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ABSTRACT

Objective To analyze the imaging and clinical features
of fetal cardiac tumors, and to explore the relationship
between tuberous sclerosis complex (TSC) and cardiac
rhabdomyoma in the fetus.

Methods Fifty-three women pregnant with a fetus
affected by cardiac tumor(s) were examined by standard-
ized fetal echocardiography (FE), and fetuses, mothers
and fathers, including other relevant family members if
necessary, underwent familial TSC genetic testing. Rele-
vant pathological features, including pathological findings
at clinical examination of liveborn infants and autopsy
findings in terminated cases, were noted.

Results Of the 53 fetuses, 37 had multiple cardiac tumors
and 16 had a single cardiac tumor detected by FE. In all
53 fetuses and their families, TSC genetic testing was
successful, showing that 37 of the fetuses had a TSC1
(n = 6) or TSC2 (n = 31) pathogenic or suspected patho-
genic mutation, of which 25 were spontaneous and 12
were familial mutations. The proportion of single and
multiple cardiac tumors at FE was significantly different
between the group of fetuses with positive genetic test
results and that with negative results for TSC (31% and
86%, respectively), although the presence of multiple or
single tumors was not associated with the type of TSC
mutation. The decision to terminate the pregnancy was
made by 45 women and their families, and eight fetuses
were liveborn. Autopsy was performed in 38 fetuses,
which revealed 36 cases with pathologically confirmed
cardiac rhabdomyoma, one case of hemangioma and
one case of fibroma. 93% of fetuses with multiple
rhabdomyomas at autopsy and 71% of those with a
single cardiac rhabdomyoma harbored a TSC1 or TSC2
mutation.
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Conclusion Cardiac rhabdomyoma is the most common
cardiac tumor in the fetus. The correlation between
cardiac rhabdomyoma and TSC is strong regardless
of the presence of single or multiple tumors. For fetuses
with suspected cardiac rhabdomyoma identified by FE,
prenatal genetic testing for TSC of both fetus and
family members is recommended. A positive genetic
diagnosis can help in counseling and planning for neonatal
treatment. Copyright © 2018 ISUOG. Published by John
Wiley & Sons Ltd.

INTRODUCTION

Primary cardiac tumors are rare, with a prevalence
of approximately 0.25% in infants and young children,
and autopsy results reveal a lower incidence of approx-
imately 0.002%1–3. With the development of prenatal
detection technology, an increasing number of fetal car-
diac tumors have been reported in recent years. Most
are detected by ultrasound, especially fetal echocardio-
graphy (FE)4. The vast majority of primary cardiac
tumors are benign, the most common of these being
rhabdomyoma, followed by teratoma, fibromas, heman-
gioma, eosinophilic myocardiac hyperplasia and myxoma.
Primary cardiac malignancies, such as rhabdomyoma sar-
coma and fibrosarcoma, are extremely rare4,5. Treatment
measures for most cardiac tumors are limited during
pregnancy. Only a few, such as teratoma in the pericar-
dial cavity, can be removed surgically during pregnancy;
most treatments need to be performed postpartum and
the prognosis is typically good6,7.

Cardiac rhabdomyoma, however, may be the initial
manifestation of tuberous sclerosis complex (TSC)1,8,9.
TSC is an autosomal dominant genetic disease involving
multiple systems, including the skin, central nervous
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system, heart, eyes, kidneys and lungs10. It often has a
poor prognosis, given that the neurological complications
(epilepsy, autism and intellectual disability), which cause
most concern for parents, occur in approximately 90% of
patients11,12. TSC1 and TSC2 gene mutations have been
found to have a close relationship with the disease. At
the 2012 International TSC Conference, TSC1 and TSC2
gene mutations were identified as independent diagnostic
criteria13,14.

The aim of this study was to investigate cases of
fetal cardiac tumors detected by FE and analyze their
echocardiographic and clinical features. Furthermore,
familial genetic testing was performed simultaneously
in order to analyze the relationship between cardiac
rhabdomyoma and TSC.

