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Tuberous sclerosis complex 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan disease. It is an auto-
somal-dominant neuro-cutaneous disorder characterized by tumor-like malforma-
tions involving many organ systems including brain, kidneys and skin (1). 
 
The first illustration of a skin lesion, later to be found typical for TSC, was published 
in the ‘Atlas of Diseases of the Skin’ by Rayer in 1835 (2). The name of this skin le-
sion changed over time from facial ‘végétations vasculaires’ to ‘adenoma sebaceum’ 
to the currently used term facial angiofibromas (3;4). Von Recklinghausen was the 
first to describe a case of TSC. In 1862 he reported the autopsy findings in a new-
born with cardiac ‘myomata’ and ‘sclerotic’ brain lesions (5). The term tuberous 
sclerosis was first mentioned by Bourneville in 1880 when he reported the neu-
rologic and gross pathologic findings in two patients who died of epilepsy (6). In 
1908 Vogt recognized the association of seizures, mental retardation, and adenoma 
sebaceum and thus made it possible to diagnose TSC during a patient’s life time (7). 
 
The diagnosis of TSC is still made clinically. However, the classical diagnostic triad of 
seizures, mental retardation, and facial angiofibromas occurs in less than half of the 
patients as the expression and the severity of the disease show substantial variation 
within as well as between families (8;9). Therefore, a clinical scoring system was 
developed. Already in 1979 Gomez et al proposed a set of diagnostic criteria for TSC 
which afterwards have been revised multiple times (2;10–12). The diagnostic crite-
ria for TSC were last revised during the TSC consensus conference held in 1998 (12). 
These revised clinical diagnostic criteria divide the diagnostic criteria for TSC into 
major features and minor features. No single diagnostic feature is considered 
pathognomonic for TSC anymore. The diagnosis of definite TSC requires the pres-
ence of two major features, or of one major and two minor features. Major features 
are facial angiofibromas or forehead plaques, shagreen patch, three or more hy-
pomelanotic macules, nontraumatic (peri)ungual fibromas, lymphangioleiomyoma-
tosis, renal angiomyolipoma, cardiac rhabdomyoma, multiple retinal nodular 
hamartomas, cortical tuber, subependymal nodules, and subependymal giant cell 
astrocytomas. The list of minor features includes less specific findings and less sub-
stantiated signs (Table 1) (12). 
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Table 1 Revised Diagnostic Criteria for Tuberous Sclerosis Complex 

 

Major features 
Facial angiofibromas or forehead plaque 
Nontraumatic ungual or periungual fibroma 
Hypomelanotic macules (three or more) 
Shagreen patch (connective tissue nevus) 
Multiple retinal nodular hamartomas 
Cortical tuber a 
Subependymal nodule 
Subependymal giant cell astrocytoma 
Cardiac rhabdomyoma, single or multiple 
Lymphangiomyomatosis b 
Renal angiomyolipoma b 

 
Minor Features 
Multiple, randomly distributed pits in dental enamel 
Hamartomatous rectal polyps c 
Bone cysts d 
Cerebral white matter radial migration lines a, d, e 
Gingival fibromas 
Nonrenal hamartoma c 
Retinal achromic patch 
‘Confetti’ skin lesions 
Multiple renal cysts c 

 

Definite Tuberous Sclerosis Complex 
Either two major features or one major feature plus two minor features 
Probable Tuberous Sclerosis Complex 
One major plus one minor feature 
Possible Tuberous Sclerosis Complex 
Either one major feature or two or more minor features 

a When cerebral cortical dysplasia and cerebral white matter migration tracts occur together, they should 
be counted as one rather than two features of tuberous sclerosis. 
b When both lymphangiomyomatosis and renal angiomyolipomas are present, other features of tuberous 
sclerosis should be present before a definite diagnosis is assigned. 
c Histologic confirmation is suggested. 
d Radiographic confirmation is sufficient. 
e One panel member felt strongly that three or more radial migration lines should constitute a major sign. 
 
The birth incidence of TSC is approximately one in 5,000 to 10,000 live births (13). 
However, the true birth incidence is still not known due to the possibility of undiag-
nosed individuals who are only mildly affected or asymptomatic (9;14). 
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Since 1995, our institution is a nationwide referral center for patients with TSC. In 
August 2008, our institution followed 327 patients with TSC. Individuals with TSC 
are identified through symptoms, case finding by physicians working in institutions 
for mentally disabled, and family screening. According to national and international 
guidelines patients with TSC undergo regular imaging at our radiology department 
(15–17).  

Outline of the thesis 

Aim of this thesis was to initiate a systematic evaluation of imaging in patients with 
tuberous sclerosis complex followed at our institution. This thesis focused on imag-
ing of the heart, the lungs and the brain. 
 
We noticed a discrepancy between our national TSC guidelines and the recommen-
dations for diagnostic evaluation in TSC developed during the TSC consensus con-
ference in 1998 with regard to screening for cardiac rhabdomyomas by echocardi-
ography. Chapter 2 reports a study that assessed the frequency of abnormal echo-
cardiographic findings in a cohort of patients with TSC referred to our cardiology 
department for screening echocardiography. 
 
Patients with TSC undergo regular computed tomographic (CT) scanning of the ab-
domen to monitor renal angiomyolipomas. In daily practice we noticed focal areas 
of fat within the myocardium in the caudal portions of the heart depicted at ab-
dominal CT scans. Chapter 3 reports a case-control study that examined the mor-
phologic characteristics on CT of such focal fatty foci in the myocardium of patients 
with TSC. Chapter 4 shows a case of fatty foci in a patient with TSC as seen on mag-
netic resonance imaging (MRI). Chapter 5 describes the histopathologic finding of 
focal areas of mature fat cells in the myocardium of patients with TSC. 
 
Lymphangioleiomyomatosis (LAM) is characterized by diffusely distributed pulmo-
nary thin-walled cysts with intervening normal lung parenchyma. According to the 
literature almost all patients are female. In daily practice we noted male patients 
with thin-walled cysts in the basal portions of the lungs depicted at abdominal CT 
scans. Chapter 6 reports a study that investigated the gender-specific prevalence of 
thin-walled cysts in the lung parenchyma of adult patients with TSC. 
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In the literature the reported prevalence of subependymal giant cell tumors (SGCT) 
in TSC varies from 6% to 19%. Chapter 7 reports a study that investigated the preva-
lence of radiologic evidence of SGCT in our cohort of patients with TSC. In addition a 
systematic review of the English language medical literature regarding the preva-
lence of SGCT in TSC was performed. 
 
Finally, a summary of this thesis in English and in Dutch is provided and suggestions 
for future research are discussed.  
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Abstract 

Purpose: To examine the frequency of abnormal findings in echocardiography in 
patients with tuberous sclerosis complex (TSC). 
Methods: In a retrospective cohort study, we included all patients with known TSC 
who had been sent to our cardiology department for echocardiographic screening 
from 1995 through August 2003 (n=56). Two research scientists independently re-
viewed the reports of the echocardiographic screening examinations for abnormal 
findings. We used descriptive statistics, the Mann-Whitney U test, and Chi-square-
test. 
Results: The mean age of included patients in the study was 35 years (range, 12–73 
yr); 23 patients were male. Abnormal findings were seen in 22 patients (39%). The 
most common abnormal findings were focal areas of increased intramyocardial 
echogenicity, which were seen in 16 patients (29%). The clinical consequence of this 
finding is still unknown. 
Conclusion: Echocardiographic abnormalities are common in patients with TSC. 
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Introduction 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan disease. It is an auto-
somal-dominant neurocutaneous disorder characterized by tumor-like malforma-
tions involving many organ systems including the brain, heart, kidneys, and skin (1). 
The birth incidence of TSC is approximately 1 per 5,000 to 10,000 live births (2). The 
diagnosis of TSC is made clinically. However, the expression and the severity of the 
disease show substantial variation within as well as between families (3). The classi-
cal diagnostic triad of seizures, mental retardation, and facial angiofibromas occurs 
in fewer than half of the patients. Therefore, a clinical scoring system was devel-
oped that divides the diagnostic criteria for TSC into major and minor features (4). 

Single or multiple cardiac rhabdomyomas are considered a major feature (4). 
More than half of all infants with TSC show evidence of cardiac rhabdomyomas on 
echocardiography (5-7). However, rhabdomyomas tend to regress over time (6;8-
11). 

Since 1995, our institution has been a national referral center for patients with 
TSC. A multidisciplinary approach is used according to Dutch national TSC guidelines 
(12;13), which recommend at least 1 echocardiogram to screen for cardiac rhabdo-
myomas in patients with TSC. However, the recommendations for diagnostic 
evaluation in cases of TSC as defined at the Tuberous Sclerosis Consensus Confer-
ence in 1998 specify that echocardiography be performed during initial testing only 
if cardiac symptoms are present or if confirmation of a suspected cardiac lesion is 
needed; and that echocardiography be performed during repeat testing if cardiac 
dysfunction has occurred (14). 

The purpose of this study was to determine the frequency of abnormal findings 
seen upon screening echocardiography in a relatively large cohort of patients with 
TSC.  

Patients and Methods 

Study Design 

We performed a retrospective cohort study that included all patients with TSC who 
were referred by our TSC outpatient clinic to our cardiology department for echo-
cardiographic screening from the start of our outpatient TSC clinic in 1995 through 
August 2003. Our institutional review board approved this retrospective study and 
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patient informed consent was waived. Echocardiographic screening reports were 
available for all 56 patients included in this study. 

Echocardiographic Data Acquisition 

All patients underwent a standard screening echocardiographic examination at our 
cardiology department at some time during the study period. Transthoracic echo-
cardiography was performed with a S3 transducer, range 1–3MHz (Philips HP Sonos 
5500® imaging system, Koninklijke Philips Electronics N.V.; Eindhoven, the Nether-
lands) in multiple planes, according to standard clinical practice. Parasternal long- 
and short-axis and apical 4-chamber views were obtained. All echocardiographic 
studies were performed by 1 of 2 experienced sonographers, each of whom had 
more than 10 years of echocardiographic experience. 

Echocardiographic Data Review 

Two research scientists (MA and MB) independently studied the written reports on 
the screening echocardiographic examinations for abnormal findings. Abnormal 
findings for each patient were recorded on a case-record form. The research scien-
tists were blinded to each other’s forms. Cases in which the findings of the two 
reviewers disagreed were re-evaluated, and a final decision was made. 

