
Purpose: Prenatal diagnosis of cardiac rhabdomyoma is suggestive of the presence of tuberous 
sclerosis complex (TSC), which is commonly associated with epilepsy. This study investigated the 
diagnostic rate of TSC, the incidence and treatment outcomes of epilepsy, and long-term neuro-
developmental outcomes in children with fetal cardiac rhabdomyoma.
Methods: We retrospectively reviewed the medical records of 50 patients with fetal cardiac 
rhabdomyoma between 1995 and 2017 at the Asan Medical Center Children’s Hospital. Twelve 
patients were excluded because of incomplete data or a follow-up of less than 1 year. Patients’ 
medical records were assessed for the occurrence of epilepsy during follow-up, including treat-
ment and outcomes, electroencephalography and magnetic resonance imaging, genetic analysis 
findings, and neurodevelopmental status.
Results: Thirty-eight patients (23 males) were diagnosed with TSC. Twenty-eight (73.7%) devel-
oped epilepsy. Infantile spasms were observed in 22 patients (78.6%), and 21 (95.5%) received 
vigabatrin as the first treatment, achieving subsequent freedom from seizures. At the final evalu-
ation, 17 patients (60%) were seizure-free for over 12 months. Seizure remission was not associ-
ated with seizure onset age, the presence of cortical tubers, or TSC1/2 mutations. Patients with 
epilepsy had a higher prevalence of poor neurodevelopmental outcomes than did those without 
epilepsy (P=0.008).
Conclusion: A high TSC diagnostic rate and a high incidence of early-onset epilepsy were ob-
served in patients with prenatal cardiac rhabdomyoma, and children with TSC and epilepsy 
showed poor neurodevelopmental outcomes. Therefore, monitoring with electroencephalography 
follow-up of infants with fetal cardiac rhabdomyoma may be helpful for the early detection and 
treatment of epilepsy.
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Introduction 

Tuberous sclerosis complex (TSC) is a multi-systemic, autosomal 
dominant disorder affecting various organs, including the brain, 

heart, kidneys, liver, eyes, lungs and skin. It is estimated that TSC 
occurs in about 1 out of 6,000 live births [1]. 

In fetuses with TSC, cardiac tumors and cortical tubers can be 
detected in the prenatal period [2-4]. As multimodal imaging has 
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improved, TSC can be diagnosed prenatally if there are any of the 
following: cardiac rhabdomyomas, cortical tubers, subependymal 
nodules, and renal angiomyolipomas [5]. However, the presence 
of fetal cardiac rhabdomyoma alone is not diagnostic of TSC and 
the diagnostic rate of TSC in patients with fetal cardiac rhabdomy-
oma is still unknown [6,7]. 

Epilepsy is the most common neurologic manifestation in pa-
tients with TSC with an incidence of 80% to 90% during the first 
year of life, with infantile spasms being a very common epilepsy 
phenotype [4,8]. Early onset and intractable seizures pose a consid-
erable risk of neurodevelopmental and cognitive problems [9-11], 
and early and immediate seizure control is important in preventing 
the development of epileptic encephalopathy and intellectual dis-
ability [12]. Therefore earlier diagnosis of epilepsy can enable earli-
er treatment and improve outcomes in children with TSC [10]. 

This is a retrospective study with long-term follow-up on the 
natural course of epilepsy and developmental outcomes of patients 
prenatally diagnosed with cardiac rhabdomyoma. We aimed to de-
scribe diagnostic rate of TSC, incidence and treatment outcome of 
epilepsy, related clinical factors of seizure remission, and long-term 
neurodevelopmental outcomes in patients prenatally diagnosed 
with cardiac rhabdomyoma. 

Materials and Methods 

1. Patients 
Between 1995 and 2017 in Asan Medical Center Children’s Hospi-
tal, 50 patients were prenatally diagnosed with cardiac rhabdomyo-
ma. Of those, 12 patients were excluded because of incomplete 
medical record data or short-term follow-up less than 1 year and 38 
patients were included in this study. 