METHODS

Patients

We enrolled into this study pregnant women who
were referred for suspected fetal cardiac tumor to the
Maternal-Fetal Consultation Center of Congenital Heart
Disease, Beijing An Zhen Hospital, between September
2015 and February 2018. All fetuses underwent FE
at our center, which confirmed either single or multiple
cardiac tumors in all cases. According to the revised TSC
diagnostic criteria13,14, each enrolled case underwent a
comprehensive clinical examination to confirm the clinical
phenotype. All parents also gave their informed consent
to undergo antenatal or postnatal familial TSC gene
testing; signed consent forms indicated that the patients
fully understood the research and agreed to undergo
amniocentesis or umbilical cord blood sampling for fetal
genetic analysis. Women who chose to terminate the
pregnancy (TOP) and were willing to provide fetal tissue
samples for testing were required to sign a consent form
for pathological autopsy and gene testing. Families who
did not agree to the terms of the informed consent for
genetic testing were excluded.

This study was approved by the Medical Ethics
Committee of Beijing An Zhen Hospital, which is affiliated
with Capital Medical University.

Fetal echocardiography

All enrolled fetuses underwent FE examination according
to the 2013 International Society of Ultrasound in Obstet-
rics and Gynecology (ISUOG) guidelines15. Women who
chose to continue their pregnancy underwent regular FE
examinations; in these cases, the results of the first pos-
itive examination at our center were considered for the
purposes of this study. Standard views of the fetal heart
were obtained using a Voluson E10 ultrasound system
(GE Medical Systems, Zipf, Austria), equipped with a
transabdominal 2–4-MHz curvilinear transducer, with
the detection mode set to the Fetal Heart15. We aimed
to determine the number, size, shape, location and any
complications of all cardiac tumors.

Genetic testing

Amniotic fluid was collected between 16 and 24 weeks
of gestation (20-mL samples in aseptic tubes). If the
gestational age was > 24 weeks, umbilical cord blood was
sampled in order to obtain sufficient fetal DNA. Periph-
eral blood samples were collected from pregnant women
and their partners, as well as other relevant family mem-
bers if necessary, using 4-mL ethylenediaminetetraacetic
acid (EDTA) anticoagulation vacuum tubes. Amniotic
fluid and blood samples were stored on ice and sent
to the laboratory within 2 h. Targeted gene testing and
clinical follow-up were then performed. When families
had agreed to undergo pathology and gene testing after
TOP, we obtained small amounts of umbilical cord, skin,
heart and tumor tissues for genetic testing during fetal
pathological autopsy.

DNA was extracted from tissue, amniotic fluid or whole
blood using a standard procedure. We first designed
polymerase chain reaction (PCR) primers to amplify all
TSC1 and TSC2 exons. We then sequenced the ampli-
cons with a HiSeq 2500 sequencing system (Illumina
Inc., San Diego, CA, USA) following standard proto-
cols. Next-generation sequencing of the multiplex PCR
amplicons revealed full coverage of all exons. We also
used multiplex ligation-dependent probe amplification
(MLPA) to detect large duplications and deletions. We
then mapped the sequencing reads to the human refer-
ence genome (hg19) (http://genome.ucsc.edu/) with BWA
(http://bio-bwa.sourceforge.net/) and assessed sequence
variations using Samtools (http://www.htslib.org/) and
Pindel16. The variations were further filtered using cus-
tom scripts based on the information from dbSNP (https://
www.ncbi.nlm.nih.gov/snp/), OMIM (http://www.omim
.org/) and SwissVar (https://swissvar.expasy.org/). Physio-
logical outcomes associated with the remaining variations
were predicted by Provean (http://provean.jcvi.org/) and
SIFT (https://sift.bii.a-star.edu.sg/). Finally, we verified all
deleterious mutations using Sanger sequencing17.

Clinicians and genetic counselors analyzed and matched
each case’s biological information, clinical phenotype,
clinical symptoms and treatment status, reaching a genetic
diagnosis based on these data.

