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ABSTRACT

Introduction: Fetal cardiac tumors are rare and generally have a good prognosis
depending on location and size. Objective: To examine perinatal and postnatal
outcomes along with ultrasound and genetic findings of fetal cardiac rhabdomyoma.
Methods: This retrospective cohort study was conducted in a single tertiary center.
Ten prenatally diagnosed cases of fetal cardiac rhabdomyoma were included in
the study. The data obtained included maternal characteristics, gestational age at
diagnosis, echocardiographic features including tumor size, number and location,
other antenatal ultrasound findings, genetic and pathological examinations,
gestational age at birth, neonatal outcomes, and postnatal long-term outcomes.
Results: In half of the cases (five), multiple tumors were detected sonographically.
Tumor sizes ranged from 5 to 38 millimeters (mm). Four (40%) of the cases had
additional cardiac anomalies such as right ventricular hypoplasia, left ventricular
hypoplasia and pericardial effusion. Additionally, hydrops fetalis was detected in
three (30%) cases. One case died at 26 weeks gestation. One case was terminated at
the request of the family due to the detection of a mutation in the tuberous sclerosis
complex (TSC) gene. Hydrops fetalis was significantly more common in cases with
fetal and neonatal deaths (60% vs. 0%; p=0.038). The TSC gene mutation was not
associated with fetal and neonatal deaths. TSC gene mutation was detected in
4 of the cases (40%) and there was a family history in one of these cases (25%).
Conclusion: Fetal cardiac rhabdomyomas can cause prenatal and postnatal deaths
due to heart failure. Furthermore, fetal rhabdomyomas are associated with TSC
regardless of family history.
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RESUMEN

Introduccién. Los tumores cardiacos fetales son poco frecuentes y generalmente
tienen un buen prondstico dependiendo de la localizacion y el tamafio. Objetivo.
Examinar los resultados perinatales y posnatales junto con los hallazgos ecogréficos
y genéticos del rabdomioma cardiaco fetal. Métodos. Este estudio de cohortes
retrospectivo se realizé en un Unico centro terciario. Se incluyeron en el estudio
diez casos diagnosticados prenatalmente de rabdomioma cardiaco fetal. Los datos
obtenidosincluyeron las caracteristicas maternas, la edad gestacional en el momento
del diagnostico, las caracteristicas ecocardiograficas incluidos el tamafio, el nimero
y la ubicacion del tumor, otros hallazgos ecograficos prenatales, los exdmenes
genéticos y patologicos, la edad gestacional al nacer, los resultados neonatales y
los resultados posnatales a largo plazo. Resultados. En la mitad de los casos (cinco)
se detectaron ecograficamente multiples tumores. Los tamafios de los tumores
oscilaron entre 5y 38 milimetros (mm). Cuatro (40%) de los casos presentaban
anomalias cardiacas adicionales, como hipoplasia del ventriculo derecho, hipoplasia
del ventriculo izquierdo y derrame pericardico. Ademas, se detectd hidropesia
fetal en tres (30%) casos. Un caso fallecié en la semana 26 de gestaciéon. Un caso se
interrumpid a peticién de la familia debido a la deteccion de una mutacién en el gen
del complejo de esclerosis tuberosa (CET). La hidropesia fetal fue significativamente
mas frecuente en el grupo con muertes fetales y neonatales (60% frente a 0%;
p=0.038). La mutacion del gen CET no se asocié con muertes fetales y neonatales.
La mutacién del gen TSC fue detectada en 4 de los casos (40%) y habia antecedentes
familiares en uno de estos casos (25%). Conclusiones. Los rabdomiomas cardiacos
fetales pueden causar muerte prenatal y posnatal por insuficiencia cardiaca.
Ademas, los rabdomiomas fetales se asocian con CET independientemente de los
antecedentes familiares.