2. Data collection 
Of 38 patients, all clinical data were included through March 2017. 
From our electronic clinical database, we extracted data including 
demographics (gestational age at birth, birth weight, sex, family 
history), other TSC manifestations, testing for TSC1 and TSC2 
mutation, diagnosis of epilepsy, date of seizure onset, seizure types, 
presence of hypsarrhythmia, epilepsy treatment (including type 
and total number of anti-epileptic drugs [AEDs] prescribed during 
follow-up periods, and non-pharmacologic treatments such as epi-
lepsy surgery, vagus nerve stimulation, and ketogenic diet), and de-
velopmental outcomes. The TSC diagnosis followed the recent 
recommendations from the Tuberous Sclerosis Consensus Con-
ference in 2012 [13]. All patients regularly underwent a complete 
medical examination, with electroencephalogram (EEG), magnet-
ic resonance imaging (MRI), abdominal sonography, and cardio-

logic/ophthalmic tests. Data on cortical tubers, cardiac complica-
tions, and associated anomalies were collected from the final fol-
low-up evaluation. EEG findings at initial seizure onset were classi-
fied according to the presence or absence of hypsarrythmia. Sei-
zure freedom was defined as no seizures occurring for at least 1 
year. The definition of well-controlled epilepsy is seizure free at 
least 1 year at the time of the last evaluation and the definition of 
uncontrolled epilepsy is sustained seizures within 1 year at final 
evaluation. 

Neurocognitive assessment results were available for all 35 of 38 
patients. Abilities were assessed using the Korean Infant and Child 
Development Test (KICDT; n=24, 68%) and Bayley Scales of In-
fant Development (BSID-II; n=4, 11%). Children who were older 
than 5 years of age were tested with the Korean Educational Devel-
opment Institute-Wechsler Intelligence Scale for Children (KE-
DI-WISC; n=7, 20%). Those with an intelligence quotient < 70 
were considered to have intellectual disability and those with a de-
velopment quotient < 80 were considered to be delayed in their 
development. This study was approved by the Institutional Review 
Board at the Asan Medical Center (IRB No. 2019-1076). Written 
informed consent by the patients was waived due to a retrospective 
nature of our study.

3. Data analysis 
The independent samples T-test and Mann-Whitney test were 
used to compare the sizes of the two independent groups of out-
come variables. Chi-square tests were used for categorical data re-
garding the assessment of associated clinical risk factors by using 
SPSS version 21.0 (IBM, Armonk, NY, USA). 

Results 

1. Patients characteristics 
All 38 patients (23 males and 15 females) who had cardiac rhabdo-
myoma identified by prenatal sonography were diagnosed with 
TSC during the follow-up period because they met two major clin-
ical features: cardiac rhabdomyoma and skin manifestations of 
TSC. Some of them were also diagnosed as TSC with genetic anal-
ysis: a mutation of the TSC1 gene was found in three of 38 patients 
(7.9%) and a mutation in TSC2 in 15 of 38 (39.5%). The median 
follow-up duration was 4.5 years (range, 1.3 to 26). Five patients 
(13.2%) were born prematurely (GA < 37 weeks). Most cortical 
tubers identified on MRI were diffuse, multifocal type (89.5%). 
Some patients had cardiac complication: six patients (15.8%) had 
arrhythmia such as premature ventricular contractions, paroxysmal 
supraventricular tachycardia, Wolff-Parkinson-White syndrome 
and two patients (5.3%) had structural anomalies such as left ven-
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tricular outflow tract obstruction (LVOTO), tetralogy of fallot 
(TOF). Patient with LVOTO had partial tumor resection opera-
tion and patient with TOF had TOF correction operation because 
of their structural anomalies. Spontaneous tumor regression oc-
curred in 10 patients (35.7%). Baseline demographics are shown 
in Table 1. 

2. Epilepsy characteristics and related clinical risk factors 
With a median follow-up of 4.5 years (range, 1.3 to 26), 28 patients 
(73.7%) developed epilepsy and mean age at seizure onset was 9 
months (range, 0.13 to 32). At the time of the last evaluation, 17 
patients (60.7%) were seizure-free for longer than 12 months. In-
fantile spasms were observed in 22 patients (78.6%), 21 of whom 
(95.5%) received vigabatrin as the first treatment and achieved 
subsequent seizure freedom. Epilepsy characteristics are shown in 
Table 2. 

