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Abstract 
 
BackgroundAim. Common features of tuberous sclerosis 
complex (TSC) arise from the formation of hamartomas 
both in the brain and multiple organ systems, mainly due to 
a mutation in one of two genes, TSC1 or TSC2, with well 
described inter- and intrafamilial different phenotypic out-
comes. The aim of this work was to make a synthesis of the 
patients data with diagnosed tuberous sclerosis in order to 
better understand the disease in our environment. Meth-
ods. We reviewed retrospectively the clinical records of all 
patients with TSC, diagnosed and regularly followed at the 
Clinic of Neurology and Psychiatry for Children and Youth 
in Belgrade, Serbia during the period of more than two dec-
ades. Statistical analyses were performed using descriptive 
statistics as well as the Fisher’s exact test. Results. Cohort 
of 44 patients with the diagnosis of definitive TSC were in-
cluded. The mean age at last follow-up was 19.4 years [age 
range 1–58, standard deviation (SD) 11.8]. Family history 
for TSC was noted in 25% of patients. Dermatological man-
ifestations were described in 93.2%, retinal astrocytoma and 
cardiac rhabdomyomas was found in 36.4% each, nephrologi-

cal manifestations in 34.1% and lymphangioleiomyomatosis 
was diagnosed in two female patients. All patients presented 
with the structural lesions of central nervous system; epi-
lepsy was diagnosed in 88.6%, out of whom 59 % of pa-
tients had seizure onset in the first year of life. The West 
syndrome was diagnosed in 27.3% of patients. Complete 
seizure control was achieved in 30.8%, in a majority with 
valproic acid or cabamazepine, but also with topiramate, 
lamotrigine and vigabatrin. At least two antiepileptic drugs 
were administered in 82% of patients. Mental retardation was 
noted in 50% of patients. Psychiatric manifestations were 
found in 40.9%, with attention deficit hyperactivity disorder 
diagnosed in 27.3%, autism spectrum disorder in 13.6 %, and 
psychosis and depression observed in 11.4% each. Conclu-
sion. This kind of synthesis of the data certainly contributes 
to better understanding of the disease in our environment, as 
TSC, although well-known disease, still remains diagnostic 
and therapeutic challenge in daily clinical practice. 
 
Key words: 
tuberous sclerosis; epilepsy; diagnosis; drug therapy; 
serbia. 

 
 
Apstrakt 
 
Uvod/Cilj. Karakteristike kompleksa tuberozne skleroze 
uzrokovane su formiranjem hamartoma u mozgu i velikom 
broju organa, najčešće kao posledice mutacije u jednom od 
dva gena, TSC1 ili TSC2, sa veoma dobro dokumentova-
nom inter- i intrafamilijarnom razlikom u fenotipu. Cilj 
ovog rada bio je da se sintetišu podaci o bolesnicima sa di-
jagnostikovanom tuberoznom sklerozom radi boljeg ra-
zumevanja bolesti u našem okuženju. Metode. Retrospek-
tivno je analizirana medicinska dokumentacija svih boles-
nika sa kompleksom tuberozne skleroze, dijagnostikovanih i 
lečenih u Klinici za neurologiju i psihijatriju za decu i om-
ladinu u Beogradu, Srbija, tokom vremenskog perioda du-
žeg od dve decenije. Statistička analiza sprovedena je mera-
ma deskriptivne statistike, kao i upotrebom Fišerovog testa. 
Rezultati. Analizirana je kohorta od 44 bolesnika sa dijag-