Palabras clave. Rabdomioma, fetal, Hidropesia fetal, Resultado fetal, Esclerosis
tuberosa
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INTRODUCTION

Primary cardiac tumors are rare and show a dif-
ferent prevalence according to the age groups
in which they are defined. They are described
with a frequency of approximately 1/400 in in-
fants and children, and less frequently with a
frequency of 0.0017-0.027% in autopsy reports
02t is possible that this difference in reported
prevalence is related to the fact that these tu-
mors generally have a good prognosis and tend
to shrink in the postnatal period. Although there
is no large-scale study demonstrating their
prevalence in the prenatal period, it is likely to
be observed more frequently due to their silent
course in the postnatal period®. Most primary
cardiac tumors, including rhabdomyoma, fibro-
ma, teratoma, hemangioma, and myxoma, are
benign. Rhabdomyoma is the most common
type and accounts for 60% of cases*®. Progno-
sisin the intrauterine period is related to the size
and location of the tumor and the presence of
additional abnormalities. The isolated presence
of rhabdomyoma usually indicates a good prog-
nosis®. There is no accepted treatment method
for cardiac tumors in the intrauterine period. Ex-
perimental approaches, such as surgical remov-
al of tumors or shunting in the pericardial space,
are limited to cases. Treatments are usually per-
formed in the postpartum period”®. It has been
shown that even giant tumors can regress with
postnatal treatment with Everolimus®. A recent
study also showed that maternal treatment with
Sirolimus could reduce the size of intrauterine
fetal cardiac rhabdomyoma?.

The association between fetal heart tumors
and genetic transmission is also known. Rhab-
domyoma diagnosed in the intrauterine period
may be the first sign of tuberous sclerosis com-
plex (TSC) and requires genetic testing™. TSC is
caused by mutations of the tuberous sclerosis 1
(TSC1) or 2 (TSC2) genes and is inherited in an
autosomal dominant manner®?. The incidence
of TSC is between 1/6,000 and 1/10,0000). TSC
is a systemic disorder that affects the skin, eyes,
heart, brain, lungs and kidneys. TSC has a poor
prognosis, and although cardiac lesions tend to
remit, its adverse effects on the central nervous
system are evident. Epilepsy, autism and intel-
lectual disability are among the most common
findings. The only finding that can be identified
in the intrauterine period is usually a cardiac tu-
mor. But in cases complicated with TSC, subep-
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endymal or cortical tubercles may accompany
the fetal brain. Ultrasound evaluation is usually
not sufficient to identify tubercles and magnetic
resonance imaging (MRI) may be useful in these
cases3™),

Due to the rarity of fetal cardiac tumors, they are
usually included in the literature as case reports
and large-scale studies are limited. Therefore, in
this study we aimed to examine the pregnancy
and postnatal outcomes of cases diagnosed in
the intrauterine period in our single tertiary cen-
ter.

MATERIALS AND METHODS

This retrospective cohort study included cas-
es of suspected cardiac anomaly referred to
the Department of Perinatology, University of
Health Sciences Tepecik Training and Research
Hospital, Turkey, between January 2016 and De-
cember 2022. The study was approved by the
ethics committee of the University of Health
Sciences Tepecik Training and Research Hospi-
tal (Approval No: 2022/02-32). Written informed
consent was obtained from each participant.

Ten prenatally diagnosed cases of fetal cardiac
rhabdomyoma were included in the study. The
cases were identified from the Fetal Cardiac
Anomalies Database of the Perinatology Clinic.
Antenatal, perinatal and postnatal case data
were obtained from the hospital’s digital regis-
tration system and medical record. The data in-
cluded maternal characteristics, gestational age
at diagnosis, echocardiographic features such as
tumor size, number and location, other prenatal
ultrasonographic findings, genetic and patho-
logical examinations, gestational age at birth,
neonatal outcomes and long-term postnatal
outcomes.

Prenatal ultrasonographic examinations were
performed with the Samsung HS70A ultrasound
system (Samsung Medison Company, Republic
of Korea) equipped with a 4-8 MHz abdominal
curvilinear transducer. The preset was set to
‘fetal echocardiography’. The fetal echocardiog-
raphy preset provided a single focal region and
high tissue harmonic imaging. Echocardiograph-
ic examinations in all fetuses were performed
according to the 2013 guidelines of the Interna-
tional Society of Ultrasound in Obstetrics and
Gynecology (ISUOG)"™. The size, location and
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number of tumors were examined along with
detailed echocardiographic findings (Figure 1). In
addition, all cases were studied ultrasonograph-
ically in detail for additional abnormalities.

