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Abstract
Background—Tuberous sclerosis complex (TSC) is associated with tumor development in the
brain, retina, kidney, skin, heart, and lung. Seizures, intellectual disability, and characteristic skin
lesions commonly manifest in early childhood, but some findings, notably renal angiomyolipomas
and pulmonary lymphangioleiomyomatosis (LAM), emerge later, placing adults with undiagnosed
TSC at increased risk for morbidity and mortality.

Objective—To describe the clinical presentation and severity of TSC in adult women.

Design—Retrospective cohort study.

Setting—National Institutes of Health Clinical Center, Bethesda, Maryland, 1995 to 2010.

Patients—79 women aged 18 years or older who were enrolled in an observational cohort study
of TSC to evaluate disease manifestations.
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Measurements—History, physical examination, pulmonary function testing, chest radiography,
abdominal computed tomography, high-resolution chest computed tomography, and brain
magnetic resonance imaging were used to evaluate patients.

Results—Among the 45 patients who received a diagnosis of TSC in adulthood, 21 presented
with symptoms due to LAM, 19 with renal angiomyolipomas, and 10 with seizures. Of the 45
patients, 30 met clinical criteria for TSC in childhood that remained undiagnosed for a median of
21.5 years and 15 were older than 18 years before meeting the clinical criteria for TSC. Patients
diagnosed in adulthood and those diagnosed in childhood had similar occurrences of
pneumothorax, shortness of breath, hemoptysis, nephrectomy, and death.

Limitation—No men were included in the study, and selection was biased toward patients having
pulmonary LAM.

Conclusion—Women who received a TSC diagnosis in adulthood had minimal morbidity
during childhood but were still at risk for life-threatening pulmonary and renal manifestations.

Primary Funding Source—Intramural Research Program, National Institutes of Health,
National Heart, Lung, and Blood Institute.

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder characterized by the
development of hamartomatous tumors in many organs, most notably the brain, retina,
kidney, skin, heart, and lung. Tumor predisposition is the result of a mutation in 1 of 2 tumor
suppressor genes: TSC1 or TSC2 (1). Affected patients may present early in life with the
classic triad of seizures, intellectual disability, and cutaneous angiofibromas, but fewer than
30% have all 3 characteristics and 6% have none (2). The perception of TSC as a universally
devastating congenital disease is changing—detailed family studies, often coupled with
genetic testing, have revealed mildly affected patients, including seemingly unaffected
adults (3–6). As noted in a recent epidemiologic study conducted in Northern Ireland,
recognition of TSC in a parent after an affected child receives the diagnosis is not
uncommon (7). In the study, nearly 20% of the patients with TSC received their diagnosis
after age 15 years, most commonly after TSC was identified in an offspring (7). In a cohort
of 243 patients with TSC, 12% received their diagnosis in adulthood (8). This complex is
more common than previously reported, with a minimum prevalence of about 1 case in 15
000 to 30 000 persons (7, 9–13).

Although most TSC manifestations appear during early childhood, morbidity and mortality
from TSC-related pulmonary and renal disease predominate in adults (14, 15).
Lymphangioleiomyomatosis (LAM) is a cystic lung disease that affects approximately 30%
to 40% of adult women with TSC (15–19). It may present as pneumothorax, shortness of
breath, or hemoptysis and can cause respiratory failure and death. Pulmonary LAM is rare in
men, but renal tumors occur in both men and women with TSC. Angiomyolipomas and renal
cysts have been observed in 75% and 32%, respectively, of patients with TSC who are older
than 22 years (20). Angiomyolipomas can occur in the general population, but patients with
TSC are more likely to have multiple or bilateral lesions that present at a younger age than
those with sporadic renal tumors (21, 22). Renal disease commonly manifests as hematuria,
flank pain, palpable mass, and hemorrhage and is a leading cause of death in this patient
population (21, 23).

Patients with TSC should be regularly monitored for new or worsening organ involvement,
because early intervention may reduce morbidity and mortality (24). Transcatheter
embolization of renal angiomyolipomas preserves kidney function and decreases the risk for
hemorrhage or need for subsequent surgery (25). Sirolimus treatment is associated with
improved pulmonary function (26, 27), a reduction in the size of renal angiomyolipomas
(26), chylous effusions (see accompanying article in this issue by Taveira-DaSilva and

Seibert et al. Page 2

Ann Intern Med. Author manuscript; available in PMC 2012 June 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



colleagues [28]), and LAM (28). Everolimus treatment decreases the size of subependymal
giant cell astrocytomas in patients with TSC (29).