Data Analysis 

Descriptive statistics were used to describe patients’ characteristics and the number 
of findings that were abnormal upon screening echocardiography. We calculated an 
unweighted kappa statistic to evaluate interobserver agreement between the 2 
research scientists. We used the Mann-Whitney U test to compare means between 
groups and Chi-square-test to compare proportions. Analyses were performed with 
Excel for Windows (Microsoft, Redmond, Wash) and SPSS version 15 (SPSS, Inc.; 
Chicago, Ill). 

Results 

All 56 patients had TSC according to the criteria set forth by the consensus confer-
ence in 1998 (4). Mean patient age was 35 years (range, 12–73 yr). Thirty-three of 
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the 56 patients were female (59%). Abnormal findings on screening echocardio-
graphic examinations were seen in 22 out of 56 patients (39%). Interobserver 
agreement for detection of abnormal findings in screening echocardiography re-
ports was excellent (K = 1). 

The most common abnormal finding on screening echocardiographic examina-
tion in these patients with known TSC was focal areas of abnormal intramyocardial 
hyperechogenicity (Figs. 1 and 2), which were seen in 16 of 56 patients (29%) (Table 
1). Significantly more foci were found in males (10/23 = 43%) than in females (6/33 
= 18%) (p=0.045). Intramyocardial hyperechogenic foci were located in the interven-
tricular septum, the left ventricular wall, and the papillary muscles. Multiple lesions 
were seen in 5 of these 16 patients. Patients with focal areas of abnormal intramyo-
cardial hyperechogenicity (mean age, 27 yr; range, 16–45 yr) were on average 
younger than were patients without these abnormalities (mean age, 38 yr; range, 
12–73 yr)(p = 0.007). 
 

Table 1. Abnormal findings in echocardiographic screening in patients with tuberous sclerosis complex* 
Abnormal finding Number of patients 
 
Focal areas of increased intramyocardial echogenicity 

16 

Multiple focal areas of increased intramyocardial echogenicity 5 
Valvular abnormalities** 3 
Abnormalities of myocardial function** 2 
 
Isolated abnormalities 

6 

Valvular abnormalities 3 
Abnormalities of myocardial function 3 

* The total number of patients who had abnormal findings was 22 (out of 56 screened). 
** These abnormal echocardiographic findings were presumably unrelated to the focal areas of increased 
myocardial echogenicity. 
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Figure 1. Echocardiogram (4-chamber view) of a 20-year-old woman with 
tuberous sclerosis complex shows a focal area of increased echogenicity in
the interventricular septum (arrow). 
 

 

Figure 2. Echocardiogram (4-chamber view) of a 23-year-old woman with 
tuberous sclerosis complex shows 2 focal areas of increased echogenicity; 1
in the interventricular septum (left arrow) and 1 in the left ventricular wall 
(right arrow). 
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In the group of patients who had focal areas of abnormal intramyocardial echo-
genicity, 5 patients had additional echocardiographic abnormalities that were de-
scribed in the reports as unrelated to the focal areas of abnormal intramyocardial 
hyperechogenicity. These additional findings (1 per patient) were moderately severe 
regurgitation of the mitral valve (grade 3), moderately severe stenosis of the aortic 
valve, absence of a papillary muscle of the anterior mitral valve leaflet, hypokinetic 
posterior wall of the left ventricle, and hypokinetic interventricular septum (Table 
1). 

In the group of patients who did not have focal areas of abnormal intramyocar-
dial hyperechogenicity, 6 patients had isolated echocardiographic abnormalities. 
These findings were moderately severe tricuspid valve regurgitation (grade 2), mild 
mitral valve regurgitation (grade 1), late systolic mitral valve regurgitation caused by 
a prolapse of the mitral valve, decreased left ventricle function (ejection fraction, 
0.40), hypokinetic and mildly dilated left ventricle, and hypertrophic cardiomyopa-
thy of the left ventricle (Table 1). 

Discussion 

There is a discrepancy between the Dutch national TSC guidelines (12;13) and the 
recommendations for diagnostic evaluation of TSC developed during the Tuberous 
Sclerosis Consensus Conference in 1998. The Dutch guidelines recommend at least 1 
screening echocardiogram in all TSC patients to screen for cardiac rhabdomyomas 
regardless of the presence of cardiac clinical symptoms, while the international 
consensus guidelines recommend echocardiography during initial testing only if 
cardiac symptoms are present or if confirmation of a suspected cardiac lesion is 
needed for diagnostic purposes (14). Therefore, the purpose of our retrospective 
study was to determine the frequency of abnormal echocardiographic findings in a 
relatively large cohort of patients with known TSC who were referred to our cardi-
ology department for screening under the less restrictive Dutch guidelines. 

Abnormal cardiac findings were seen in about one third of all patients who were 
screened. The most common abnormal findings were focal areas of increased in-
tramyocardial echogenicity, which were seen in 16 of 56 patients (29%). Clinical 
consequence of this finding is not yet known. These focal areas of increased intra-
myocardial echogenicity might be remnants of rhabdomyomas (that is, hyperecho-
genic nodules embedded in the ventricles from childhood) because more than half 
of all infants with TSC show evidence of cardiac rhabdomyomas on echocardiogra-
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phy (5-7;15-17). According to the medical literature, rhabdomyomas tend to regress 
over time (5;6;8-11;15;18;19). Echocardiographic evidence of cardiac rhabdomyo-
mas is reported in about 20% of adult patients who have TSC (6;7). In our study, the 
patients with focal areas of increased intramyocardial echogenicity were indeed 
significantly younger than the patients without such focal abnormalities. Further-
more, there appears to be a male predominance among patients with TSC who 
develop rhabdomyomas (9;15). In our study, there was also a male predominance 
among patients who showed focal areas of increased intramyocardial echogenicity. 

After childhood, patients with TSC who develop cardiac dysfunction suffer 
mostly from cardiac arrhythmias (14). Although the literature describes an associa-
tion between cardiac rhabdomyomas and cardiac arrhythmias (15;19-29), cardiac 
arrhythmias have also been described in TSC patients who have no echocardia-
graphic evidence of rhabdomyomas (14;17;26) and in a patient with only extensive 
microscopically rhabdomyomatous changes (30). Maybe there is an association 
between cardiac arrhythmias in TSC and the focal areas of increased intramyocar-
dial echogenicity we found. However, the current study design does not enable us 
to answer this question. 

In conclusion, focal areas of increased intramyocardial echogenicity are com-
monly seen in patients with TSC. Should a physician, in daily practice, encounter a 
focal area of increased intramyocardial echogenicity as shown in this article, he or 
she should remember to look for other features of TSC. 
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Abstract 

Purpose: To examine the morphologic characteristics of focal fatty foci in the myo-
cardium of patients with tuberous sclerosis complex (TSC) at computed tomogra-
phy. 
Materials and Methods: Institutional review board approval was obtained, and 
patient informed consent was waived. Fifty-five patients with TSC (mean age, 37 
years; range 16–67 years; 22 male patients) who had CT results available that in-
cluded at least the caudal portions of the heart were included. Fifty-five age- and 
sex-matched control subjects without TSC were selected from a CT-database. Im-
ages were reviewed for the presence of areas of fat attenuation in the depicted 
portions of the myocardium. Descriptive statistics and the McNemar test for case-
control comparisons were used. 
Results: CT results demonstrated foci of fat attenuation within the myocardium in 
35 (64%) of 55 patients with TSC. Foci were well circumscribed and focal and lo-
cated in the interventricular septum, left ventricle wall, right ventricle wall, and 
papillary muscles. Size varied between 3 x 1 mm and 62 x 31 mm. Multiple lesions 
were seen in 19 patients. In the control group, only one (2%) lesion with fat at-
tenuation was found (P < .001). Its linear shape and subendocardial location in the 
left ventricular wall differed from the morphology of fatty foci seen in patients with 
TSC. 
Conclusion: Despite incomplete depiction of the heart with CT, the majority of pa-
tients with TSC demonstrated well-circumscribed foci of fat attenuation in the myo-
cardium that were not present in age-and sex-matched control subjects. This sug-
gests that such fatty foci may be another characteristic of TSC. 
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Introduction 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan disease. It is an auto-
somal-dominant neuro-cutaneous disorder characterized by tumor-like malforma-
tions involving many organ systems including brain, kidneys and skin (1). The birth 
incidence of TSC is approximately one in 5000 to 10000 live births (2). The diagnosis 
of TSC is made clinically. However, expression and severity of the disease show 
substantial variation within, as well as, between families (3). The classic diagnostic 
triad of seizures, mental retardation, and facial angiofibromas occurs in less than 
half of the patients. Therefore, a clinical scoring system was developed (4) that 
divides the diagnostic criteria for TSC into major features and minor features. The 
diagnosis of definite TSC requires the presence of two major features or one major 
and two minor features. Major features are facial angiofibromas or forehead 
plaques, shagreen patch, three or more hypomelanotic macules, nontraumatic peri-
ungual and ungual fibromas, lymphangioleiomyomatosis, renal angiomyolipoma, 
cardiac rhabdomyoma, multiple retinal nodular hamartomas, cortical tuber, 
subependymal nodules, and subependymal giant cell astrocytomas. The list of mi-
nor features includes less specific findings and less substantiated signs (4). 

Since 1995, our institution has been a national referral center for patients with 
TSC. A multidisciplinary approach is used according to guidelines published for the 
Netherlands (5;6): Patients with TSC undergo regular computed tomographic (CT) 
scanning of the abdomen to monitor renal angiomyolipomas. In daily practice, we 
noticed focal areas of fat within the myocardium in the caudal portions of the heart 
at abdominal CT screening. 

The purpose of this case-control study was to examine the morphologic charac-
teristics of such focal fatty foci in the myocardium at CT examinations in patients 
known to have TSC. 

Materials and Methods 

Study Design 

A case-control study was performed. The institutional review board at University 
Medical Center Utrecht approved this retrospective study, and patient informed 
consent was waived. 
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We included 55 patients known to have TSC [who had previously been included in 
an echocardiographic cohort study (7)] who had abdominal CT results available for 
review in which the caudal portion of the heart was depicted. All patients had defi-
nite TSC according to the 1998 diagnostic criteria (4). Mean patient age was 37 
years (range, 16–67 years). Thirty-three (60%) of 55 patients with TSC were female. 

