ARTICLES

Tuberous Sclerosis Complex: Diagnostic Challenges,
Presenting Symptoms, and Commonly Missed Signs

AUTHORS: Brigid A. Staley, MPH, Emily A. Vail, MD, and
Elizabeth A. Thiele, MD, PhD

Department of Neurology, Massachusetts General Hospital,
Boston, Massachusetts

KEY WORDS
tuberous sclerosis complex, diagnosis, epilepsy, seizures,
neurocutaneous disorders

ABBREVIATIONS

TSC—tuberous sclerosis complex
SGCT—subependymal giant cell tumor
NMF—no mutation identified

Dr Vail and Ms Staley contributed equally to this work.
www.pediatrics.org/cgi/doi/10.1542/peds.2010-0192
doi:10.1542/peds.2010-0192

Accepted for publication Sep 20, 2010

Address correspondence to Elizabeth A. Thiele, MD, PhD, Herscot
Center for Tuberous Sclerosis Complex, 175 Cambridge St, Suite
340, Boston, MA 02114. E-mail: ethiele@partners.org

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2011 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

Funded by the National Institutes of Health (NIH).

PEDIATRICS Volume 127, Number 1, January 2011

WHAT’S KNOWN ON THIS SUBJECT: Tuberous sclerosis complex\
(TSC) is an autosomal dominant neurocutaneous disorder that is
clinically diagnosed. Diagnosis of TSC may be difficult because no
single symptom is present in all patients, and none are absolutely
pathognomonic.

WHAT THIS STUDY ADDS: Presenting symptoms and signs of TSC
according to age group, missed symptoms, and signs that did not
lead to diagnosis are described. Early diagnosis may reduce
morbidity and mortality in patients with TSC. j

OBJECTIVE: To describe presenting symptoms and signs according to
age group in a cohort of 243 patients with tuberous sclerosis complex
(TSC) and identify earlier symptoms and signs that did not lead to
immediate diagnosis.

PATIENTS AND METHODS: We performed a retrospective chart review
for 278 patients with TSC who were examined at Children’s Hospital
Boston in Massachusetts and at the Herscot Center for Tuberous Scle-
rosis Gomplex, Massachusetts General Hospital. The presenting symp-
tom or sign was the first symptom or sign to cause suspicion for TSC
and lead to diagnosis. Missed symptoms or signs were those that were
documented in the patient’s chart but did not immediately lead to
diagnosis.

RESULTS: There were 243 patients for whom there were sufficient data
for inclusion in this study. Patients were diagnosed with TSC at ages rang-
ing from birth to 73 years. The average age at diagnosis was 7.5 years. Of
the patients, 81% were diagnosed before the age of 10. Diagnosis during
adolescence and adulthood was not uncommon. The most common pre-
senting symptoms and signs included new onset of seizures, history of
seizures, infantile spasms, family history of TSC, cardiac rhabdomyomas,
and hypopigmented macules. Of the patients, 39% reported missed symp-
toms or signs of TSC, most commonly seizures (including infantile spasms)
and dermatologic features.

CONCLUSIONS: Many patients had symptoms or signs of TSC that did
not lead to immediate diagnosis. Clinicians should be aware of the
myriad potential presenting symptoms and signs of TSC. Early diagno-
sis may reduce morbidity and mortality. Pediatrics 2011;127:
e117—e125
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Tuberous sclerosis complex (TSC) is
an autosomal dominant, multisystem
disorder characterized by the forma-
tion of hamartomas in multiple organ
systems, most commonly the brain,
skin, kidney, and eye.! Incidence of TSC
is estimated to be 1in 6000.23 TSC can
be caused by mutations in either of
2 tumor-suppressor genes, TSGT or
T1SC2* although mutations cannot be
identified in ~15% of cases. In up to
two-thirds of patients there is no pa-
rental history of TSC, which signifies
a high rate of spontaneous muta-
tion.® Phenotype is highly variable,
even among patients with identical
mutations.b

Diagnosis of TSC may be difficult be-
cause no single symptom is present in
all patients, and none are absolutely
pathognomonic.” Currently, clinical
criteria defined by the Tuberous Scle-
rosis Consensus Conference in 1998
are used to diagnose TSC (Table 1).8
Definite TSC is diagnosed when either 2
major features or 1 major and 2 minor
features are present.