The differential diagnosis of rhabdomyomas was
defined according to ultrasonographic features,
pathological examinations and genetic tests of
TSC. TSC was defined according to the clinical
criteria established at the 1998 Consensus Con-
ference on Tuberous Sclerosis Complex‘®. DNA
samples were extracted from fetal tissue, amni-
otic fluid or neonatal whole blood using a stan-
dard procedure. Genetic analysis included TSC1
and TSC2 exons.

FIGURE 1. FOUR-CHAMBER VIEWS IN A FETUS WITH MULTIPLE RHABDOM-
YOMAS. RA: RIGHT ATRIUM; LA LEFT ATRIUM; LV LEFT VENTRICLE; RV:
RIGHT VENTRICLE.

TABLE 1. MATERNAL AND FETAL CLINICAL FEATURES OF THE CASES.

Maternal e Gestational | Number
age (years) tuberm.ls age (weeks) | of tumors
sclerosis

| 26 - 16 |
2 28 - 20 |
3 35 - 27 3
4 24 - 2l 1
5 36 - 28 4
6 28 - 24 |
7 20 - 24 |
8 40 - 2] 2
9 27 + 25 2
10 22 - 23 3

Tumor maximum| Tumor

Experience of Six Years

STATISTICAL ANALYSIS

SPSS version 26.0 (IBM Corporation, Armonk,
New York, USA) was used for statistics and calcu-
lations. The chi-square test was used to compare
categorical variables. The independent t-test
was used if the data showed normal distribution
for continuous variables (data was presented as
mean + standard deviation). p < 0.05 was accept-
ed as statistically significant.

REsuLTs

Maternal tuberous sclerosis disease had been
previously identified in one of the ten cases. In
half of the cases (five), multiple tumors were de-
tected ultrasonographically. The size of the tu-
mor ranged from 5 to 38 millimeters (mm). All
cases with multiple tumors (50%) were located
at more than one site in the fetal heart, includ-
ing the right ventricle (RV), left ventricle (LV) and
interventricular septum (IVS). Four (40%) of the
cases had additional cardiac abnormalities in-
cluding RV hypoplasia, LV hypoplasia and peri-
cardial effusion (PE). Additionally, hydrops feta-
lis was detected in three (30%) cases. Maternal
and fetal clinical findings of the cases are pre-
sented in Table 1.

Perinatal, neonatal and postnatal outcomes of
the cases are presented in Table 2. The gestation-
al age at delivery ranged from 24 to 39 weeks.
Cesarean section was performed in 7 (70%), the
most common indication being fetal distress. All
cases delivered due to fetal distress died in the
neonatal period (30%). Fetal sex was predomi-

Additional cardiac | Hydrops

diameter (mm) | location anomaly fetalis
5 VS LV hypoplasia
35 LV PE +
15 LV, IVS
6 LV
18 LV,RV, IVS
20 LA
38 IVS PE, RV hypoplasia +
33 LV, IVS PE +
7 LV,RV
14 LV, RV, IVS

VS, interventricular septum; LV, left ventricle; PE, pericardial effusion; RV, right ventricle; LA, left atrium
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TABLE 2. PERINATAL, NEONATAL AND POSTNATAL OUTCOMES OF THE CASES. WEEKS AT BIRTH

Deliver Genetic
y Delivery mode Pregnancy outcomes | Postnatal outcomes
weeks mutations

Cesarean section (Fetal distress) Female Live birth Neonatal death
2 34 Cesarean section (Fetal distress) Male Live birth Neonatal death
3 38 Cesarean section (Previous cesarean delivery) Male Live birth Arrhythmia
4 26 Vaginal delivery Female TSC2 TOP
5 38 Cesarean section (Cephalopelvic disproportion) ~ Male TSC2 Live birth Arrhythmia, Epilepsy
6 37 Vaginal delivery Male Live birth IVH, Epilepsy
7 29 Cesarean section (Fetal distress) Male Live birth Neonatal ex
8 24 Vaginal delivery Male TSC2 |UFD
9 39 Cesarean section (Arrested labor) Male TSCI Live birth Epilepsy
10 39 Cesarean section (Cephalopelvic disproportion) ~ Male TSC1 Live birth Healty

TSC1/2, tuberous sclerosis complex gene mutations; TOP, termination of pregnancy; IVH, intraventricular hemorrhage; IUFD, intrauterine fetal death

nantly male, with a ratio of 4:1. The TSC 1-2 gene
mutation was detected in 50% of cases. Eighty
per cent of cases were born alive. One case died
in the 26 weeks of pregnancy. One case was ter-
minated at the request of the family due to the
detection of TSC gene mutation. Only one of the
five cases that survived in the postnatal period
did not have any disease. Eighty per cent of the
cases were being treated for arrhythmia and/or

epilepsy.

