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1  |  INTRODUC TION

Tuberous sclerosis complex (TSC) is a rare autosomal dominant 
disorder characterized by the development of benign hamarto-
mas in multiple organ systems. The incidence is estimated to be 

1:6,000–10,000 live births, and the prevalence around 1:20,000 
in the general population.1 Inactivating mutations of TSC1 (chr 
9p34) or TSC2 (chr 16p13) can be identified in up to 90% of the 
clinically affected people. TSC1 and TSC2 encode for hamartin and 
tuberin, which regulate the mTOR pathway, implicated in cortical 
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Abstract
Objectives: Little is known about the evolution of epilepsy in individuals with tuber-
ous sclerosis complex (TSC) in adulthood. This study aims at describing the character-
istics of epilepsy in adult TSC patients attending a single multidisciplinary clinic.
Materials and Methods: We collected data about epilepsy (age at onset, seizure types, 
history of infantile spasms (IS), epilepsy diagnosis and outcome), genetic and neurora-
diological findings, cognitive outcome and psychiatric comorbidities.
Results: Out of 257 adults with TSC, 183 (71.2%) had epilepsy: 121 (67.2%) were drug-
resistant; 59 (32.8%) seizure-free, at a median age of 18 years. 22% of the seizure-free 
patients (13/59) discontinued medication.
Median age at seizure onset was 9 months. Seventy-six patients (41.5%) had a history 
of IS. TSC2 pathogenic variants (p = 0.018), cortical tubers (p < 0.001) and subependy-
mal nodules (SENs) (p < 0.001) were more frequent in those who developed epilepsy. 
Cognitive functioning was lower (p < 0.001) and psychiatric disorders more frequent 
(p = 0.001). We did not find significant differences regarding age, gender, mutation 
and tubers/SENs in seizure-free vs drug-resistant individuals. Intellectual disability 
(p < 0.001) and psychiatric disorders (p = 0.004) were more common among drug-
resistant patients.
Conclusions: Epilepsy in TSC can be a lifelong disorder, but one-third of individuals 
reach seizure freedom by early adulthood. In the long term, age at epilepsy onset has 
a crucial role in drug resistance and in developing intellectual disability, both in drug-
resistant and drug-sensible patients. Patients with drug-refractory seizures tend to 
develop psychiatric issues, which should be recognized and adequately treated.
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development and cellular proliferation.2 Only 30% of the cases are 
inherited, whereas the majority of affected individuals has a de novo 
pathogenic variant. In simplex cases, TSC2 mutations are detected 
4–5 times more than TSC1 mutations, whereas in inherited cases 
TSC1 and TSC2 mutations are equally identified.3,4 The identifica-
tion of a pathogenic variant is a stand-alone diagnostic criterion.1 
However, no mutations are identified (NMI) in 10–25% of affected 
people using conventional testing methods and in 5–10% when next 
generation sequencing techniques are applied. It is therefore im-
portant to keep in mind that negative genetic results do not exclude 
the diagnosis when clinical criteria are met.5,6

Typically diagnosed in early childhood or adolescence, TSC is a 
lifelong complex multisystemic disorder with age-dependent man-
ifestations.7 The neurological manifestations include structural 
brain lesions, neurodevelopmental and psychiatric disorders, and 
epilepsy.8

Epilepsy in TSC remains a major challenge, since >60% of the 
patients have drug-refractory seizures.9 Epilepsy usually begins in 
the first months of life with onset in the first year in 62.5–73% 
of cases and 80% within three years of age, although seizures 
may occur at any age.10 The early onset of epilepsy often occurs 
with focal seizures (67.5%) and/or infantile spasm (IS) (38.9%).11 
Patients with TSC can present all seizure types such as tonic, 
atonic, myoclonic, atypical absences or tonic-clonic seizures 
during their lifetime.12,13

Like in other rare neurological diseases with childhood onset, 
little is known about the evolution of epilepsy in TSC patients 
in adulthood.9,14,15 In a previous paper,10 we reviewed the clinical 
characteristics of 160 individuals with TSC, regularly followed since 
2000 at the San Paolo Multidisciplinary TSC Centre in Milan, Italy. 
One hundred and twenty-seven patients, who were adults at the 
time of the previous paper, were included in this study. During the 
last years, an increasing number of patients attended our clinic, tran-
sitioning from childhood or being referred from other Italian cen-
tres.16 Therefore, in the present study, we sought to evaluate the 
clinical aspects, including epilepsy features, genetics, neuroimaging, 
response to pharmacological and non-pharmacological therapies, 
and neuropsychiatric comorbidities of a large cohort of adult indi-
viduals with TSC.