Neurologic manifestations of TSC were
first described by D. M. Bourneville in
1880, and were later associated with
clinical signs by H. Vogt in 1908. Vogt
described what is commonly known
as the “classic triad” of symptoms in
TSC: seizures; mental retardation; and
adenoma sebaceum (angiofibromas) ®
However, studies have demonstrated
that the triad occurs in only 29% of
patients with TSC, and 6% lack all 3
symptoms.'0

Some presentations of TSC, such as
neonatal infantile spasms with hypop-
igmented macules, are widely recog-
nizable and frequently lead to diagno-
sis." However, some features of TSC
remain entirely asymptomatic,” such
as bone lesions; whereas others ap-
pear, grow, and regress over time,'213
such as cardiac rhabdomyomas and
renal cysts, which reduce the likeli-
hood of detection and diagnosis. This
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TABLE 1 Diagnostic Criteria for TSC

Major features
Facial angiofibroma or forehead plaque
Nontraumatic ungula or periungual fibroma
Hypopigmented macules (>3)
Shagreen patch (connective tissue nevus)
Multiple retinal nodular hamartomas
Cortical tubera
Subependymal nodule
SGCT
Cardiac rhabdomyomas, single or multiple
Lymphangioleiomyomatosis®
Renal angiomyolipomaP®
Minor features
Multiple randomly distributed pits in dental
enamel
Hamartomatous rectal polyps¢
Bone cystsd
Cerebral white matter migration lines2d
Gingival fibromas
Nonrenal hamartoma®
Retinal achromic patch
Confetti skin lesions
Multiple renal cysts®

Definite TSC indicates either 2 major features or 1 major
feature plus 2 minor features; probable TSG, 1 major plus
1 minor feature; suspect TSC, either 1 major feature or 2
or more minor features.

2When cerebral cortical dysplasia and cerebral white-
matter migration tracts occur together, they should be
counted as 1 rather than 2 features of TSC.

5When both lymphangioleiomyomatosis and renal angio-
myolipomas are present, other features of TSC should be
present before a definite diagnosis is assigned.

¢ Histologic confirmation is suggested.

d Radiographic confirmation is sufficient.

Adapted from Roach ES, Gomez MR, Northrup H. J Child
Neurol. 1998;13(12):624—628.

is particularly important in mildly af-
fected children because many cere-
bral and dermatologic features of TSC
may not be present or readily appar-
ent in early life."" Many patients with
TSC are not diagnosed until adulthood.
It is not uncommon for a parent to be
diagnosed only after the birth of a
more severely affected child."

Manifestations of TSC, including sei-
zures,’ subependymal giant cell
tumor (SGCT),'® renal failure,” and
lymphangioleiomyomatosis'* can con-
tribute to morbidity and mortality.
However, many of these health risks
can be minimized by early diagnosis of
TSG, lifelong monitoring, and proactive
treatment.’0

We examined age at diagnosis, pre-
senting symptoms, and missed earlier

signs in 243 patients with TSC. Our aim
was to elucidate the role of diagnosis
in the natural history of TSC.

PATIENTS AND METHODS

We performed a retrospective chart
review of 278 patients examined by Dr
Elizabeth A. Thiele at Children’s Hospi-
tal Boston between January 1999 and
January 2002 and at the Carol and
James Herscot Center for Tuberous
Sclerosis Complex at Massachusetts
General Hospital between January
2002 and March 2008.