nozom definitivnog kompleksa tuberozne skleroze. Srednja 
vrednost životnog doba na poslednjem pregledu bila je 19.4 
godine [uz raspon godina 1–58, standardna devijacija (SD) 
11,8 godine]. Porodična pojava bolesti zabeležena je kod 
25% bolesnika. Dermatološke manifestacije opisane su kod 
93,2%, retinalni astrocitomi i rabdomiomi srca nađeni su 
kod po 36,4%, nefrološke manifestacije kod 34,1%, dok je 
limfangioleiomiomatoza dijagnostikovana kod dve 
bolesnice. Svi bolesnici su imali strukturne lezije centralnog 
nervnog sistema; epilepsija je dijagnostikovana kod 88,6% 
bolesnika, od kojih se kod 59% bolesnika prvi napad javio u 
prvoj godini života. Westov sindrom dijagnostikovan je kod 
27,3% bolesnika. Potpuna kontrola epileptičkih napada 
postignuta je kod 30,8% bolesnika, u većini upotrebom val-
proične kiseline ili karbamazepina, ali i topiramata, lamo-
trigina i vigabatrina. Kod 82% bolesnika primenjena su na-
jmanje dva antiepileptika. Mentalna retardacija je utvrđena 
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kod 50% bolesnika. Psihijatrijske manifestacije bolesti bile 
su zapažene kod 40,9% bolesnika, od čega je poremećaj 
pažnje i hiperaktivnosti dijagnostikovan kod 27,3%, spektar 
autističnih poremećaja kod 13,6%, psihoza i depresija kod 
po 11,4% bolesnika. Zaključak. Sačinjena sinteza podataka 
doprinosi boljem razumevanju bolesti u našem okruženju, 
jer kompleks tuberozne skleroze, iako dobro definisano 

oboljenje, i dalje predstavlja dijagnostički i terapijski izazov 
u svakodnevnoj kliničkoj praksi. 
 
Ključne reči: 
skleroza, tuberozna; epilepsija; dijagnoza; lečenje 
lekovima; srbija. 

 

Introduction 

As a multisystem genetic disease with variable expres-
sion, tuberous sclerosis complex (TSC) represents a chal-
lenge for both diagnosing and management of different as-
pects of the disease. The estimated frequency of TSC ranges 
from 1:6,000 to 1:10,000 live births and population preva-
lence is around 1 in 20,000 1. Approximately 85% of patients 
with TSC have a mutation in one of two genes TSC1 or 
TSC2, with described inter- and intrafamilial different phe-
notypic outcomes 2. Common features of TSC arise from the 
formation of hamartomas in multiple organ systems. The 
central nervous system (CNS) implies specific brain lesions, 
such as cortical tubers, subependymal nodules (SEN), subep-
endymal giant cell astrocytomas (SEGA) and heterotopic 
bands in the white matter, clinically often manifested as in-
tractable epilepsy, mental retardation, autistic spectrum dis-
order, psychosis and behavioral disorders. Cortical tubers are 
seen as the primary site of epileptogenesis, even though non 
tuber regions of cortex may be capable of generating sei-
zures, that present a challenge in surgical treatment of epi-
lepsy in TSC 3. Early onset of seizures, during the first year 
of life, carries a high risk of neurodevelopmental and cogni-
tive impairments. The seizure control must be accomplished 
as early as possible in the course of the disease in order to 
achieve more favorable outcome of condition 4–6. Recom-
mendations for the treatment of epilepsy in the patients with 
TSC are given at an international TSC consensus conference 
in Rome 2012 7. The latest clinical controlled study reflects 
the favorable effect of adjunctive everolimus therapy for 
pharmacoresistant focal epilepsy associated with TSC 8. 
Characteristic multisystem involvement in TSC includes the 
skin lesions, kidney and lung lesions, retinal hamartomas and 
heart rhabdomyomas, that all contribute significantly to the 
severity of clinical presentation of disease. The individuals 
with TSC also have a range of behavioral, psychiatric, intel-
lectual, academic, neuropsychologic and psychosocial diffi-
culties. Their importance has become more visible by intro-
ducing a new term – TSC associated neuropsychiatric disor-
ders (TAND), which can be assessed using a specific check-
list 9. 