Statistical analysis

Categorical variables are presented as frequencies (per-
centage) and were compared using the Pearson χ2 test
or Fisher’s exact test. Statistical analysis was performed
using SPSS version 23 (IBM Corp., Armonk, NY, USA).
Two-sided P-values < 0.01 were considered statistically
significant.

RESULTS

Fifty-three fetuses and their families were included in the
final analysis (Table 1). The age of the pregnant women
ranged from 19 to 42 (median, 28) years and the
gestational age at diagnosis by FE in our center ranged
from 22 to 38 (median, 27) weeks.
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Table 1 Fetal echocardiography (FE) and clinical features of 53 fetuses with cardiac tumor(s)

Fetal echocardiography

Case
MA

(years)
GA

(weeks)
Single/multiple
tumor(s)

Tumor
location

Tumor max
diam (mm) Complication Outcome

Pathology or
follow-up*

Mutation
in fetus

1 37 37 Single RV 15.0 — TOP No autopsy —
2 23 24 Single LV 33.0 PE TOP Fibroma —
3 28 30 Multiple LV, RV 8.9 — TOP Rhabdomyoma TSC2
4 28 35 Multiple LV, RV 7.6 — TOP Rhabdomyoma TSC2
5 23 26 Multiple LV, RV 10.1 — TOP Rhabdomyoma TSC2
6 22 28 Multiple LV, RV 7.0 — TOP Rhabdomyoma TSC2
7 23 36 Multiple LV, RV 9.4 — TOP Rhabdomyoma TSC2
8 23 31 Multiple LV, RV, pericardium 8.0 PE TOP Rhabdomyoma TSC2
9 26 26 Multiple RV, RA 8.9 — TOP Rhabdomyoma TSC2
10 27 30 Multiple LV, RV 7.7 — TOP No autopsy —
11 30 34 Multiple LV, RV 12.0 — TOP Rhabdomyoma TSC1
12 25 24 Multiple LV, IVS 8.0 — TOP Rhabdomyoma TSC2
13 28 32 Multiple LA, LV, RV 17.0 — TOP Rhabdomyoma TSC2
14 19 24 Multiple LV, RV, IVS 7.2 AS TOP Rhabdomyoma TSC2
15 24 24 Multiple LV, LA, RV 23.0 MS TOP Rhabdomyoma TSC1
16 30 25 Multiple LV, RV 13.6 PE TOP Rhabdomyoma TSC2
17 29 35 Multiple LV, LA, RV 10.0 — TOP No autopsy TSC2
18 28 26 Multiple LV, RV 4.6 — TOP Rhabdomyoma TSC2
19 37 26 Multiple LV, IVS 7.7 — TOP Rhabdomyoma TSC2
20 29 24 Single LV 15.4 — TOP Rhabdomyoma TSC2
21 27 30 Multiple LV, RV, IVS 13.0 — TOP Rhabdomyoma, SEN TSC2
22 32 26 Single LV, pericardium 12.2 — Live birth No change —
23 28 28 Multiple LV, IVS 9.6 — TOP Rhabdomyoma —
24 37 24 Multiple LV 7.7 — TOP Rhabdomyoma —
25 25 24 Multiple LV, RV 15.0 — Live birth Regression, TSC TSC2
26 36 32 Multiple LV, IVS 13.1 — TOP Rhabdomyoma TSC1
27 28 32 Multiple LV, IVS, RA 7.1 — TOP No autopsy —
28 29 37 Multiple LV, RV, IVS 10.1 — TOP Rhabdomyoma TSC2
29 29 30 Single LV 7.3 — TOP Rhabdomyoma, CT/SEN TSC2
30 25 31 Single LV 6.5 — Live birth No change —
31 30 24 Multiple LV, RV, IVS 7.8 LVOTO TOP Rhabdomyoma TSC2
32 27 33 Single LV 7.5 — Live birth No change —
33 36 24 Multiple LV, RV 11.2 — TOP Rhabdomyoma, SEN TSC2
34 34 35 Multiple LV, RV 11.4 — Live birth No change, TSC TSC1
35 28 23 Single LV 17.0 — TOP Rhabdomyoma TSC1
36 42 24 Single IVS 17.2 RVITO TOP Rhabdomyoma TSC2
37 25 23 Multiple LV, IVS, RA 6.8 — TOP Rhabdomyoma TSC2
38 31 27 Multiple LV, IVS, RV 10.0 — TOP Rhabdomyoma TSC1
39 32 25 Multiple LV, RV 16.5 — TOP Rhabdomyoma TSC2
40 28 24 Single LV 8.0 — Live birth No change —
41 29 37 Single LV 14.6 — Live birth No change —
42 22 33 Multiple LV, RV, RA 13.0 — TOP Rhabdomyoma TSC2
43 27 28 Multiple LV, IVS 12.0 — TOP No autopsy TSC2
44 29 25 Single RV 13.0 — TOP Rhabdomyoma —
45 25 31 Multiple RA, LA 30.0 — TOP Hemangioma —
46 27 31 Single IVS 11.5 — TOP Rhabdomyoma —
47 26 32 Multiple LV, RV, RA 16.3 Frequent APB TOP Rhabdomyoma TSC2
48 25 22 Single LV 8.2 — TOP No autopsy —
49 27 24 Multiple LV, RV 7.0 — TOP No autopsy TSC2
50 28 27 Single LV 16.1 — Live birth No change —
51 34 38 Multiple LV, RV 8.3 — TOP Rhabdomyoma TSC2
52 29 27 Single LV 7.8 — TOP Rhabdomyoma, SEN TSC2
53 30 24 Multiple LV 13.0 — TOP Rhabdomyoma TSC2