Patients receive complete clinical eval-
uation during the initial visit at the Her-
scot Center unless the results of re-
cent outside studies are available.
Clinical evaluation includes brain and
abdominal imaging, ophthalmologic
examination, echocardiogram and ECG,
and detailed skin examination.

Approximately half of the patients seen
at the Herscot Center are adults, and
not all meet clinical criteria for TSC.
Although the Herscot Center is man-
aged by a pediatric neurologist, re-
ferred patients with suspected TSC
may have any symptoms or signs of
TSC. Therefore, patients with TSC who
were seen at the Herscot Center are
representative of all patients with TSC.
Patients were excluded from the study
if there were no available data for age
at diagnosis or presenting symptoms
or signs.

The presenting symptom or sign was
defined as the first symptom or sign to
cause suspicion for TSC and lead to
diagnosis. If there were 2 or more si-
multaneous presenting symptoms or
signs, they were all counted. Infantile
spasms, new onset of seizures, and a
history of seizures were differentiated
as separate presenting symptoms.
History of seizures was defined as sei-
zure onset occurring at least 6 months
before TSC diagnosis. Earlier missed
symptoms or signs were defined as
symptoms or signs of TSC that were
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life. There were 197 (81%) patients
diagnosed before the age of 10. Diag-
nosis during adolescence and adult-
hood was not uncommon.

Genotype

There were 199 (82%) patients who un-
derwent genetic mutational analysis,
and 198 results were available for in-
clusion in this study (Table 3). Patients
with a TSC2 mutation were diagnosed,
on average, 9 years before those with
TSC1 mutations, and 11 years before
those without identifiable mutations.
Presenting symptoms and signs varied
by genotype (Table 4).

Presenting Symptoms

Prenatal: 0 to 1 Week

There were 22 patients (9%) diag-
nosed during the first week of life; 17
showed signs of TSC in utero, but none
satisfied criteria for diagnosis until af-
ter delivery. Patients diagnosed during
the first week of life were most likely to
present with 1 or more cardiac rhab-
domyomas, most of which were
asymptomatic. There were 16 who had
cardiac rhabdomyomas first detected
by prenatal ultrasound between 17
and 33 weeks; 2 were observed in the
setting of fetal arrhythmia. Prenatal
imaging revealed a SGCT in 1 patient,
and cortical tubers in another with a
known family history of TSC.

Five infants seemed normal during
gestation but presented with symp-
toms of TSC shortly after birth. One
presented with seizures in the first
hour of life. Three presented with

symptoms associated with cardiac rh-
abdomyomas within 3 days. One was
asymptomatic, but underwent diag-
nostic evaluation at birth because of a
family history of TSC.

Early Infancy: 1 Week to 6 Months

There were 69 patients (28%) diag-
nosed within the first 6 months of life,
most of whom presented with a new
onset of seizures or infantile spasms.
One patient had partial onset of sei-
zures before onset of infantile spasms.
Several patients underwent diagnostic
evaluation because of family history of
TSC.

Cardiac rhabdomyomas and hypopig-
mented macules also led to diagnosis.
More unusual presentations included
cases of polycystic kidney disease, gin-
gival fibromas, and symptomatic reti-
nal hamartoma. Cortical tubers and
subependymal nodules were detected
in a 4-month-old girl after her parents
observed left hemineglect.

Late Infancy: 6 Months to 1 Year

There were 32 patients (13%) diag-
nosed in the second 6 months of life.
Most common presenting symptoms
and signs included new onset of sei-
zures, infantile spasms, and hypopig-
mented macules. Two presented with
partial onset of seizures and infan-
tile spasms. Two presented with new
onset of seizures and hypopig-
mented macules. One presented with
a family history of TSGC, hypopig-
mented macules, and new onset of
seizures.