Methods 

We reviewed retrospectively the clinical records of all 
patients with TSC, diagnosed and regularly followed at the 
Clinic of Neurology and Psychiatry for Children and Youth 
in Belgrade, Serbia, during the period of more than two dec-
ades (1993–2015). The patients were included if they met the 

International tuberous sclerosis diagnostic clinical criteria for 
definite TSC 1. Charts were reviewed for the history of mul-
tisystem visceral involvement, morphological CNS manifes-
tations and epilepsy, including age of onset, occurrence and 
frequency of multiple seizure types, level of the seizure con-
trol, response to antiepileptic non-pharmacological therapy 
and/or antiepileptic drugs (AEDs). Intellectual impairment 
was seen through the intelligence quotient (IQ), and where 
IQ was not obtained (in 7 patients), a developmental quotient 
(DQ) was considered equal parameter of intellectual capac-
ity. Patients with an IQ or DQ lower than 70 were considered 
to be the subjects with mental insufficiency. Psychiatric pa-
thologies, such as, behavior and mood disorders, autism 
spectrum disorder (ASD) and psychosis, were evaluated and 
diagnosed by psychiatrist. We also assessed the relationship 
between the neurological and psychiatric manifestations of 
TSC, such as seizure control in certain psychiatric disorders.  

Statistical analyses were performed using descriptive 
statistics (absolute and percentage values with the determi-
nation of the arithmetic mean and standard deviation) as well 
as the Fisher’s exact test. 

Results 

A cohort of 44 patients with the diagnosis of definitive 
TSC were included, among them 26 were females, and 18 
males. The mean age at last follow-up was 19.4 years [age 
range 1–58, standard devation – SD 11.8). The family history 
for TSC was noted in 11 (25%) patients. 

The mutational analysis was available for 10 (6 fe-
males, 4 males) patients only. The results of study disclosed 
the TSC1 mutation in 3, the TSC2 mutation in 5 and no mu-
tation in 2 patients. The testing using the multiplex ligation-
dependent probe amplification (MLPA), or other method was 
advised to exclude the presence of possibly pathogenic dele-
tions of single or multiple exons. 

All patients presented with the structural lesions of cen-
tral nervous system, among them 93.2% had subependymal 
nodules and 81.8% had cortical tubers. The subependymal 
giant cell astrocytoma (SEGA) was diagnosed in 15 (34.1%) 
patients and it was successfully operated in 10 patients, but 
one female patient who was reoperated at the age of 4 years 
due to tumor rest recurrence. Dermatological manifestations 
were described in 41 (93.2%) patients; hypomelanotic mac-
ules were present in 81.8%, facial angiofibromas in 68.2%, 
shagreen patch was observed in 31.8%, hyperpigmentations 
in 22.7% and other types of skin lesions in 25% of patients. 
Retinal astrocytoma and cardiac rhabdomyomas was found 
in 36.4% each. Nephrological manifestations were present in 
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34.1%, among them 27.3% had renal cysts and 53.3% renal 
angiomyolipoma (AML). Two patients with multiple AML 
were nephrectomised. Lymphangioleiomyomatosis (LAM) 
was diagnosed in 2 female patients, after the age of 20 and 
40 years. 

Focal neurological deficit was described in 36.4% and 
slowed early psychomotor development was seen in 22.7%. 
Mental retardation was present in 50% of patients, with the 
following distribution of 27.2% having mild, 22.7% moder-
ate, 9.1 % severe, 13.6% profound mental retardation and 
remaining 27.2% of patient were without accurate level of 
mental retardation. 