2  |  METHODS

We performed a retrospective single centre study. From the da-
tabase of patients followed at the TSC Center, ASST Santi Paolo e 
Carlo, Milan, we selected those who were >18 years old as of end of 
2019. The diagnosis of TSC was based on the 2012 criteria.1

Family background and the complete history of epilepsy (includ-
ing age of onset, history of infantile spasms, history of status epilep-
ticus, seizure types and their frequency, therapy, epilepsy surgery 
and vagus nerve stimulation (VNS)) up to the last follow-up visit 
were collected for each patient. Drug-resistant epilepsy was defined 
as the failure of adequate trials of two tolerated and appropriately 

chosen and used anti-epileptic drug (AED) schedules (whether as 
monotherapies or in combination) to achieve sustained seizure free-
dom. Drug-responsive epilepsy was considered when the patient 
receiving the current AED regimen had been seizure-free for a mini-
mum of three times, the longest pre-intervention inter seizure inter-
val or 12 months, whichever was longer.17

Genetic analyses of TSC1 and TSC2 were performed. The 
neurological evaluation also included the review of video-
electroencephalograms performed during wakefulness and sleep. 
Brain MRI (at least T1-, T2-, FLAIR-weighted sequences in the 3 
planes without and with contrast, in some cases also DWI-weighted 
sequences) was obtained for each patient and reviewed carefully 
to identify cerebral features of TSC (cortical tubers, SENs, SEGAs, 
white matter radial migration lines, other abnormalities). Timing of 
neuroradiological follow-up varied based on clinical indication and 
age, according to the current recommendations.1 In addition, as 
data were available, the patients were assigned a neurologic sever-
ity score (NSS), described by Wong et al., and based on the most 
relevant clinical neurological features affecting quality of life in this 
population.18 The following components were considered to deter-
mine the score: developmental or intellectual disability (ID), seizures 
(controlled or intractable), autism and other neuropsychiatric dis-
orders (behavioural issues, language and learning disorders, other 
psychiatric symptoms). ID was assigned 3 points, autism 2 and other 
neuropsychiatric disorders 1. Seizure was assigned 2 points in case 
of intractable seizures, and 1 point in controlled seizures.

The cognitive level was assessed at least once during the fol-
low-up using the Wechsler Intelligence scale (WAIS-R) for adult 
patients when possible, or Raven's standard progressive matrices 
based on the applicability of the test.

When a formal test could not be performed due to severely im-
paired mental status, ID was evaluated clinically. As part of their clin-
ical management, a team of psychiatrists with wide expertise in TSC 
interviewed all the patients in order to assess psychiatric disorders, 
following the DSM-5 diagnostic criteria. The multi-system involve-
ment and the possible influence of some manifestations—such as the 
presence of facial angiofibromas—on depression and other psychiat-
ric symptoms have not been explored in this article as we focused 
our attention on the epileptic phenotype. Education was measured 
in years of schooling.

All the patients included had a follow-up of at least 12 months, 
and data were updated at the last follow-up visit.

Informed consent was obtained, and this study was approved by 
our Institution's Ethics Committee (9570/2013/rev 2020).

2.1  |  Statistical analysis

Clinical and demographic data were transferred into an electronic 
database and processed using the Statistical Package for the 
Social Sciences (SPSS, IBM) for Windows software, version 26.0. 
Qualitative data were described as numbers and percentages and 
quantitative data as median and interquartile range (IQR).
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The comparison between proportions was made using the chi-
square. We performed the Shapiro-Wilk test to check the normality 
of the distributions, which showed that the distribution of variables 
was never normal. The demographic and clinical characteristics of 
TSC patients were compared using the Mann-Whitney U test (two 
groups).

We considered a two-tailed p-value of ≤0.05 statistically 
significant.

3  |  RESULTS

3.1  |  Clinical data of adult patients as a whole

We selected 257 adult patients (111 males [43.2%], 146 females 
[56.8%]), aged 18–87  years (median age 37  years). Genetic data 
were available for 239/257 patients (93%): 76/239 (31.8%) had a 
TSC1 pathogenic variant, 140/239 had a TSC2 pathogenic variant 
(58.6%), and in 23/239 patients no mutation was identified (9.6%). 
Somatic mosaicism was detected in 11/239 (4.6%) patients: 10 were 
TSC2 mutation carriers, while one patient carried a mutation in TSC1. 
On the basis of the anamnestic interview, only 71/257 were inher-
ited cases (27.6%), whereas 171/257 patients had no affected rela-
tives (66.5%). In familiar cases, we found TSC1 mutations in 37/71 
patients (52.1%), and TSC2 mutations in 29/71 (40.8%); in sporadic 
cases, TSC1 mutations were seen in 36/171 patients (21%), and TSC2 
mutations in 105/171 (61.4%).