Recent advances in the treatment of TSC highlight the need to identify and follow affected
patients. Little, however, is known about the clinical characteristics and severity of TSC
when it presents in adults. Whether patients diagnosed in adulthood exhibit the same
findings as those of patients diagnosed in childhood, or whether they exhibit only those
characteristics that commonly emerge later in life, is unclear. The purpose of this study was
to determine the clinical presentation and severity of TSC in adult women.

METHODS
Patients

This retrospective cohort study was conducted at the National Institutes of Health Clinical
Center, Bethesda, Maryland. Patients were referred by physicians, were self-referred, or
were referred through the Tuberous Sclerosis Alliance or the LAM Foundation. They were
enrolled in 2 pulmonary LAM protocols: 95-H-0186, which explores factors involved in the
pathogenesis of LAM, and 96-H-0100, which examines the role of genetic factors in lung
disease. At the initial visit, 21 women with LAM enrolled in protocol 95-H-0186, 31 women
with TSC enrolled in protocol 96-H-0100, and 27 women enrolled in both protocols.
Patients were known to have either LAM or TSC or both conditions at enrollment. Inclusion
criteria were age 18 years or older and being capable of providing written informed consent,
which was obtained from all patients at enrollment. Because pulmonary LAM is rarely
diagnosed in men, all patients in this study were women. An additional 19 patients with TSC
and LAM were excluded from this study because of incomplete data for 3 or more major
criteria of TSC.

At enrollment, patients were evaluated for TSC diagnostic criteria comprising major and
minor features (Table 1) (30). They were admitted for clinical history, physical examination,
pulmonary function testing, chest radiography, abdominal computed tomography, high-
resolution computed tomography of the chest (28), and brain magnetic resonance imaging
(31). Diagnosis of TSC was based on the presence of at least 2 major or 1 major and 2 or
more minor diagnostic features (30). Patient-reported history, confirmed by medical records
and referral letters when available, was used for age at diagnosis and age at onset of TSC-
related symptoms or signs. The age when patients reported manifesting at least 2 major or 1
major and 2 or more minor features was considered the age of TSC penetrance. To evaluate
for progression of TSC-related disease, we gave patients the opportunity to return every 6 to
12 months. At return visits, patients had a physical examination, pulmonary function testing,
and the other tests described depending on symptoms or disease severity.

Statistical Analysis
We divided patients into 3 groups based on their age at TSC diagnosis and penetrance:
childhood diagnosis (penetrance in childhood; diagnosis at age <18 years), delayed
diagnosis (penetrance in childhood; diagnosis at age ≥18 years), or adult penetrance
(penetrance and diagnosis at age ≥18 years).

Three patients could not be assigned to a group because of unclear history of penetrance or
diagnosis. They were excluded from further analysis, leaving a final sample size of 76
patients. We compared characteristics of the 3 groups, including total numbers of major
features and presence or absence of specific findings, by using SPSS Statistics, version 19
(IBM Software, Somers, New York), to calculate analysis of variance, nonparametric
analysis of variance (Kruskall–Wallis test), and chi-square statistics as appropriate.
Significant differences among the 3 groups (P < 0.05) were followed by comparisons
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between pairs of groups by using independent samples t, Mann–Whitney, or chi-square tests
as appropriate.

Role of Funding Source
This research was funded by the Intramural Research Program, National Institutes of Health,
National Heart, Lung, and Blood Institute, and the Congressionally Directed Medical
Research Programs. The funding sources had no role in the design, data collection, storage,
analysis, drafting of the report, or decision to publish the manuscript.