*Liveborn cases were followed up for 6 months, including echocardiographic examination. APB, atrial premature beat; AS, aortic valve
stenosis; CT, cortical tubers; GA, gestational age at diagnosis by FE; IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOTO, left ventricular outflow tract obstruction; MA, maternal age; max diam, maximum diameter; MS, mitral stenosis; PE, pericardial
effusion; RA, right atrium; RV, left ventricle; RVITO, right ventricular inflow tract obstruction; SEN, subependymal nodules; TOP,
termination of pregnancy; TSC1/2, tuberous sclerosis complex gene mutations.
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FE revealed cardiac tumors in all fetuses, including 37
cases with multiple tumors and 16 cases with a single
tumor. The most common tumor location was the left
ventricle (47 cases), followed by the right ventricle (29
cases) (Table 2). The largest maximum tumor diameter
was 33.0 mm (Figure 1) and the smallest was 4.6 mm
(Figure 2). Most tumors were located in a cardiac chamber
or myocardium; only two cases (Cases 8 and 22) had
a tumor in the pericardial cavity (Figure 3). Most of
the tumors had no significant mobility, and the border

Table 2 Tumor location detected by fetal echocardiography in 53 fetuses with cardiac tumor(s)

LV RV IVS LA RA Pericardium

Single tumor 12 2 2 0 0 1
Multiple tumors 35 27 12 4 6 1
Total 47 29 14 4 6 2

Data are given as number of fetuses. Some fetuses had tumors in more than one location. IVS, interventricular septum; LA, left atrium; LV,
left ventricle; RA, right atrium; RV, left ventricle.

Figure 1 Fetal echocardiography (four-chamber view) at 24 weeks,
showing large tumor, with maximum diameter of approximately
33 mm, at apex of left ventricle (LV). Pathological examination
confirmed tumor to be a single fibroma (Case 2).

Figure 2 Fetal echocardiography (four-chamber view) at 26 weeks,
showing multiple tumors (arrows) in left ventricle (LV); minimum
diameter was in tumor at lateral wall of LV (approximately 3.8 mm;
short arrow). Pathological examination revealed multiple
rhabdomyomas (Case 18).

between the tumor and the normal myocardial tissue was
not clear. Only the tumor in Case 50, located in the left
ventricular cavity, exhibited obvious mobility (Figure 4).