In Table 3, the characteristics of the cases with
fetal and neonatal death and those alive were
analyzed. There was no significant difference
in mean maternal age and maternal tuberous
sclerosis disease (p>0.05). Gestational age at

FIGURE 2. SINGLE RHABDOMYOMA IN THE INTERVENTRICULAR SEPTUM.
LV: LEFT VENTRICLE; RV: RIGHT VENTRICLE.
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diagnosis was significantly higher in living cases
(20.4£2.8 vs..25.4+2.1; p=0.016). There were no
significant differences between the groups in
the number of tumors, maximum tumor diam-
eters and location of the tumors (p>0.05). Addi-
tional cardiac anomalies were more frequent in
cases with fetal and neonatal deaths, but it was
not statistically significant (80% vs. 0%; p=0.083).
Hydrops fetalis was significantly more frequent
in the fetal and neonatal deaths group (60%
vs. 0%; p=0.038). Gestational week at delivery
was significantly later in the live group (30+5.4
vs.38.2+0.8; p=0.008). There were no significant
differences between groups in terms of type of
delivery, fetal gender and TSC gene mutations
(p>0.05).

The characteristics and outcomes of cases with
and without TSC gene mutations are presented
in Table 4. Maternal age, maternal tuberous scle-
rosis and gestational weeks at diagnosis were
similar in the two groups (p>0.05). There were

FIGURE 3. LEFT VENTRICULAR OUTFLOW TRACT IN A FETUS WITH RHAB-
DOMYOMAS IN THE LEFT VENTRICLE. AO: AORTA; LA: LEFT ATRIUM; LV:
LEFT VENTRICLE; RV RIGHT VENTRICLE.
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TABLE 3. ANALYSIS OF VARIABLES OF FETAL AND NEONATAL LOSS AND
ALIVE GROUPS.

Fetal and Alive
neonatal death

Maternal age (years) 27.6t15 29658 0548
Maternal tuberous sclerosis 0 1(20%) 0113
Cestational age (weeRs) 204+28 254421 0016
Number of tumors 0.057
1 4 (80%) 1(20%)
>l 1(20%) 4(80%)
Tumor
max diameter 2344164 148:49 0690
(mm)
Tumor location 0.156
IVS 2(40%) 0
Left atrium 0 1(20%)
Left ventricle 2 (40%) 0
Left ventricle, IVS 1(20%) 1(20%)
dghventice 0 1207
Left ventricle,
Right ventricle, 0 2 (40%)
IVS
Additional cardiac anomaly 0.083
None 1(20%) 5(100%)
oot 1207 0
RE 2(40%) 0
PE, Right
ventricle 1(20%) 0
hypoplasia
Hydrops fetalis 3(60%) 0 0.038
Delivery weeks 3054 382:08 0.008
Delivery mode 0490
Vaginal delivery 2(40%) 1(20%)
Cesarean section 3(60%) 4 (80%)
Sex 0.13
Female 2(40%) 0
Male 3(60%) 5(100%)
Genetic mutations 0.281
None 3(60%) 2(40%)
TSClI 0 2(40%)
TSC2 2(40%) 1(20%)

IVS, interventricular septum;, PE, pericardial effusion; TSC1/2, tuberous sclerosis
complex gene mutations; VD, vaginal delivery

no significant differences between the groups
in tumor characteristics, including tumor size,
number, and location (p>0.05). There were no
significant differences in additional cardiac ab-
normalities and hydrops fetalis (p>0.05). There
were also no significant differences in gestation-

Experience of Six Years

TABLE 4. CHARACTERISTICS AND OUTCOMES OF CASES WITH AND
wiTHOUT TSC GENE MUTATIONS.