RESULTS
The 79 patients were between 20 and 69 years of age, and all had multiple diagnostic criteria
for TSC at enrollment (Table 1). Most patients had skin and dental lesions characteristic of
TSC, including facial angiofibromas or forehead plaques, ungual fibromas, hypomelanotic
macules, shagreen patches, and dental pitting (Figure 1, A to F). Angiomyolipomas (Figure
1, G) and LAM (28) were observed in 90% and 81% of patients, respectively. More than
80% of patients had cortical tubers (Figure 1, H), but only 52% (41 of 79 patients) had a
history of seizures. Subependymal nodules (Figure 1, I), subependymal giant cell
astrocytomas, multiple retinal nodular hamartomas, and cardiac rhabdomyomas were less
frequent (Table 1). Twenty of 74 (27%) patients had a positive family history of TSC.

The age at TSC diagnosis ranged from 0 to 67 years. Diagnosis during childhood and
adulthood was made in 31 (41%) and 45 (59%) patients, respectively. Of patients with TSC
diagnosed in adulthood, 30 (66%) reported having clinical features that fulfilled diagnostic
criteria for TSC during childhood (Table 2), but the diagnosis was delayed by a median of
21.5 years. The remaining 15 (33%) had insufficient diagnostic criteria for TSC during
childhood, but clinical features sufficient for diagnosis were apparent at a median age of 35
years. Patients with TSC diagnosed in childhood tended to be younger at enrollment but had
had TSC features for much longer than those with adult penetrance. The median follow-up
was 3 years (Table 2).

Patients in whom diagnosis was delayed were similar to those with TSC diagnosed in
childhood. Frequencies of a positive family history (Table 2), major and minor criteria at
enrollment (Appendix Table, available at www.annals.org), or morbidity and mortality
(Table 3) did not significantly differ. Only 7 (23%) patients in the delayed diagnosis group
had seizures at the time of TSC diagnosis, whereas 17 (55%) in the childhood diagnosis
group presented with seizures (Table 4). These patients were more likely to present with
LAM and renal angiomyolipomas at the time of TSC diagnosis than those with TSC
diagnosed in childhood (Table 4).

Patients with adult penetrance differed from the other 2 groups. At enrollment, they had
statistically significantly fewer major criteria, mostly because of lower frequencies of
angiofibromas or forehead plaques, ungual fibromas, hypomelanotic macules, and shagreen
patches (Appendix Table). Fewer patients in the adult penetrance group reported skin lesions
at the time of TSC diagnosis (Table 4). Skin manifestations appeared later in life in patients
with adult penetrance. Six patients had no skin manifestations and 9 had only 1 skin
manifestation before age 18 years, whereas all those with TSC diagnosed in childhood had 1
or more skin manifestations before age 18 years. Median ages at onset of angiofibromas in
the childhood diagnosis, delayed diagnosis, and adult penetrance groups were 5, 7, and 21.5
years, respectively. Patients with adult penetrance were less likely to present with seizures
and more likely to present with LAM or angiomyolipomas at the time of TSC diagnosis than
those with TSC diagnosed in childhood (Table 4).
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Seizures usually presented during the first 5 years of life, but 8 of 79 (10%) patients reported
their first seizures in adulthood. Most patients had complex partial seizures, and 5 had
infantile spasms. Twenty-nine percent of the patients were taking anticonvulsants at the time
of enrollment, although several more reported having taken them in the past.

Pulmonary complications included shortness of breath, pneumothorax, and hemoptysis, with
no significant differences among the 3 groups. In patients with LAM, the mean FEV1 was
82% predicted (SD, 28% predicted) and diffusing capacity of the lung for carbon monoxide
was 80% predicted (SD, 26% predicted), with no significant differences among the 3
groups. Two patients had pulmonary transplants (Table 3).

Renal complications included hemorrhage, pain, hematuria, and renal insufficiency, which
were treated with partial or total nephrectomy, embolization, and renal transplantation
(Table 3). Bilateral angiomyolipomas occurred in 61 of 71 patients, and 1 woman had renal
cell carcinoma.

Ten patients died during the study (Table 3). Two deaths were due to respiratory failure (1
after pulmonary hemorrhage and 1 after pneumothorax), and 1 each were from
complications after lung transplantation, pulmonary embolus, and complications from
obstruction of a ventriculoperitoneal shunt. Five patients died of unknown causes. In the 5
patients with an attributable cause of death, the time between onset of symptoms and death
was 2 to 7 years after onset of pulmonary symptoms and 20 years after onset of central
nervous system symptoms for the patient with an obstructed shunt.