Eight fetuses were identified with complications related
to the cardiac tumor, including four with mechanical
obstruction caused by the tumor (Figure 5), three with
pericardial effusion and one with arrhythmia. Among
them, the tumor of the fetus in Case 14 was positioned
close to the aortic valve and exhibited mild stickiness,
resulting in an obvious left ventricular outflow tract

Figure 3 Fetal echocardiography (four-chamber view) at 26 weeks,
showing tumor (M) outside lateral walls of left atrium and ventricle
(LV), located mostly within pericardial cavity. Border between
tumor and normal myocardial tissue was unclear. Fetus (Case 22)
was liveborn, and tumor degeneration was noted after birth.
RV, right ventricle.

Figure 4 Fetal echocardiography (four-chamber view) at 27 weeks,
showing tumor with obvious mobility in left ventricular cavity, but
no obvious obstruction of mitral valve orifice. Fetus (Case 50) was
liveborn, and no significant changes in tumor were found at
examination 6 months after birth. AO, aorta; M, mass.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019.
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Figure 5 (a) Fetal echocardiography (four-chamber view) at 24 weeks, showing tumor (M) in basal segment of interventricular septum and
obvious left ventricular (LV) outflow tract obstruction on color Doppler flow imaging. Narrowest diameter of basal segment of LV outflow
tract, 2.8 mm. Pathological results revealed rhabdomyoma (Case 31). (b) Maximum velocity of LV outflow tract in systole was
approximately 140cm/s (normal value at 24 weeks of gestational age: 54∼80 cm/s) measured by pulsed-wave Doppler.

Table 3 Presence of single or multiple tumors at fetal echocardiography according to genetic testing in 53 fetuses with cardiac tumor(s), and
in subgroup with positive genetic testing

All (n = 53) Positive genetic test (n = 37)

TSC1 (+) or TSC2 (+) TSC1 (−) and TSC2 (−) Total P TSC1 (+) TSC2 (+) Total P

< 0.0001* 1.0†
Single tumor 5 11 16 1 4 5
Multiple tumors 32 5 37 5 27 32
Total 37 16 53 6 31 37

Data are given as number of fetuses. TSC1 or TSC2 (+) or (–) refers to cases with or without pathogenic or suspected pathogenic mutation
of tuberous sclerosis complex-1 or -2 gene. *Proportion of fetuses with any TSC mutation was significantly higher in fetuses with multiple
compared with in fetuses with single tumor. †Proportion of fetuses with TSC1 mutation did not differ from proportion with TSC2 mutation
according to whether fetuses had multiple or single tumor.

obstruction. All eight families chose to undergo TOP,
and the autopsy results revealed rhabdomyoma in seven
of them.

In all 53 fetuses and their parents, TSC genetic testing
was successful. Samples for genetic testing consisted of
43 fetal samples obtained after TOP; eight obtained
from umbilical cord blood prenatally and two obtained
from peripheral blood after birth. Thirty-seven fetuses
were found to harbor a single pathogenic or suspected
pathogenic TSC1 or TSC2 mutation, of which 25 (68%)
were spontaneous and 12 (32%) were familial TSC2
mutations. Among these 37 fetuses, five fetuses had a
single cardiac tumor and 32 had multiple tumors. The
other sixteen fetuses and their parents all tested negative;
among them, 11 fetuses had a single cardiac tumor, and
five had multiple tumors. Comparison of the group of
fetuses with positive genetic test results and the group
with negative results revealed a significant difference
(P < 0.0001) in the proportion of single and multiple
cardiac tumors (Table 3), indicating that the presence of
multiple cardiac tumors on FE is significantly associated
with TSC. However, the presence of multiple or single
tumors was not associated with the type of TSC mutation:
among the 37 fetuses testing positive, six harbored a
TSC1 mutation and 31 a TSC2 mutation; there was
no significant difference in the proportion of single and

multiple cardiac tumors between the two groups of fetuses
with each of these mutations (Table 3).

Eight fetuses were liveborn, of which six had tested
negative and two had tested positive on prenatal genetic
testing. After 6 months of follow-up, the tumor size had
not changed significantly in seven cases, and the tumor
had reduced in size in one case (Case 25). None of the
eight children underwent cardiac surgery for their tumor.
Two fetuses (Cases 25 and 34) were diagnosed with
TSC both clinically and genetically after birth. These two
children were treated immediately with rapamycin. After
6 months of follow-up, epileptic seizures were not noted
in these children.