Table 2 also shows the comparison of clinical characteristics be-
tween patients with well-controlled epilepsy (seizure free at last 
evaluation) and patients with uncontrolled epilepsy (sustained sei-
zures at final evaluation). Among 28 patients who developed epilep-
sy, there were 17 (60.7%) with well-controlled epilepsy and 11 
(39.3%) with uncontrolled epilepsy at the final evaluation. Apart 
from the number of AEDs used, there was no difference in clinical 
characteristics between well-controlled and uncontrolled patients 
(1.2 ±0.728 for well-controlled patients, 3.2 ± 0.982 for uncon-

Table 1. Patient characteristics (n=38)
Characteristic Value
Prematurity (<gestational age 37 weeks) 5 (13.2)
Birth weight (kg) 3.21 (2.28–4.16)
Male sex 23 (60)
Family history 3 (7.9)
Cardiac complications
 Multiple rhabdomyoma 38 (100)
 Arrhythmia (PVC, PSVT, WPW syndrome) 6 (15.8)
 Structural anomalies (LVOTO, TOF) 2 (5.3)
Associated anomalies
 Skin (hypopigmented macule) 38 (100)
 Renal (cyst or AML) 17 (44.7)
 Retina (hamartoma) 17 (44.7)
Delayed development or intellectual disability 19 (50)
Cortical tuber on brain MRI
 None 1 (2.6)
 Focal 3 (7.9)
 Diffuse, multifocal 34 (89.5)
Genetics
 No mutation 4 (10.5)
 TSC1 mutation 3 (7.9)
 TSC2 mutation 15 (39.5)
 Unknown/not-defined 16 (42.1)

Values are presented as number (%) or mean (range).
PVC, premature ventricular contractions; PSVT, paroxysmal supraventricular 
tachycardia; WPW syndrome, wolff-parkinson-white syndrome; LVOTO, 
left ventricular outflow tract obstruction; TOF, tetralogy of fallot; AML, 
angiomyolipoma; MRI, magnetic resonance imaging; TSC, tuberous 
sclerosis complex.

Table 2. Comparison of clinical characteristics between well-controlled and uncontrolled epileptic patients with tuberous sclerosis complex
Total patients (n=28) Well controlled (n=17, 60.7%) Uncontrolled (n=11, 39.3%) P value
Age at seizure onset (mo) 0.416
 <12 11 (64.7) 9 (81.8)
 ≥12 6 (35.3) 2 (18.2)
History of seizure type 0.355
 Spasm 12 (70.1) 10 (90.9)
 Non-spasm (focal or other generalized) 5 (29.4) 1 (9.1)
Initial EEG at diagnosis 0.419
 Hypsarrhythmia 6 (35.3) 2 (18.2)
 Non-hypsarrhythmia (multi-focal) 11 (64.7) 9 (81.8)
Cortical tuber on brain MRI 0.488 
 None 0 1 (9.1)
 Focal 1 (5.9) 1 (9.1)
 Diffuse, multifocal 16 (94.1) 9 (81.8)
Genetics 0.268
 No mutation 1 (12.5) 1 (12.5)
 TSC1 mutation 2 (25) 0
 TSC2 mutation 5 (62.5) 7 (87.5)
Total treatment duration (yr) 7.1 (0.3–26.1) 5.6 (1.1–15.8) 0.560
No. of AEDs used 1.2±0.728 3.2±0.982 <0.001

Values are presented as number (%), mean (range), or mean±standard deviation.
EEG, electroencephalogram; MRI, magnetic resonance imaging; TSC, tuberous sclerosis complex; AED, anti-epileptic drug.
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trolled patients, P < 0.001). Seizure remission was not associated 
with age at seizure onset, the presence of cortical tubers, or TSC1/2 
mutations. One patient received vagus nerve stimulation (n=1) as a 
non-pharmacologic treatment. 

A total of 14 different AEDs were used and some patients re-
ceived multiple AEDs. Fig. 1 shows AED types used between pa-
tients with well-controlled and uncontrolled epilepsy. The most 
common AEDs among patients with well-controlled epilepsy were 
vigabatrin (n=13), and zonisamide (n=5), while patients with un-
controlled seizure received clobazam (n=8), oxcarbazepine (n=6), 

topiramate (n=6), and rufinamide (n = 2).  

