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ABSTRACT

Objectives: To investigate the characteristics and outcomes of fetal cardiac rhabdomyoma with or without prenatal use of
mammalian target of rapamycin inhibitor (mTORi).

Search Strategy: We systematically searched PubMed, Scopus, and Web of Science until June 2023.

Selection Criteria: Studies reporting on pregnancies with fetal cardiac rhabdomyoma were included.

Data Collection and Analysis: A meta-analysis of proportions was conducted only on studies that included three or more
cases.

Results: A systematic review included 61 studies reporting on 400 fetuses with cardiac rhabdomyoma, of which 52 studies (389
fetuses) had expectant management and 9 studies (11 fetuses) were managed with mTORi. The meta-analysis included 26
studies reporting on 354 fetuses. Prenatally, 14% (95% CI 4-36) had pericardial effusion, 13% (95% CI 6-27) had arrhythmia, 16%
(95% CI 7-31) had outflow tract obstruction, and 10% (95% CI 4-21) had hydrops. Fetal demise occurred in 12% (95% CI 5-30).
Before delivery, tumor size reduction was noted in 13%, and after birth in 58%. Following birth, 8% (95% CI 3-14) had neonatal
death and 9% (95% 4-17) required cardiac surgery. 60% (95% CI 41-79) of cases were diagnosed with tuberous sclerosis. Seizures
were reported only in cases with a tuberous sclerosis diagnosis (41/71 infants). For the 9 studies reporting all together on 11
fetuses with tuberous sclerosis receiving prenatal mTORI, they showed improvement in the size of cardiac rhabdomyoma as
well as outflow obstruction and none had fetal demise or neonatal death, and none required postnatal cardiac surgery.
Conclusions: We report on the natural history of prenatal cardiac rhabdomyoma, including characteristics, progression, and
survival. We report 11 fetuses with tuberous sclerosis and cardiac rhabdomyoma receiving prenatal mTORi, showing promising
results.
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Summary
What’s already known about this topic?

e Most cardiac rhabdomyomas are asymptomatic; how-
ever, when they are substantial in size and present in
certain specific anatomic spots, they might result in fetal
arrhythmias, outflow tract obstruction, hydrops, and, in
a few cases fetal demise.

What does this study add?

e The natural history of prenatally detected cardiac
rhabdomyoma included a reduction in tumor size in
13% of cases by delivery and in 58% postnatally. Pre-
natally, 14% (95% CI 4-36) had pericardial effusion, 13%
(95% CI 6-27) had arrhythmia, 16% (95% CI 7-31) had
outflow tract obstruction, and 10% (95% CI 4-21) had
hydrops. Fetal demise occurred in 12% (95% CI 5-30).
Following birth, 8% (95% CI 3-14) had neonatal death
and 9% (95% 4-17) required cardiac surgery. 60% (95%
CI 41-79) of cases were diagnosed with tuberous
sclerosis.

o We report on 11 pregnancies that received a mammalian
target of rapamycin inhibitor (mTORi). All fetuses had
tuberous sclerosis with a poor prognosis due to ongoing
tumor growth, arrhythmia, outflow tract obstruction,
and/or hydrops. All cases had a reduction in tumor size
and improved outflow obstruction. None of the cases
had fetal demise, neonatal death, or required postnatal
cardiac surgery.

1 | Introduction

Cardiac rhabdomyoma is a rare condition, but it is the most
common cardiac tumor in fetal life, accounting for 60%-86% of
primary fetal cardiac tumors [1]. They may occur as isolated
lesions or associated with tuberous sclerosis complex (TSC) in
80%-90% of cases, and up to 95% of lesions are multiple or there
is a positive family history. TSC is caused by the mutation of
TSC1 and TSC2 genes, resulting in the overactivity of the
mechanistic target of the rapamycin (mTOR) pathway, which
leads to the development of multiple, mostly benign tumors in
different organs, including the heart, kidneys, and brain [2].

These tumors are usually diagnosed at around 20 weeks of
gestation at the time of the anatomy scan, with maximal growth
between 22 and 32 weeks of gestation [3]. Most cardiac rhab-
domyomas are asymptomatic; however, when they are very
large and present in certain specific anatomic spots, they might
result in fetal arrhythmias, outflow tract obstruction, hydrops,
and in a few cases fetal demise [4-6].

