 however fits into clinical diagnostic
criteria of TSC. Latter increases the association of TSC
with rhabdomyoma to 62.5% in our case series, a numeral
which simply cannot be ignored.
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Fig. 1 a MRI of case 4 a. Cardiac MRI: Four chamber cine SSFP
sequence (A) shows a hyperintense lesion in the inferior septum along
the right ventricular side with peripheral blooming, the lesion is
hyperintense on T1 (B) weighted images. Suppression of signal on
STIR sequence (c). The lesion shows delayed contrast enhancement on
PSIR sequence. b Brain MRI: Axial T1 weighted image (A) and T2
weighted image (B) of the brain at the level of corona radiata shows
cortical/subcortical tubers (solid arrow) in the right parietal lobe which
are hypointense on T1 WI (A) hyperintense on T2 WI (B) with central
hypointensity. Subependymal nodule on right side (open arrow) which is
hyperintense on T1 WI and hypointense on T2 WI (D)

Fig. 2 Photograph of the child (case 7) showing hypopigmented skin
lesion at elbow
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Discussion

The focus of this study is to highlight the hitherto “for-
gotten /missed” coexistence of TSC and cardiac
rhabdomyoma.

The traditional concept regarding rhabdomyomas
detected randomly in ante or postnatal echocardiograms is
that they are primarily benign masses. Cardiologists
focused on their number, location, size and mass effects
and excluded arrhythmogenic, obstructive and hemody-
namic compromise secondary to them. The traditional
belief was they can be conservatively waited and watched
as the majority shall spontaneously regress within the first
three years of life [1]. This probably leads to a misplaced
sense of security while counseling the family.

However, repeated encounters with fetal, neonatal,
pediatric and adolescent TSC transformed our outlook. We
proactively attempted to introspect on all our previous
cases and assess them longitudinally.

TSC is a multisystem disorder clinically represented by
cutaneous and neurological lesions and the development of
hamartomas in the brain, heart, and kidneys. The genetic
mechanism is mutations in either 7SCI or TSC2 gene
which encode hamartin and tuberin respectively. This in
turn creates a protein complex that is responsible for
chaotic cellular hyperplasia and also modifications in a
tumor suppressor gene. These mutations may be sponta-
neous (70%) or inherited autosomally dominant [2, 3]. In
our index case, antenatal genetic testing was done and the
benefits of this antenatal invasive testing were twofold: (1)
it helped in accurate fetal counseling and making the
family aware of the lifelong implications of this genetic
syndrome- an informed decision was taken by the family to
continue the pregnancy (2) it prepared the perinatal team
including obstetrician, neonatologist, cardiologist and
other caregivers to fully prepare for a ‘high
risk’ pregnancy.

Literature reports only 0.25% prevalence of pediatric
primary cardiac tumors accounted in descending order by
rhabdomyoma, teratoma, fibroma, hemangioma, eosino-
philic myocardial hyperplasia and myxoma. Cardiac
rhabdomyoma, the leader of these masses, were typically
is considered to have a good prognostic outcome [4].

The alarming truth lies in the emerging data. The co-
existence of cardiac rhabdomyoma and Tuberous Sclerosis
(an autosomal dominant, neurocutaneous multi-organ dis-
order) is 80-90% [5-10]. Frudit et al. [1] have already
reviewed the existing sparse database of 31 cases of
coexistence of rhadbdomyoma and TSC till 2019 and
published autopsy findings of the most dreaded version of
cardiac rhabdomyoma, similar to patient number 4 in our
series. However, the message goes unheard. A very
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important point is to understand the heterogeneity or
variability in clinical presentations of TSC complex. Non-
cardiac manifestations may present even in mid-adult life.
This should not lead to false complacency among care-
givers. Rather an informed, customized protocol needs to
be followed in every case.

Our combined retrospective analysis of two tertiary
maternal and cardiology centers parallels the same view-
point. In the previous decade, with limited availability of
genetic assessment in India, we relied more on extracardiac
clinical markers which typically lag behind the diagnosis
of rthabdomyoma. In other words, rhabdomyoma is the first
marker to appear.

Recent development in management:

1. Several reports have demonstrated the effectiveness of
Everolimus, a serine—threonine Kinase mammalian
target of rapamycin inhibitor, in tuberous sclerosis
presenting with refractory arrhythmias or severe out-
flow tract obstruction leading to hemodynamic com-
promise [11]. By inhibiting growth driven -cell
proliferation when given at a dose of 0.1 mg/kg/day
it can potentially buy time or avoid surgery in cardiac
rhabdomyomas with locations producing cardiac out-
put compromise. This off label use has shown bene-
ficial effects in reducing the size of tumor and echo
Doppler gradients, and is another weapon in the
physician’s hand. The indexed case, fortunately, did
not suffer from hemodynamic compromise and did not
receive Everolimus.

2. Epilepsy develops in 70 to 90% of children with
tuberous sclerosis complex (TSC) and is often resistant
to medication. The recently published EPISTOP trial
has demonstrated that preventive treatment with viga-
batrin is safe and modifies the natural history of
seizures in TSC, reducing the risk and severity of
epilepsy [12].

Currently, our protocol has changed to include antenatal
exclusion of Tuberous Sclerosis with fetal cardiac tumors.
Multidisciplinary counseling of the family prepares them
for understanding the cardiac mass as the “tip of
the iceberg”.

Limitations of our study: Due to the extremely low
incidence of fetal and pediatric cardiac tumors
(0.08-0.2%), number of patients is limited. A nation-wide
registry simultaneously analyzing two separate groups
namely (1) all cardiac rhabdomyomas and (2) all Tuberous
Sclerosis patients may answer these questions better.
However, even in this small cohort, the interrelation is
alarming. The second limitation was that we could not
perform a genetic assessment of all patients due to lack of
resources. Thirdly, due to lack of parental consent,

histopathological evaluation could not be obtained in any
case.

Prospective active trials in the future should involve
fetal medicine practitioners, perinatologists, cardiologists,
pediatricians, neurologists, dermatologists, nephrologists
and ophthalmologists to perform data analysis on this
combination. It may also serve as a point of research for
deciphering echocardiographic markers of cardiac rhab-
domyoma which can predict an underlying Tuberous
Sclerosis (like nuchal thickness correlation with Trisomy
21 assessment). Unlike Western researches where autopsy
and histopathological examinations are the norm, our
country needs a more clinical-imaging protocol to diagnose
and treat these children.
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