3. Neurodevelopment outcome  
With a median follow-up of 4.5 years (range, 1.3 to 26), 19 of 38 
(50%) patients were identified as having delayed development or 
an intellectual disability (Table 1). Eighteen of 28 patients (64.3%) 
with epilepsy were found to have delayed development or intellec-
tual disability. Among the 10 patients without epilepsy, a smaller 
proportion (10%) had delayed development or intellectual disabili-
ty (Fig. 2). Epileptic patients were more likely to have poor neuro-

Fig. 1. Anti-epileptic drugs (AEDs) used in patients with tuberous sclerosis complex and epilepsy whether seizures were well-controlled 
or uncontrolled. A total of 14 different AEDs were used and some patients received multiple AEDs. The most common AEDs among 
patients with well-controlled epilepsy were vigabatrin (n=13), and zonisamide (n=5), while patients with uncontrolled seizure received 
clobazam (n=8), oxcarbazepine (n=6), topiramate (n=6), and rufinamide (n=2).

Fig. 2. Neurodevelopmental outcomes in non-epilepsy group and epilepsy group. Nineteen of 38 (50%) patients were identified as having 
delayed development or an intellectual disability. Eighteen of 28 patients (64.3%) with epilepsy were found to have delayed development 
or intellectual disability. Among the 10 patients without epilepsy, one patients (10%) had delayed development or intellectual disability.

10 Non-epilepsy (26.3%) 28 Epilepsy (73.7%)

 9 Normal development and 
intelligence (90.0%)

17 Well-controlled 
(60.7%)

8 Normal 
development 

(47.1%)

2 Normal 
development 

(18.1%)

9 Delayed 
development  

(52.9%)

9 Delayed 
development 

(81.9%)

1 Delayed development 
or intellectual disability 

(10.0%)

11 Uncontrolled 
(39.3%)

25

20

15

10

5

0

10

7

8
8

3

6
3

13

5
21 1 1

1
12 2

2
32

Vig
ab

atr
in

Zo
nis

am
ide

Clo
ba

za
m

Oxc
arb

az
ep

ine

To
pir

am
ate

La
motr

igi
ne

Va
lpr

oic
 ac

id

Lev
eti

rac
eta

m

Ru
fin

am
ide

Clo
na

zep
am

Ph
en

ob
arb

ita
l

AED types

N
um

be
r o

f p
at

ie
nt

s

■ Well controlled    ■ Uncontrolled 

Ann Child Neurol 2019;27(4):128-134

131https://doi.org/10.26815/acn.2019.00185



developmental outcome (P=0.008). Among epileptic patients, chil-
dren with delayed development had longer periods of sustained sei-
zure (0.44 ±0.578 years for children with normal development, 
4.12±4.468 years for children with delayed development, P=0.018). 

Discussion 

TSC is an autosomal dominant congenital syndrome and appears 
in various phenotypes caused by mutations in one of the tumor 
suppressor genes, TSC1 or TSC2 [14]. TSC is known to have be-
nign tumors in various tissues and neurological manifestations 
such as epilepsy, mental retardation, and behavioral problems [8]. 
In recent decades, with developing imaging techniques, TSC can 
be diagnosed in the prenatal period if there are any of the follow-
ing: cardiac rhabdomyomas, cortical tubers, subependymal nod-
ules, or renal angiomyolipomas [5]. Among those, multiple cardi-
ac rhabdomyomas are the most common prenatal sign of TSC 
[2]. In this study, we selected patients diagnosed with fetal cardiac 
rhabdomyoma in a single tertiary hospital and analyzed their fol-
low-up data. All 38 patients who had prenatal cardiac rhabdomyo-
ma were eventually diagnosed with TSC during the follow-up pe-
riod. Given the high rate of diagnosis of TSC following presenta-
tion with prenatal cardiac rhabdomyoma, it seems that more em-
phasis on the surveillance for other TSC features in these patients 
may be warranted [7]. 