For a case-control setup, we selected fifty-five control patients without TSC 
from the CT database of our hospital. Control subjects had similar age- and sex 
characteristics and had abdominal CT results available for review in which the cau-
dal portion of the heart was depicted. The control subjects were chosen in the fol-
lowing way: A list of all abdominal CT scans performed in our hospital at University 
Medical Center Utrecht since our radiology department went digital was generated, 
and male and female patients were sorted according to age (ie, scan date minus 
date of birth). All patients known to have TSC in our hospital were then excluded 
from the list. For each TSC case in our study, one of the researchers (M.E.A.P.M.A.) 
manually selected the first patient with the same sex and a similar age (ie, scan date 
minus date of birth) as a control subject. The researcher then checked whether the 
caudal portion of the heart was depicted in the study and, if not, selected the next 
suitable patient from the list. 

We retrospectively reviewed these nongated abdominal CT images for the 
presence of areas of fat attenuation in the myocardium (see below for scoring pro-
cedure). 

CT Data Acquisition 

Patients with TSC underwent abdominal CT either with a single-detector row scan-
ner (AVE, Philips, Best, The Netherlands) or a 16-detector row scanner (Brilliance 
16P or MX800 IDT, Philips, Cleveland, OH). With the single-detector row scanner, 
spiral data acquisition with 5-mm collimation and a 7-mm table feed per rotation 
was used. Images were reconstructed every 4 mm. With the 16-detector row scan-
ners, a 16 x 1.5mm collimation was applied and images of 5-mm thickness were 
reconstructed every 4 mm. Tube voltage was 140 kVp on the single-detector row 
scanner and 120kVp on the 16-detector row scanners. Tube current-time products 
were fixed at 225mAs on the single-detector row scanner and z-axis tube current 
modulation (z-DOM, Philips, Cleveland, Ohio) was used on the 16-detector row 
scanners with a maximum of 250mAs. A precontrast scan of the upper abdomen 
including the kidneys was followed by a contrast material-enhanced acquisition of 
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the whole abdomen after injection of 120 mL of contrast material (iopromide, Ul-
travist 300, Schering, Berlin, Germany) at 3mL/s. No cardiac gating was performed. 

Control subjects underwent abdominal CT with a 16-detector row scanner (Bril-
liance 16P or MX800 IDT, Philips, Cleveland, OH). A 16 x 1.5mm collimation was 
applied, and images of 5-mm thickness were reconstructed every 4 mm. Tube volt-
age was 120kVp. Tube current modulation was used with a maximum of 250mAs. A 
contrast-enhanced acquisition of the whole abdomen was obtained after injection 
of 120 mL of contrast material (iopromide, Ultravist 300) at 3mL/s. No cardiac gating 
was performed. 

CT Image Review 

Two researchers (M.E.A.P.M.A, D.A.C.D., with 4 and 9 years of experience, respec-
tively), independently reviewed the depicted caudal part of the heart on the 55 
abdominal CT studies in included patients with TSC. The abdominal CT images were 
reviewed for the presence of well-circumscribed foci with homogeneous fat at-
tenuation (by visually comparing the lesion attenuation with attenuation of the 
depicted subcutaneous fat) in the myocardium. In the case of a well-circumscribed 
fatty focus, its maximum perpendicular dimensions in the axial plane were meas-
ured, an attenuation measurement (in Hounsfield units) was obtained by using a 
region of interest at the center of the lesion, and its location within the heart (ie, 
the interventricular septum, the left ventricular wall, the right ventricular wall, or 
the papillary muscles) was recorded by one of the researchers (M.E.A.P.M.A). In 
addition, the two researchers assessed the presence of mass effect of the fatty 
focus on surrounding structures, signs of invasive behavior, or contrast-enhancing 
components within the fatty focus by visually looking for signs of displacement of 
surrounding structures, irregular lesion contours, or enhancing structures when 
comparing precontrast and postcontrast CT scans. Cases with discrepant ratings by 
the two researchers were re-evaluated in a consensus session with a third observer 
(M.P. chest and cardiovascular radiologist with more than 20 years of experience 
and more than 6 years of experience in interpreting cardiac CT images) to yield a 
final decision whether or not a patient had fatty foci in the depicted myocardium . 
In doubtful cases, in which motion artifacts made it too difficult to reach a consen-
sus, a potential lesion was abandoned in order not to overestimate the presence of 
fatty foci. 

The two researchers independently reviewed the depicted part of the heart on 
the 55 abdominal CT studies in control subjects. The abdominal CT images were 
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reviewed for the presence of areas of fat attenuation in the myocardium. In the 
case of a fatty focus, its maximum perpendicular dimensions in the axial plane were 
measured, an attenuation measurement (in Hounsfield units) was obtained, and its 
location within the heart was recorded (M.E.A.P.M.A). In addition, mass effect of 
the fatty focus on surrounding structures, and signs of invasive behavior were 
noted. 

Data Analysis 

Descriptive statistics were used to describe patient characteristics and the number 
and size of detected lesions. In addition, width-length ratio was calculated from the 
maximum perpendicular dimensions in the axial plane. We calculated an un-
weighted kappa statistic to assess interobserver agreement between the two re-
searchers. We used a two-sample t-test to compare means and Chi-square-test to 
compare proportions within the group of patients with TSC. We used McNemar test 
for case-control comparison. Analyses were performed with software (Excel for 
Windows; Microsoft, Redmond, Wash). A P value of less than .05 indicated a signifi-
cant difference. 

Results 

The caudal portion of the heart was depicted in, on average, 13 sections (range, five 
to 20 sections) of the reviewed abdominal CT images. 

Abdominal CT images in patients with TSC showed circumscribed focal areas of 
fat attenuation in 35 (64%) of 55 patients (Fig 1). Interobserver agreement for de-
tection of circumscribed focal areas of fat attenuation in patients with TSC was high 
(K = 0.88; 95% confidence interval: 0.76, 1.0). A final decision of whether or not a 
patient had fatty foci in the depicted myocardium was made three times by the 
third observer. Discrepancies arose once because the lesion was only seen on the 
most cranial section and twice because of motion artifacts in the surroundings. In 
two doubtful cases, in which motion artifacts made it too difficult to reach a con-
sensus, a potential lesion was abandoned. 
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a. 
 

b. 

Figure 1. Nongated contrast-enhanced abdominal CT images in patients with TSC show fatty foci in the
myocardium. (a) Image in 25-year-old man shows fatty focus in the interventricular septum (arrow). (b)
Image in 45-year-old woman shows large fatty focus with mass effect in apex of the left and right ventri-
cle (arrow). 
 
Mean age of patients with such focal fatty foci was 42 years (range, 16–67 years). 
Mean age of patients with TSC without focal fatty foci was 39 years (range, 18–60 
years) and was not significantly different from the mean age of patients with TSC 
with focal fatty foci (P = .32). There was a tendency towards more foci found in men 
(17 (77%) of 22) than in women (18 (55%) of 33) (P = .09). The largest fatty focus per 
patient was located in the interventricular septum in 18 (51%) cases, in the left 
ventricular wall in nine (26%) cases, in the right ventricular wall in six (17%) cases, 
and in a papillary muscle in two (6%) cases. The size of the focal fatty foci in the 
axial plane varied between 3 x 1 mm and 62 x 31 mm. Average length of the largest 
fatty focus per patient in the axial plane was 20mm (range, 3–62mm). Average 
width of the largest fatty focus per patient in the axial plane was 6mm (range, 1–
31mm). Average width-length ratio was 0.35 (range, 0.12–0.71). The majority of 
lesions had an ovoid shape (width-length ratio of 0.2–0.8) and a minority of six le-
sions had a more linear configuration (width-length ratio, < 0.2). Average attenua-
tion of the lesions was –73 HU (range, –139 to –2 HU). Multiple lesions were seen in 
19 patients. The average number of lesions in patients with multiple lesions was 2.5 
(range, two to four). All lesions were centered in the midwall extending into the 
subendocardial and/or subepicardial region, depending on their size. No lesion was 
located exclusively in the subendocardial region. Fatty foci – independent of their 
size – had no mass effect on surrounding structures with the exception of the larg-
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est lesion that filled the apical portion of the heart (Fig 1b). Lesions showed no signs 
of invasive behavior and no enhancing components. 
There was only one (2%) of 55 patients in the control group in whom abdominal CT 
images showed a thin curvilinear hypoattenuated lesion of fat attenuation in a 
subendocardial location in the left ventricular wall (P < .001) (Fig 2). The size of the 
lesion was 27 x 2mm. No lesion of such morphology was found in the TSC group. 
The lesion had no mass effect on surrounding structures and showed no signs of 
invasive behavior. No other fatty lesions were seen in the control group. Interob-
server agreement for detection of circumscribed focal areas of fat attenuation in 
control subjects was excellent (K = 1.0). 
 

 

 
 
 
 
 
 
 
 
 
 
Figure 2. CT image in 34-year-old woman shows 
the only hypoattenuated lesion of fat attenuation 
(arrow) in our control group. Its curvilinear form 
and subendocardial location in the left ventricu-
lar wall suggest an old infarction. 

Discussion 

This article described a high prevalence of well-circumscribed fatty foci in the myo-
cardium of patients with TSC at CT. 

Since 1995, our institution has been a national referral center for patients with 
TSC. During routine evaluation of abdominal CT studies obtained for evaluation of 
renal angiomyolipomas, we noted abnormal fatty foci in the caudal portions of the 
heart of these patients. To our knowledge, no systematic prior study on the pres-
ence of such findings has been published. In this case-control study, we examined 
the morphologic characteristics at CT of such focal fatty foci in the myocardium of 
patients known to have TSC. Despite the fact that we could only evaluate the caudal 
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regions of the heart and despite the lack of electrocardiographic gating, we found 
focal fatty foci in the majority of patients with TSC (35 of 55 patients). Only one 34-
year-old woman in the control group had a thin curvilinear hypoattenuated lesion in 
a subendocardial location, which might be suggestive of prior myocardial infarction 
(8). The fact that there were not more of such findings in the control group may 
have to do with the relatively young age of our TSC population (and their age and 
sex-matched control subjects). 

