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SHORT COMMUNICATION

Tuberous sclerosis complex (TSC) is an autosomal 
dominant neurocutaneous syndrome characterized by 
hamartomatous growths in multiple organ systems (1). 
Over 80% of patients with TSC will be diagnosed in 
early life, often secondary to presence of seizures or 
hypomelanotic macules (2). Nevertheless, there remains 
a subset where presentation is delayed until adulthood 
(3). Our prior work in a cohort of adults highlighted 
unrecognized lymphangioleiomyomatosis (LAM), a di-
sease caused by proliferation of smooth muscle-like cells 
in the lungs, kidneys, and axial lymphatics that occurs 
almost exclusively in adult women (3). Herein, we add 
the presentation of TSC in adult men to emphasize the 
unique phenotype, including multifocal micronodular 
pneumocyte hyperplasia (MMPH). Furthermore, these 
patients lacked seizures or intellectual impairment but 
still exhibited types of brain dysfunction encompassed by 
the newly coined term TSC-associated neuropsychiatric 
disorders (TAND).

METHODS
We performed a retrospective review of medical records from 
patients recruited for studies of TSC at the National Institutes 
of Health Clinical Center in Bethesda, Maryland from 1998 
to 2013. Five patients met inclusion criteria of male gender 
and diagnosis of TSC in adulthood (≥ 18 
years old) according to the most recent 
clinical diagnostic criteria (4, 5). Data 
from clinical notes and radiological 
imaging for each patient was collected. 
Written informed consent was obtained 
to protocols 00-H-0051, 95-H-0186 and/
or 82-H-0032, which were approved by 
the National Heart, Lung, and Blood 
Institute Institutional Review Board. 

RESULTS

Significant findings and age of on-
set of TSC-related lesions (when 
known) in the 5 patients are shown 
in Table I. Median age of diagno-
sis of TSC was 30 years (range 
21–43). By time of diagnosis, all 
patients had significant visceral 
disease, including bilateral renal 
angiomyolipomas (3 of 5 patients) 

and MMPH (n = 3). Three patients were affected by 
TAND, including depression (n = 2), bipolar disorder 
(n = 1) and anxiety disorder (n = 1). No patients had ac-
tive epilepsy; although, two patients reported a history 
of seizures in childhood. Additional patient history is 
presented below:
Patient 1 reported presence of angiofibromas since age 4, 
although he did not manifest a second major feature (ungual 
fibromas) until age 21, leading to TSC diagnosis. At age 28, 
he was diagnosed with bilateral renal angiomyolipomas. At 
age 52, he was diagnosed with MMPH by routine computed 
tomography (CT) scan of the chest. 
Patient 2 was diagnosed with possible TSC at age 15 after skin 
biopsy confirmed the presence of angiofibromas. After a bout of 
flank pain at age 31, ultrasound revealed bilateral renal angiomyo­
lipomas, at which time he received a TSC diagnosis. His right-
sided angiomyolipoma was treated with embolization. Chest CT 
scan performed at age 31 was initially read as “irregular nodules 
possibly consistent with scarring”, and later determined to repre-
sent MMPH. Dermatological examination confirmed the presence 
of angiofibromas and revealed subtle nail pathology (Fig. 1).
Patient 3 had two cutaneous major features present during 
his teens (angiofibromas and ungual fibromas), although not 
recognized until age 28. Past medical history was notable 
for a spontaneous pneumothorax at age 44, which prompted 
consideration of LAM. Chest CT scan failed to reveal any 
cystic changes; instead, it demonstrated scattered pulmonary 
nodules that were interpreted initially as “pulmonary metastatic 
disease”, which we determined to represent MMPH.
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Table I. Characteristics of 5 men with adult diagnosis of tuberous sclerosis complex

Pat. 
No.