TABLE 5 Age at Diagnosis of TSC According to Genotype

Mutation N Age at Diagnosis, y
Mean (SE) Median ~ Minimum Maximum 25th 75th
Percentile Percentile

TSG1 51 12.6 (2.3) 45 0 63 2 15
TSC2 115 3.5(0.8) 0.5 0 73 0.2 1.8
None identified 32 15.5 (3.3) 4.75 0 58 0.6 35
Results pending 1 0.1 — — — — —
Total tested 199 — — — — —
Not tested 44 6.4 (2.3) 0.9 0 58.4 0.5 5.8
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Cases of earlier missed symptoms or
signs included 3 with suspected devel-
opmental delay, 2 with hypopigmented
macules, 3 with history of infantile
spasms, and 1 whose seizures were
noted only in hindsight. In 2 cases of
infantile spasms and 3 cases of sei-
zures, TSC diagnosis was delayed for
undocumented reasons. In another
case of onset of infantile spasms at the
age of 3 months, the spasms were ini-
tially thought to be behavioral or re-
lated to milk formula. TSC was not di-
agnosed until the age of 9 months
because of hypopigmented macules
and calcifications seen on brain MRI.
One infant was treated pharmacologi-
cally for hypertension during the neo-
natal period before renal cysts were
detected at the age of 5 months.

Early Childhood: 1 to 5 Years

There were 51 patients (21%) diag-
nosed in early childhood. New onset of
seizures was the most common pre-
senting symptom, leading to diagnosis
in 27 cases, including 1 in which sei-
zures were observed during a sleep
study for night terrors. History of sei-
zures led to diagnosis in 12 children,
including 1 with a history of infantile
spasms and partial onset of seizures.
Dermatologic features were also com-
mon presenting signs.

In 7 children, developmental delay was
observed by parents or physicians be-
fore TSC diagnosis. Four children had
previously noted cardiac rhabdomyo-
mas. In 3, rhabdomyomas were ob-
served prenatally or at birth, but those
children did not initially meet sufficient
criteria for diagnosis. In the fourth, car-
diac rhabdomyoma was seen on a chest
radiograph at the age of 2 in the setting
of anupper respiratory infection, but itis
unclear why diagnosis of TSC was de-
layed for another 2.5 years.

Late Childhood: 6 to 10 Years

There were 23 patients (10%) diag-
nosed in late childhood, most com-
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TABLE 5 Missed Earlier Symptoms and Signs of TSC in Patients Diagnosed in Adulthood (N = 30)

Patient  FHa Sz IS¢ (CT¢  SEN®e  SGCT

AFf HPMe  PUF"  SP" FPP AMLk RC' LAM™

MMPH" ~ RH°  DPP  8T@ Total Missed

Symptoms/Signs
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N O = = =4 O = N = NNAPNOD - NPAN-—ODO = = = U NWNOO —

“1” indicates presence of symptom or sign.

a Family history of TSC or family with symptoms of TSC.
b Seizures (not including infantile spasms).
¢Infantile spasms.

d Cortical tuber(s).

e Subependymal nodule(s).

TFacial angiofibromas.

& Hypopigmented macules.

h Periungal fibroma(s).

i Shagreen patch.

I Forehead plaque.

kRenal angiomyolipoma(s).

I'Renal cyst(s).

™ Lymphangioleiomyomatosis.

" Multifocal micronodular pneumocyte hyperplasia.
° Retinal hamartoma(s).

P Dental pits.

d Supraventricular trachycardia.

tion because of newly diagnosed fam-
ily members, or a known family history
of TSC.

Only 7 adults were diagnosed at the
first presentation of TSC symptoms or
signs. The remaining 23 had symptoms
or signs years before being diagnosed
(Table 5). Four had family histories of
known or suspected TSC. Eight had re-
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ceived previous treatment for derma-
tologic and/or renal symptoms. Three
had MRIs that revealed neurologic
manifestations consistent with TSC
during evaluation for other symptoms.
0f the 23 patients with missed earlier
symptoms or signs, only 5 reported
that the possibility of TSC had been
mentioned by a clinician.

