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Abstract
Introduction: Tuberous sclerosis (TSC) is a multisystem, autosomal dominant disorder with a wide clinical spectrum. The aim
of the present study was to review the clinical, radiological, and laboratory findings of our TSC cases in a retrospective manner
and to compare them with the current literature.
Methods: The clinical and radiological features of 16 patients diagnosed with TSC at Sütçü İmam University, Faculty of
Medicine, Pediatric Neurology Outpatient Clinic were retrospectively assessed.
Results: A total of 16 patients with a diagnosis of TSC were included in the study. The study included 9 (56.2%) male and
7 (43.7%) female patients. Of the 16 patients, 9 (56.2%) presented with convulsions, 4 (25%) with body rash, 2 (12.5%) with
cardiac rhabdomyoma diagnosed at the newborn period, and 1 (6.25%) with perinatal asphyxia. Hypopigmented skin lesions
were detected in all patients (100%). The most common finding on brain magnetic resonance imaging (MRI) was periventricular subependymal nodules (SNs) (n=12, 75%). In addition to the central nervous system and skin findings, 3 (18.7%) patients
had cardiac involvement, and 1 (6.2%) patient had renal involvement. Three (18.7%) patients were detected with diffuse developmental delay, and 6 (37.5%) patients were detected with mental retardation.
Discussion and Conclusion: In line with the current literature, convulsions, hypopigmented skin lesions, mental retardation,
and SNs on brain MRI were the most common signs.
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T

uberous sclerosis (TSC) is a “neurocutaneous” disorder
affecting a variety of systems. It was first described by
Friedrich Daniel von Recklinghausen in 1862 in an infant
with cardiac “myomas” and sclerotic areas in the brain tissue. Thereafter, in 1880, Bourneville described the condition more in depth. Since then, the term TSC was used to
describe the condition [1]. Mental retardation, convulsions,
and adenoma sebaceum form the diagnostic triad of the
condition. TSC has an incidence of 1 in 6000–10.000 births
[1,2]. It shows an autosomal dominant trait with a high rate
of self-mutations. The most notable features of the disorder

are glial–neuronal and retinal hamartomas, subependymal
giant cell tumors (GCTs), cardiac rhabdomyomas, renal and
non-renal angiomyolipomas (AMLs), and pulmonary lymphangioleiomyomatosis [3]. Clinically, its course is characterized by resistant epilepsy, mental retardation, behavioral problems, and skin lesions [4]. The aim of the present
study was to review the clinical and radiological findings of
our TSC cases and to compare them with the current literature. We also aimed to stress the importance of a multidisciplinary approach at the diagnostic and therapeutic stages
of these patients.
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Materials and Methods
A total of 16 patients who presented to the Sütçü İmam
University, Faculty of Medicine, Pediatric Neurology Outpatient Clinic and who were diagnosed with TSC between
2008 and 2015 were enrolled in the study. The study was
approved by the Sütçü İmam University Medical Ethical
Committee (No.: 136, date: 09/27/2017). Age, sex, family
history, neurological and systemic examinations, electroencephalography, brain magnetic resonance imaging
(MRI), cranial computerized tomography (CT), abdominal
ultrasonography, electrocardiography, echocardiography,
and ophthalmological findings were evaluated. TSC was
diagnosed based on the clinical and imaging findings.
Epilepsy was diagnosed based on the seizure definition
provided by a patient relative, electroencephalogram findings, and the International League Against Epilepsy classification [5]. Data were analyzed using SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) software for statistical analyses. Descriptive statistics were expressed as number (n), percentage
(%), and mean±standard deviation.

Results
The medical records of 16 patients diagnosed with TSC
were included in our study. Among the 16 patients enrolled in the study, 9 (56.2%) were men, and 7 (43.7%)
were women. The mean age at admission of the patients
was 31.1 (3–156) months. Three (18.7%) patients had a
family history of TSC, and 3 (18.7%) patients had a history
of parental consanguineous marriage. Nine (56.2%) cases
were diagnosed in the first year of life. All patients had
hypomelanotic macules. Of the 16 patients, facial angiofibroma was observed in 5 (32.2%), and shagreen patches
were observed in 3 (18.7%) (Fig. 1). The most common
presenting symptom was convulsions. Nine (56.2%) cases
presented with convulsions, and 4 (25%) cases presented
with skin lesions. Of the nine patients with convulsions,
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3 (33.3%) had infantile spasm, and 6 (66.6%) had other
seizure types. Two (12.5%) patients had resistant epilepsy.
Clinical findings are shown in Table 1. Some patients with
TSC had periventricular subependymal nodules (SNs) (Fig.
2a) and cortical tubers (Fig. 2b) on MRI. Calcified SNs were
seen on CT images (Fig. 2c). The most common findings on
MRI are shown in Table 2.
a

b

Figure 1. Clinical manifestations: facial angiofibromas (a), shagreen
patch (b).

c

b

a

Figure 2. Axial T2 weighted (a) image shows low-signal subependymal nodules (black arrow) with periventricular placement and
hyperintense cortical tuberosclerosis. In coronal FLAIR (b) image,
cortical hyperintense tuber (black arrow) is clearly selected. Axial
CT image (c) shows calcified subependymal nodule appearance
(black arrow).