Epilepsy is a common neurological symptom and this study also 
showed that TSC patients are at high risk for developing epilepsy 
[4,8]. In our study, 28 of 38 patients (73.7%) developed epilepsy 
with a mean age at seizure onset of 9 months (range, 0.13 to 32). 
This is similar figure as those given by Jozwiak et al. [15] and Wu 
et al. [16], and tuberous sclerosis registry to increase disease aware-
ness (TOSCA) study on large population also reported that epi-
lepsy developed in 86.3% of patients and 79.3% were diagnosed 
with epilepsy before 2 years [17]. In addition, a high incidence of 
infantile spasms (78.6%) was observed in this study, which is dif-
ferent from the result of the TOSCA study: 38.9% presented with 
infantile spasms and 67.5% with focal seizures [17]. Twenty-one of 
patients with infantile spasms (95.5%) received vigabatrin as the 
first treatment and achieved subsequent seizure freedom. At the 
TSC Consensus Meeting for Subependymal Giant Cell Astrocyto-
ma and Epilepsy Management, the latest recommendations for 
treatment of epilepsy in TSC is vigabatrin as a first line monothera-
py for both infantile spasms and focal seizures [18]. Vigabatrin is a 
highly selective inhibitor of gamma-aminobutyric acid (GABA) 
transaminase and epileptogenesis in TSC is associated with re-
duced activity of GABA inhibition. For this reason, vigabatrin is 
thought to be particularly effective against epilepsy caused by TSC 

[19-21]. Although use of vigabatrin was not associated with seizure 
freedom in this cohort, the use of vigabatrin should be considered 
in young children with TSC. Many previous studies showed early 
control of seizures might improve cognitive and behavioral out-
comes [10,11,22]. Most of children in the cohort used vigabatrin 
as the first AED for their seizure control and achieved good out-
comes. Visual field defects have been reported as a side effect of 
vigabatrin [23-25], but this has been reported to be less common 
in young children than in adults and are relatively safe for use in 
children [21]. 

In this study, seizure remission was not associated with age at 
seizure onset, the presence of cortical tubers, or TSC1/2 muta-
tions, probably due to small number of patients. Previous study 
showed that patients with later onset seizures had longer periods of 
seizure freedom [12,22]. Samir et al. [14] observed that early sei-
zure onset (<6 months) is related with poor seizure outcomes. 
Jansen et al. [26] reported that patients with TSC2 mutations have 
more intractable seizures than those with TSC1 mutations. An in-
creased number of tubers has also been associated with poor sei-
zure control [11,27]. Other studies, however, have suggested no 
significant association between higher tuber count and poor sei-
zure control [28,29].  

The rate of intellectual disability in patients with TSC is 40% to 
70%, while severe intellectual disability has been reported as high 
as 30% to 45% of these patients [30-32]. A previous large series of 
160 patients from Mayo Clinic also showed a strong association 
between intellectual disability and epilepsy [33]. In our cohort of 
patients who were prenatally diagnosed with cardiac rhabdomyo-
ma, patients with epilepsy tend to have poor neurodevelopmental 
outcomes; this finding is consistent with earlier studies suggesting 
that epilepsy is an important risk factor for developmental delay 
[30-32,34,35]. Previous studies have shown that EEG abnormali-
ties precede epilepsy onset in TSC patients [1] and improved de-
velopmental outcomes were observed when the anti-epileptic 
treatment was given to infants before the onset of clinical seizures 
[15]. Wu at al. [16] and Whitney et al. [36] also showed prospec-
tively evaluated usefulness of EEG surveillance for prediction of 
epilepsy in TSC. This finding suggests that close EEG follow-up of 
patients with fetal cardiac rhabdomyoma can be used lead to better 
outcomes in these patients. 

This study analyzed long-term follow-up data of a relatively large 
population of children with fetal cardiac rhabdomyoma, a rare dis-
ease. Due to the retrospective nature of this study, evaluation 
schedules, clinical follow-up, and developmental screening tests 
were variable between patients. Further, large proportion of the pa-
tients were lost to follow-up. 

In conclusion, all patients in this study with prenatal cardiac 
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rhabdomyoma were eventually diagnosed with TSC, either clini-
cally or genetically during the follow-up period. Although it is con-
troversial as to whether all patients who have prenatal cardiac rhab-
domyoma will also be diagnosed with TSC, it is clear that these pa-
tients are high risk group for TSC and should be monitored for 
other clinical manifestations of TSC. In this study, epilepsy appears 
in 78.7% of patients with TSC, most commonly before first year of 
age. About 80% of children with epilepsy in TSC patients present 
with infantile spasms, most of them were treated with vigabatrin 
and had good responses like previous studies. In this cohort, devel-
opment of epilepsy was also associated with poor neurodevelop-
mental outcomes. Therefore, all infants prenatally diagnosed with 
cardiac rhabdomyoma have high potential of being diagnosed with 
TSC and should be closely monitored with EEG follow-up for the 
early diagnosis and treatment of epilepsy. 
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