We evaluated all well-circumscribed foci with fat attenuation in the myocar-
dium of patients with TSC and found that none showed signs of invasive behavior or 
had contrast-enhancing components within the areas of fat attenuation. The major-
ity of fatty foci in TSC were located in the interventricular septum and the left ven-
tricular wall. This location differs from intramyocardial fat in the right ventricle that 
has been described in healthy patients (9) and in patients with arrythmogenic right 
ventricular dysplasia (ARVD) (10). Patients with ARVD show a more diffuse fat infil-
tration of the ventricles as opposed to the focal mainly ovoid fatty foci seen in TSC 
as described in our study (10;11). We did not observe any enhancing components in 
the fatty foci in TSC as opposed to the marked enhancement seen in primary cardiac 
hemangioma, a lesion that may contain fat (12–14). Except for the largest lesion of 
62 x 31 mm, no mass effect on surrounding structures could be noted. This differs 
from the mass effect and invasive behavior that would be typical for liposarcoma 
(14;15). 

The well-circumscribed fatty foci in the myocardium of patients with TSC dif-
fered in morphology from the focus seen in our control group and from most foci 
described in the literature (9–14). Fatty foci in TSC-patients appear to have unique 
CT characteristics with respect to location, attenuation, focality, absence of en-
hancement, and absence of invasive behavior that most closely resembles that of 
lipomas seen in other parts of the body. True intramyocardial lipomas have been 
described in the literature (16). Usually, these lipomas are small, have an irregular 
contour, and have a capsule (16). The association of multiple intramyocardial lipo-
mas and TSC has already been reported in three patients in 1978 (16). Whether the 
fatty foci we observed histologically resemble or indeed represent lipomas remains 
open since we do not have histopathologic proof. 

It has also been described that perivascular epithelioid cells (PECs) seen in pa-
tients with pulmonary lymphangioleiomyomatosis (LAM) have the same genetic and 
immunohistochemical characteristics as those in angiomyolipomas, which often 
accompany LAM (17). LAM and angiomyolipomas are both major diagnostic fea-
tures of TSC. These PECs apparently have the ability to differentiate into fat and 
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vessels, as well as smooth muscle (17). Hypothetically, the intramyocardial fat seen 
in patients with TSC might have differentiated from PECs as well. 

Because none of the patients in our study has died we do not have a histopa-
thologic correlation of our findings. As a consequence, the origin of the intramyo-
cardial fatty foci seen in the majority of patients with TSC in our study is still un-
known. However, the unique CT appearance of these intramyocardial fatty foci and 
the high prevalence of these foci in patients with TSC might help to identify patients 
suspected of having TSC. 

A limitation of our retrospective study was that only the caudal part of the 
heart was available for review on abdominal CT images. Furthermore, the CT studies 
were not gated, thus cardiac motion may have obscured some small fatty foci. Nev-
ertheless, we were still able to demonstrate this unsuspected finding in the myo-
cardium of a large number of patients with TSC. Despite similar scanning technique 
and similar limitations, such findings were lacking in the control group. As a result, 
the true number of lesions that could be detected by gated CT scanning of the 
whole heart in patients with TSC is likely to be larger. 

Because characteristic well-circumscribed foci of fat attenuation were found in 
the majority of patients with TSC and not in the control group, such fatty foci may 
help identify patients suspected of having the disease. Adding fatty foci in the myo-
cardium to the list of major features of tuberous sclerosis complex may be consid-
ered in the future. 
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Abstract 

With this collection of computed tomography and magnetic resonance images, we 
illustrate a recently described novel finding in the myocardium of patients with 
tuberous sclerosis complex. 



C H A P T E R  4  |  F O C A L  F A T T Y  A R E A S  I N  T H E  M Y O C A R D I U M  I N  T S C  

 37 

Introduction 

With this collection of computed tomography (CT) and magnetic resonance (MR) 
images, we illustrate a recently described finding in the myocardium of patients 
with tuberous sclerosis complex (TSC). TSC is an autosomal-dominant neurocutane-
ous disorder characterized by tumor-like malformations involving many organ sys-
tems including the brain (cortical tubers, subependymal nodules, and subependy-
mal giant cell astrocytomas), the lungs (lymphangioleiomyomatosis), the kidneys 
(angiomyolipomas) and the skin (facial angiofibromas or forehead plaques, sha-
green patches, and hypomelanotic macules) (1).  

Case report 

Within the field of cardiology, patients with TSC can present at a fetal or pediatric 
age due to the development of cardiac rhabdomyomas which tend to regress over 
time. After childhood, patients with TSC who develop cardiac dysfunction suffer 
mostly from cardiac arrhythmias (2). In Figure 1 we show two different patients with 
TSC with focal circumscribed hypodense areas within the myocardium depicted on 
abdominal CT scans performed to monitor their renal angiomyolipomas. On MR, 
these fatty foci show the signal intensity of fat (Fig. 2).  
 

Figure 1. Fatty foci in the myocardium demonstrated on non-gated contrast-enhanced abdominal 
CT scans in patients with TSC. (A) Fatty focus in the interventricular septum (arrow) in a 25-year-
old male patient. (B) Fatty focus in the left ventricular wall (arrow) in a 59-year-old female patient. 
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Figure 2. Fatty foci in the myocardium demonstrated on MRI in a 49-year-old female patient with 
TSC. (A) Transverse dark-blood T1-weighted TSE image. Arrow points at fatty focus in the left 
ventricular wall. (B) Short axis dark-blood T2-weighted TSE image. Arrows points at fatty foci in 
the left ventricular wall. TSE indicates Turbo Spin Echo. 

Discussion 

In comparison with the known causes of fat in the myocardium (ie, epicardial fat 
deposits, old myocardial infarctions, arrhythmogenic right ventricular dysplasia, 
normal right ventricular fat, hemangiomas, and liposarcomas), the fatty foci in pa-
tients with TSC seem to have unique characteristics consisting of a combination of 
focality, well-circumscribed form, location into the mid myocardium, pure fat den-
sity, absence of enhancement, and absence of invasive behavior (3). In a recently 
published case-control study, the majority of patients with TSC showed these well-
circumscribed foci of fat density in the myocardium on abdominal CT scans, which 
were not found in an age-matched and sex-matched control group without TSC (3). 
To our knowledge, no MR images of these characteristic fatty foci in TSC have been 
published yet. On echocardiography, these fatty foci can be seen as areas of in-
creased echogenicity (4). Therefore, if in daily practice one encounters these type of 
fatty foci in the myocardium on cardiac CT, cardiac MR, or echocardiography, one 
should remember to look for other features of TSC. 
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Abstract 

Aim: Routine abdominal CT scans in patients with tuberous sclerosis complex (TSC) 
showed characteristic fatty foci in the depicted caudal portions of the myocardium. 
Purpose of this study was to investigate if areas of abnormal myocardium in pa-
tients with TSC could also be found in post mortem specimen. 
Methods: A retrospective search of our histopathology database was performed to 
identify specimens of the heart of patients with TSC. Institutional review board 
approval was obtained, and patient informed consent was waived. Four specimens 
were included (mean age, 44years; range 32–68 years; 2 female). 
Results: Two specimens (50%) of the heart showed areas of mature fat cells in the 
myocardium, without associated inflammation, without associated fibrosis, without 
entrapped myocardial cells, and without a capsule. 
Conclusion: Post mortem specimens of the heart of patients with tuberous sclerosis 
complex showed areas of mature fat cells in the myocardium which seem to be 
unique for tuberous sclerosis complex. 
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Introduction 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan disease. It is an auto-
somal-dominant neuro-cutaneous disorder characterized by tumor-like malforma-
tions involving many organ systems including brain, lungs, heart, kidneys and skin 
(1). Since 1995, our institution is a national referral center for patients with TSC. 
Patients are extensively evaluated by radiological imaging. Routine abdominal CT 
scans for the evaluation of renal angiomyolipomas had shown well-circumscribed, 
non-enhancing, focal areas of fat density in the myocardium of patients with TSC in 
the depicted caudal portions of the heart. In a case-control study, the majority of 
patients with TSC showed these well-circumscribed foci of fat density in the myo-
cardium which were not found in an age- and sex-matched control group without 
TSC (2). The purpose of this study was to investigate if areas of abnormal myocar-
dium in patients with TSC could also be found in post mortem specimen.  

Methods 

A search of the histopathology database of University Medical Center Utrecht was 
performed. The institutional review board at University Medical Center Utrecht 
approved this retrospective study, and patient informed consent was waived. Post 
mortem specimens of the heart were included if the patient had been diagnosed 
with definite TSC according to the 1998 revised diagnostic criteria for TSC(3), and 
the specimen was available for review. Four post mortem specimens of the heart 
fulfilled these inclusion criteria and were included in this study. Mean patient age 
was 44 years (range, 32–68 years). Two (50%) of four patients were female. Our 
pathologist subspecialized in cardiac pathology (M.F.M.O) reviewed the post mor-
tem specimens to look specifically for focal myocardial abnormalities that could 
correlate with the imaging findings on CT of well-circumscribed, non-enhancing, 
focal areas of fat density in the myocardium. Routine H&E stained sections were 
available for review as well as Elastica van Giesson and modified Azan stained sec-
tions to detect any associated fibrosis.  
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Results 

Two specimens (50%) out of four specimens of the heart showed no abnormalities 
in the myocardium. The two other specimens (50%) did show abnormalities in the 
myocardium. One specimen of the heart belonging to a 68-year-old, female, patient 
with TSC who died from renal failure as she refused dialysis, showed multiple areas 
of mature fat in the myocardium without any associated inflammation, without 
entrapped myocardial cells, and without a capsule. Circumscribed areas of mature 
fat cells were seen in the interventricular septum and in the left ventricular free wall 
(Fig. 1). Modified Azan and Elastica van Giesson stained sections showed that there 
was also no associated fibrosis surrounding the areas of mature fat. A similar area of 
mature fat was seen in the left ventricular free wall of the specimen of the heart 
belonging to a 32-year-old, male, TSC-patient who died most likely from either an 
epileptic fit or a cardiac arrhythmia. Size of the areas of mature fat in the myocar-
dium of the specimens ranged from 3 mm to 10 mm. 
 
 

1a. 
 

