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Abstract

Tuberous sclerosis complex (TSC), is rare autosomal dominant genetic disease characterized by the occurrence of benign tumors, including epileptogenic tumors in the brain. Its 
highly varying phenotypic manifestations can lead to mis- and missed diagnoses. To investigate the main neurological symptoms and clinical course of TSC, we conducted a cross-
sectional and observational study with 23 pediatric patients diagnosed with TSC (age range, 0–15 years), who received neurological follow-up care between 2014 and 2020 at 
our clinic, in the largest children’s hospital in Brazil. We analyzed demographic data, clinical manifestations, diagnosis methods, medications in use, age of onset, and outcomes. The 
average ages of initial symptom recognition and diagnosis were ~3 months and ~13 months, respectively. The first signs of TSC were recognized before 6 months of age in most cases. 
The most common first signs of TSC identified were seizures, cardiac rhabdomyomas, and hypochromic macules. The most common medications being used were valproate, vigabatrin, 
and everolimus. Antenatal detection of a cardiac rhadomyoma should be followed by diagnostic screening for TSC to enable early diagnosis. Early recognition of TSC allows for 
early intervention, including monitoring for signs of seizure activity. Pre-emptive treatment, including seizure suppression, can enable patients with TSC to have a better quality of life.
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INTRODUCTION
Tuberous sclerosis complex (TSC), is a rare autosomal 

dominant genetic disorder characterized by benign tumor 
growth in multiple tissues, especially in vital organs. Phenotypic 
manifestations of TSC are highly variable, commonly involving 
tumors of the brain, skin, kidneys, lung, and heart [1], with 
central nervous system involvement being particularly common 
[2]. Reported incidence rates for TSC range from 1 case per 6,000 
to 22,360 live births [1-3]. Although the current prevalence of 
TSC in Brazil has not been determined, estimates based on the 
available data and prevalence rates published for other countries 
range from 1 case per 14,000 to 25,833 people in Brazil [4-7]. 

Cortical tubers (80~88.2%), subependymal nodules (SENs; 
78.2~79%), and subependymal giant cell astrocytomas (SEGAs; 
24.4~25%) are the most commonly encountered TSC tumors in 
the central nervous system [8,9]. Neurological manifestations of 
these tumors include seizures and delayed neuropsychomotor 
development [10,11]. Patients may also exhibit behavioral 
alterations, such as impulsivity, aggressiveness, and/or delayed 
development of communicative communication skills, that are 
characteristic features of neuropsychiatric disorders, namely 
anxiety disorders, attention deficit/hyperactivity disorder, and 
autism spectrum disorder (ASD) [10-12]. 

Given the highly variable and potentially severe course of 
TSC, it is important to clarify which symptoms tend to appear 
first in children so that pediatricians may refer patients as early 
as possible for diagnostic evaluation and treatment to minimize 
further compromise. Therefore, the aim of this study was to 
investigate the clinical course and neurological manifestations of 
TSC. We analyzed the clinical course of TSC-diagnosed children 
being followed at the largest children’s hospital in Brazil, including 
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most common first symptoms, delay from first symptom onset to 
diagnosis, and neurological impacts. 

METHODS 
Study design and patients

A cross-sectional, observational, and descriptive study was 
carried out with boys and girls who were undergoing neurological 
follow-up for TSC in a pediatric neurology outpatient clinic at 
a children’s hospital in Curitiba, Paraná, Brazil. The inclusion 
criteria were having a TSC diagnosis based on genetic and/or 
clinical diagnostic criteria and being a current pediatric follow-up 
care patient 18 years old or younger in the neurology department 
of our hospital. During the study enrolment period (7 years from 
January 2014 to October 2020), 13,489 boys and girls between 0 
and 18 years old were evaluated in our outpatient clinic. Among 
them, 23 were diagnosed with TSC and met the inclusion criteria 
for the study, including 14 boys (60.9%), and 9 girls (39.1%), 
who ranged in age from 9 months to 15 years. This study was 
approved by the Human Research Ethics Committee of Hospital 
Pequeno Príncipe (no. 4,075,793).

Data analyzed from the participants

The following types of data were extracted from the patients’ 
medical records: demographics, TSC diagnostic criteria, age, age 
at onset of symptoms and diagnosis, seizure history, antiepileptic 
drugs (AEDs) in use, and an accounting of tumors revealed in 
brain magnetic resonance imaging (MRI). If the exact onset 
timing of each symptom was not documented, we classified it as 
unknown or not informed. The patients were classified according 
to seizure frequency: seizure-free (no seizures for ≥1 month), 
weekly seizures (≥1 seizure per week), and daily seizures (≥1 
seizure per day). We examined emergency room records to 
account for hospital consultations and admissions for seizures. 