Table 1. Clinical features of patients with tuberous sclerosis
Our study
		
Hypopigmented skin lesions (%)
Facial angiofibroma (%)
Shagreen patches (%)
Mental retardation (%)
Convulsion (%)
Rhabdomyoma (%)
Renal involvement (AML) (%)

100
31.2
18.7
23.5
56.2
18.7
6.2

İncecik
et al. [8]

Rubilar
et al. [14]

Almoberak
et al. [10]

Wilbur
et al. [11]

Sing Au
et al. [12]

Saltık
et al.[13]

100
47.3
15.7
68.4
89.1
21
5.2

100
47.6
23.8
–
48.7
47.6
16.7

100
17
13.6
23.9
68.2
18.2
26.1

77
43
25
33
91
35
43

89.1
60.1
38.9
46.5
74.8
46.2
46.6

95.2
66.6
23.8
–
42.8
14.3
23.8
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Table 2. Radiological findings of patients with tuberous sclerosis
Our study İncecik
		
et al. [8]
Periventricular
subependimal
nodule (%)
Cortical tubers (%)
Giant cell astrocytoma
(suspicious) (%)

Rubilar
Saltık
et al. [14] et al. [13]

75

89.4

40

85.7

56.2
6.2

42.1
10.5

35
5

95.2
23.8

Discussion
Since TSC involves multiple systems, it has a variable clinical
presentation. Approximately 30% of TSC cases are inherited in an autosomal dominant fashion, whereas approximately 70% of cases emerge as a result of spontaneous
mutations [6,7]. The mean age at diagnosis of the patients
was 5 years. Neurological involvement occurs in the form of
convulsions, mental retardation, autism spectrum disorder,
or behavioral disorders [8,9]. Convulsions start in the first
year of life and are the most common cause of presentation. The typical types of convulsion are focal seizures and
infantile spasms, with the latter being reported to have a
prevalence of 10%–25% [9]. In our study, 9 (56.2%) out of
16 patients presented with convulsions. The prevalence of
seizure as one of the initial TSC manifestations was lower
than those recently reported from the studies published
by Almoberak et al.,[10] Wilbur et al.,[4] Sing Au et al.,[7] and
İncecik et al.[8] at 68.2%, 91%, 74.8%, and 89.1%, respectively. Similar results were found in the studies by Saltuk et
al.[11] at 42.8% and Rubilar et al.[12] at 48.7%. Such a difference is likely to be due to the inadequate diagnosis and/or
inadequate reporting of signs and symptoms as a result of
insufficient diagnostic and/or data recording (Table 1).
Ninety percent of children with TSC may have neuropsychiatric disorders (attention deficit/hyperactivity disorder and
mental illness) [2,13]. In the present study, 9 (56.2%) patients
suffered mental retardation, and 1 (6.2%) patient had hyperactivity.
In accordance with the literature, control of seizure activity was difficult in patients with TSC [8]. In one patient
with resistant epilepsy persisting despite antiepileptics,
everolimus was started, which provided a reduction of
>50% in seizure activity.
In TSC, approximately 90% of skin lesions are hypopigmented skin lesions. These are ovoid or leaf-shaped and
of varying sizes and most commonly develop in the trunk
and extremities. Lesions typically exist at birth and be-

