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ABSTRACT
Introduction: Tuberous sclerosis complex is an autosomal dominant neurocutaneous disorder which is characterized by multisystem
involvement, including the kidney. Since renal disease is one of the causes of morbidity and mortality, close management is essential. Subjects
and Methods: In this retrospective observational,single‑center study, authors analyse patients with a definite diagnosis of tuberous sclerosis
complex who attended Pediatric Nephrology consultation between 1998 and 2019. Results: 20 patients were included. The median age at the
time of the diagnosis was 3 years, mostly after seizures and the median age of the first Pediatric Nephrology consultation was 9 years. Seventeen patients had renal disease, the majority with angiomyolipomas and a smaller number with cysts. None had hypertension or history of
acute kidney failure. Systemic mTOR inhibitors were used in three patients. Discussion: The present results were similar to those found in the
literature regarding presentation features and kidney disease. The authors emphasized the importance of early diagnosis of renal involvement
in order to reduce renal morbidity and mortality (especially when these patients reach adulthood) and highlighted the need for early guidance
for pediatric nephrology consultation.
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INTRODUCTION
Tuberous sclerosis complex (TSC) is an autosomal dominant neurocutaneous disorder caused by germline mutations in either the TSC1
or TSC2 genes, which encode hamartin and tuberin, respectively.1‑4
Genetic testing is often used in the diagnosis. It is a multisystemic
disease with variable clinic expressiveness, and two‑thirds of the cases
have de novo germline mutations. Approximately 70% of patients
have TSC2 and present with a more severe disease compared to TSC1
mutations, which can be detected in about 20% of the cases.1,2 In the
remaining 10%, no mutation can be identified by standard genetic
sequencing, in some cases due to mosaicism. The estimated prevalence
in Europe is 1/25,000 to 1/11,300.4
The characteristic features include multisystem hamartomas that
affect the brain, kidney, eyes, heart, lung, liver and skin, and associated
with neuropsychiatric features. For reasons not yet understood, disease
severity and organ involvement vary widely between patients and
within individuals of the same family who carry the same mutation.5
According to literature, clinical features of TSC have a distinct time
of onset: rhabdomyomas can be detected in utero in the majority of
patients; the dermatological features occur in childhood, and neurological findings with infantile spasms are also found in childhood.6

Renal disease is the important cause of morbidity and mortality in
these patients. Since renal manifestations begin early during childhood,
with an increased incidence and severity as the child ages, it is important
to assess those manifestations regularly. The majority of patients develop
multiple multifocal kidney angiomyolipomas; many have cysts, and a
smaller number renal cell carcinoma, which can occur at an early age.
Renal damage may come from angiomyolipoma progression itself or
from surgical and embolitic/ablative therapies, which are associated
with increased risk of renal insufficiency and end‑stage renal failure.7,8
According to international guidelines for management and surveillance of TSC, mTOR inhibitors are the indicated drugs. Rapamycin was
the first mTOR inhibitor studied for angiomyolipomas, but the largest
randomized controlled trials that allowed the inclusion of mTOR in
treatment protocols were about everolimus.9

SUBJECTS AND METHODS
The authors performed a retrospective observational study which
included patients with a definite TSC diagnosis who attended a Pediatric Nephrology consultations during the last twenty‑two years.
Twenty patients were eligible for inclusion and data were collected
in an anonymized database.
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Data on demographics, age and presentation feature at time of
the diagnosis and organ involvement were taken from patients’ electronic medical records. Last available kidney function, the presence
of hypertension and the presence of angiomyolipomas and cysts were
recorded from the last available reports, as well as the treatment
used. Finally, other comorbidities were recorded, namely cardiac,
neurological and cutaneous lesions.
Statistical analysis was performed using IBM SPSS Statistics®, version 26. For the descriptive analysis, means and standard deviations
of continuous variables with symmetry of distributions were presented;
in the case of asymmetric distributions, the median was used, mentioning the minimum and maximum values.

RESULTS
Twenty patients were included, male gender 600% (n=12). The
median age at diagnosis was 3 [0.2‑13.2] years. There was a family
history of TSC in 3 patients (15%). Eighteen patients (90.0%) were symptomatic at diagnosis, with the presenting feature being seizures in 16
cases (88.8%) and hypochromic skin lesions in 2 patients (11.2%). In
the asymptomatic patients, one was diagnosed in the context of a positive family history of TSC, and the other case a cardiac rhabdomyoma
was diagnosed during the neonatal period due to dependence on oxygen. Six patients had TSC2 mutations and two had TSC1 mutations.
In terms of comorbidities, all patients had neurological manifestations; seventeen patients had epilepsy (85.0%), 7 (35.0%) had subependymal giant cell astrocytomas (SEGA), 6 (30.0%) had tubers and 4
(20.0%) had subependymal nodules. Fourteen patients (70.0%) had
cutaneous manifestations, with angiofibromas in 9 (64.3%), Shagreen
patches in 1 (7.1%) and 4 (28.6%) having both. Cardiac rhabdomyomas

Patients’ characteristics at baseline

Median age at presentation (years)
Renal disease at presentation
Presenting feature