Statistical analysis

The data were analyzed in Prisma 8.4.3 (GraphPad Software, 
San Diego, CA).  Central trend data for age at first identified 
symptom and age at diagnosis of TSC were analyzed in months.

RESULTS
 The patients’ demographic characteristics and clinical 

findings are summarized in Table 1. The most common first 
symptoms identified were seizures, cardiac rhabdomyomas, and 
hypochromic macules. Of the 23 participants, 2 had a genetic 
confirmation of a pathogenic mutation in TSC2. The remaining 21 
children were diagnosed based only on clinical features. 

Comparing first signs between children who were diagnosed 
early (before 3 months of age), and children who were diagnosed 
later, we found that a cardiac rhabdomyoma, which is detectable 
by fetal ultrasonography, was the most frequent first sign of 
TSC detected. For children whose first signs were detected after 
3 months of age, the most frequent initial finding was epileptic 
seizures. The delay from the detection of the first sign to diagnosis 
was longer in children with early diagnoses than in patients who 
were more than 3 months old when their first sign of TSC was 
detected (Table 2).

Twelve children (54.5%), had their first seizure within the 
first 6 months of life (by the age of 5 months and 29 days), 5 
(22.7%), during the second 6 months of life (by the age of 11 
months and 29 days), 2 (9.0%) between their 1st and 2nd birthdays, 
1 (4.5%), between his 2nd and 5th birthday, and 1 (4.5%), after 
60 months old. Only 1 patient (4.5%), had no record of seizure 
onset. Reliable seizure frequency data were available for 20 
children, including 12 (60%), who had been seizure-free for at 
least 1 month, 4 (20%), who were having weekly seizures, and 4 
(20%), who were having daily seizures. Seizure frequency data 
were incomplete or inconclusive for the remaining 3 patients. 
Regarding AEDs, 2/23 participants (9.0%), were not using any 
AEDs, 5 (23.8%), were on a monotherapy, 6 (28.5%), were using 
two medications, 6 (28.5%), were using three medications, and 
four (19.0%), were using four medications. As reported in detail 
in Table 1, the most common AEDs being used were valproate 
and vigabatrin. 

Electroencephalogram (EEG), records were available in the 
medical charts of 21 of the children. Three patients had non-

Table 1: First symptoms identified, clinical diagnostic criteria met, and 
medications in use.
Variable N %

First symptom identified

Seizure 15 65.22

Cardiac rhabdomyoma 7 30.43

Hipochromic spots 1 4.35

Clinical symptoms registered

Cardiac rhabdomyoma 18 78.26

SEM 17 73.91

Cortical tuber 15 65.21

Hypochromic macule 11 47.82

Renal cyst 7 30.43

Facial angiofibroma 6 26.08

SEGA 3 13.04

Angiomyolipoma 2 8.69

Radiation migration lines 2 8.69

Shagreen patch 1 4.34

Medications in use

Valproate 9 39.1

Vigabatrine 8 34.78

Everolimus 7 30.43

Carbamazepine 4 17.39

Clobazam 4 17.39

Phenobarbital 4 17.39

Levetiracetam 3 13.04

Oxcarbazepine 3 13.04

Topiramate 3 13.04

Nitrazepam 2 8.69

Clonazepam 1 4.34

Lamotrigine 1 4.34
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Table 2: Descriptive analysis of first symptoms and diagnostic delay for children with symptoms recognized during (<3 months old) or after the 
newborn period.  
Medical history characteristic Mean SD Lower 95% CI Upper 95% CI

Age at first sign/symptom pf TSC in months

First symptom <3 months old (N = 13) 0.62 0.87 0.09 1.14

First symptom ≥3 months old (N = 10) 6.10 4.07 3.19 9.01

Time in months from first sign/symptom to diagnosis

First symptom <3 months old (N = 13) 15.08 25.33 -0.23 30.38

First symptom ≥3 months old (N = 10) 3.50 9.40 -3.22 10.22

Abbreviations: SD: Standard deviation; CI: Confidence interval.

Figure 1 Brain MRI images from patients diagnosed with TSC showing characteristic features (arrows) of the disease. (A) SEN. (B) Radial migration 
lines. (C) Cortical tubers. (D) SEGA.

specific EEG alterations. Of the remaining 18 patients, 16 patients’ 
EEGs showed focal epileptic discharges and 2 had no EEG 
abnormalities. Of the 2 patients without EEG abnormalities, one 
was receiving AED treatment and the other was not experiencing 
clinical seizures. 