With regard to cognitive functioning, 131/257 individuals had 
a normal intelligence quotient (IQ) (51%), 20/257 had borderline in-
tellectual functioning (7.8%), and 99/257 patients had ID (38.5%). 
In particular, 21/257 had mild ID (8.2%), 22/257 had moderate ID 
(8.6%), 52/257 had severe ID (20.2%), whereas for 4 patients the 
level of ID was not specified and for 7 patients the cognitive level 
was not available. The IQ median values, available for 90 patients, 
are indicated in Table 1.

Neuroradiological investigations revealed cortical tubers in 
245/257 patients (95.3%), subependymal nodules (SENs) in 198/257 
patients (77%) and subependymal giant cell astrocytoma (SEGA) in 
48/257 (18.7%).

One hundred and thirteen (113/257) patients developed psy-
chiatric issues or received a psychiatric diagnosis (44%), including 
mood, anxiety, psychotic disorders or symptoms, ASD, ADHD, be-
havioural problems (aggression, self-injury and impulsivity), eating 
disorder, alcohol abuse disorder and personality disorder.

Table  1 describes the characteristics of the whole sample of 
adult patients with TSC.

Regarding the severity of the neurological issues, we managed 
to obtain data to calculate the NSS in 220/257 (85.6%) patients: the 
score clearly reflected the impact of epilepsy on all the variables 
examined (Table 1, Supplementary materials). In the remaining pa-
tients, the neuropsychiatric evaluation performed in adulthood was 
inconclusive and did not provide sufficient data to calculate the 
score appropriately.

TA B L E  1  Demographic, molecular and clinical characteristics of 
the study cohort

Total sample
N = 257 %

Median age, y (IQR) 37.00 (26.5–48)

Gender, n (%)

Male 111 43.2

Female 146 56.8

Familial cases 71 27.6

Level of education, median 
years of schooling (IQR)

11.00 (8–13)

Genetic analysis, n (%)

TSC1 76 29.6

TSC2 140 54.5

NMI 23 8.9

NA 18 7.0

Severity score, median 
(IQR)

2.00 (1–5)

IQ, n (%)

Normal IQ 131 51.0

BIF 20 7.8

Mild ID 21 8.2

Moderate ID 22 8.6

Severe ID 52 20.0

ID not otherwise specified 4 1.5

NA 7 2.7

IQ, median (IQR)

Full scale IQ 74.00 (52.75–90)

Verbal IQ 74.00 (57–88)

Performance IQ 79.00 (54–96)

Cortical tubers, n (%) 245 95.3

Subependymal nodules, 
n (%)

198 77.0

SEGA, n (%) 48 18.7

Psychiatric disorders, n (%) 113 44.0

Epilepsy, n (%)

Yes 183 71.2

Single seizure 4 1.6

No 70 27.2

Patients with Epilepsy
N = 183 %

Epilepsy onset, median age 
in months (IQR)

9.00 (9–60)

Seizure type at onset, n (%)

Focal onset seizures 105 57.3

IS 53 29.0

Focal onset seizures 
and IS

10 5.5

Absences 4 2.2

(Continues)
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3.2  |  Different features in patients with Epilepsy vs 
without Epilepsy

In our cohort, 183/257 patients had epilepsy (71.2%), and 4 patients 
had had only one seizure in their lifetime, until our last follow-up. 
Age at epilepsy onset varied from the first day of life to 48 years, 
with a median age of 9.0 months (Table 1). The seizure type at onset 
was focal onset seizure in 105/183 patients (57.3%), IS in 53/183 
(29.0%), both focal seizures and IS in 10/183 (5.5%), and other sei-
zure types in 8/183 patients (4.3%). Seventy-six patients (76/183; 
41.5%) had a history of IS. Most patients in our cohort had a focal 
or multifocal epilepsy (74.9%); 10/183 developed Lennox-Gastaut 
syndrome (5.5%). Considering treatment, 47% of the patients with 
epilepsy (86/183) were receiving multiple AEDs at the last follow-
up. Everolimus was given as antiepileptic therapy to 5/183 patients 
(2.7%). Among them, 4 patients were taking everolimus also for 
SEGA and one also for renal angiomyolipoma.

Eleven patients in our cohort received surgical treatment for 
epilepsy: 6 out of the 11 (54.5%) were free from disabling seizures 

(Engel class I), and 3/11 (27.3%) were seizure-free since surgery 
(Engel Ia). Four patients with drug-refractory seizures not eligible 
for epilepsy surgery were implanted with VNS, and none of them 
became seizure-free.

Fifty-nine patients (59/183, 32.2%) obtained complete sei-
zure control at a median age of 18  years, and 13 out of the 59 
(22%) withdrew from the antiepileptic therapy, at a median age of 
7  years. Among these patients, 5/13 (38.5%) presented with IS, 
3/13 (23.1%) with focal onset seizures, 2/13 (15.4%) with focal 
onset seizures in addition to IS and 2/13 (15.4%) with generalized 
seizures as seizure type at onset. Median age at epilepsy onset was 
13 months.