Epilepsy was diagnosed in 39 (88.6%) patients with 
TSC. The epileptic seizures were revealing clinical manifes-
tation of the TSC in almost all patients with the TSC and epi-
lepsy, but 2 in whom the first manifestation was congenital 
rhabdomyoma. In the remaining 5 patients without epilepsy, 
the first manifestations of the disease were: in a 3-year old 
girl a headache and double vision as a sign of increased in-
tracranial pressure, indicating SEGA; in a 13-years old girl 
ungual fibroma; in a 15-years old boy weight loss and leg 
pain, when the skin lesions were noticed; in a 15-years old 
girl an acute psychosis with productive symptoms and in the 
fifth female patient skin lesions in adulthood, after the diag-
nosis of TSC was established in her daughter. The mean age 
of the first seizure onset was 2.8 years (range from 1 month 
to 16 years, SD 4.1), with 59% of patients with seizure onset 
in the first year of life. The West syndrome was diagnosed in 
27.3% of patients. In 16.7% of patients with the West syn-
drome, the focal seizure preceded the occurrence of infantile 
spasms. Of 12 patients with a history of West syndrome, 11 
(91.7%) were cognitively impaired, compared with 11 of 27 
(40.7%) patients without a history of West syndrome (p = 
0.003). The focal seizures were present in 84.6% of patients 
with epilepsy, of which secondary generalized seizures were 
recorded in 39.3% of cases. Coexistence of focal seizures 
and infantile spasms were described in 23.1% of patient with 
the TSC and epilepsy. Other seizure types were tonic, atonic 
and absences. The complete seizure control was achieved in 
30.8%, in a majority with valproic acid or cabamazepine, but 
also with topiramate, lamotrigine and vigabatrin. At least two 
antiepileptic drugs were administered in 82% of patients.  

Psychiatric manifestations of TSC in our group of pa-
tients were present in 40.9%, with attention deficit hyperac-
tivity disorder (ADHD) diagnosed in 27.3%, ASD in 13.6 %, 
and psychosis and depression present in 11.4% each. All pa-
tients with TSC and ADHD had epilepsy, and one third 
maintained the complete seizure control while on medica-
tion. One-quarter of patients with ADHD and TSC had ASD, 
and 75% of patients with ADHD and TSC had mental retar-
dation. Of 6 patients with TSC and ASD, 5 had epilepsy di-
agnosed, of whom 3 with the complete seizure control and 
one with more than 75% reduction in the seizure frequency. 
The opposite was seen in the group of patients with TSC and 
psychosis, where unfavorable seizure control was present in 
3 out of 4patients.  

We compared two subgroups of patients with TSC and 
with/without SEGA and we found slight differences in some 

clinical characteristics, but not reaching statistical signifi-
cance (Table 1). Of 15 patients with SEGA, 5 had a positive 
family history for TSC compared with 6 of 29 patients with-
out SEGA. The West syndrome was diagnosed in 5 patients 
with SEGA and in 7 without SEGA, neurological deficits 
were seen in 8 patients with SEGA compared with 8 patients 
without SEGA. Intellectual impairment was present in 8 pa-
tients with SEGA compared with 14 patients without SEGA. 
We did not find a higher incidence of neuropsychiatric dis-
orders (ASD, ADHD, psychosis, depressive disorder) in the 
group of patients with SEGA compared with the patients 
without SEGA. 

 
Table 1 
Comparison of two subgroups of patients with tuberous 

sclerosis complex (TSC) and with/without the 
subependymal giant cell astrocytoma (SEGA) 

Patients with 
SEGA 

Patients 
without 
SEGA 

Clinical parameter 

n (%) n (%) 
Family history 5 (33.3) 6 (20.7) 
West syndrome 5 (33.3) 7 (21.4) 
Neurological deficits 8 (53.3) 8 (27.6) 
Intellectual impairment 8 (53.3) 14 (48.3) 
Neuropsychiatric disorders 5 (33.3) 11 (37.9) 

Discussion 

A series of 44 patients with the diagnosis of definitive 
TSC was retrospectively assessed. Positive family history for 
TSC was seen in 25% of patients indicating a high level of 
de novo mutations, which is in concordance with data from 
the relevant literature 2. The molecular genetic studies were 
conducted only in a limited number of patients by sending 
samples abroad, due to the lack of this analysis in the coun-
try. The frequency of mutations in TSC2 is higher than in 
TSC1. Our limited experience confirms this observation 
(5/10 of our patients have mutation in TSC2 gene). There is 
some evidence from case series that mutations in TSC2 tend 
to result in more severe disease. No mutation is identifiable 
in 15%–20% of TS patients and these patients generally have 
milder clinical manifestations 10. Both of our patients (15 and 21 
month old children) with no mutation identified had favorable 
seizure control and normal early psychomotor development, but 
the long-term clinical follow-up will be necessary. 