Postnatally, for cases that require treatment, surgical resection
or symptomatic treatment with antiarrhythmic drugs have been,
until recently, the only available options. Nevertheless, surgical
resection is associated with significant morbidity, and it could
be challenging in some patients. With a better understanding of
the role of mTOR pathway overactivity in the pathophysiology
of TSC, mTOR inhibitors (mTORi) such as sirolimus and ever-
olimus have been more widely used in the past decade to treat
various symptoms of TSC in newborns [2].

While knowledge of the natural history of cardiac rhabdo-
myoma remains limited, mTORi has been introduced as a new
therapeutic option for prenatal symptomatic cases. In this sys-
tematic review, we have aimed to report on the prenatal and
postnatal characteristics and outcomes of cardiac rhabdomyoma
in fetuses with diagnosed or suspected TSC and the treatment
effects of mTORI.

2 | Materials and Methods

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines [7]. The study
protocol was registered in the PROSPERO International Pro-
spective Registry of Systematic Reviews (Registration number
CRD42022337962). The study received an exemption from IRB
and ethical approval and no patient consent was obtained.

PubMed, Web of Science, and Scopus were searched from
inception to June 2023. Initially, selected studies were reviewed
for eligibility by two independent authors (A.J. and M.M.) and
conflicts were resolved by consulting a third investigator (H.J.
M). The literature search was conducted using combinations of
the relevant medical subject heading (MeSH) terms, keywords,
and word variants used to search (“cardiac tumor” OR “heart
tumor” OR “heart rhabdomyoma” OR “cardiac rhabdomyoma”
OR “cardiac neoplasm” OR “heart neoplasm” OR “cardiac
mass” OR “heart mass” AND fetus” OR “prenatal”). The com-
plete search strategy is presented in Supporting Information S1:
Index 1.

2.1 | Eligibility Criteria

We used the PICO (Patient/Population, Intervention, Compar-
ison, and Outcomes) framework to establish the following
inclusion criteria for all relevant original articles: population of
singleton pregnancies with a prenatal diagnosis of cardiac
rhabdomyoma; intervention with or without mTORi therapy;
comparator of expectant management and outcomes. The
exclusion criteria included review articles, systematic reviews
and meta-analyses, guidelines, conference papers, non-English
studies, and animal studies.

2.2 | Data Extraction and Outcome Measures

Two independent authors (A.J. and M.M.) extracted data using a
standardized Excel spreadsheet and resolved disagreements
following a discussion with a third author (H.J.M). The
following data were abstracted: (1) Study characteristics,
including author, study design, study period, and institute, (2)
Prenatal characteristics, including gestational age (GA) at
diagnosis, echocardiographic findings, including the number,
size, or location of rhabdomyoma, whether cardiac or extrac-
ardiac, suspected or confirmed TSC diagnosis, modality of TSC
diagnosis, arrhythmia, outflow tract obstruction, pericardial
effusion, hydrops, tumor size at diagnosis, before delivery, and
after birth. Preterm birth (PTB) is defined as delivery before
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37 weeks' gestation, GA at delivery, (3) Survival outcomes,
including fetal demise, neonatal death, and perinatal survival;
and (4) The need for postnatal mTORIi or cardiac surgery and
neurological outcomes. In cases of patient overlap or duplica-
tion between studies, a study with a larger sample size was
included for review. The overlap of a population was checked
according to the authors, the institution where the study was
conducted, and the year of publication.

2.3 | Quality Assessment

The Joanna Briggs Institute (JBI) Critical Appraisal tool
checklist for case reports and case series [8] was used to evaluate
the quality of case reports. This checklist consists of questions to
assess the quality of the case presentation and learning points.
Two independent reviewers (A.J. and H.J.M.) assessed the risk
of bias and the quality of the research.

2.4 | Data Synthesis and Statistical Analysis

Statistical analysis was performed using R [9] (version 4.2.1) in
RStudio (version 2022.07.0) [10]. If data were reported as
median (range or interquartile range), we converted them to
mean and standard deviation using Wan's formula [11]. To
estimate the pooled proportion of categorical binary variables, a
meta-analysis of proportions (metaprop function) was applied
[12]. A meta-analysis of means (metamean function) was used
to pool the data of continuous variables, including GA at diag-
nosis [13]. Synthetic analysis was performed for studies
reporting three or more patients. Only variables reported in two
or more studies were included in the final analysis.

I tests (I?) were used to examine heterogeneity across the
included studies; I* values >50% and p < 0.05 indicate the
presence of heterogeneity, while I* values >75% suggest sub-
stantial heterogenicity. Given the projected heterogeneity of the
included studies, a random-effects model was employed [1].