Without TSC | With TSC
mutation | mutation

Maternal age (years) 274453 298:78 0841
Maternal tuberous sclerosis 0 1(20%) 0113
Gestational age (weeks) 222:42 236:29  0.690
Number of tumors 0.057
1 4(807%) 1(20%)
> 1(20%) 4(80%)
Tumor maximum diameter (mm) 2264138 15609 0421
Tumor location 0306
IVS 2(40%) 0
Left atrium 1(20%) 0
Left ventricle 1(20%) 1(20%)
Left ventricle, IVS 1(20%) 1(20%)
Left ventricle, Right ventricle 0 1(20%)
Left vemntricle, Right ventricle, 0 2(40%)
IVS
Additional cardiac anomaly 0.445
None 2 (40%) 4 (80%)
Left ventricle hypoplasia 1(20%) 0
PE 1(20%) 1(20%)
PE, Right ventricle hypoplasia 1(20%) 0
Hydrops fetalis 2(40%) 1(20%)
Delivery weeks 35:36 332:75 0690
Delivery mode 0490
Vaginal delivery 1(20%) 2 (40%)
Cesarean section 4 (80%) 3(60%)
Sex N/A
Female 1(20%) 1(20%)
Male 4(807%) 4(807%)
Pregnancy outcomes 0.286
Live birth 5(100%) 3(60%)
TOP 0 1(20%)
IUFD 0 1(20%)
Postnatal outcomes* 0156
Neonatal death 3(60%) 0
Arrhythmia 1(20%) 0
Arrhythmia, Epilepsy 0 1(33.3%)
IVH, Epilepsy 1(20%) 0
Epilepsy 0 1(33.3%)
Healthy 0 1(333%)

TSC1/2, tuberous sclerosis complex gene mutations; VS, interventricular sep-
tum; PE, pericardial effusion; TOP, termination of pregnancy; IUFD, intrauterine
fetal death; IVH, intraventricular hemorrhage

* Includes 8 newborns.

al weeks at birth, types of delivery and fetal gen-
der (p>0.05). When perinatal and postnatal out-
comes were evaluated, no significant differences
were found in terms of live birth, neonatal death
and postnatal diseases (p>0.05).
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DiscussioN

In this study, we have evaluated the perina-
tal and postnatal outcomes of cases with fetal
cardiac rhabdomyoma. Our results showed
that, although these tumors are benign, cardiac
masses are associated with adverse pregnan-
cy outcomes that may be secondary to cardiac
compression or cardiac overload. Our findings
also showed that these tumors can cause right
or left ventricular hypoplasia in the cardiac
structure during the intrauterine period and
cause hydrops in the fetus. Intrauterine and
postnatal deaths were associated with fetal car-
diac findings and hydrops fetalis. Fifty per cent
of the cases had mutations in the TSC 1-2 gene,
but this finding was not associated with fetal and
neonatal deaths. Additionally, there was no as-
sociation between TSC 1-2 gene mutations and
tumor characteristics or postnatal diseases such
as epilepsy and arrhythmia.

Cardiac rhabdomyoma is the most common
type of fetal cardiac mass and accounts for 60%
of all masses in the intrauterine period””. Rhab-
domyomas are generally known to be benign
and previous studies have shown that these
tumors are usually located in the RV, LV or IVS.
Furthermore, although a single tumor can be
demonstrated sonographically, studies have
shown that these tumors were often identified
in multiple numbers®-29. Although rhabdomy-
oma can be located in any chamber of the fe-
tal heart, previous studies have shown a higher
frequency of localization in the ventricles than
in the atria and in the LV than in the RV, Nir et
al., in their large-scale study including 47 cases,
showed that the masses were located in the LV
in 68% of cases?. Okutucu et al. recently found
that the most common location of masses was
in the LV®). As in previous studies, our findings
showed that fetal cardiac rhabdomyomas were
multiple in 50% of cases and 70% of them were
located in the LV.