Comparing patients with epilepsy and patients without epi-
lepsy, we found statistically significant differences between the two 
groups with regard to mutational analysis (p = 0.018), presence of 
cortical tubers (p < 0.001) and SENs (p < 0.001) (Table 2). The cog-
nitive and academic level was significantly lower in individuals with 
epilepsy (p < 0.001). The median years of education were 4 years 
higher in patients without epilepsy.

In addition, 62/70 patients without epilepsy (88.6%) had a normal 
cognitive functioning level, whereas only 65/183 epileptic patients 
(35.5%) had a normal IQ (p < 0.001). Furthermore, 96/99 patients 
with ID (97%) suffered from epilepsy, and all individuals presenting 
moderate or severe ID (74) had epilepsy. People with epilepsy had 
a full scale, verbal and performance median IQ of 69, 68 and 69.5, 
respectively, significantly lower than the corresponding values of 93, 
88.5 and 100 in patients without epilepsy (Figure 1).

Psychiatric disorders were more frequent in the epileptic pa-
tients (51.9% vs 22.9%, p = 0.001). Autism spectrum disorder (ASD) 
was the most frequent disorder in the epileptic patients (37/95, 
38.9%), and all the individuals with ASD had epilepsy. On the con-
trary, anxiety was the most frequent psychiatric disorder in the 
patients without epilepsy: affecting 9 out of the 16 patients with 
psychiatric disorders. In the epilepsy group, the other most frequent 
psychiatric disorders were anxiety (21/95, 22.1%) and behavioural 
issues (15/95, 15.8%).

3.3  |  Drug-responsive vs drug-resistant Epilepsy

We then compared the clinical, genetic and neuropsychological data 
of seizure-free individuals with drug-resistant patients (Table  3). 
Gender, genetic mutation and cortical tubers/SENs did not dif-
fer between the two groups. Interestingly, sporadic patients were 
more frequently drug-resistant (100/121, 82.6%), whereas seizure-
free patients had more frequently affected relatives (23/59, 39.0%, 
p = 0.010). Seizure-free patients had epilepsy onset at a median age 
of 27  months, significantly later than drug-resistant patients, who 
presented their first seizure at a median age of 6 months (p = 0.001). 
Furthermore, seizure-free patients had more frequently focal epi-
lepsy (49/59, 83.1% vs 86/121, 71.1%, p = 0.029) and a lower rate of 
history of spasms (16/59, 27.1% vs 59/121, 48.8%, p = 0.007), when 
compared to drug-resistant patients.

Patients with Epilepsy
N = 183 %

Generalized tonic-clonic 
seizures

3 1.6

Tonic seizures 1 0.5

NA 7 3.8

History of IS, n (%) 76 41.5

Epilepsy syndrome

Focal/multifocal epilepsy 137 74.9

Generalized epilepsy 8 4.4

Lennox-Gastaut 
syndrome

10 5.5

Not determined 28 15.3

Stop seizures, n (%) 59 32.2

Median age at seizure 
freedom (IQR)

18.00 (10–29)

Drug resistance 121 66.1

Antiepileptic therapy, n (%)

Polytherapy 86 47.0

Monotherapy 60 32.8

None 15 8.2

NA 22 12.0

Everolimus 5 2.7

VNS 4 2.2

Epilepsy surgery 11 6.0

Febrile seizures, n (%) 21 11.5

Status (not febrile), n (%) 24 13.1

Abbreviations: BIF, borderline intelligence functioning; ID, intellectual 
disability; IQ, intelligence quotient; IQR, interquartile range; IS, 
Infantile Spasms; NA, not available; NMI, no mutation identified; SEGA, 
subependymal giant cell astrocytoma; VNS, vagus nerve stimulation.

TA B L E  1  (Continued)
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We also found a significant difference in the level of educa-
tion between the two groups, with a median scholar age in seizure-
free patients being 5  years higher than in drug-resistant individuals 

(p = 0.002). Moreover, seizure-free patients had more frequently nor-
mal cognitive functioning (35/59, 59.3%, p < 0.001); on the contrary, 
patients with drug-resistant seizures had more frequently moderate or 

TA B L E  2  Comparison between TSC patients with and without epilepsy

Epilepsy
N = 183
(72.3%)

No Epilepsy
N = 70
(27.7%) p-value

Median age, y (IQR) 35.00 (26–46) 45.00 (29.75–54.25) 0.007

Level of education, median years of schooling 
(IQR)

9.00 (8–13) 13.00 (9.5–13) <0.001

Genetic analysis, n (%)

TSC1 48 (26.2) 26 (37.1) 0.018

TSC2 109 (59.6) 29 (41.4)

NMI 12 (6.5) 11 (15.7)