MRI records were available for 14 patients. Notably 10 of 
these 14 patients had more than 10 cortical tubers evident in 
their brain MRI scans, 3 patients had between 3 and 10 tubers, 
and 1 patient had less than 3 tubers. Representative examples of 

typical TSC-associated brain alterations from the present cohort 
are shown in Figure 1. 

DISCUSSION
We found that the first sign of TSC observed in our pediatric 

patients was most frequently seizures (65%), followed by cardiac 
rhabdomyomas (30%). In our sample, the most frequent tumors 
observed were SENs and cortical tubers, consistent with prior 
reports in the literature [10,13-15]. Interestingly, children with 
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very early signs of TSC, before 3 months of age, tended to have 
a longer delay to diagnosis than children whose first sign of 
TSC was not detected until after 3 months of age. This finding 
highlights the importance of a through diagnostic procedure, 
which should include genetic testing, after a sign of TSC has been 
observed. Unfortunately, only two families in this study were 
able to afford genetic testing. 

Owing to the early appearance of signs, often in utero, TSC 
can be diagnosed early given clinical suspicion and appropriate 
training of the professionals who are evaluating these patients. 
Diagnosis of most of our patients in infancy is consistent with a 
large international multicentric study showing an average age 
of diagnosis close to 1 year of age [10]. However, in a Brazilian 
study involving 53 TSC patients with an average age of 14 years, 
the average age of diagnosis was 7.1 years in familial cases and 
2.6 years in sporadic cases [15], indicating that, compared to 
children in other countries, Brazilian children are, on average, 
diagnosed quite late. 

Although there were more boys than girls in our sample, the 
sample size and gender representation difference were not great 
enough to make conclusions regarding whether there is a gender 
effect on risk of TSC. One study in which 12/20 patients with TSC 
were male suggested it may be slightly more common in males 
[16]. Conversely, another study in which 17/28 patients with 
TSC were female suggested that TSC might be more common in 
females [17]. Thus, a large-sample meta-analysis of prevalence 
is needed to clarify whether there is any influence of gender on 
TSC risk.

There was antenatal suspicion of possible TSC in 25% of 
our patients. Similarly, in a prior study conducted in Germany, 
22.1% of surveyed TSC patients had antenatal suspicion of TSC 
due to the presence of a cardiac rhabdomyoma in an ultrasound 
examination [2]. In a survey of 53 fetuses with cardiac tumors 
detected by echocardiography in China, genetic testing revealed 
that pathogenic mutations in TSC1 or TSC2 were very significantly 
more prevalent among fetuses with multiple tumors (32/37), 
than among fetuses with a single tumor (5/16)[18]. Meanwhile, 
in a study in Italy, a TSC diagnosis was confirmed in 31 of 33 
infants in whom cardiac rhabdomyomas had been detected 
antenatally by echocardiography [19]. These data reinforce 
the need for active investigation of TSC following antenatal 
detection of a cardiac rhabdomyoma, which is a major sign of 
the disease [1,8,20]. Indeed, Słowińska and colleagues found 
that in 82 of 100 cases with antenatal cardiac rhabdomyomas, 
a TSC diagnosis could be made within the first 16 weeks of life, 
before seizure onset, thus enabling early interventions before 
the children suffered any neurological sequelae due to seizures 
[21]. Only 1/23 of the patients in the current study had not yet 
experienced a seizure at the time of this study, and her EEG 
appeared normal. In this case, a diagnosis of TSC was made based 
on cardiac rhabdomyoma detection and the presence of cortical 
tubers detected by MRI. Because she was diagnosed early, she 
can be monitored periodically for EEG changes to enable prompt 
detection of emergent seizure activity [22].  

Seizures are consistently reported as early manifestations 
of TSC. In a retrospective study, it was found that among 231 
TSC patients with at least one seizure and known timing of first 

seizure onset, the first seizure occurred within the first 6 months, 
12 months, and 36 months of life in 45.8%, 63.2%, and 82.1% 
of cases, respectively [23]. In a prior Brazilian study, a seizure 
was the initial complaint for 27 of 28 patients later diagnosed 
with TSC (96.4%), with 3.6% having symptoms within the first 
28 days of life, 64.3% between 29 days and 18 months old, 17.9% 
between 18 months 1 day and 5 years old, and 10.7% after their 
5th birthday [17]. 

