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Abstract. Tuberous sclerosis complex (TSC) is an autosomal 
dominant disorder with multisystemic involvement usually 
resulting from mutations in the tuberous sclerosis 1 (TSC1) 
or TSC2 genes. However, 10 to 25% of patients do not exhibit 
these mutations. Cerebral cavernous malformations (CCMs) 
are capillary‑venous malformations that can be asymptom‑
atic or cause variable neurological manifestations, including 
seizures. Familial CCMs are recognized. In both conditions, 
specific dermatological lesions are associated. We present the 
case of a 31‑year‑old female with TSC diagnosed at the age 
of 18 years who presented with negative genetic testing. She 
was admitted to our department in 2019 for a sudden increased 
frequency of focal seizures. Patient examination revealed 
multiple facial and intraoral angiofibroma, diplopia, right 
hemihypoesthesia, brisk deep tendon reflexes, and distal leg 
paresthesia. VideoEEG indicated a frontal paramedian epilep‑
togenic focus. Cerebral magnetic resonance imaging (MRI) 
and angioMRI identified multiple fronto‑parietal cortical 
tubers, as well as multiple CCMs, with evidence of bleeding 
in one. Under antiepileptic drug (AED) and mTOR inhibitor 

treatment, the seizure frequency significantly improved in a 
short period of time. This is the first reported case of tuberous 
sclerosis with negative genetic testing associated with multiple 
cerebral cavernoma. Such complex patients require multidisci‑
plinary management and detailed genetic testing for increasing 
knowledge on neuro‑cutaneous disorders.

Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant 
disorder with multisystemic involvement, usually due to a 
pathogenic mutation in the tuberous sclerosis 1 (TSC1) or 
TSC2 genes (1). A positive genetic test is considered sufficient 
for the diagnosis. However, 10 to 25% of patients do not exhibit 
the mentioned mutations upon genetic testing (2). The clinical 
diagnostic criteria include eleven major features and six minor 
features from different organ systems and a definite diagnosis 
requires either two major criteria or one major and at least two 
minor criteria (2). Infantile spasms or focal seizures usually 
initially occur during the first two years of life in over 80% of 
the patients, with good control of seizures under antiepileptic 
drugs (AEDs) in more than half of patients (3). The cerebral 
malformations considered among the diagnostic criteria, 
also standing at the origin of the epileptic seizures, include 
subependymal nodules, subependymal giant cell astrocytoma, 
and cortical dysplasia (2,3).

The dermatological features of TSC make up the largest 
part of the diagnostic criteria and are present in almost all 
patients (2). A simple physical examination, with close atten‑
tion paid to skin lesions, can suggest the diagnosis even soon 
after birth, making possible the diagnosis of TSC before the 
appearance of neurological signs or developmental delay (4). 
This allows swift interventions and treatment. A large trial 
(EPISTOP) demonstrated that preventive treatment of infants 
with TSC with vigabatrin reduced the risk and severity of 
epilepsy  (5). The effects of this early intervention have a 
much larger impact on the chances of these infants to have 
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normal development and a long‑term quality of life. Previous 
studies have demonstrated that in children with TSC epilepsy 
remission is significantly correlated with better cognitive 
outcomes (6‑8).

Cerebral cavernous malformations (CCMs) are capil‑
lary‑venous malformations with irregular structure found in 
the brain and in the spinal cord. They can be asymptomatic 
or can cause variable neurological manifestations, most often 
seizures (9,10). CCMs usually become evident between the 
second and fifth decades of life; half of cases are discovered 
incidentally and around 80% of cases are sporadic (9). When 
multiple CCMs are identified or in the event of a single CCM 
in a person with a positive family history, genetic testing for 
the pathogenic genes KRIT1/CCM1, MGC4607/CCM2 and 
PDCD10/CCM3 is indicated (10,11). Apart from the neurolog‑
ical features, further supporting evidence for the suspicion of 
familial CCM are vascular ocular and dermatological lesions, 
which have been described in different families (11,12).