3 | Results
3.1 | Search Strategy and Study Characteristics

The PRISMA flow chart is shown in Figure 1. Following
exclusions, the systematic review included 61 studies reporting
on 400 fetuses with cardiac rhabdomyoma, of which 52 studies
(389 fetuses) reported on expectant management, and in 9
studies, 11 fetuses were managed with mTORIi. Of the cases in
the expectant management group, 26 studies (354 fetuses) were
included in the meta-analysis. The study characteristics are
shown in Table 1.

3.2 | Characteristics of Pregnancies With
Expectant Management

The median GA at diagnosis was 30.5 (range 18, 41) weeks. The
main indication for scanning was incidental detection of fetal

intracardiac mass(es) during routine scans in 60% (235/389),
whereas 40% (154/389) were referred because of fetal
arrhythmia, hydrops, or positive family history (Table 1).

The TSC diagnosis was done through genetic testing of TSC1/2
in 23 studies and clinically/positive family history in the rest of
the studies. Extra-cardiac rhabdomyoma was diagnosed prena-
tally in 15 studies, including most commonly in the brain
(N = 228/377, 60%), while tumors were seen in the heart only in
the remaining studies. Cardiac locations included the atria,
ventricles, septum, and valve leaflets. The majority (298/389) of
the fetuses had multiple tumors, and 91/389 had a single tumor.
The median diameter of the largest tumor was 21 mm (range 10,
57) (Table 1).

Seven studies reported on neurologic outcomes, of which six
reported seizures that occurred in a total of 41/71 infants (all
cases had a TSC diagnosis), and one study reported autism in 2/
18 infants.

3.3 | Characteristics of Pregnancies Receiving
mTORi

Table 2 outlines the characteristics of the 11 fetuses with TSC
that received a mTORI. All fetuses had multiple cardiac tumors
(Table 2). In nine pregnancies, sirolimus was administered and
in two it was everolimus. The most common indication of
treatment was ongoing tumor growth resulting in outflow tract
obstruction and/or hemodynamic compromises such as reduced
cardiac output, arrhythmia, and hydrops. The median maternal
age was 30 years (range 29-34). The median GA at the start of
treatment was 27.8 weeks (range 21, 33.6), the median duration
of treatment was 58 days (range 28, 126), and the median GA at
the end of treatment was 36.8 weeks (range 35, 39). There were
two cases with maternal aphthous [4, 67] ulcer, and in two there
was fetal growth restriction [2, 66], although one of them had a
birthweight of 3.03 kg. All studies reported a reduction in size
and improvement in cardiac function during fetal life, but in
one study, the tumor regrew when sirolimus was held before
birth [64]. In another case, sirolimus was restarted after post-
natal growth of the tumor [63]. In none of the 11 cases there was
fetal demise or neonatal death, and none required postnatal
cardiac surgery by hospital discharge.

3.4 | Pooled Proportions of Prenatal and Postnatal
Characteristics and Outcomes in Pregnancies
Managed Expectantly

TSC diagnosis was made in 60% (95% CI 49-71, N = 223/376).
At any point during pregnancy, the chance of pericardial
effusion was 14% (95% CI 4-36, N = 27/188), fetal arrhythmia
13% (95% CI 6-27, N = 41/285), cardiac outflow tract
obstruction 16% (95% CI 7-31, N = 32/190), and 10% (95% CI
4-21, N = 24/214) had hydrops. Before delivery, a tumor size
reduction of 13% (95% CI 2-50, N = 18/106) was noted. After
birth, tumor size reduction occurred in 58% (95% CI 42-73,
N = 82/146).
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FIGURE 1 | PRISMA flow chart of the selection process.

Perinatal survival was 80% (95% CI 64-90, N = 226/304), which
included 12% (95% CI 5-30, N = 55/354) of intrauterine fetal
demise, and 8% (95% CI 3-14, N = 27/276) of neonatal death.
The gestational age at delivery for live births was 38.1 weeks
(95% CI 31.7-41.5) (Table 3). Fifteen percent (95% CI 6-31,
N = 8/51) received postnatal mTORi, and 9% (95% CI 4-17,
N = 20/201) required cardiac surgery (Table 3). Reduction in
tumor size information was collected as yes/no rather than as a
quantification measure.