0f these patients, 11 had a history of
seizures, including 1 with both infan-
tile spasms and seizures, but seizure
history raised suspicion for TSG in only
2. One patient with a history of sei-
zures in early childhood was diag-
nosed with TSC after seizures re-
emerged at the age of 21. Three with
no previous seizures were diagnosed



when onset occurred in adulthood.
The latest observed onset of seizures
was in a 45-year-old woman who had
no other symptomatic or cutaneous
manifestations.

Earlier Missed Symptoms or Signs

There were 95 patients (39%) in which
earlier-reported manifestations of TSC
did not lead to diagnosis. Of these, 24
had 2 or more symptoms or signs.

Seizures (including new onset, history
of seizures, and infantile spasms)
were the most commonly missed ear-
lier symptom of TSC and were noted in
46 (19%) patients. In these cases, sei-
zures were treated for periods of time
that ranged from 6 weeks to 36 years
before TSC diagnosis.

Infantile spasms preceded TSC diagno-
sisin 15 (6%) cases. In 9, spasms were
diagnosed at onset. In 1, spasms were
not recognized until 4 months after on-
set. In 5, spasms were not initially
diagnosed, but were retrospectively
characterized as such years later.

Dermatologic features did not lead to
TSC diagnosis in 22 (9%) patients and
were frequently present with other
signs of TSC. Developmental delay had
been noted in 16 of these patients, 1
of whom was diagnosed with cere-
bral palsy until the appearance of an-
giofibromas in late childhood. Other
missed earlier signs included car-
diac rhabdomyoma, renal angiomyo-
lipoma, family history of TSC, SGCT,
and multifocal micronodular pneu-
mocyte hyperplasia.

DISCUSSION

Genetically tested patients with a 7SC2
mutation were diagnosed, on average,
9 years before patients with a TSCT1
mutation and 11 years before those
with no mutation identified (NM)). Ear-
lier diagnosis of patients with 7SC2
mutation may have been a result of the
associated phenotype, which generally
includes a greater number and sever-
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ity of symptoms than phenotypes asso-
ciated with TSC7 mutation and NM/*18
Patients with a TSC2 mutation were
more likely to present with infantile
spasms, developmental delay, or an-
giofibromas than were patients with a
TSCT mutation or NMI. Patients with a
TSCT mutation were more likely to
present with a family history of TSC or
hypopigmented macules than were pa-
tients with TSC2 mutation or NMI, and
were less likely to present with cardiac
rhabdomyomas. Patients with NM/
were more likely to present with renal
angiomyolipomas than those with
identified mutations. The only case of
presentation with lymphangioleiomyo-
matosis was a patient with NMI.

Disease-causing mutations have been
identified in patients with TSC before
appearance of symptoms. Diagnostic
criteria of TSC should be revised to in-
clude disease-causing mutations.' Ge-
netic testing can facilitate early diag-
nosis, especially in patients with a
family history of TSC. However, be-
cause mutations cannot be identified
in ~15% of TSC cases,® lack of identifi-
able mutation should not preclude
additional investigation for TSC. Pa-
tients with NM/ may be more likely to
have certain symptoms, such as lym-
phangioleiomyomatosis,? which re-
quires careful monitoring.

A previous study of 73 patients with
TSC demonstrated that 25% were not
diagnosed after first appearance of
symptoms.?' In this study, 95 records
(39%) reported earlier symptoms or
signs that were missed. Seizures were
the most commonly missed symptom,
and were noted in 19% of patients.