Cutaneous major features 
(age manifested)

Other TSC-associated 
internal disease 
(age diagnosed)

Family 
history 
of TSC

Age of first 
cutaneous 
major feature

Age of 
diagnosis

1 Angiofibromas (4)
Ungual fibromas (21)

Angiomyolipomas (28)
MMPH (52)
Depression

Yes 4 21

2 Angiofibromas (15)
Ungual fibromas (31)

Angiomyolipomas (31)
MMPH (31)
Cortical dysplasia (31)
Anxiety

No 15 31

3 Angiofibromas (teens)
Ungual fibromas (teens)
Hypomelanotic macules 

MMPH (47)
Multiple renal cysts 

No Teens 28

4 Ungual fibromas (childhood)
Hypomelanotic macules 
(childhood)

Subependymal nodules (30) 
Nonrenal hamartoma (46)
Depression
Bipolar disorder

Yes Childhood 43

5 Angiofibromas (6)
Fibrous cephalic plaque 
(birth) Shagreen patch

Angiomyolipomas (27) No Birth 26

TSC: tuberous sclerosis complex;  MMPH: multifocal micronodular pneumocyte hyperplasia.
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Patient 4 reports presence of one (multiple hypomelanotic 
macules), if not two (ungual fibromas) cutaneous major featu-
res since childhood, and a third major feature (subependymal 
nodules) discovered at age 30. Diagnosis was made at age 43 
while participating in a family medical evaluation in response 
to a relative with seizures. Chest CT scan was unremarkable. 
Patient 5 manifested at least one and possibly two cutaneous 
major features early in life (angiofibromas/fibrous cephalic 
plaque and shagreen patch), though these features were not 
noticed until age 26. Renal ultrasound revealed bilateral renal 
angiomyolipomas; subsequently, treatment with sirolimus 2 mg 
daily was initiated. Follow-up imaging at 6 months showed a 
decrease in maximum tumor length from 15.6 cm to 12.5 cm. 
Chest CT scan was within normal limits.

DISCUSSION 

The cutaneous features most frequently apparent in these 
men were angiofibromas followed by ungual fibromas, 
which is consistent with our prior cohort of adult women 
(3). While hypomelanotic macules are the more frequent 
cutaneous presentation of TSC in children (1), they fade 
with age and are detected less frequently in older patients 
(3, 6). Congenital onset may help distinguish TSC-
related hypomelanotic macules from acquired causes of 
hypopigmentation common in adults, such as vitiligo, 
idiopathic guttate hypomelanosis, post­inflammatory 
hypopigmentation and hypopigmented scars (7). 

Skin lesions are among the most common manifesta-
tions of TSC in adult patients (3, 8). An important point 
is that absence of seizures in adult patients presenting 
with TSC­related skin findings should not dampen TSC 
consideration. Rather, seizures are not common in adult 
TSC patients (9). 

Additionally, most patients diagnosed with TSC in 
adulthood do not have profound intellectual deficits. 
Instead, they may exhibit a range of behavioral, social, 
psychiatric, and intellectual difficulties, called TAND 
(10). TAND affects many adult TSC patients including 
3 men in our cohort, and necessitates recognition, fa-
cilitated by a TAND checklist (10), and treatment. In 

addition to TAND, renal angiomyolipomas and 
pulmonary lymphangioleiomyomatosis are mani-
festations of TSC in adulthood that require proper 
management, which can include initiation of an 
oral mTOR inhibitor (11). After identifying TSC 
in Patient 5, we commenced oral sirolimus to treat 
his bilateral renal angiomyolipomas. This treatment 
effectively decreased his tumor volume, which may 
lessen hemorrhage risk, as there is evidence that 
larger angiomyolipomas are prone to bleeding (12).

MMPH is a common pulmonary manifestation 
of TSC in adulthood. It is characterized by hamar-
tomatous proliferation of type II pneumocytes that 
appear as solid or ground-glass nodules on CT scan. 
More than half of men with TSC may have MMPH 
(13); however, it is usually asymptomatic and thus 
more likely to be uncovered as part of routine or 
incidental imaging. Without knowing that someone 

has TSC, the differential diagnosis of multiple pulmonary 
nodules favors metastatic cancer (misdiagnosed in pa-
tient 3), followed by granulomas or scars (misdiagnosed 
in patient 2) (14). A patient with kidney masses, if not 
known to have TSC, may be presumed to have renal 
cell carcinoma, particularly if accompanied by MMPH 
interpreted as lung metastases, potentially resulting in 
surgical intervention for benign hamartomas. In fact, 
one of our patients was being considered for a brain 
biopsy to evaluate for a possible primary cancer before 
it was realized that he had TSC and cortical tubers. Thus, 
pinpointing subtle cutaneous features of TSC in adult 
patients is pivotal not only to uncover internal disease, 
but also to correctly attribute it to TSC.
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