1b. 

Figure 1.Histopathology. Multiple foci of mature fat cells in the myocardium of a 68-year-old, female 
patient with tuberous sclerosis complex who died from renal failure as she refused dialysis. 
Figure 1a H&E stained specimen showing a focal area of mature fat within the myocardium of the inter-
ventricular septum. * = right ventrical free wall; ** = interventricular septum; *** = focal area of mature
fat within the myocardium. Bar equals 0.5 centimeter. 
Figure 1b H&E stained specimen showing the individual mature fat cells within the myocardium. Bar 
equals 300 micrometer. 
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Discussion 

Routine abdominal CT scans for the evaluation of renal angiomyolipomas in patients 
with tuberous sclerosis complex had shown fatty foci in the depicted caudal por-
tions of the heart (2). These fatty foci appear to have unique CT characteristics con-
sisting of a combination of focality, well-circumscribed form, location into the mid 
myocardium, pure fat density, absence of enhancement, and absence of invasive 
behaviour (2). Purpose of this study was to investigate if areas of abnormal myocar-
dium in patients with TSC could also be found in post mortem specimens. Indeed, 
two specimens (50%) out of four included specimens of the heart did show areas of 
mature fat cells in the myocardium. 

The areas of mature fat cells in the myocardium of patients with TSC we de-
scribed in this study differ from other fat deposits described in the heart. The ma-
ture fat cells were located intramyocardial as opposed to the epicardial localization 
of frequently seen epicardial fat and of cardiac adiposity (4). The fat cells were lo-
cated in the interventricular septum and the left ventricular wall as opposed to the 
exclusive or predominant localization of fat cells in the right ventricle in patients 
with normal intramyocardial fat of the right ventricle and in patients with arryth-
mogenic right ventricular dysplasia (ARVD) (5–7). We observed no findings of asso-
ciated fibrosis as opposed to patients with fibrofatty replacement in ARVD and in 
inherited myopathies (6;8;9). Histopathology did not show a capsule or entrapped 
myocardial cells as opposed to a definite capsule and invariably entrapped myocar-
dial cells in true intramyocardial lipomas (10). We did not see any mass effect on 
surrounding structures or signs of invasive behaviour as opposed to the mass effect 
and invasive behaviour that would be typical for liposarcoma (11;12). 

The association of multiple intramyocardial lipomas and TSC has been reported 
in three patients in 1978 (10). However the areas of mature fat cells in the myocar-
dium reported in our study did not show a capsule or any entrapped myocardial 
cells. 

To conclude histopathology in patients with tuberous sclerosis complex showed 
multiple areas of mature fat cells in the myocardium without associated inflamma-
tion, without associated fibrosis, without entrapped myocardial cells, and without a 
capsule which to the best of our knowledge have not been published before and 
seem to be unique for tuberous sclerosis complex. 



I M A G I N G  I N  T U B E R O U S  S C L E R O S I S  C O M P L E X  

 46 

References 

1.  Crino PB, Nathanson KL, Henske EP. The tuberous sclerosis complex. N Engl J Med 2006;355(13): 
1345–1356. 

2. Adriaensen ME, Schaefer-Prokop CM, Duyndam DA, Zonnenberg BA, Prokop M. Fatty Foci in the 
Myocardium in Patients with Tuberous Sclerosis Complex: Common Finding at CT. Radiology 
2009;253(2):359–363. 

3. Roach ES, Gomez MR, Northrup H. Tuberous sclerosis complex consensus conference: revised clinical 
diagnostic criteria. J Child Neurol 1998;13(12):624–628. 

4. Sarin S, Wenger C, Marwaha A, Qureshi A, Go BD, Woomert CA et al. Clinical significance of epicar-
dial fat measured using cardiac multislice computed tomography. Am J Cardiol 2008;102(6):767–771. 

5. Tansey DK, Aly Z, Sheppard MN. Fat in the right ventricle of the normal heart. Histopathology 
2005;46(1):98–104. 

6. Fletcher A, Ho SY, McCarthy KP, Sheppard MN. Spectrum of pathological changes in both ventricles 
of patients dying suddenly with arrhythmogenic right ventricular dysplasia. Relation of changes to 
age. Histopathology 2006;48(4):445–452. 

7. Kayser HW, van der Wall EE, Sivananthan MU, Plein S, Bloomer TN, de Roos A. Diagnosis of arrhyth-
mogenic right ventricular dysplasia: a review. Radiographics 2002;22(3):639–648. 

8. Nguyen HH, Wolfe JT, III, Holmes DR, Jr., Edwards WD. Pathology of the cardiac conduction system in 
myotonic dystrophy: a study of 12 cases. J Am Coll Cardiol 1988;11(3):662–671. 

9. Muraoka H, Negoro N, Terasaki F, Nakakoji T, Kojima S, Hoshiga M et al. Re-entry circuit in ventricu-
lar tachycardia due to focal fatty-fibrosis in a patient with myotonic dystrophy. Intern Med 
2005;44(2):129–135. 

10.  McAllister HA, Fenoglio JJ. Tumors of the cardiovascular system. In: Armed Forces Institute of Pa-
thology, editor. Atlas of Tumor Pathology. Washington D.C.: Armed Forces Institute of Pathology, 
1978:40–46. 

11. Gaerte SC, Meyer CA, Winer-Muram HT, Tarver RD, Conces DJ, Jr. Fat-containing lesions of the chest. 
Radiographics 2002;22:S61-S78. 

12. Neragi-Miandoab S, Kim J, Vlahakes GJ. Malignant tumours of the heart: a review of tumour type, 
diagnosis and therapy. Clin Oncol (R Coll Radiol ) 2007;19(10):748–756. 

 



 47 

Radiologic evidence of pulmonary 
lymphangioleiomyomatosis in 
female and male patients with 
tuberous sclerosis complex  

 
 
 
 
 
Chapter 6 | Pulmonary lymphangioleiomyomatosis 
 
Submitted 
 
Miraude EAPM Adriaensen, M.D., MSc. 
Cornelia M Schaefer-Prokop, M.D., Ph.D. 
Debbie AC Duyndam, M.D. 
Bernard A Zonnenberg, M.D., Ph.D. 
Mathias Prokop, M.D., Ph.D. 
 
Presented at the 92nd Scientific Assembly and Annual Meeting of the Radiological 
Society of North America, 2006. 



I M A G I N G  I N  T U B E R O U S  S C L E R O S I S  C O M P L E X  

 48 

Abstract  

Objective: To determine the gender-specific prevalence of pulmonary cysts typical 
for lymphangioleiomyomatosis (LAM) in adult patients with known tuberous sclero-
sis complex (TSC). 
Materials and methods: Retrospective cross-sectional study in a cohort of 206 adult 
TSC-patients was performed. Institutional review board approval was obtained, and 
patient informed consent was waived. Patients had routinely undergone abdominal 
CT scanning between 1996 and 2006. All 186 patients (mean age, 38 years; range 
19-72 years; 91 (49%) male patients) in whom at least the lung bases were depicted 
on CT were included. Images were reviewed for the presence of pulmonary thin-
walled cysts. Descriptive statistics, two sample t-test to compare means, and Χ²-test 
to compare proportions were applied.  
Results: CT demonstrated pulmonary thin-walled cysts in the lung bases in 52 (28%) 
of 186 patients. Size varied from 2mm in diameter to more than 2cm. Pulmonary 
cysts were detected in 40 (42%) of 95 female patients and in 12 (13%) of 91 male 
patients (P<0.001). In general, cysts were larger and more numerous in women than 
in men. Only minimal cystic changes were found in 4 women and 2 men, moderate 
cystic changes were seen in 3 women and 7 men, but considerable cystic changes 
were seen almost exclusively in women (33 women versus 3 men).  
Conclusions: CT demonstrated thin-walled pulmonary cysts in the lung bases in 28% 
of 186 included patients with tuberous sclerosis complex. Females were more af-
fected than males.  
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Introduction 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan hamartosis. It is an 
autosomal-dominant neuro-cutaneous disorder characterized by tumor-like mal-
formations involving many organ systems including brain, kidneys and skin (1). The 
disease is rare with a birth incidence of approximately one in 5,000 to 10,000 live 
births (2). The diagnosis of TSC is made clinically. However, the expression and the 
severity of the disease show substantial variation within as well as between families 
(3). Therefore, a clinical scoring system was developed (4) that divides the diagnos-
tic criteria for TSC into major features and minor features. Lymphangioleiomyoma-
tosis (LAM) is one of the major features (4). 
 
Pulmonary lymphangioleiomyomatosis (LAM) is mainly characterized by diffusely 
distributed pulmonary thin-walled cysts. The incidence of LAM in the general popu-
lation is not known but it is reported almost exclusively in women of reproductive 
age (5). The clinical presentation of LAM includes recurrent pneumothoraces, recur-
rent chylous pleural effusions, and gradually progressive diffuse interstitial lung 
disease (6). Histopathology shows widespread proliferation of smooth muscle-like 
cells around small airways, alveolar walls, lymphatic vessels, and blood vessels (7;8). 
CT findings are pathognomonic and consists of multiple, thin-walled cysts of varying 
size, diffusely distributed throughout the lungs including the costophrenic angles 
with normal intervening lung parenchyma (6;9).  
 
It is known that LAM occurs more frequently in patients with TSC but reported pre-
valence varies widely: early reports mention a prevalence of between approxi-
mately 1% and 2.3% (6;9-13). More recent studies demonstrate a much higher 
prevalence in female patients: between 26% (14) and 34% (15). In male patients the 
reported prevalence is very low (15) but multiple case reports have described find-
ings of LAM in males (10;16-20). 
 
Our institution is a large national referral center for patients with TSC. Patients are 
screened and monitored for various manifestations of the disease (21;22). Abdomi-
nal CT is used for detection and monitoring of renal angiomyolipomas. On these 
scans we noted a high prevalence of thin-walled cysts in the depicted basal portions 
of the lungs, even in male patients. Because LAM is known to be a diffuse disease 
with no cranio-caudal predominance (5;6;9), we decided to study the prevalence of 
such cysts in our cohort. 
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The purpose of this retrospective cross-sectional cohort study was to determine the 
gender-specific prevalence of thin-walled cysts in the lung parenchyma of adult 
patients with known tuberous sclerosis complex (TSC). 