3.4.1 | Risk of bias assessment
The risk of bias assessment utilizing the JBI risk of bias tool

showed a minimum score of 4 for case reports and 7 for case
series (Supporting Information S1: Index 2).

4 | Discussion
4.1 | Summary of the Main Findings

The key findings of our systematic review were that the natural
history of prenatally diagnosed cardiac rhabdomyoma included
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a reduction in size in 13% of cases prior to delivery and in 58%
postnatally. The incidence of pericardial effusion, arrhythmia,
outflow tract obstruction, and hydrops was 14%, 13%, 16%, and
10%, respectively. Sixty percent of patients were diagnosed
with TSC. Fetal demise and neonatal death occurred in 12% and
8%, respectively. For patients with TSC and with prenatal
tumor growth or hemodynamic compromise and where mTORi
was used, there was an improvement in the size of rhabdo-
myoma as well as outflow (n = 11). In none, there was fetal
demise or neonatal death, and none required postnatal cardiac

surgery.

4.2 | Interpretation of the Key Findings and
Clinical Implications

Cardiac rhabdomyomas are considered benign and typically
present as multiple, echogenic, homogenous masses embedded
in the heart [1]. During pregnancy, tumors can enlarge signifi-
cantly and therefore are more readily identified later in gesta-
tion, similar to what was seen in our study, as the median GA at
diagnosis was 30 weeks. Cohort studies showed a 4%-6% risk of
fetal demise secondary to inflow or outflow obstruction,
arrhythmia, or hydrops. In our study, the risk was 12% with a
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TABLE 3 | Characteristics and outcomes pooled proportions of the 26 studies (354 fetuses) included in the meta-analysis.

Outcome Studies (n) Fetuses (n/N) Pooled proportions (%) (95% CI) P (%)

Prenatal
Tuberous sclerosis 26 223/376 60 (41-79) 0.0
Pericardial effusion 11 27/188 14 (4-36) 50.7
Fetal arrhythmias 18 41/285 13 (6-27) 16.6
Outflow tract obstruction 14 32/190 16 (7-31) 26.5
Fetal hydrops 18 24/214 10 (4-21) 0.0
Reduction in size prior to delivery 9 18/106 13 (2-50) 0.0
Fetal demise 25 55/354 12 (5-30) 66.8
Gestational age at delivery for live birth (weeks) 25 267 38.1 (31.7-41.5) 0.0

Postnatal
Tumor size reduction by hospital discharge 13 82/146 58 (42-73) 471
Neonatal death 23 27/276 8 (3-14) 0.0
Perinatal survival 25 226/304 80 (64-90) 34.0
Postnatal use of mTOR inhibitor 8 8/51 15 (6-31) 0.0
Postnatal cardiac surgery 18 20/201 9 (4-17) 0.0

Note: Meta-analysis included studies reporting on 3 or more cases which resulted in including total of 26 studies encompassing 354 fetuses.

95% CI of 5-30. This higher risk could be due to reporting bias
for giant rhabdomyomas and those with severe presentation [1,
4]. There is a significant association with TSC, with the inci-
dence reported as high as 80% in patients with fetal rhabdo-
myoma [1]. In our study, the TSC association with prenatally
diagnosed cardiac rhabdomyoma was 60%. The slightly lower
chance of association may be related to the fact that the diag-
nosis was made clinically and not always via genetic testing.
Thus, this might result in false negatives. Although TSC follows
an autosomal-dominant inheritance pattern, sporadic cases are
seen in up to 60% of cases [3]. Thus, in the absence of a family
history of TSC, cardiac rhabdomyomas may be the earliest sign
of TSC in utero [4].

Postnatally, rhabdomyomas typically regress spontaneously
over the first year of life. In our study, while 16% regressed
spontaneously before delivery, 51% had spontaneous regression
postnatally. Survival rates are reported in the range of 81%-92%
[4], and similarly, our study showed perinatal survival of 80% in
those managed expectantly. Complications were primarily
related to arrhythmias, inflow or outflow obstruction, or cardiac
dysfunction [1]. In rare instances of postnatal cardiac compro-
mise, surgical resection has historically been the only option.
More recently, medical treatment with mTORi such as ever-
olimus and sirolimus has been increasingly used, with rapid
regression of rhabdomyoma postnatally [1]. All of the included
studies on prenatal use of mTORi reported a reduction in
size and improvement in cardiac function, but in one study,
the tumor regrew when sirolimus was administered before
birth [64]. In another case report, the sirolimus was started
postnatally according to the tumor growth in the neonatal
period [63]. In all patients with fetal cardiac tumors, it is
highly recommended to screen for TSC by obtaining a
complete family history, parental examination, fetal

echocardiography, fetal magnetic resonance imaging, and
genetic counseling.