Although seizures were the most com-
monly missed symptom, seizures
(other than infantile spasms) were
also the most common presenting
symptom (47%). This finding is slightly
lower than that of a previous study,®
but the authors did not differenti-
ate between seizures and infantile
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spasms. Both studies suggest that sei-
zures are the most common present-
ing symptom of TSC.?2 Patients with
TSC have an 84% lifetime risk of sei-
zures, which typically begin early in
life’ and may change in semiology
with age.''% Prenatal seizures'™ and
onset of epilepsy in adolescence'® and
adulthood®™ have been reported in TSC.
In this study, prenatal seizures oc-
curred in 1 patient. Newly emergent
seizures occurred in patients as old as
45. Patients with TSC and refractory
seizures are at higher risk for cogni-
tive impairment,’®2* and early and ef-
fective treatment of seizures may im-
prove prognosis.2

Infantile spasms are a common pre-
senting symptom of TSC, and 13% of
patients in this study were diagnosed
because of their emergence. Infantile
spasms are generalized myoclonic sei-
zures typically characterized by hyp-
sarrhythmia on EEG. They are seen in
one-third to two-thirds of children with
TSC."20 In some series, 20% to 25% of
cases of infantile spasms are associ-
ated with TSC.% Infantile spasms may
precede, follow, or coexist with other
types of seizures, and often begin be-
tween 4 and 6 months of age." The ear-
liest case of infantile spasms in this
study was diagnosed at the age of 2
months, but parents reported onset at
a few weeks after birth. The latest re-
ported onset was at 10 months. Infan-
tile spasms are a risk factor for poor
cognitive development in TSC.2” Imme-
diate identification and treatment are
necessary to reduce seizure frequen-
cy? and risk of cognitive impairment.2®

Cardiac rhabdomyomas were a pre-
senting sign in 12% of all patients, and
in 30% of patients who were diagnosed
before the age of 6 months. Prenatal
cardiac rhabdomyomas are frequently
the first detectable manifestation of
TSC,% and were found in all patients
diagnosed during the first week of life.
The 3 patients who presented with
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rhabdomyomas (either prenatally or
at birth) but did not initially meet
diagnostic criteria demonstrate the
importance of continued monitoring in
children with suspected TSC. A com-
prehensive care plan can address the
potential emergence of more serious
complications, such as seizures.

Dermatologic features of TSC can be
easily recognizable, and are present in
96% of patients with TSC3' In this
study, dermatologic features were
common presenting signs, but were
also missed in 9% of patients. Presen-
tation of dermatologic features is age-
dependent. Hypopigmented macules,
which may serve as first evidence of
TSG,32 were a common presenting sign
in infants and young children. Angiofi-
bromas and periungual fibromas were
more likely to lead to diagnosis in ado-
lescence and adulthood. Angiofibro-
mas do not typically appear before the
age of 3 or 4,7 but may grow rapidly
during puberty.s

Family history of TSC often played a
role in the diagnosis of our patients.
However, because approximately two-
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thirds of cases of TSC arise spontane-
ously,’ a negative family history should
not preclude additional investigation
for TSC.

It is recommended that patients with
epilepsy, developmental delay, or a
learning disability are investigated for
TSC in the absence of other known eti-
ology because of the high number of
patients with TSC presenting with
these symptoms.'® Qur results support
this recommendation.

This study is limited because data
were collected retrospectively; there-
fore, some information may be incom-
plete. Our findings of earlier missed
symptoms or signs of TSC may repre-
sent an underestimate, as earlier
symptoms or signs may not be well
documented.
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correctly, or incorrectly lead to diag-
nosis of other disorder or illness. Cli-
nicians, including child and adult
neurologists, dermatologists, neph-
rologists, and cardiologists, should be
aware of the myriad potential present-
ing symptoms and signs of TSC. Early
diagnosis is important for thorough
clinical and radiologic evaluation, con-
tinuous monitoring of symptoms, fam-
ily planning, genetic counseling, and
reduction of morbidity and mortality.

Ongoing clinical trials ofthe drug rapa-
mycin have demonstrated efficacy in
reducing symptoms of TSC." Early di-
agnosis could be especially beneficial
to patients if preventive treatment be-
comes available.
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