Although epileptic seizures are not a diagnostic criterion 
of TSC, they are a very frequent symptom in patients with TSC 
[16,24,25]. Moreover, they tend to be more severe  in patients 
with three or more cortical tubers, in patients with an early age of 
seizure onset, and in patients meeting the behavioral diagnostic 
criteria for autism spectrum disorder [26].

Seizures in patients with TSC tend to manifest in one of two 
ways, namely focal crises or infantile spasms [27]. Standard of 
care GABA-signal enhancing medications used to treat TSC-
associated seizures have been reported to control focal crises 
in 58.2% of cases and to control infantile spasms in 76.3% of 
cases [27]. Vigabatrin, the second most commonly prescribed 
AED in our sample, has been shown to reduce the frequency of 
epileptic seizures in a prior Brazilian study [28]. Among the 12 
participants classified as seizure-free in the present study, only 
2 patients were using vigabatrin, while 5 were receiving another 
GABA-enhancing drug (carbamazepine or oxcarbazepine). It 
should be noted that although seizures are a common symptom 
of TSC, our sample may have had a bias toward inclusion of 
patients who experience seizures because they were recruited 
from a neurology outpatient clinic.

Prior reports indicate that seizures are well controlled with 
AEDs in some 33.5~77.0% of patients with TSC [10,23,29]. 
Overwater and colleagues found that a seizure-free status could 
usually be achieved in children with TSC with the first or second 
AED prescribed, though one of their patients did not achieve a 
seizure-free month with any of four different AED trials, only to 
finally achieve seizure-free status with the fifth AED tried [29].

A different pharmacotherapy approach has been introduced 
recently for the treatment of TSC, namely drugs such as 
everolimus and tacrolimus, which inhibit the mTOR (mammalian 
target of rapamycin) pathway and have been shown to be safe 
in children under 2 years of age [30]. Inhibition of the mTOR 
pathway can reduce seizure-inducing brain tumors; thus, mTOR 
inhibitors represent a promising new approach in which the 
origin of the disease can be more directly targeted [30-32]. 

Cortical tubers are a very frequent sign of TSC, occurring in 
up to 100% of cases [16,13,33]. Indeed, in a genetic study, 97% of 
patients with a TSC1 mutation and 100% of patients with a TSC2 
mutation were confirmed to have cortical tubers by MRI [34]. 
The presence of more than three cortical tubers has previously 
been associated with a 4.5-times greater risk of AED-recalcitrant 
seizures [26]. Notably, about two thirds of the patients in our 
sample for whom MRI data were available had 10 or more 
cortical tubers. Among these patients with more than 10 tubers, 
only one was on a single AED, while the others were using at least 
two AEDs. Four of the patients in this high tuber count subgroup 
were taking everolimus in addition to at least one classical GABA-
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enhancing AED; seizure-free status was achieved in three of these 
four patients. Conversely, the only patient in our sample who had 
≤3 tubers detected by MRI required only one AED for seizure 
control. All but one of the children in the intermediate group (3–
10 tubers) were taking two or more AEDs. 

Although SEGAs are found in a minority of patients with TSC, 
they very rarely occur in the absence of TSC. It is important that 
patients with TSC be monitored for SEGA development because 
SEGAs can disrupt cerebrospinal fluid flow, and in such cases 
they can be removed surgically [2]. Only 3 patients in our sample 
(13%), had a SEGA, being discovered at the respective ages of 
7 months, 6 years, and 10 years. In a prior study reporting the 
presence of a SEGA before 12 months of age in 9.2% of children 
with TSC, it was determined by genetic testing that all of the 
children with a SEGA had a TSC2 variation [34].

This study had some limitations that should be noted. First, 
due to the financial constraints of most of the families, only 2 
patients were able to get genetic testing. Secondly, although 
poorly controlled early-onset seizures in patients with TSC 
increase the risk of intellectual disability [24,35,36], we did not 
include assessments of cognitive abilities in this study. It would 
be of interest to investigate how cognitive abilities relate to 
disease symptom severity. 

CONCLUSION 
The present findings underscore the importance of early 

diagnosis of TSC to enable initiation of interventions that can 
reduce morbidity and the risk future complications, thereby 
having positive effects on patients’ quality of life. Antenatal 
detection of cardiac tumors should be followed by newborn 
screening for signs of TSC and, ideally, genetic testing for TSC 
gene variants. Seizure control in patients with TSC may require 
multiple AEDs, including GABA-enhancing AEDs (most commonly 
vigabatrin and/or valproate in our sample), and disease-
modifying drugs, such as everolimus and tacrolimus, which may 
alter the natural course of the disease and thereby reduce the 
generation of seizures and other TSC symptoms. 
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