The available data regarding mTORIi treatment during preg-
nancy is limited. It is primarily based on case reports or small
series. A recent literature review identified studies in which this
novel therapy was used for various indications including
maternal solid tumors, neonatal cardiac rhabdomyoma,
vascular malformations, and fetal cardiac rhabdomyoma and
lymphatic malformations [3].

The optimal regimen, dosing, and regimens for the use of
mTORIi remain unclear, as seen from the dosing regimen vari-
ations in the included studies, although they all aimed for
titration to achieve a serum level of 10-15 ng/mL. The treat-
ment protocol appeared to be echoed by the dosing regimens
used to treat adult giant cell astrocytomas, renal angiomyoli-
pomas, and pregnant women receiving renal and heart trans-
plants [39].

Possible mTORi adverse events include bone marrow suppres-
sion, mucosal barrier interruption, poor wound healing, and
fetal growth restriction. All these potential complications should
be completely discussed with the family before initiating the
treatment. Several case reports have been published in recent
years showing the apparent safety of mTORi during pregnancy
(both in the first and second trimesters, as well as throughout
the entire pregnancy). These reports were in the context of
maternal renal transplantation, and none of them reported
congenital malformations [72, 73]. In the case of trans-placental
treatment with mTORIi for cardiac rhabdomyoma, it would be
initiated later in pregnancy (median GA at treatment initiation
was 27 weeks in our review), for which the risk for congenital
malformations is less. However, there is a potential risk of fetal
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growth restriction, as reported in two patients in this review.
The association between mTORi and fetal growth restriction is
not well established in human studies, but it has been reported
in mouse models [74, 75].

Given the paucity of data and yet promising results, our group is
currently working with the North American Fetal Therapy
Network on a pilot prospective cohort study protocol aimed at
investigating the safety and efficacy of mTORI in healthy preg-
nant individuals carrying fetuses with cardiac rhabdomyoma or
extensive cervicofacial malformations. The adverse effects of
this medication on both the fetus and the pregnant person will
be evaluated as well as a comprehensive list of other side effects
documented in the literature. Our group previously published a
thorough review of literature about the prenatal use of mTORi
for different indications including cardiac rhabdomyoma in
which we identified the different proposed dosing regimens,
indications, and side effects [5].

4.3 | Strengths and Limitations

The strengths of this review are thorough literature search and
assessment in three large databases that resulted in the largest
case numbers of fetal cardiac rhabdomyoma, with expectant
management providing valuable data on the natural history of
this tumor when diagnosed prenatally and the chance of fetal
survival. Even though the prenatal mTORi group case number
was very small, this is the first study to systematically evaluate
the data of this innovative therapeutic approach attempting to
improve outcomes in a subset of this population with a guarded
prognosis.

We acknowledge our limitations. The small number of cases,
the retrospective non-randomized design of the included
studies, heterogeneity in prenatal management, and different
periods of follow-up represent the major limitations of this
systematic review. Reporting bias for cases with large size and
severe presentation might have affected the results. Only a few
studies reported on neurological outcomes that were mainly
seizures, with no reports on long-term neurodevelopmental
outcomes except for one study reporting on autism. Lastly, the
included studies’ publication years span over the past 40 years
during which there have been tremendous advancements in
imaging and hence prenatal diagnosis in the recent publications
compared to the older ones.

5 | Conclusion and Future Research

Most prenatally diagnosed cardiac rhabdomyomas regress
spontaneously after birth, have high survival rates, and rarely
require cardiac surgery. Factors that result in poor prognosis
include inflow or outflow obstruction, arrhythmia, or hydrops.
There remain multiple unanswered questions in this population
for which the Fetal Heart Society is currently conducting the
largest multicenter retrospective registry of prenatally diagnosed
cardiac rhabdomyoma, which will help elucidate more about
this population. In the past decade, mTORi has emerged as a
new potentially effective therapy for postnatal cases. In recent

years, reports have been published on prenatal use in cases with
poor prognoses. Although the body of evidence keeps growing,
currently there is insufficient data to ascertain the safety of this
option, and the institution of this treatment should be under
IRB protocols.
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