Materials and methods 

Study design 

Our institution is a nationwide tertiary referral center for TSC since 1995. In 2006, 
our patient population comprised 206 adult patients with TSC and 40 pediatric pa-
tients with TSC. In this cross-sectional study we retrospectively reviewed the most 
recent CT scan of the lung bases for radiologic evidence of LAM i.e. pulmonary thin-
walled cysts. Our institutional review board approved this retrospective study, and 
patient informed consent was waived. Patients were included if they had definite 
TSC (4), were older than 21 years on the 1st of March 2006, and had a CT scan avail-
able for review in which at least the lung bases were depicted. These criteria were 
fulfilled by 186 (90%) of 206 adult patients with definite TSC. CT scans dated from 
August 1996 to February 2006. The available CT scan was a CT scan of the abdomen 
in 169 patients, and a combined CT scan of the thorax and abdomen in 17 patients. 
Two researchers (with 5 and 10 years of experience within the field of radiology) 
independently reviewed the CT scans for radiologic evidence of LAM. Cases with 
discrepant ratings by the two researchers were reevaluated in a consensus session 
and a final decision was made. The CT scans were reviewed for the presence of thin-
walled cysts in the lung bases. The severity of cystic parenchymal changes was 
scored on the base of the numbers of cysts as minimal cystic changes (less than four 
cysts), moderate cystic changes (between four and ten cysts), and considerable 
cystic changes (more than ten cysts).  

We also documented if evidence of LAM was mentioned in the original dictated 
report. 

Imaging technique 

Between 1996 and 2006, subjects underwent either computed tomography of the 
abdomen or computed tomography of the thorax and the abdomen on a single 
detector row scanner (AVE, Philips, Best, The Netherlands), a 16-detector row scan-
ner (Brilliance 16P or MX800 IDT, Philips, Cleveland, OH) or a 40-detector row scan-
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ner (Brilliance 40, Philips, Cleveland, OH). A precontrast scan of the upper abdomen 
including the kidneys was followed by a contrast-enhanced scan of the whole ab-
domen or the whole torso after injection of contrast material (Iopromide, Ultravist 
300, Schering, Germany).  

Data analysis 

Descriptive statistics were used to describe patient characteristics, and the number 
and size of detected lesions. We used two sample t-test to compare means and Χ²-
test to compare proportions between the sexes. Analyses were performed with 
Excel for Windows (Microsoft Corporation, Redmond, WA, USA). 

Results 

Of our cohort of 206 adult patients with definite TSC (101 men; 49%), 186 (90%) 
patients were included this study. Of the 186 included patients, 91 (49%) patients 
were male. Mean age of included patients at the scan date was 38 years (range 19 
to 72 years). Gender specific mean age at the scan date was 38 years in women and 
37 years in men (P=0.86). 
 
CT demonstrated pulmonary thin-walled cysts in the lung bases in 52 (28%) out of 
186 patients (Fig. 1). The majority of pulmonary thin-walled cysts was detected in 
women (40 (42%) out of 95 female patients). However pulmonary thin-walled cysts 
were also detected in men (12 (13%) out of 91 male patients, P<0.001). Gender 
specific mean age at the scan date in patients with pulmonary thin-walled cysts was 
42 years in women and 40 years in men (P=0.64). 
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1a. 

 
1b. 

Figure 1. Two examples of CT findings of thin-walled pulmonary cysts in the lung bases consistent with 
lymphangioleiomyomatosis in patients with tuberous sclerosis complex 
Figure 1a. Lung bases of a 29 year old female patient with tuberous sclerosis complex with radiologic 
evidence of lymphangioleiomyomatosis. 
Figure 1b. Lung bases of a 33 year old male patient with tuberous sclerosis complex with radiologic
evidence of lymphangioleiomyomatosis. 
 
 
Number of cysts within a single patient varied from just a few to countless (Table 1). 
Following a qualitative classification of minimal (less than 4 cysts), moderate (be-
tween 4 and 10 cysts) and considerable (more than 10 cysts) cystic parenchymal 
changes we found the following:  
• For minimal cystic changes we found an overall prevalence of 3% (4 women and 

2 men) with an average age of 32 years, gender specific prevalence was 4% and 
2%, respectively;  

• For moderate cystic changes we found an overall prevalence of 5% (3 women 
and 7 men) with an average age of 44 years, gender specific prevalence was 3% 
and 8%, respectively; 

• For considerable cystic changes we found an overall prevalence of 19% (33 
women and 3 men) with an average age of 42 years, gender specific prevalence 
was 35% and 3%, respectively.  

Size of cysts varied from 2 mm in diameter to 12 cm. In general cysts tended to be 
larger and more numerous in women than in men. 
 
Evidence of LAM in the lung parenchyma was mentioned in the original report in 18 
(35%) out of the 52 patients with radiologic evidence of LAM.  
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Table 1. Gender specific and overall number of pulmonary thin-walled cysts per individual detected in 
male and female patients with tuberous sclerosis complex 
 No. of Affected Individuals (percentage per column) 
No. of cysts per patient Men (n = 91) Women (n = 95) Total (n = 186) 
1-3  2 (2%)  4 (4%)  6 (3%) 
4-10  7 (8%)  3 (3%) 10 (5%) 
> 10  3 (3%) 33 (35%) 36 (19%) 
Any 12 (13%) 40 (42%) 52 (28%) 

No. = absolute number; n = absolute number of patients per column included in our study; % = affected 
individuals as a percentage of all the patients per column included in our study; > = more than 

Discussion 

In this study we investigated the gender-specific prevalence of pulmonary cysts 
typical for lymphangioleiomyomatosis (LAM) in adult patients with known tuberous 
sclerosis complex (TSC). 
 
CT findings characteristic of LAM consists of multiple, thin-walled cysts of varying 
size, diffusely distributed throughout the lungs with normal intervening lung paren-
chyma (6;9).  

The morphologic finding of cystic parenchymal changes, as seen in LAM or TSC,  
include a number of other diagnosis that demonstrate with cystic or cavitating par-
enchymal changes but usually can be differentiated either on the basis of morpho-
logical characteristics of the cysts, the distribution of disease, a different history 
and/or different symptoms.  

The differential diagnosis of cystic diffuse lung diseases includes LAM (dissemi-
nated thin-walled cysts, evenly distributed throughout the lungs), histiocystosis 
(cysts of varying size in upper 2/3 of the lungs, and sparing of costophrenic angles), 
emphysema (usually imperceptible walls), neurofibromatosis (predominantly apical) 
and lymphoid interstitial pneumonia (associated with diffuse ground-glass opacities 
and rarely with nodules, mainly associated with other immunologic diseases). 
 
Our study demonstrated pulmonary thin-walled cysts with intervening normal lung 
parenchyma in the lung bases in 28% of adult TSC-patients. Gender specific preva-
lence was 42% in female and 13% in male TSC-patients. Our prevalence is consid-
erably higher than previously reported in the literature (6;9-15). Moreover, the 
prevalence in male TSC-patients is higher than previously reported (11;15). 
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Although it is known that LAM occurs more frequently in patients with TSC, it was 
previously assumed that LAM occurs in approximately 1% of TSC-patients (6;9-12). 
However, Hancock et al already noted that no study so far had screened TSC pa-
tients for LAM so the true prevalence of LAM would possibly be higher than esti-
mated from symptomatic patients (18). 

Castro et al described nine female patients with evidence of LAM out of 388 pa-
tients with TSC seen at the Mayo Clinic in the period from 1948 to 1991, giving an 
overall prevalence of 2.3% (13). More recently, Costello et al described 20 female 
patients with evidence of LAM out of 78 female patients with definite TSC seen at 
the Mayo Clinic from 1977 to 1998, giving a gender specific prevalence of 26% in 
female patients with definite TSC (14). Moss et al screened 48 patients with TSC and 
no prior history of LAM (15). Thirteen out of 38 female TSC-patients exhibited pul-
monary parenchymal cysts consistent with the diagnosis of LAM, giving a gender 
specific prevalence of 34%. Evidence of LAM was not observed in the ten screened 
male TSC-patients.  
 
Review of the English literature revealed a couple of articles suggesting or reporting 
evidence of LAM in a total of 13 male TSC-patients (10;16-20;23;24). The earliest 
dated from 1951 (20), the most recent one dated from 2005 (16), they reported 

Some of the articles based their descriptions on histological proof (10;16-19). Note-
worthy is that two of the articles mentioned pneumothorax (18;23) and one chy-
lothorax (24) i.e. the known complications of LAM in women. 
 
In general we found more and larger cysts in women than in men. Whether also the 
complication rate of recurrent pneumothoraces, recurrent chylothoraces or respira-
tory failure with the need for transplantation is lower in men than in women has to 
remain open but can be suspected given the lack of evidence for that in the litera-
ture. It is noteworthy that the mean age of our female and male study-group was 
comparable indicating that the more extensive disease seen in females was gender 
and not age specific.  
 
The main limitation of this study is that we did not have a CT of the thorax available 
for every patient. Nonetheless, as radiologic evidence of LAM occurs more fre-
quently than previously reported in female and male patients with TSC, it is impor-
tant for radiologists who report CT scans of TSC patients to look for thin-walled cysts 
in the lung parenchyma and to identify TSC patients who are at risk of pulmonary 

on male TSC-patients in the age range from 6 months (18) to 64 years old (20). 
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symptoms. Vice versa clinicians should be advised to look for other possible fea-
tures of TSC when imaging demonstrates evidence of LAM, although LAM also oc-
curs as a sporadic, non inheritable pulmonary disorder in patients without TSC (5). 
 
To conclude CT more frequently demonstrated radiologic evidence of lymphangi-
oleiomyomatosis in female and male patients with tuberous sclerosis complex than 
previously described. Overall prevalence was 28 percent with a gender specific pre-
valence of 42 percent in women and 13 percent in men. 

References 

1. Crino PB, Nathanson KL, Henske EP. The tuberous sclerosis complex. N Engl J Med 2006; 
355(13):1345-1356. 

2. Osborne JP, Fryer A, Webb D. Epidemiology of tuberous sclerosis. Ann N Y Acad Sci 1991; 615:125-
127. 

3. Northrup H, Wheless JW, Bertin TK, et al. Variability of expression in tuberous sclerosis. J Med Genet 
1993; 30(1):41-43. 