Fetal cardiac rhabdomyomas are benign in na-
ture, however their prognosis is variable, and
outcome cannot be predicted. In our study,
when the terminated case was excluded, the in-
trauterine survival rate of the remaining cases
was 89%. There are studies showing that the ad-
verse outcomes of cardiac rhabdomyomas are
related to the LV and RV vascular outflow, which
may be related to the location and size of these
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cardiac masses. Most of these studies relate this
association to heart failure due to impaired LV
function. Jozwiak et al., in their study that in-
volved postnatal follow-up, found the cardiac
failure rate of their cases to be 10%!"%. Webb et
al. and Nir et al. showed heart failure rates in the
range of 2% to 4%“22%. In a recent work including
63 cases of rhabdomyoma, Camargo et al. found
the perinatal mortality rate to be 17.5% and as-
sociated all fetal deaths in the intrauterine peri-
od with hydrops®. In our study, hydrops fetalis
occurred in three cases in the intrauterine peri-
od. One of these cases died in the intrauterine
period and two of them died in the postnatal pe-
riod. There is no accepted marker that predicts
the prognosis of cardiac rhabdomyomas in the
intrauterine period. Chao et al. argue that mass-
es of 20 mm or larger have a high risk of causing
perinatal deaths®?®. These tumors tend to grow
rapidly and often continue to grow until the 32
weeks of gestation, so close follow-up is neces-
sary to predict prognosis?”. In our study, the
maximum tumor diameters of three cases with
hydrops fetalis and fetal-neonatal death were in
the range of 33-38 mm. In addition, the tumor
location of these cases included the LV and/or
IVS. Assessment of tumor location together with
its size may be useful in predicting fetal survival
in the intrauterine period.

The prognostication of fetal cardiac rhabdomy-
omas is not limited to adverse perinatal and
neonatal outcomes that may occur secondary
of mass effect. Due to the association of rhab-
domyomas with TSC, infants are also at risk for
neurological impairment in the postnatal peri-
od. TSC is a multisystem disorder characterized
by hamartomas in many organs in the postna-
tal period, including the brain, heart, skin, lungs
and kidneys. Two thirds of cases with this dis-
ease are sporadic (de novo gene mutations) and
one third is familial. Familial inheritance is auto-
somal dominant. TSC disease is closely associ-
ated with mutations in the TSC1/2 genes®®. The
prevalence of tuberous sclerosis of fetal cardiac
rhabdomyoma ranges from 39-79% in previous
studies(826:29, Similar to previous studies TSC 1
or 2 gene mutations were detected in four (40%)
of the cases in our study. There was a family his-
tory in one of these cases (25%), and the genet-
ic mutation in the remaining cases was present
sporadically. Similar to our results, Yinon et al.
also showed that 20% of the cases were familial
and 80% were sporadic®®”. Previous studies have
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reported that multiple cardiac rhabdomyomas
are associated with TSC. Chen et al. showed that
93% of cases with TSC were associated with mul-
tiple tumors®". Chao et al. showed the associa-
tion between TSC and multiple tumors in 71% of
the cases®®. Our findings showed the presence
of multiple tumors in 80% of the cases with TSC.
In cases without TSC gene mutation, multiple tu-
mors included 20% of the cases.

Rhabdomyomas have also been shown to be as-
sociated with postnatal cardiac rhythm abnor-
malities. It is suggested that this association is
caused by intramural rhabdomyomas that dis-
rupt cardiac electrical conduction pathways and
resultin ectopic foci (Wolff-Parkinson-White syn-
drome)"™. In the general population, Wolff-Par-
kinson-White (WPW) syndrome is present in
0.15%. Jozwiak et al. found that 0.65% of their
cases had WPW syndrome®). Nir et al. docu-
mented WPW syndrome in 2 of 23 (9%) patients
with rhabdomyoma by electrocardiogram®?.
Two of our cases (20%) had rhythm abnormal-
ities that required antiarrhythmics. However,
our data did not include the electrocardiogram
findings of these cases and WPW could not be
documented.

Our study had some limitations. First, due to
its retrospective design, our data were limited
to patient records. In addition, our work did not
have magnetic resonance imaging records to
assess brain lesions in relation to neurological
findings in cases with TSC. Our analysis also had
strengths. Due to the rarity of fetal cardiac rhab-
domyomas, many studies in the literature are
limited to case reports. Our research examined
tertiary center fetal cardiac rhabdomyoma cas-
es over a six-year period and was one of the few
large-scale studies in the literature that included
prenatal and postnatal outcomes.

In conclusion, although fetal cardiac rhabdomy-
omas are benign in nature, these tumors can
cause prenatal and postnatal mortality associ-
ated with secondary heart failure. Furthermore,
fetal rhabdomyomas may be associated with
TSC, regardless of family history, and may be an
intrauterine indicator of this multisystemic dis-
ease that also includes neurological alterations.
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