NA 14 (7.7) 4 (5.7)

Familial cases, n (%) 45 (24.6) 24 (34.3) 0.282

Cognitive level, n (%)

Normal IQ 65 (35.5) 62 (88.6) <0.001

BIF 16 (8.7) 4 (5.7)

Mild ID 18 (9.8) 3 (4.3)

Moderate ID 22 (12.0) 0

Severe ID 52(28.4) 0

ID not otherwise specified 4 (2.2) 0

NA 6 (3.3) 1 (1.4)

Median IQ (IQR)

Full Scale IQ 69.00 (47.75–82.75) 93.00 (73–109) <0.001

Verbal IQ 68.00 (53–83.5) 88.50 (69.75–104.75) 0.009

Performance IQ 69.50 (52.5–87) 100.00 (72.75–112.25) 0.001

Cortical tubers, n (%)

Yes 179 (97.8) 63 (90.0) <0.001

Subependymal nodules, n (%)

Yes 152 (83.1) 44 (62.9) <0.001

Psychiatric disorders, n (%)

Yes 95 (51.9) 16 (22.9) 0.001

Psychiatric disorders, n (%) N = 95 N = 16

ASD 37 (38.9) 0 0.001

Anxiety disorders 17 (17.9) 9 (56.3)

Behavioural difficulties 15 (15.8) 1 (6.2)

Depressive/bipolar disorders 6 (6.3) 2 (12.5)

Schizofrenia spectrum and other psychotic 
disorders

7 (7.4) 0

Anxiety and depressive disorders 4 (4.2) 2 (12.5)

ADHD 4 (4.2) 0

Personality disorders 2 (2.1) 1 (6.2)

Conversion disorder 2 (2.1) 0

Eating disorder 0 1 (6.2)

Alcohol use disorder 1 (1.1) 0

Abbreviations: ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; BIF, borderline intelligence functioning; ID, 
intellectual disability; IQ, intelligence quotient; IQR, interquartile range; NA, not available; NMI, no mutation identified.
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severe ID (64/121, 52.9% vs 9/59, 15.3%). We did not find any differ-
ences between the two groups when comparing IQ values.

When evaluating age at epilepsy onset and ID, earlier sei-
zures were associated with the development of ID in both drug-
resistant patients (p < 0.001) and drug-sensible patients (p = 0.05); 
moreover, the earlier the onset, the worst the cognitive outcome 
(Figure 2).

We also considered the potential role of the duration of epilepsy 
(< or >5  years) on the cognitive outcome: patients experiencing a 
shorter time of active seizures had a statistically significant better 
intellectual functioning (Figure 3, p < 0.024).

Psychiatric disorders were more common in the drug-resistant 
cohort (72/121, 59.5%) than in seizure-free patients (22/59, 37.3%) 
(p  =  0.013). Moreover, ASD was the most common diagnosis in 
drug-resistant patients, affecting 44.4% of patients (32/72), a sig-
nificantly higher rate than the ASD rate in seizure-free patients 
(4/22, 18.2%, p = 0.004). In seizure-free patients, the most com-
mon psychiatric disorder was anxiety, followed by ASD, mood, and 
combined mood and anxiety disorder. Besides ASD, drug-resistant 
people were affected by behavioural issues, anxiety and psychotic 
disorder.

Thirteen seizure-free patients (22%) had stopped the antie-
pileptic treatment, and 29 were taking only one AED (49.2%). The 
patients who stopped antiepileptic therapy had seizure onset at a 
median age of 13 months, and 6/13 (46.1%) had seizure onset in the 
first year of life. Seven patients in this group had IS (7/13, 53.8%), 
and 9/13 had focal epilepsy (69.2%). Median age at antiseizure med-
ication withdrawal was 7 years.

More than half (55.2%) of the seizure-free patients in monother-
apy were receiving carbamazepine (16/29, 55.2%), which was the 
most effective drug in our cohort, followed by valproic acid (6/29, 
20.7%) and oxcarbazepine (3/29, 10.3%), while the other 4 patients 
received different monotherapies. On the contrary, 64.5% of drug-
resistant patients (78/121) were assuming multiple AEDs. Among 

drug-resistant patients in monotherapy, 37.1% were receiving car-
bamazepine (13/35), 11.4% lamotrigine (4/35) and other drugs at a 
similar rate in the other cases.

4  |  DISCUSSION

Epilepsy is a major burden in people with TSC, and seizure control is 
therefore a critical issue in their clinical management.13

In TSC, seizures usually start at an early age, and their charac-
teristics and treatment options have been widely investigated.19-21 
Clinical recommendations have also been given12 especially in chil-
dren and adolescents. Nevertheless, we know that seizures tend to 
be lifelong persistent, and there is an urgent need for indications 
for the challenging epilepsy management in adult patients with 
TSC.15,16,22,23

In the last years, we have had the opportunity to take care 
of patients with TSC of all ages at our multidisciplinary clinic. 
Indeed, we have seen patients with mild to severe phenotype, fre-
quently getting to know their history from the very beginning of 
the disease.