4. Roach ES, Gomez MR, Northrup H. Tuberous sclerosis complex consensus conference: revised clinical 
diagnostic criteria. J Child Neurol 1998; 13(12):624-628. 

5. Abbott GF, Rosado-de-Christenson ML, Frazier AA, et al. From the archives of the AFIP: lymphangi-
oleiomyomatosis: radiologic-pathologic correlation. Radiographics 2005; 25(3):803-828. 

6. Daehnert W. Chest Disorders. In: Daehnert W, editor. Radiology Review Manual. Philadelphia: Lip-
pincott Williams & Wilkins, 2003: 501. 

7. Corrin B, Liebow AA, Friedman PJ. Pulmonary lymphangiomyomatosis. A review. Am J Pathol 1975; 
79(2):348-382. 

8. Pacheco-Rodriguez G, Kristof AS, Stevens LA, et al. Giles F. Filley Lecture. Genetics and gene expres-
sion in lymphangioleiomyomatosis. Chest 2002; 121(3 Suppl):56S-60S. 

9. Schaefer-Prokop C, Prokop M. Lungs and Tracheobronchial System. In: Prokop M, Galanski M, edi-
tors. Spiral and Multislice Computed Tomography of the Body. Stuttgart: Thieme, 2003: 364-365. 

10.  Dwyer JM, Hickie JB, Garvan J. Pulmonary tuberous sclerosis. Report of three patients and a review 
of the literature. Q J Med 1971; 40(157):115-125. 

11.  Hancock E, Osborne J. Lymphangioleiomyomatosis: a review of the literature. Respir Med 2002; 
96(1):1-6. 

12.  Jao J, Gilbert S, Messer R. Lymphangiomyoma and tuberous sclerosis. Cancer 1972; 29(5):1188-1192. 
13.  Castro M, Shepherd CW, Gomez MR, et al. Pulmonary tuberous sclerosis. Chest 1995; 107(1):189-

195. 
14.  Costello LC, Hartman TE, Ryu JH. High frequency of pulmonary lymphangioleiomyomatosis in women 

with tuberous sclerosis complex. Mayo Clin Proc 2000; 75(6):591-594. 
15. Moss J, Avila NA, Barnes PM, et al. Prevalence and clinical characteristics of lymphangioleiomyoma-

tosis (LAM) in patients with tuberous sclerosis complex. Am J Respir Crit Care Med 2001; 164(4):669-
671. 



I M A G I N G  I N  T U B E R O U S  S C L E R O S I S  C O M P L E X  

 56 

16. Miyake M, Tateishi U, Maeda T, et al. Pulmonary lymphangioleiomyomatosis in a male patient with 
tuberous sclerosis complex. Radiat Med 2005; 23(7):525-527. 

17. Aubry MC, Myers JL, Ryu JH, et al. Pulmonary lymphangioleiomyomatosis in a man. Am J Respir Crit 
Care Med 2000; 162(2 Pt 1):749-752. 

18. Hancock E, Tomkins S, Sampson J, et al. Lymphangioleiomyomatosis and tuberous sclerosis. Respir 
Med 2002; 96(1):7-13. 

19. Kim NR, Chung MP, Park CK, et al. Pulmonary lymphangioleiomyomatosis and multiple hepatic 
angiomyolipomas in a man. Pathol Int 2003; 53(4):231-235. 

20. DAWSON J. Pulmonary tuberous sclerosis and its relationship to other forms of the disease. Q J Med 
1954; 23(90):113-145. 

21. Halley DJJ, Hoff M, Hubbeling A, et al. Wat is Tubereuze Sclerose Complex? 2nd ed. Netherlands: 
Stichting Tubereuze Sclerose Nederland (STSN), 2004. 

22. Zonnenberg BA, Stroink H, Lequin MH, et al. Leidraad voor de medische begeleiding van kinderen 
met tubereuze sclerose. Velp, the Netherlands: Ziekenhuis Velp, 1999; 1-21. 

23. Bowen J, Beasley SW. Rare pulmonary manifestations of tuberous sclerosis in children. Pediatr 
Pulmonol 1997; 23(2):114-116. 

24. Foresti V, Casati O, Zubani R, et al. Chylous pleural effusion in tuberous sclerosis. Respiration 1990; 
57(6):398-401. 

 
 
 
 



 57 

Prevalence of subependymal  
giant cell tumors in patients with 
tuberous sclerosis and a review of 
the literature 

 
 
 
 
 
 
 
Chapter 7 | Prevalence of subependymal giant cell tumors 
 
European Journal of Neurology, 2009; 16(6):691-696 
 
Miraude EAPM Adriaensen, M.D., MSc. 
Cornelia M Schaefer-Prokop, M.D., Ph.D. 
Theo Stijnen, Ph.D. 
Debbie AC Duyndam, M.D.  
Bernard A Zonnenberg, M.D., Ph.D. 
Mathias Prokop, M.D., Ph.D. 



I M A G I N G  I N  T U B E R O U S  S C L E R O S I S  C O M P L E X  

 58 

Abstract 

Objective: To investigate the prevalence of subependymal giant cell tumors (SGCT) 
in patients with tuberous sclerosis complex (TSC). 
Methods: We performed a retrospective cross-sectional study in a cohort of 285 
patients with known TSC. Institutional review board approval was obtained. We 
included all 214 TSC-patients who had received a contrast-enhanced computed 
tomography (CT) scan of the brain. The most recent scan was evaluated for SGCT 
and presence of hydrocephalus. Additionally, a literature search was performed, 
and pooled estimates of SGCT prevalence in TSC were calculated. We used descrip-
tive statistics, two sample t-test, chi-squared-test, and meta-analysis as appropriate. 
Results: Computed tomography showed radiological evidence of SGCT in 43 of the 
214 TSC-patients (20%); 23 of 105 men (22%) and 20 of 109 women (18%; P = .52). 
Average maximum tumor size was 11.4 mm (range, 4–29 mm). Patients with SGCT 
(mean, 31 years; range, 16–58 years) were on average younger than patients with-
out SGCT (mean, 37 years; range, 10–72 years; P = .007). No association between 
tumor size and patient age was detected. Nine patients had bilateral SGCT. Hydro-
cephalus was present in six of the 43 patients (14%). Meta-analysis of reported 
prevalence and our current study showed that studies using radiological evidence to 
diagnose SGCT gave a higher pooled estimate of the prevalence of SGCT in TSC 
(0.16; 95% CI: 0.12, 0.21) than studies using mainly histopathological evidence of 
SGCT (0.09; 95% CI: 0.07, 0.12). 
Conclusions: In our cohort, CT demonstrated evidence of SGCT in 20% of TSC-
patients. Prevalence of SGCT in TSC is higher in studies using radiological evidence 
to diagnose SGCT than in studies using histopathological evidence. 
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Introduction 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan disease. It is an auto-
somal-dominant neuro-cutaneous disorder characterized by tumors involving many 
organ systems including brain, heart, kidneys and skin (1). The disease has a birth 
incidence of approximately one in 5,000 to 10,000 live births (2). The diagnosis of 
TSC is made clinically. However, the expression and the severity of the disease show 
substantial variation within as well as between families (3). Therefore, a clinical 
scoring system was developed that divides the diagnostic criteria for TSC into major 
features and minor features (4). A subependymal giant cell tumor (SGCT) is one of 
the major features (4). 
 
Subependymal giant cell tumors are benign, slow-growing tumors of mixed glioneu-
ronal cells including giant cells. SGCT’s are typically located near the foramen of 
Monroe (1). Because of their location and growth potential SGCT’s can cause in-
creased intracranial pressure, obstructive hydrocephalus, focal neurologic deficits, 
and death (1). 
 
In the literature, the reported prevalence of SGCT in TSC varies from 6% to 19% (5–
14). Number of included patients with TSC ranged from only 15 patients to 345 
patients in a large historical cohort (11;14). The method used to diagnose SGCT in 
patients with TSC varied substantially between studies. 
 
Our institution is a large national referral center for patients with TSC. Patients are 
screened and monitored for various manifestations of the disease. The purpose of 
this study was to re-investigate the prevalence of subependymal giant cell tumors 
(SGCT) in patients with tuberous sclerosis complex (TSC). 

Methods 

Study design 

Our institution is a nationwide tertiary referral center for TSC since 1995. Individuals 
with TSC are identified through symptoms, through case finding, and through family 
screening. In March 2007, our institution followed 285 individuals. In this cross-
sectional study, we retrospectively reviewed the most recent contrast-enhanced CT 
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scan of brain for radiological signs of SGCT i.e. a markedly enhancing lesion near the 
foramen of Monroe (15). Our institutional review board approved this retrospective 
study and patient informed consent was waived. Patients were included if they had 
definite TSC (4) and if they had a contrast-enhanced CT scan of the brain available 
for review. Contrast-enhanced CT scans of the brain were available for review for 
214 of the 285 patients with definite TSC (75%). Of the 214 patients, 105 patients 
were male (49%). Mean age of included patients at the scan date was 36 years. Age 
ranged from 10 to 72 years. 
 
Computed tomography scans dated from August 1996 to February 2007. Two re-
searchers independently reviewed the CT scans for radiological signs of SGCT and 
the presence of hydrocephalus. Cases with discrepant ratings were reevaluated in a 
consensus session. The CT scans were reviewed for the presence of markedly en-
hancing lesions near the foramen of Monroe. In case of such a lesion, its maximum 
diameter in the axial plane was measured, and its location (i.e. right-sided or left-
sided) was recorded. Presence of hydrocephalus was defined as radiological 
enlargement of the ventricular system typical for hydrocephalus or the presence of 
a ventriculoperitoneal drain. 
 
In addition, a Pubmed search of the English language literature was performed in 
April 2008 to identify papers that reported SGCT in a cohort of patients with TSC. 
The keywords used were ‘tuberous sclerosis’ and ‘subependymal’. Bibliographies of 
identified articles were checked to obtain additional references. Two researchers 
independently extracted data on the studied cohort of patients with TSC, on the 
number of patients with SGCT, and on the method used to diagnose SGCT by using 
standardized forms. 