Case report

We present the case of a 31‑year‑old female, diagnosed with 
TSC from the age of 18, after a first generalized seizure. 
She was admitted to our clinic in 2019 for increased seizure 
frequency. Personal history included chronic kidney disease 
and right nephrectomy due to renal angiomyolipoma. 
Treatment on admission consisted of lamotrigine 250 mg/day 
and everolimus 7.5 mg/day. Everolimus treatment was started 
in 2018 with favorable effects on renal function and a reduc‑
tion in seizure frequency. Genetic testing for TSC1 and TSC2 
mutations was negative. The patient provided informed consent 
for publication and data usage concerning the case report.

The patient described two types of seizures: i) seizures with 
motor automatisms of the right leg continuing with bilateral 
leg clonias, without loss of awareness and duration of up to 
1 min; and ii) focal to bilateral tonic‑clonic seizures, observed 
by the family during the night, and without any other details 
available from the patient, with a duration of up to 2‑3 min and 
postictal sleepiness and confusion. On admission, the patient 
reported 2‑3 focal seizures/day from a previous frequency of 
2‑4 seizures/month.

Neurological examination revealed an oriented patient, 
with normal speech, no signs of neck stiffness, diplopia and 
horizontal nystagmus on right lateral gaze, hemihypoesthesia 
of right face and limbs, no motor deficits or ataxia, brisk 
deep tendon reflexes and distal legs paresthesia. General 
examination showed an overweight patient with no fever, 
multiple facial and gingival angiofibroma, right latero‑lumbar 
scar post nephrectomy with normal cardiovascular and 
respiratory functions. We also noted the presence of renal 
angiomyolipomas, as documented on abdominal ultrasound.

VideoEEG identified frequent epileptiform discharges 
and slowing of the background rhythm predominantly over 
the frontal paramedian derivations, with slightly higher 
amplitudes and spread in the right hemisphere.

Cerebral magnetic resonance imaging (MRI) and 
angioMRI were performed, revealing numerous hyperin‑
tense cortico‑subcortical lesions fronto‑parietal bilaterally, 
suggestive of cortical tubers. Additionally, round‑oval shaped 
hypointense lesions were visible on susceptibility weighted 

imaging (SWI) sequences, located right frontal parasagittal 
and left juxtaventricular, which were suggestive of cavernomas 
with hemosiderin deposition (Fig. 1).

The patient was administered lamotrigine 400 mg/day and 
everolimus 7.5 mg/day and experienced a marked improve‑
ment in seizure frequency (1/week). Genetic testing for 
familial cavernomatosis was proposed, but, unfortunately, 
she refused this testing due to costs. The patient expressed an 
intent to have children in the upcoming years, therefore the 
lamotrigine dose was gradually reduced to 200 mg/day over 
the next 6 months.

Discussion

After performing a thorough literature search and to the best 
of our knowledge, we conclude that this is the first reported 
case with an association between TSC with negative genetic 
testing and multiple CCMs in a patient with epileptic seizures.

Most TSC patients have mutations in the TSC1 or TSC2 
genes. In a review by Henske et al, multiple studies suggest 
that the majority of patients have a TSC2 mutation. The 
mutations result in a loss of inhibition of the mTOR pathway 
and consequent overexpression of the mTOR complex, with 
dysregulation of normal cell functioning  (1). However, a 
significant percentage of patients with clinically diagnosed 
TSC do not exhibit these mutations, as is the case of our patient, 
and are thought to have mosaicism or another, yet unidentified, 
pathomechanism (1,2). Further studies are needed to complete 
the list of pathogenic mutations which result in TSC, as well 
as to establish the risk of transmission to the next generation, 
especially in cases similar to our patient.

One particularity of our case consisted of the late diagnosis 
of TSC, at the age of 18 years, after a generalized epileptic 
seizure. After performing a more thorough history, the patient 
reported a few episodes that suggested epileptic auras (13) or 
short focal seizures during childhood, which were ignored 
at that moment and considered isolated events, not requiring 
medical attention. Previous studies have highlighted the 
difficulties in the recognition of subtle focal seizures, but 
commonly, a diagnosis is established within the first years of 
life (3,13‑15).