After our previous paper on epilepsy prognosis in patients with 
TSC including both children and adults,10 in this study we evaluated 
the characteristics and the evolution of epilepsy in 257 adult individ-
uals, regularly followed at our TSC Clinic in Milan.

In our cohort, the prevalence of epilepsy is 73%, which is in 
line with other population-based studies22 and with our previous 
findings,10 thus indicating that epilepsy can be overestimated due 
to referral bias in tertiary care centres. Indeed, seizures in TSC 
are very frequently drug-resistant also in adulthood (67.2% in our 
cohort), twice as frequent as currently reported for epilepsy in 
general.24

Comparing the prevalence of drug-resistant patients in the pres-
ent study with our previous cohort, in which also children were 

F I G U R E  1  Distribution of full scale 
IQ (FSIQ), verbal IQ and performance 
IQ: patients with epilepsy showed 
significantly lower total, verbal and 
performance median IQ than patients 
without epilepsy.
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TA B L E  3  Comparison between seizure-free and drug-resistant patients

Seizure-free
N = 59
(32.8%)

Drug resistance
N = 121
(67.2%) p-value

Median age, y (IQR) 35.00 (26–48) 34.00 (26–44) 0.547

Gender, n (%)

Male 26 (44.1) 59 (48.8) 0.54

Female 33 (55.9) 62 (51.2)

Level of education, median years of schooling (IQR) 13.00 (8.25–13) 8.00 (8–13) 0.002

Genetic analysis, n (%)

TSC1 19 (32.2) 29 (24.0) 0.538

TSC2 32 (54.2) 77 (63.6)

NMI 5 (8.5) 7 (5.8)

NA 3 (5.1) 8 (6.6)

Familial cases, n (%) 23 (39.0) 21 (17.4) 0.010

Epilepsy type, n (%)

Focal 49 (83.1) 86 (71.1) 0.029

Spasms 0 2 (1.7)

Generalized 2 (3.4) 3 (2.5)

LGS 0 10 (8.3)

Combined 2 (3.4) 15 (12.4)

Unknown 6 (10.2) 5 (4.1)

Epilepsy onset, median age in months (IQR) 27.00 (6–108) 6.00 (3–30) 0.001

Age at diagnosis, years, median (IQR) 9.50 (4–26) 3.00 (0.725–12) <0.001

Seizure type at onset, n (%)

Focal 38 (64.4) 65 (53.7) 0.211

IS 12 (20.3) 40 (33.0)

Focal and IS 2 (3.4) 8 (6.6)

Absences 2 (3.4) 2 (1.7)

Generalized tonic-clonic seizures 0 2 (1.7)

Tonic seizures 1 (1.7) 0

NA 4 (6.8) 4 (3.3)

History of IS, n (%)

Yes 16 (27.1) 59 (48.8) 0.007

Febrile seizures, n (%)

Yes 4 (6.8) 15 (12.4) 0.236

AEDs therapy, n (%)

None 13 (22) 0 <0.001

Monotherapy 29 (49.2) 35 (28.9)

Polytherapy 8 (13.6) 78 (64.5)

NA 9 (15.2) 8 (6.6)

IQ, n (%)

Normal IQ 35 (59.3) 29 (23.9) <0.001

BIF 5 (8.5) 10 (8.3)

Mild intellectual disability 8 (13.6) 10 (8.3)

Moderate intellectual disability 3 (5.1) 19 (15.7)

Severe intellectual disability 6 (10.2) 45 (37.2)

ID not otherwise specified 0 4 (3.3)

(Continues)
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included,10 we found a higher percentage of drug resistance (67.2% 
vs 36.9%). Indeed, the percentage of seizure-free patients did not 
differ between the two populations: 32.8% in the adult cohort 
against 35.6% in the whole cohort10; but in the present study 22% of 
the patients have stopped AEDs, against the 12% of the previously 
reported cohort.10 This latest finding may reflect the physicians’ at-
titude towards AEDs withdrawal after a sufficient period of seizure 
freedom, generally at least five years.

On the other hand, it is worth noting that more than one-third 
of adults with TSC had their seizures controlled by the age of 18. 
This finding is new and may be helpful in counselling patients and 
their families, although needs to be further confirmed in larger 
cohorts.