SEGA, as a characteristic brain tumor, was present in 
34.1% of our cohort, that is higher than usually described 
frequency of 10%–20% of patients with TSC 11. The prob-
able reason is partly related to the selection bias. Our institu-
tion is the regional neuropediatric reference center and often 
receives referrals of operated children with SEGA as early 
manifestation of the disease for further clinical monitoring. 
In our group, the dermatological manifestations were de-
scribed in 93.2%, compared to up to 96% in a published se-
ries of patients 12. Retinal astrocytoma were present in 
36.4%, lower than usually described (around 50%). These 
benign retinal tumors tend to regress during the course of the 
disease and it is possible that this process occurred in our pa-
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tients who were referred and diagnosed at later age. Ac-
cording to the data from the literature, cardiac rhabdomyo-
mas was present in 20% to 60% of patients, depending on the 
age, and in our group it was seen, with cardiac ultrasound, in 
36.4%. In the study of Jóźwiak et al. 13, of 154 patients, 48% 
of them had cardiac rhabdomyomas, the majority of which 
was asymptomatic. In 2 our patients, the congenital cardiac 
rhabdomyoma was clinical TSC manifestation. In one of 
them, it was removed during the first year of life. Similar re-
sults were found in Osaka where percentage of registered 
cardiac rhabdomyomas was 49% 14. The nephrological mani-
festations were present in 34.1% of our patients, among them 
53.3% had AML. This is lower than expected (up to 80%) and 
one of the reasons may be the incomplete medical reports done 
in other institutions during the outpatient follow-up. LAM was 
diagnosed in 2 female patient only, although this manifestation 
is present in 40% of patients with TSC. LAM is related to older 
age and our patient mainly belonged to the population of chil-
dren, youth and young adults. Only two of our patients with 
LAM were females and diagnosed at the age of 20 and 41 years. 
Johnson et al. 15, describing the characteristics of the disease and 
its progression in 57 female patients, stated 33.6 years as the 

mean age of onset of the first symptoms of LAM. 
Intellectual impairment was present in 50% of our pa-

tients. Early studies described more frequent occurrence of 
intellectual impairment (60% and above), but the new studies 
state the frequency of 42% to 44%, noting the association of 
early seizure onset, presence of mixed seizure type and lower 
intellectual capacity 16, 17. 

The most common neurological manifestations of TSC 
was epilepsy, diagnosed in 88.6% of our patients which is a 
little higher than usually specified (85%) and the one of the 
reasons may be found in the most common indication (epi-
lepsy) under which the patients were sent to our institution, 
making the sample highly selected on referral. The epilep-
tic seizures are certainly most common first manifestation 
of the disease, however the first symptoms highly depend 
on the age at which the diagnosis is made (e.g., prenatal pe-
riod - heart rhabdomyomas; adulthood - known family his-
tory) 18. Other characteristics of our patients were similar to 
the large retrospective study conducted by Chu-Shore et al. 
19, that included 291 patients with TSC. They described 
63.2% of patients with the seizure onset in the first year of 
life; 37% with the history of infantile spasms (IS) and epi-
lepsy in remission in 33.5% of patients with TSC. The pa-
tients with the West syndrome showed a greater degree of 
cognitive impairment compared with the patients without 
history of IS, as it was seen in our group of patients. Mental 
retardation was observed in 76% of patients with IS and 
TSC 4, and early recognition and aggressive treatment of IS 
(especially with early given vigabatrin, in the first week af-
ter the IS appearance) may be of a great importance for a 
favorable outcome. The focal seizures may precede, co-
exist or emerge after the occurrence of IS in the patients 
with TSC. Some authors recommended the preventive use 
of vigabatrin in children with TS (e.g., cardiac rhabdo-
myoma) without spasms, but with the EEG abnormalities. 

They stated that such approach could be beneficial 13. We 
have not such clinical experience.  