The main dermatological criteria for TSC diagnosis 
include: hypomelanotic macules, angiofibromas, fibrous 
cephalic plaque, shagreen patch, ‘confetti’ skin lesions, 
intraoral and ungual fibromas (16). These must be carefully 
differentiated from similar skin lesions, which can be found 
in other, associated or independent dermatological conditions, 
such as vitiligo, lichen sclerosus, lichen planus, single or 
multiple cutaneous tumors, and localized scleroderma (17‑19). 
At least one type of skin lesions is found in more than 90% 
of TSC patients, irrespective of age, the most commonly 
observed after birth being hypomelanotic macules (20). Our 
patient exhibited multiple facial and intraoral angiofibromas, 
which usually appear between ages 2 and 5 years, but in rare 
cases can also appear later in life, during adulthood (2). The 
lack of recognition of these typical lesions for TSC until adult‑
hood in our patient underlines the importance of education 
among general medical practitioners and neurologists on rare 
inherited neuro‑cutaneous disorders, or at least a dermatology 
referral when suspicious lesions are observed.
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Another particularity of the case is the presence of multiple 
CCMs in addition to the typical cortical tubers of TSC. CCMs 
usually occur as single lesions, predominantly in the brain 
white matter and the spinal cord. In patients with multiple 
lesions, approximately 70% have a familial form (9,11), when 
one of the pathogenic variants of the genes KRIT1, CCM2 
or PDCD10 is inherited. There is a recognized higher risk 
of bleeding, with the possible emergence of seizures, when 
multiple CCMs are present  (21,22), patient age is younger 
than 45 years and the presence of a developmental venous 
anomaly (23).

In cavernoma‑related epilepsy, hemosiderin deposits 
adjacent to cortical tissue and repeated microhemorrhages are 
thought to induce hyperexcitability due to free radicals and 
lipid peroxides generated by iron ions  (9,24). Considering 
the clinical data and investigations, we hypothesize that the 
increase in seizure frequency was secondary to a bleeding in 
the frontal paramedian cavernoma, which resolved in a short 
time and required only AED dose adjustments.

Periodical neurological consults in the long run were 
recommended, especially in the event of a pregnancy, consid‑
ering a higher risk of recurrent bleeding, as well as a possible 
increase in seizure frequency, secondary to hemodynamic and 
hormonal changes related to pregnancy (3,6,9,21,22,25).

Familial CCMs have been described to be associated 
with a wide array of skin lesions: hyperkeratotic cutaneous 
capillary‑venous malformations (HCCVM), angiokeratoma, 
cherry angiomas, cutaneous bluish nodules, multiple small 

bluish papules, capillary vascular anomalies, nodular venous 
malformations, and port‑wine stains (11,12,26). The emergence 
of these lesions varies from birth to late adulthood (11,12,26). 
The exact prevalence of dermatological vascular lesions 
associated with familial CCM is unknown, but one study 
indicated that 6 of 13 members of an affected family had 
peculiar skin lesions (11). Even though our patient seemingly 
had only facial and intraoral angiofibromas, it is possible 
that some of the facial lesions were actually angiokeratoma, 
which is associated with a few cases of familial CCM (27,28). 
Moreover, considering the variable age of the emergence of the 
dermatological lesions, periodic dermatological consultations 
were recommended to our patient.

In conclusion, this is the first reported association of 
tuberous sclerosis with negative genetic testing and multiple 
cerebral cavernomas in a patient with epilepsy. The collabo‑
ration between medical specialists, especially in the fields 
of neurology and dermatology, is vital in neuro‑cutaneous 
diseases, as certain features relevant to a correct diagnosis 
may pass unnoticed and may result in a delay in treatment of 
the affection. On the long term, periodical consultations of 
both types of specialists are recommended, considering that 
the emergence of specific lesions or subtle neurological signs 
can also occur later in life. Multidisciplinary management 
and whole genome sequencing of such complex cases could 
lead to a better understanding of the intricacies of inherited 
neuro‑cutaneous disorders and improve the quality of life of 
these patients.

Figure 1. Brain magnetic resonance imaging (MRI) of the 31‑year‑old female patient with seizures. Orange arrows indicate multiple cortical tubers observed 
in FLAIR sequence (A‑C); red arrows indicate the biggest observed cavernomas, with hemosiderin deposition in the susceptibility weighted imaging (SWI) 
sequence (D and E), as well as some cortical tubers marked by orange arrows (E); both cortical tubers and a cavernoma in FLAIR sequence are indicated by 
orange and red arrows, respectively (F).
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