Analysing the characteristics of epilepsy in relation to long-term 
prognosis, we found that an earlier seizure onset, the history of IS 
and the type of epilepsy are significantly associated with drug resis-
tance. These variables have already been evaluated as determinant 
in other series in the literature,9 but we confirmed their important 
role also in adults. Among seizure types, focal onset seizures and 
epileptic spasms are those most frequently reported, confirming 

the unusual persistence of the latter in this specific population of 
patients.25

When considering the genetic background, individuals carrying 
TSC2 pathogenic variants are at greater risk of developing epilepsy. 
However, among patients with epilepsy, genetics is not a risk factor 
of drug resistance, which is in line with previous findings.9

Moreover, as indicated by recent literature,10,26 we confirm that 
inheritance in our series shows a significant protective role on the 
epilepsy outcome.

Although the presence of cortical tubers and SEN are determi-
nants in developing seizures, intriguingly, the comparison between 
drug-sensible vs drug-refractory patients did not assign any sig-
nificant role to neuroradiological findings. Therefore, the relation-
ship between the number and location of lesions detected by MRI 
and the severity of epilepsy remains controversial.27,28 It must be 
noted that, due to the retrospective nature of this study, timing and 
methodologies used to obtained brain MRIs over time were hetero-
geneous. This represents a limitation of this study, and only a pro-
spective study with homogeneous imaging protocols will be able to 
provide a definitive answer.

Seizure-free
N = 59
(32.8%)

Drug resistance
N = 121
(67.2%) p-value

NA 2 (3.3) 4 (3.3)

IQ, median (IQR)

Full Scale IQ 67.00 (47.25–85) 68.00 (46.5–81.25) 0.876

Verbal IQ 72.00 (59–86) 67.50 (50.25–81.5) 0.427

Performance IQ 68.00 (54–96) 70.00 (51–87) 0.907

Cortical tubers, n (%)

Yes 57 (96.6) 119 (98.3) 0.489

Subependymal nodules, n (%)

Yes 43 (72.9) 106 (87.6) 0.158

Psychiatric disorders, n (%)

Yes 22 (37.3) 72 (59.5) 0.013

Psychiatric disorders, n (%)

ASD 4 (18.2) 32 (44.4) 0.004

Anxiety disorders 7 (31.8) 10 (13.9)

Behavioural difficulties 0 15 (20.8)

Depressive/bipolar disorders 3 (13.6) 3 (4.2)

Schizofrenia spectrum and other psychotic 
disorders

2 (9.1) 5 (6.9)

Anxiety and depressive disorders 3 (13.6) 1 (1.4)

ADHD 2 (9.1) 2 (2.8)

Personality disorders 0 2 (2.8)

Conversion disorder 1 (4.5) 1 (1.4)

Alcohol use disorder 0 1 (1.4)

Abbreviations: ADHD, attention deficit hyperactivity disorder; AED, antiepileptic drug; ASD, autism spectrum disorder; BIF, borderline intelligence 
functioning; ID, intellectual disability; IQ, intelligence quotient; IQR, interquartile range; IS, infantile spasm; LGS, Lennox-Gastaut syndrome; NA, not 
available; NMI, no mutation identified.

TA B L E  3  (Continued)
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Among the patients who achieved seizure freedom, the great 
majority was on monotherapy—mainly on carbamazepine or valproic 
acid—a small number on polytherapy, and some patients discontin-
ued AEDs without seizure recurrence.

Comparing our data with other series, in the TSC Natural History 
Study, 99.5% of the patients with epilepsy were prescribed AEDs, 
25.3% underwent surgery, 7.9% were prescribed special diets, and 
1% was prescribed mTOR inhibitors. Of the patients receiving AEDs, 
over half (64.5%) used ≥3 different AEDs, due to drug resistance.21

Considering AEDs prescription patterns in patients with TSC, 
some AEDs were identified as useful10,13,22 but data regarding the 
adult population are relatively limited. Clobazam was noted to be 
effective in treating refractory epilepsy in 29 adult individuals with 
TSC (69% had >50% seizure reduction),29 and topiramate and lam-
otrigine were demonstrated to be effective, respectively, in 64% 
and 37% obtaining >50% reduction in seizures, in both children and 
adults with TSC.30 Lacosamide was effective in 48% of patients hav-
ing >50% reduction in seizures, irrespectively of age.31

Cannabidiol has been recently reported to be effective in reduc-
ing seizure frequency in up to 50% of patients, including adults.32

In the present cohort of adult individuals, we cannot confirm 
the promising therapeutic role of Everolimus for epilepsy in TSC pa-
tients, although younger than ours.33 So far, only five adults of our 
series have been on Everolimus, due to the recent introduction of 
this drug in the Italian market, which is in line with the data of the 
TSC Natural History Study,21 but does not permit us to evaluate the 
efficacy of this medicine on seizure control.