Forty-five pregnant women underwent TOP. There
were multiple fetal cardiac tumors identified by FE in 78%
(35/45) of these cases. Thirty-eight of these families agreed
to undergo a fetal pathological anatomy examination.
The results revealed that 36 cases had rhabdomyoma,
including 29 cases of multiple rhabdomyomas and seven
of single rhabdomyoma. Of the remaining two cases, one
involved multiple hemangioma (Case 45) and the other
had a single fibroma (Case 2) (Table 4). In all 38 cases,
autopsy confirmed the FE diagnosis of multiple or single
tumor. Of the 29 cases with multiple rhabdomyomas, 27
harbored a TSC gene mutation and of the seven cases
with a single rhabdomyoma, five harbored a TSC gene

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019.
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Table 4 Pathological and genetic results for 38 fetuses with cardiac tumor identified at autopsy

Single tumor Multiple tumors

Pathology TSC1/2 (+) TSC1/2 (–) TSC1/2 (+) TSC1/2 (–) Total

Rhabdomyoma 5 2 27 2 36
Fibroma 0 1 0 0 1
Hemangioma 0 0 0 1 1

Data are given as number of fetuses. TSC1 or TSC2 (+) or (–) refers to cases with or without pathogenic or suspected pathogenic mutation
of tuberous sclerosis complex-1 or -2 gene. P > 0.05.

mutation. Both the hemangioma and the fibroma cases
had negative genetic results.

Eight fetuses underwent fetal brain magnetic resonance
imaging during late pregnancy, which revealed four cases
exhibiting cortical tubers and subependymal nodules. In
one case (Case 21), transvaginal fetal head ultrasound
examination was performed during late pregnancy,
and the results showed multiple nodules in the brain
parenchyma. In addition, multiple skin hypomelanotic
macules were identified during the autopsy of another
fetus (Case 16), and these macules were representative of
the skin changes associated with TSC.

DISCUSSION

FE is a sensitive method for diagnosing fetal cardiac
tumors, especially using the four-chamber view and
in the second trimester. Detection of fetal cardiac
tumors is related closely to the gestational age of the
fetus; the median gestational age at which cardiac
tumors were detected in our study was 28 weeks.
As expected, the detection rate of cardiac tumors was
higher in the late second trimester compared with earlier.
Most cardiac tumors were located in the cardiac cavity
and they grew relatively slowly. In general, these
tumors have a minimal effect on cardiac function; only
a few (15%) fetuses exhibited cardiac complications.
Fetal cardiac rhabdomyomas comprised the majority
of tumors in our series, and these are generally
small, given their self-limiting growth patterns. The
maximum and median diameters at FE of pathologically
confirmed rhabdomyomas were only 23 mm and 11 mm,
respectively. In contrast, the maximum diameters were
≥ 30 mm in both the fibroma and the hemangioma,
suggesting that these tumors were growing faster.

The main focus of our study was the relationship
between fetal cardiac rhabdomyoma and TSC. Rhab-
domyoma is the most common cardiac tumor in the fetal
period; at autopsy in our study, it was found that rhab-
domyomas accounted for approximately 95% (36/38) of
the lesions identified at FE. Of these 36 cases, 89% (n
= 32) harbored a TSC1 or TSC2 mutation and were
genetically diagnosed with TSC. The close relationship
between cardiac rhabdomyoma and TSC might explain
the unusually high proportion of families in our cohort
who chose TOP. Most TSC patients develop neurological
symptoms, and approximately 70% of patients exhibit
cognitive or even neurodevelopmental impairment18. Fur-
thermore, the cost of treatment for children with TSC in

China is relatively high, and most of the cost is borne by
the patients and their families.