The most common psychiatric manifestation of the dis-
ease in our cohort was ADHD, diagnosed in 27.3% of pa-
tients, reaching the lower limit of indicated frequency of 
30%–60% in the literature 20. Described association between 
ADHD and ASD in the patients with TSC in the literature, 
was also seen in our group (25%), as well as considerably 
high number of patients with ADHD and TSC that had de-
veloped mental retardation (75%). It was demonstrated that 
60% of patients with mental retardation and TSC had AHDH 
diagnosed 20. Proportion of ASD in the general population is 
about 1%, while in the patients with TSC, this disorder is di-
agnosed more often, in 25%–50%. ASD in our cohort was 
described in 6 patients (13.6%), that is considerably higher 
than in the general population. Some children in our TSC 
group with soft and rare autistic traits were not diagnosed as 
ASD. In a review article, written by Curatolo et al. 21, a large 
number of studies on autism and related disorders in TSC 
was specified, stating a wide range of incidence of autism 
from 5% to 61%, but still emphasizing the personal experi-
ences in their series of patients, estimating the percentage of 
autism at 26% in the patients with TSC. The different diag-
nostic tools for ASD were used with influence on the inci-
dence of this condition. The risk factors for the development 
of ASD in TSC are localization of cortical tubers, malforma-
tion of cortical development, EEG localization related ab-
normality, epilepsy and “abnormal gene program”. Although 
it is stated that ASD in TSC is often associated with the oc-
currence of pharmacoresistant epilepsy and epileptic en-
cephalopathies, in our series of patients, this association was 
not observed. Of 5 patients with epilepsy and ASD, 3 had the 
stable, long-term, complete seizure control and one more 
than 75% reduction in the seizure frequency. Our patients 
with the seizure freedom mainly showed EEG low-ampli-
tude, irregular, slow background activity. Occasional spike-
wave discharges were noted in only one girl with ASD, TSC 
and diabetes mellitus as comorbid condition. However, in con-
clusion, we should remain restrained due to a small number of 
patients that had been analyzed. Disabling association of intrac-
table seizures and ASD was mainly found in the TSC2 patients 
22. Without molecular genetic study of all our patients we are not 
able to comment that finding in the literature. 

Some authors present the data showing the association be-
tween SEGA and ASD in the patients with TSC, that was not 
the case in our study group, but not reporting any significant 
common occurrence of SEGAs and ADHD, or depressive dis-
order, the same observation as it was seen in our cohort 23. 

Since 2016, we prospectively started with administra-
tion of the tuberous sclerosis associated neuropsychiatric 
disorders (TAND) checklist 9 in all our patients with TSC. 
Standardized questionnaire in Serbian language will be used 
to better asses to the long-term mental development of pa-
tients. 

Potential limitations ot the study include the retrospec-
tive model disabling verification of longitudinal data that 
could be helpful to allow more precise prognostic indicators 
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and a relatively small size of cohort which could be insuffi-
cient to achieve results with greater power. 

However this kind of synthesis of the data certainly 
contributes to better understanding of the disease in our envi-
ronment, as tuberous sclerosis complex, although well-
known disease, still remains diagnostic and therapeutic chal-
lenge in daily clinical practice. 

Conclusion 

The characteristics and frequencies of manifestations of 
the disease are shown in a series of 44 patients with the diag-
nosis of tuberous sclerosis complex.  

Family history for TSC was noted in 25% of patients. 
Dermatological manifestations were described in 93.2%, ret-

inal astrocytoma and cardiac rhabdomyomas was found in 
36.4% each, nephrological manifestations in 34.1% and 
LAM was diagnosed in two female patients. All patients pre-
sented with the structural lesions of central nervous system; 
epilepsy was diagnosed in 88.6%, out of whom 59 % of pa-
tients had seizure onset in the first year of life. Psychiatric 
manifestations of TSC were present in 40.9%, with ADHD 
diagnosed in 27.3%, ASD in 13.6 %, and psychosis and de-
pression present in 11.4% each. 

Presented data will help to better underbending of TSC 
in our enviroment. 
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