Epilepsy surgery offers a 50–60% chance of seizure freedom in 
individuals with TSC,34 also in our cohort. In fact, out of the patients 
who underwent epilepsy surgery, 54.5% became seizure-free, even 
on a long-term follow-up. The rate of patients who had access to 
epilepsy surgery was relatively high (6%, 11/183) compared to the 
recently reported overall proportions of patients with epilepsy who 
received epilepsy surgery among those with medically refractory 
epilepsy (around 1%).35 With regard to the potential benefit of epi-
lepsy surgery, we think that early pre-surgical workup should be rec-
ommended in all TSC patients with drug-resistant seizures.

Considering the impact of epilepsy on cognitive functions and 
academic achievement, individuals with TSC having experienced 

F I G U R E  2  Cognitive functioning according to age at epilepsy 
onset in the drug-responsive and the drug-resistant group.

F I G U R E  3  The duration of active 
epilepsy has an impact on cognitive 
outcome in TSC: Patients without 
intellectual disability (NO ID) had 
a shorter history of active seizures 
(< 5 years) compared to those who 
developed intellectual disability (ID).
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seizures show a significantly lower IQ (both on verbal and perfor-
mance scales) and reach a lower level of education compared with 
individuals without epilepsy. It is also noteworthy that, when seizure 
freedom can be achieved, a statistically significant part of patients 
has a normal cognitive level, while, on the other hand, patients with 
drug-resistant seizures exhibit moderate/severe ID significantly 
more frequently. The relationship between seizures and neurode-
velopmental outcome in childhood has been demonstrated in both 
retrospective24 and prospective studies.36,37 This finding was repli-
cated in our adult cohort, since both early seizure onset, especially 
in the first year of life, and seizure drug resistance are predictive of 
moderate/severe ID, also in a long-term follow-up.

Indeed, Tye et al.37 showed that early-onset and severe epilepsy 
in the first 2 years of life are associated with an increased risk of 
long-term ID in children with TSC, while the occurrence of epileptic 
spasms may play a role in adaptive functioning and ASD.

Finally, we should underline the emerging issue of psychiatric 
disorders in people with TSC. In our cohort, several disorders were 
diagnosed, among which the most frequent were ASD, behavioural 
problems and anxiety/mood disorders, as previously reported.38 
Having epilepsy generally increases the risk of developing psychiat-
ric problems, especially when seizures are drug-resistant.39

Although not evaluated in our study, it would be interesting to 
investigate how systemic manifestations (i.e., the presence of facial 
angiofibromas) could possibly influence the development of mood 
disorders, anxiety and other psychiatric disorders, and quality of life.

Intriguingly, we can confirm in the long term that people with 
TSC and epilepsy are clearly at greater risk of developing ASD, espe-
cially when seizures remain drug-resistant.26,37 On the other hand, 
anxiety and mood disorders are experienced also by individuals 
without epilepsy or patients who are seizure-free and could be in-
terpreted as typical of the syndrome itself. These findings emphasize 
the urgent need for diagnosis and care of psychiatric comorbidities 
in TSC individuals, as addressed by the international TANDem proj-
ect (https://tandc​onsor​tium.org). Indeed, a psychiatric evaluation is 
time-consuming and needs specialized staff. As a result, neuropsy-
chiatric complications may remain underdiagnosed even in expert 
centres.40 For these purposes, a wider diffusion of easy to use tools, 
such as the TAND-Checklist (https://www.tscin​terna​tional.org/wp-
conte​nt/uploa​ds/2018/11/TAND_check​list-2014.pdf), is mandatory 
in this population. Our results strongly support the need for spe-
cialized teams who can diagnose and treat such comorbidities, and 
warrant the implementation of programmes dedicated to giving the 
opportunity to treat such comorbidities.

5  |  CONCLUSIONS/STRENGTHS AND 
LIMITATIONS

This study, although retrospective, adds data about the management 
of epilepsy in a large cohort of adult individuals with TSC. Our ex-
perience confirms the previously reported findings in children with 
TSC and supports the role of early seizure control—among other yet 

to be discovered factors—in preventing the development of ID, psy-
chiatric comorbidities and drug resistance itself in the long term.41

While analysing data about our adult population, we should 
consider that the outcome of these individuals in terms of seizure 
control and cognitive functioning surely reflects the therapeutic at-
titudes that were in use 20–40 years ago. Of note, Vigabatrin and 
mTOR inhibitors, which are now known to significantly improve the 
outcome of young patients with TSC, were not widely used at that 
time. Therefore, we think that the current management of epilepsy 
in newborns and children with TSC has strongly improved with the 
introduction of international guidelines and new therapeutic strate-
gies (e.g., early epilepsy surgery, Vigabatrin, Everolimus). For these 
reasons, we hope that individuals with TSC may have a better out-
come in the upcoming years. In the meantime, we encourage cli-
nicians to consider the global care of people with TSC, and to use 
current guidelines and useful diagnostic tools to detect psychiatric 
comorbidities, and to program therapeutic interventions.
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