come more pronounced in the first few years of life. They
are more easily detected using a Wood lamp [14]. All of
our patients had hypopigmented skin lesions, and four
of them presented for examination of those lesions. Adenoma sebaceum, one of the skin lesions in TSC, appears as
pink or red papules with angiofibromatous characteristics
and is distributed on the nose with the form of a butterfly rash. It typically develops between the ages of 1 and 4
years. Our study found a prevalence of 31.2% (n=5), which
was in agreement with the previous reports in the literature. Shagreen patches are rarer in TSC. These lesions are
usually found in the lumbosacral or gluteal region [2,14].
In our study, 2 (12.5%) patients had these patches. Rubilar et al.,[12] Wilbur et al.,[4] and Sing Au et al.[7] found the
frequency of adenoma sebaceum to be 47.6%, 43%, and
60.1%, respectively. Since the number of cases in our study
is low, we think that the frequency of adenoma sebaceum
is lower than that in the previous studies.
Patients with TSC typically have structural brain anomalies,
cortical tubers, SNs, and subependymal GCTs. Cortical tubers are found in at least 80% of patients. These are made
up of abnormal neurons and glial cells [15]. They are areas
of focal cortical dysplasia that remain unchanged over
time. However, cortical tubers are associated with the development of epilepsy. MRI is more useful than CT for the
detection of cortical tubers. Cortical tubers usually have
increased signal intensity on T2-weighted images but decreased signal intensity on T1-weighted images. Calcification and central cystic degeneration can sometimes occur.
CT is a useful tool for the detection of SN, since it is associated with calcification far more commonly (88%) than
cortical tubers. Unenhanced CT typically depicts multiple
small foci with dense calcification along both lateral ventricles. On MRI, SNs appear hyperintense on T1-weighted
images and iso- to hyperintense on T2-weighted images.
White matter abnormalities of TSC include (1) superficial
white matter abnormalities associated with cortical tubers,
(2) radial white matter bands, and (3) cyst-like white matter lesions [16]. On cranial MRI findings, cortical tuber was
found in 20 (95.2%) patients, SN was found in 18 (85.7%)
patients, and astrocytoma was found in 5 (23.8%) patients
[11]. In our study, cortical tubers were detected in 9 (56.2%)
patients. SNs are found in up to 90% of patients; they are
calcified and intraventricular protrusions composed of abnormal cells in the lateral ventricle neighboring the caudate nucleus (Fig. 2c) [15]. İncecik et al.[8] found these nodules in 89.4% of their patients. In the present study, 75%
of patients had SN. GCTs are intraventricular glioneuronal
tumors [8]. They are found in the caudothalamic sulcus in
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the vicinity of the foramen of Monro. Subependymal GCTs
are found in 10%–20% of patients, and these slowly growing benign tumors may cause obstruction [2,15,17]. In our
series, their prevalence was 6.2%. Rubilar et al.[12] found
similar rates with our study. The number of patients with
these tumors may increase as the duration of follow-up is
prolonged in the future. The most common cardiac finding
of TSC is rhabdomyoma, which may be detected by ultrasonography in at least 50% of newborns between 20 and
30 weeks of gestation. Patients may be asymptomatic but
may also present with severe heart failure or, owing to a
compression of the cardiac conduction system, arrhythmia
[1,2,18]. Rhabdomyomas in our patients did not produce any
symptoms, and echocardiographic examination revealed
no form of arrhythmia.
The most common renal lesions in TSC are AML and renal
cysts. AML exists in approximately 50%–80% of affected patients. They are usually asymptomatic, but produce symptoms depending on lesion grade [8,19]. One of our patients
with renal involvement had microscopic hematuria. A renal
ultrasonography showed AML in the left kidney.
Children with TSC need to undergo renal ultrasonography every 2 or 3 years before puberty and every year
thereafter. Renal signs usually develop after the age of
10 years [2,8,20]. Our patient with AML was 9 years old.
Although the incidence rate in the literature was different, the frequency of AML in our study was lower [10,11].
Chromosomal studies in TSC identified two genes. Of the
two genes, TSC1 is located on the 9th chromosome (9q
34.3-hamartin), and TSC2 is located on the 16th chromosome (16p13.3-tuberin) [6,7]. We did not perform genetic
testing in our patients. Having an autosomal dominant
trait, TSC may lack a family history in three-fourths of
cases [6,7,20]. We identified TSC in any family member at a
rate of 18.7%. Therefore, family screening should be definitely performed when a patient is diagnosed with TSC.
The screening should necessarily involve a physical examination for skin lesions, fundoscopic examination, a brain
MRI, and an abdominal ultrasonogram. After TSC is diagnosed, genetic counseling should be provided to prevent
new cases from developing.

Limitations
Our study has limitations. The main limitation of the study
was its retrospective design. Therefore, we had no option
for selecting diagnostic approaches and imaging studies.
Another important limitation of our study was its small
sample size.
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Conclusion
In conclusion, TSC is a multiorgan genetic disorder primarily affecting the brain, kidneys, heart, skin, and lungs. Considering its multisystem involvement, it may sometimes
cause life-threatening complications including seizures,
such as infantile spasms, and renal AML. As some of these
signs and symptoms may emerge with aging, we think that
it would be useful to repeat studies, performed at the time
of diagnosis, at regular intervals.
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