DISCUSSION
This study shows that the clinical presentation of TSC in adults differs from the typical
presentation in children. Women with TSC diagnosed in adulthood frequently presented
with pulmonary LAM or renal angiomyolipomas, but they, as shown in other studies of
adults with TSC (32), were less likely to have seizures or had seizures later in life (8, 33).
Most of the patients in this study had no family history of TSC at the time of diagnosis,
which is consistent with the observation that TSC occurs sporadically in about two thirds of
patients (34). We propose that TSC should be considered in an adult with any one of the
following: bilateral or multiple renal angiomyolipomas, LAM, or TSC-associated skin
lesions even in the absence of seizures, intellectual disability, or an affected family member.
Patients who present with apparently “mild” TSC during childhood are still at risk for life-
threatening manifestations later in life. A delay in diagnosis precludes monitoring for early
tumor formation, delays treatment, and hinders patients from making informed decisions
regarding childbearing.

All but one of the women who had a delayed diagnosis had skin lesions characteristic of
TSC that developed in childhood and, in some cases, were well-documented in their medical
records. Imaging studies to reveal other manifestations were typically not done during
childhood in this group of women, possibly because they did not have ongoing seizures or
obvious intellectual disability. Some women eventually received a diagnosis of forme fruste
TSC (35, 36) in the mistaken belief that they had a TSC variant that manifested as only skin
lesions.

Our results indicate that sufficient criteria for diagnosis may not manifest until adulthood in
patients with TSC (Figure 2). These women with adult penetrance tended to have fewer
major criteria than adults diagnosed in childhood. Throughout childhood, they expressed no
diagnostic features or had a single subtle skin manifestation. The onset of angiofibromas
was delayed, often until adulthood. Possible explanations for delayed penetrance include
mutations associated with a mild phenotype (4), mosaicism (37), and effects of modifier
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genes (38). Polymorphisms in modifier genes may affect disease severity differently for
each organ, and it is possible that modifier genes, which reduced the severity of skin and
brain disease during childhood, do not mitigate adult renal and pulmonary manifestations in
these adult women.

Our study had several limitations. The patients were referred to a tertiary care research
center for studies of pulmonary disease, so they differ from the general population with TSC
by being biased toward women with LAM. Among the women with mild TSC in childhood,
there may be referral bias toward those who developed more severe disease later in life.
Patients were capable of providing informed consent, reducing the numbers of patients with
more severe involvement of their central nervous system and probably contributing to the
lower frequency of seizures in this study sample than in other TSC studies (32). The data on
age at onset were self-reported and retrospective.

Most of our patients had not been tested for mutations in TSC1 or TSC2, but DNA testing is
now commercially available and may permit earlier diagnosis, even before patients meet
clinical diagnostic criteria (5). A negative genetic test result does not exclude the possibility
of TSC, because no mutation is identified in approximately 15% of patients who fulfill
diagnostic criteria for TSC (39). Additional support for the diagnosis can be obtained by
examining the patient for TSC manifestations that are not part of the current consensus
criteria. These include intraoral fibromas at nongingival sites, such as the buccal or labial
mucosa and tongue (40); inconspicuous nail findings, such as red comets (partially
blanchable, longitudinal red streaks in the nails) (41); and sclerotic bone lesions observed
during computed tomography of the chest, abdomen, and pelvis (42).

Once TSC is diagnosed, a management and surveillance plan should be implemented.
General monitoring guidelines for patients with TSC include high-resolution computed
tomography of the chest in asymptomatic women at age 18 years and again at age 30 to 40
years or more frequently in male or female patients with respiratory symptoms (43); periodic
imaging studies of the brain and kidneys in male and female patients; and evaluation of
other organ systems as indicated by symptoms (24). In addition to the surgical interventions
available for treating TSC tumors, the potential utility of the mammalian target of rapamycin
inhibitors for treating TSC-related tumors has been demonstrated in recent trials (26–29).