The presence of multiple cardiac rhabdomyomas has
been reported to be a strong predictor of TSC19,20. In
our research, 93% (27/29) of the fetuses with multiple
rhabdomyomas harbored a TSC1 or TSC2 mutation.
However, our results show that the association between
single cardiac rhabdomyoma and TSC is also high,
with 71% (5/7) of the fetuses with a single cardiac
rhabdomyoma having a positive genetic test. Interestingly,
86% (32/37) of the fetuses with multiple cardiac tumors
identified at FE and approximately 31% (5/16) of those
with a single cardiac tumor harbored a TSC1 or TSC2
mutation, and this difference was statistically significant.
This difference between findings at FE and autopsy is
due to the smaller sample size that had pathological
confirmation of findings at FE, because some families
declined autopsy and some fetuses were liveborn; it
should be borne in mind that the pathology results may
have been affected by selection bias. Larger sample sizes
with pathological confirmation are required to determine
whether there is a significant difference in association of
TSC with multiple vs single cardiac rhabdomyomas.

Strengths of this study include that, despite the focus
being a rare disease, a sufficient sample size allowed
us to conduct detailed FE and clinical data analysis.
Furthermore, the genetic analysis was comprehensive,
enabling us to confirm the relationship between fetal
rhabdomyoma and TSC. Finally, most of the fetal cardiac
tumors were confirmed by pathological examination.
Although the phenotypes of TSC children are different,
most of them have poor prognosis if not treated swiftly;
however, there are still a few patients who exhibit mild
symptoms and have good prognosis21. It would have been
interesting to determine the proportion of fetuses in our
study group that fell into this category, and to analyze
their specific phenotypes and genotypes. Such information
could help doctors to develop perinatal management
strategies and reduce the rate of TOP.

Prognostic counseling for pregnant women with a
diagnosis of fetal cardiac tumor should include not only
the prognosis of the tumor itself but also information
regarding the relationship between rhabdomyomas and
TSC and the prognosis of TSC, emphasizing the
importance of genetic analysis. The current perinatal
management strategy in China reveals the concern about
the correlation between fetal cardiac rhabdomyoma and
TSC, but recommendations for prenatal diagnosis and
prognosis consultation are not specific. Our proposal

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019.
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includes the following main points. (1) For fetuses
with suspected cardiac rhabdomyoma identified by FE,
prenatal genetic testing for TSC is recommended. (2)
Regardless of whether a pregnant woman and her family
chooses to undergo TOP, TSC genetic analysis should be
performed in her family members. The incidence of TSC
is 1–2% in fetuses of women who have previously been
pregnant with a fetus that had a spontaneous TSC gene
mutation, due to the presence of germline mosaicism22,
while any fetus with a parent who has been diagnosed with
TSC has a 50% chance of suffering from the condition23.
(3) For fetuses with a genetic diagnosis of TSC, if the
family chooses to continue the pregnancy, we recommend
that targeted neonatal treatment should be considered,
to prevent the possibility of epileptic seizures, regardless
of whether brain lesions are found. The early use of
inhibitors of mammalian target of rapamycin complex-1
(mTORC1) as treatment for children with TSC offers
improved treatment effects24,25.

In conclusion, cardiac rhabdomyoma is the most
common cardiac tumor in the fetus. The correlation
between cardiac rhabdomyoma and TSC is strong
regardless of whether there are single or multiple tumors.
Prenatal FE screening and genetic testing are necessary for
high-risk populations.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Videoclip S1 Four-chamber view, showing large tumor detected at apex of left ventricle.

Videoclip S2 Four-chamber view, showing two tumors detected in left ventricle (LV), located at apex of LV chamber and
basal segment of LV lateral wall.

Videoclip S3 Four-chamber view, showing tumor outside lateral walls of left atrium and ventricle, located mostly in
pericardial cavity. Border between tumor and normal myocardial tissue was unclear.

Videoclip S4 Four-chamber view, showing tumor in left ventricular cavity. Tumor had obvious mobility, but there was no
obvious obstruction of mitral valve orifice.

Videoclip S5 Color Doppler flow imaging (four-chamber view), showing obvious left ventricular outflow tract obstruction.

Videoclip S6 Four-chamber view, showing tumor in basal segment of interventricular septum.
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