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Tuberous Sclerosis 

 

Tuberous sclerosis (TS), or tuberous sclerosis complex (TSC), is a rare, autosomal dominant 
genetic disorder characterized by the development of benign tumors in multiple organ systems, 
including the skin, kidneys, brain, heart, and lungs. It is classified as a neurocutaneous syndrome 
due to its manifestation in both the brain and skin. TS presents with a broad spectrum of severity, 
from mild forms with minimal clinical impact to severe cases resulting in intellectual disabilities 
and life-threatening complications. The prevalence of TS is estimated at 1 in 6,000 to 10,000 live 
births, affecting approximately 25,000 to 40,000 individuals in the United States and around 1 to 2 
million people worldwide. 

Pathophysiology 

Tuberous sclerosis is caused by mutations in either the TSC1 or TSC2 genes. These genes encode 
two proteins—hamartin (from TSC1) and tuberin (from TSC2)—that function together as 
inhibitors of the mechanistic target of rapamycin (mTOR) signaling pathway. mTOR is a critical 
regulator of cell growth, proliferation, and metabolism. In the absence of functional hamartin and 
tuberin due to genetic mutations, mTOR becomes hyperactivated, leading to uncontrolled cell 
growth and the formation of tumors, or hamartomas, in various tissues. 

Clinical Manifestations 

Tuberous sclerosis presents with a wide range of clinical symptoms, which can vary significantly 
from one individual to another. The most common manifestations include: 

➢​ Skin Findings: 
○​ Hypomelanotic macules (Ash leaf spots): These light-colored patches are due to a 

decrease in skin pigmentation and are often the first sign of TS, particularly in 
infants. They are typically oval or leaf-shaped and can be detected using ultraviolet 
light (Wood’s lamp). 

○​ Angiofibromas (Adenoma sebaceum): These red or pink papules, consisting of 
blood vessels, typically appear on the face, especially on the nose and cheeks. 

○​ Shagreen patches: These thickened, leathery skin patches with an orange-peel 
texture are commonly found on the lower back. 

○​ Ungual fibromas: These fibrous tumors can develop under the fingernails or 
toenails. 

➢​ Neurological Symptoms: 
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○​ Seizures: The most common neurological manifestation, affecting approximately 
80% of individuals with TS. Seizures can begin in infancy and are often 
drug-resistant. 

○​ Cognitive Impairment: Cognitive dysfunction ranging from mild learning 
disabilities to severe intellectual disability is common in TS, affecting around 
40-50% of patients. 

○​ Behavioral Issues: Autism spectrum disorder, attention deficit hyperactivity 
disorder (ADHD), and other behavioral problems are frequently observed. 

➢​ Renal and Cardiac Involvement: 
○​ Renal Tumors: The kidneys are commonly affected by the development of 

angiomyolipomas and cysts, which can lead to renal dysfunction or bleeding. 
Regular monitoring with ultrasound is crucial for early detection and management. 

○​ Cardiac Rhabdomyomas: These benign tumors of the heart are present in 50-70% 
of children with TS, often discovered in utero or shortly after birth. They typically 
regress after puberty, and in most cases, do not require surgical intervention. 

➢​ Other Manifestations: 
○​ Retinal Hamartomas: Tumors in the retina can affect vision and are detected via 

ophthalmologic examination. 
○​ Dental Pits: Small pits in the enamel of the teeth are commonly seen in TS patients. 

Diagnosis 

Diagnosis of TSC is based on clinical criteria, supported by imaging studies and genetic testing. The 
Revised Tuberous Sclerosis Complex Consensus (2012) provides diagnostic criteria that include 
the presence of characteristic skin lesions, neurological symptoms, and imaging findings such as 
brain lesions or renal angiomyolipomas. Key diagnostic methods include: 

●​ Genetic Testing: Mutation analysis of TSC1 and TSC2 genes confirms the diagnosis in most 
cases. However, some individuals with negative genetic tests may still have TS. 

●​ Imaging: MRI and CT scans are employed to detect cortical tubers, subependymal nodules, 
and other brain lesions. Ultrasound is used to monitor renal involvement, particularly for 
angiomyolipomas and cysts. 

●​ Wood’s Lamp Examination: This test helps in detecting hypomelanotic macules, 
particularly in patients with light skin. 

Treatment 

There is no cure for tuberous sclerosis, and treatment is primarily symptomatic and aimed at 
managing complications. Approaches to treatment include pharmacologic therapy, surgical 
intervention, and supportive care: 

➢​ Seizures: 
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○​ Antiepileptic Drugs (AEDs): The management of seizures, often with drugs such as 
valproate, lamotrigine, or topiramate, is the cornerstone of treatment. However, 
drug-resistant epilepsy is common, and in some cases, surgical resection or 
neuromodulation may be considered. 

○​ mTOR Inhibitors: Recent advances have shown that mTOR inhibitors, such as 
everolimus and sirolimus, are effective in reducing the frequency and severity of 
seizures in TS patients. These drugs also target the underlying molecular defect by 
inhibiting the overactive mTOR pathway. 

➢​ Renal Involvement: 
○​ Angiomyolipomas: Large renal tumors may require treatment with mTOR 

inhibitors to reduce their size or prevent bleeding. In some cases, surgical resection 
or embolization is necessary. 

○​ Renal Monitoring: Regular ultrasound evaluations are essential to monitor the 
growth of renal tumors and detect early signs of renal failure. 

➢​ Cardiac Rhabdomyomas: 
○​ These tumors typically resolve without intervention by adolescence. Monitoring 

through echocardiography may be recommended, especially in infants with large or 
symptomatic rhabdomyomas. 

➢​ Neurodevelopmental and Behavioral Issues: 
○​ Early Intervention: Children with developmental delays benefit from early 

educational interventions, speech therapy, and behavioral therapies. 
○​ Psychiatric Management: Medications for ADHD, anxiety, or other psychiatric 

conditions may be necessary, in addition to ongoing psychological support. 
➢​ Skin Lesions: 

○​ Laser Therapy: For cosmetic concerns, laser treatment is often employed to manage 
disfiguring facial angiofibromas, though recurrences are common. 

○​ Topical Treatments: Creams containing retinoids or other medications may be used 
to reduce the appearance of skin lesions, although they offer limited effectiveness. 

Conclusion 

Tuberous sclerosis is a genetic disorder with a wide array of manifestations affecting multiple 
organ systems. Early recognition and management of symptoms are essential in improving quality 
of life and reducing complications. Although no cure exists, advances in mTOR inhibitor therapy 
offer hope for controlling key aspects of the disease, particularly seizures and tumor growth. As TS 
is a lifelong condition, patients require continuous monitoring and individualized care to address 
the spectrum of health challenges they face. 
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