Although TSC has been considered a disease that causes clinically significant morbidity in
childhood, our data revealed that some patients with TSC either remain without the
diagnosis or do not present with symptoms until later in life. Patients whose symptoms
manifest in adulthood may have a remote or no history of seizures and minimal to no skin
lesions but can harbor potentially fatal tumors in their lungs or kidneys. An early and
accurate diagnosis of TSC is important to minimize the serious morbidity that often
accompanies the disease.
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Context

Tuberous sclerosis complex (TSC) is commonly recognized by the occurrence of skin
lesions or seizures during childhood. Hamartomatous tumors may damage several other
organs later in life, although the clinical picture of adults with TSC is not well-described.

Contribution

This observational study found that most adult women with TSC had diagnostic findings
that remained unrecognized during childhood. In other patients, disease manifestations
sufficient for diagnosis were not present until adulthood. Despite the absence of seizures
or skin lesions in many adults with TSC, life-threatening pulmonary and renal
complications were often present.

Caution

The cohort was derived from a study evaluating lymphangioleiomyomatosis; therefore,
pulmonary manifestations may have been more common than in other TSC populations.

Implication

The presentation or diagnosis of TSC may be delayed until adulthood.

—The Editors
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Figure 1. Major and minor diagnostic features of tuberous sclerosis complex in adult women
A. Multiple facial angiofibromas, often scattered symmetrically across the nose and cheeks
and concentrated in the nasal groove. B. Forehead plaque, pink to red-brown fibrous plaques
that can be located anywhere on the face or scalp, with adjacent white scar from skin biopsy.
C. Ungual fibromas, emerging from around or under the nail and more common on the toes
than fingers. D. Hypomelanotic macules, with a polygonal or ash-leaf shape, under
fluorescent lighting (left) and accentuated with a Wood lamp (right). E. Shagreen patch, a
connective tissue nevus usually situated on the lower back. F. Dental pitting, pinpoint to
crater-like defects in the enamel. G. Computed tomography scan of multiple renal
angiomyolipomas in the left kidney in a patient after right nephrectomy. H. Magnetic
resonance image of multiple cortical tubers, including a large cortical tuber in the left
parietal lobe (arrow). I. Magnetic resonance image of multiple cortical tubers, calcified
subependymal nodules (arrows).
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Figure 2. Clinical characteristics of tuberous sclerosis complex with early or late penetrance
The estimated frequencies of findings (0% to 100%) over time are represented by the filled
areas. Patients with tuberous sclerosis complex diagnosed in childhood (dark green)
typically experience onset of multiple manifestations of the disease in the first 5 years.
Patients with adult penetrance (light green) do not meet clinical criteria for diagnosis in
childhood and have lower frequencies of brain and skin involvement in adulthood. The
substantial variations in disease severity between patients or the potential for changing
disease severity over time for 1 patient are not indicated. Patients at risk for a delay in
diagnosis (not shown) have childhood penetrance but minimal illness in childhood.
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Table 1

Diagnostic Criteria of Tuberous Sclerosis Complex for 79 Adult Women at Enrollment*

Criterion Patients, n (%)

Major features

 Facial angiofibromas or forehead plaque 73 (92)

 Nontraumatic ungual or periungual fibroma 63 (80)

 Hypomelanotic macules (≥3) 55 (70)

 Shagreen patch (connective tissue nevus) 50 (63)

 Multiple retinal nodular hamartomas 9/54 (17)†

 Cortical tuber 65 (82)

 Subependymal nodule 31 (39)

 Subependymal giant cell astrocytoma 3 (4)

 Cardiac rhabdomyoma, single or multiple 2/54 (4)†

 LAM 64 (81)

 Renal angiomyolipomas 71 (90)

Minor features

 Multiple randomly distributed pits in dental enamel 66/75 (88)†

 Hamartomatous rectal polyps 4/48 (8)†

 Bone cysts ND

 Cerebral white matter migration lines ND

 Gingival fibromas 33/76 (43)†

 Nonrenal hamartoma ND

 Retinal achromic patch 3/54 (6)†

 “Confetti” skin lesions 20 (25)

 Multiple renal cysts 24 (30)

LAM = lymphangioleiomyomatosis; ND = not done.

*
Tuberous sclerosis complex was confirmed in patients with ≥2 major features or 1 major and ≥2 minor features. The presence of LAM and renal

angiomyolipomas in the same patient was counted as 1 major feature for diagnosis, because they occur together in sporadic LAM.

†
Data were unavailable for some patients (total number is the denominator).
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