Presenting symptom

Comorbidities

The first Pediatric Nephrology consultation was at 9 [1.5‑17.8] years.
Renal manifestations were found in 17 patients (85.0%), with angiomyolipomas found in 15 (75.0%) and cysts in 9 (45.0%). Kidney function
was available for 16 patients (80.0%); the mean serum creatinine
levels at the time of the last consultation were 0.58 mg/dL. No patient
had episodes of AKI. Through follow‑up, none developed stage 3 or
more chronic kidney disease according to Kidney Disease Improving
Global Outcomes (KDIGO) or have been submitted to kidney transplant.
No patient had arterial hypertension.
In the 17 patients with renal manifestations (described in Table
II), nine were treated with topical mTOR inhibitors due to facial angiofibromas. Systemic mTOR inhibitors were used in three patients, with
everolimus being used in 2 cases and sirolimus in one. All three patients
had renal manifestations of the disease, having started the therapeutics due to epilepsy in two cases.
In Table III there is a description of the 3 patients treated with
systemic mTOR inhibitors.
Almost all patients had follow‑up consultations (n=19), with 2
patients being followed by Nephrology consultation, since they have
reached adulthood. The median time of follow‑up was 2.6 [0.6‑20.6]
years. Only one patient (Patient 3) showed hemorrhagic angiomyolipomas; since it was possible to reduce angiomyolipomas’ size and
control the bleeding, neither embolization or nephrectomy were performed. No patient died during this time. Thirteen patients (65.0%)
were followed by psychologist and/or psychiatrist.

DISCUSSION
Numbers show nearly 1500 persons with TSC in Portugal and one
million around the world.10 In this twenty‑two‑year study, the authors

Table I

Population

were found in 12 patients (60.0%). Data regarding patients’ characteristics are described in Table I.

Male/ female. N (% Total)
12 (60.0%)/ 8 (40.0%)
3 [0.2‑13.2]
0 (0%)
Symptomatic. N (% Total)
18 (90.0%)
Family history. N (% Total)
3 (15.0%)
Neurological. N (% Total)
16 (88.8%)
Cutaneous. N (% Total)
2 (11.2%)
Respiratory. N (% Total)
0 (0%)
Neurological. N (% Total)
20 (100.0%)
Cutaneous. N (% Total)
14 (70.0%)
Cardiac. N (% Total)
12 (60.0%)
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Table II
Renal manifestations in TSC patients
Renal manifestations

N (% Total)
17 (85.0%)
Angiomyolipomas N (% Total)
15 (75.0%)
Cysts. N (% Total)
9 (45.0%)
Renal cell carcinoma. N (% Total)
0 (0.0%)

Available kidney function

Treatment with systemic mTOR inhibitors

Available. N (% Total)
16 (80.0%)
Kidney failure. N (% Total)
0 (0.0%)
N (% Total)
3 (17.6%)
Sirolimus (N = 1)
Everolimus (N = 2)
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Table III
Characteristics of patients treated with systemic mTOR inhibitors
Patient 1

Patient 2

Gender

Female

Male

Male

Age

7 years

13 years

22 years

3 months
Everolimus
Epilepsy
SEGA
Diminishing of angiomyolipomas size

3 years
Everolimus
Epilepsy

8 months
Sirolimus
Angiomyolipomas and renal cysts, with haemorrhage
Diminishing of angiomyolipomas size

Age at diagnosis
mTOR inhibitor used
Motive for treatment
Effect on renal disease

Patient 3

Slow growth of angiomyolipomas

found 20 patients with TSC followed by Pediatric Nephrology consultation, a significant number according to the national panorama.
TSC is an underdiagnosed disease in many cases due to disease
complexity and different forms of presentation.6 In our sample, the
majority of patients were symptomatic at the time of diagnosis, with
seizures as the main feature, as shown in literature. Only 3 cases had
a positive family history, and eight had TSC1 or TSC2 mutations, which
is in agreement with the high rate of de novo mutations characteristic
of this disease.
Dermatological changes are present in the majority of patients.11
In the present sample, cutaneous manifestations were found in 70%
of the patients, numbers similar to those found in literature. Treatment
with topical mTOR inhibitors in more than half of the patients with
cutaneous findings may be a reflection of concerns of systemic mTOR
inhibitors due to their systemic side effects and due to a subjective
better quality of life when using the topical drugs.
In terms of renal disease, multiple renal angiomyolipomas are
frequent, with an estimated incidence of 55 to 75%.12 Cysts are also
a common lesion, generally asymptomatic and associated with hypertension and renal failure.13 Although none of the patients presented
with hypertension, this is a modifiable progression factor that occurs
frequently and early in TSC patients, that should have a preventive
management. In fact, hypertension and also decline in glomerular
filtration rate may occur in TSC patients, but didn’t happen in our
study. A possible explanation may be the avoidance of more invasive
procedures (such as nephrectomy or embolization), that would be an
important factor in increased risk of renal failure; further, the possible
renal damage due to mTOR inhibitors was reduced, as all patients had
normal renal function prior to drug initiation.9 As recommended by
international guidelines for TSC, mTOR inhibitors should be used in
growing angiomyolipomas larger than 3 cm in diameter, with a positive
effect in reducing their size as shown in Patient 3 of our study.10

neurodevelopmental disorders should be repeated at least annually.10
It is important to be aware of the possible side effects of mTOR inhibitors such as mouth ulcers, acne‑like skin lesions, nasopharyngitis,
hyperlipidemia and peripheral edema, as well as possible renal damage
as described before.
This study has some limitations, which includes the small number
of patients and the difficulty in accessing all the important data, since
many patients had their clinical files on paper.
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Due the multisystemic character of the disease, it requires a multidisciplinary approach, with coordination of all health professionals.
According to international guidelines, kidney and brain imaging
(abdominal and brain magnetic resonance imaging, respectively),
blood pressure measurement and kidney function evaluation, dermatologic exam and evaluation for evidence of neuropsychiatric/
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