Imaging technique 

Between 1996 and 2007, patients underwent contrast-enhanced CT scan of the 
brain on a single detector row scanner (AVE, Philips, Best, The Netherlands), or a 16-
detector row scanner (Brilliance 16P or MX800 IDT, Philips, Cleveland, OH). A con-
trast-enhanced scan of the brain was performed after injection of 120 ml of contrast 
material (iopromide, Ultravist 300, Bayer-Schering, Germany) at 3ml/s. 
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Data analysis 

Analyses were performed with Excel for Windows (Microsoft Corporation; Red-
mond, WA, USA) and SAS (Proc nlmixed; SAS, Cary, NC, USA). Descriptive statistics 
were used. We used two sample t-test to compare means and chi-squared-test to 
compare proportions as appropriate. Two-sided P-values of 0.05 or less were con-
sidered to indicate a significant difference. 
 
In addition, we calculated pooled estimates and 95% confidence interval of the 
prevalence of SGCT in patients with TSC found in our study, and the reported preva-
lence of SGCT in patients with TSC found in the English language literature by using 
the binomial distribution of meta-analysis by Hamza et al (16). Pooled estimates 
were calculated for all included studies, for studies using radiological evidence to 
diagnose SGCT, and for studies using mainly histopathological evidence to diagnose 
SGCT. 

Results 

Computed tomography demonstrated radiological signs of SGCT in 43 out of 214 
patients (20%) (Fig. 1). Radiological evidence of SGCT was seen in 23 out of 105 
male patients (22%) and in 20 out of 109 female patients (18%) (P = 0.52). Patients 
with radiological evidence of SGCT were on average younger than patients without 
radiological evidence of SGCT. Patients with SGCT had a mean age of 31 years 
(range, 16 to 58 years) as opposed to patients without SGCT who had a mean age of 
37 years (range, 10 to 72 years) (P = 0.007). Maximum diameter in the axial plane of 
the enhancing lesions near the foramen of Monroe was on average 11.4 mm. Size 
ranged from 4 mm to 29 mm. Twenty-two SGCT measured at least 1 cm. A scatter 
plot showed no association between age of the patient and size of the SGCT. Bilat-
eral SGCT were seen in nine out of 43 patients with SGCT (21%) (Fig. 1b). Bilateral 
SGCT was seen more often in male patients than in female patients. However, this 
was not significant. Seven out of 23 male patients (30%) had bilateral SGCT, and two 
out of 20 female patients (10%) had bilateral SGCT (P = 0.10). In total, SGCT were 
located 19 times on the right and 33 times on the left. Hydrocephalus was only seen 
in patients with SGCT and not in patients without SGCT. A hydrocephalus was pre-
sent in six out of 43 patients with SGCT (14%), one of which had been successfully 
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treated by a ventriculoperitoneal shunt. Mean age of patients who had developed a 
hydrocephalus was 32 years (range, 21 to 43 years). 
 

Figure 1. Radiological signs of subependymal giant cell tumors in patients with tuberous sclerosis complex 
on contrast enhanced CT scan of the brain. (a) Unilateral, left-sided enhancing lesion (arrow) near the 
foramen of Monroe in a 29-year-old, female patient with tuberous sclerosis complex. (b) Bilateral enhanc-
ing lesions (arrows) near the foramen of Monroe in a 24-year-old male patient with tuberous sclerosis 
complex. 
 
Eleven papers were identified in the English language literature that reported SGCT 
in a cohort of patients with TSC (Table 1) (5–14;17). The reported prevalence of 
SGCT in TSC varied from 0.06 to 0.19 (Table 1). Twelve studies were included in our 
meta-analysis i.e. the eleven papers that were identified in the English language 
literature and our own cohort study. The resulting pooled estimate of the preva-
lence of SGCT in patients with TSC was 0.11 (95% CI: 0.09, 0.14). 
 
Five studies included in our meta-analysis used radiological evidence to diagnose 
SGCT (Table 1a). The following definitions to diagnose SGCT were used: a markedly 
enhancing lesion near the foramen of Monroe on contrast enhanced CT (15), a 
markedly enhancing lesion after contrast on CT and/or MRI around the foramen of 
Monroe (10;12), large partly calcified masses around the foramen of Monroe which 
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frequently enhanced markedly (13), and an intraventricular tumor with slightly 
higher density than brain on CT and enhancement after contrast (17). The pooled 
estimate of the prevalence of SGCT in patients with TSC found in the five studies 
using radiological evidence for diagnosis of SGCT was 0.16 (95% CI: 0.12, 0.21). 
 
Seven studies included in our meta-analysis used mainly histopathological evidence 
to diagnose SGCT (Table 1b). Four studies reported histopathological evidence of 
SGCT in all 35 patients identified with SGCT in these studies (5;6;8;14). Histopa-
thological data was obtained from surgical resection or autopsy. Reasons for surgi-
cal resection were hydrocephalus, symptoms of increased intracranial pressure, 
focal neurologic deficit attributable to SGCT, and radiological changes on routine 
screening imaging (like interval increase in size of SGCT) whilst the patient was still 
asymptomatic. Two studies reported histopathological evidence of SGCT in the 
majority of patients identified with SGCT i.e. 25 of 29 patients identified with SGCT 
(7;11). Nabbout et al defined SGCT as any mass measuring > 10 mm in diameter 
with growth of more than 5 mm on serial radiological imaging. One patient had not 
undergone surgical removal yet because ventricular dilatation remained stable de-
spite growth of SGCT (7). Shepherd et al used clinical and radiological evidence in 
three patients who had died of a brain tumor without available histological material 
(11). In the population-based study of Webb et al nine patients with symptomatic 
SGCT were identified; five had successful tumor resection and four died during fol-
low-up (9). The pooled estimate of the prevalence of SGCT in patients with TSC 
found in the seven studies using mainly histopathological evidence to diagnose 
SGCT was 0.09 (95% CI: 0.07, 0.12). This is a significantly lower prevalence than in 
the group of patients diagnosed by radiological criteria of SGCT (0.09 versus 0.16). 



I M A G I N G  I N  T U B E R O U S  S C L E R O S I S  C O M P L E X  

 64 

Ta
bl

e 
1a

. S
um

m
ar

y 
ta

bl
e 

of
 s

tu
di

es
 r

ep
or

tin
g 

pr
ev

al
en

ce
 o

f s
ub

ep
en

dy
m

al
 g

ia
nt

 c
el

l t
um

or
s 

in
 p

at
ie

nt
s 

w
ith

 tu
be

ro
us

 s
cl

er
os

is 
co

m
pl

ex
 u

sin
g 

ra
di

ol
og

ic
al

 p
ro

of
 to

 d
ia

gn
os

e 
SG

CT
 

Re
fe

re
nc

e 
Ye

ar
 o

f 
Pu

bl
ic

at
io

n 
St

ud
y 

Lo
ca

tio
n 

St
ud

y 
Pe

rio
d 

N
um

be
r o

f T
SC

- 
pa

tie
nt

s t
ot

al
 (m

al
e)

 
St

ud
y 

Po
pu

la
tio

n 
N

um
be

r o
f S

GC
T-

pa
tie

nt
s t

ot
al

 (m
al

e)
 

SG
CT

-p
at

ie
nt

s 
m

ea
n 

ag
e 

(r
an

ge
) 

Pr
ev

al
en

ce
 o

f 
SG

CT
 in

 T
SC

 
Ad

ria
en

se
n 

et
 a

la  
20

08
 

N
et

he
rla

nd
s 

19
96

–2
00

7 
21

4 
(1

05
) 

A&
P 

43
 (2

3)
 

31
y 

(1
6y

-5
8y

) 
0.

20
 

M
en

or
 e

t a
l 

19
92

 
Sp

ai
n 

n.
r.b  

 2
7 

(1
5)

 
P 

 5
 (n

.r.
) 

n.
r. 

(5
m

-1
3y

) 
0.

19
 

Al
tm

an
 e

t a
l 

19
88

 
M

ia
m

i, 
U

SA
 

19
80

–1
98

7 
 2

6 
(1

3)
 

A&
P 

 3
 (n

.r.
) 

n.
r. 

0.
12

 
Ki

ng
sle

y 
et

 a
l 

19
86

 
Lo

nd
on

c 
&

To
ro

nt
o 

19
74

-n
.r.

 
11

0 
(n

.r.
) 

P 
15

 (n
.r.

) 
n.

r. 
(3

y6
m

-1
9y

) 
0.

14
 

Le
e 

et
 a

l 
19

78
 

Lo
nd

on
d &

N
ew

 Y
or

k 
n.

r. 
 6

2 
(n

.r.
) 

Ae &
P 

 6
 (n

.r.
) 

n.
r. 

0.
10

 
 Po

ol
ed

 e
st

im
at

e 
(9

5%
 c

on
fid

en
ce

 in
te

rv
al

): 
 

 
 

 
0.

16
 (0

.1
2,

0.
21

)

A 
= 

ad
ul

t p
op

ul
at

io
n;

 m
 =

 m
on

th
s;

 n
.r.

 =
 n

ot
 re

po
rt

ed
; P

 =
 p

ed
ia

tr
ic

 p
op

ul
at

io
n;

 S
GC

T 
= 

su
be

pe
nd

ym
al

 g
ia

nt
 c

el
l t

um
or

; T
SC

 =
 tu

be
ro

us
 sc

le
ro

sis
 c

om
pl

ex
; y

 =
 y

ea
rs

; a  P
re

se
nt

ed
 

at
 th

e 
Eu

ro
pe

an
 C

on
gr

es
s 

of
 R

ad
io

lo
gy

 2
00

8,
 V

ie
nn

a,
 A

us
tr

ia
, M

ar
ch

 2
00

8;
 E

ur
op

ea
n 

Ra
di

ol
og

y,
 V

ol
um

e 
18

, S
up

pl
em

en
t 1

, F
eb

ru
ar

y 
20

08
, C

-7
59

; b  C
T,

 M
RI

 a
nd

 n
eu

ro
lo

gi
ca

l 
fe

at
ur

es
 o

f 2
7 

ch
ild

re
n 

w
ith

 T
SC

 w
er

e 
pr

os
pe

ct
iv

el
y 

co
m

pa
re

d.
 F

ol
lo

w
-u

p 
ov

er
 5

 y
ea

rs
 w

ith
 C

T 
w

as
 a

va
ila

bl
e 

in
 1

7 
ch

ild
re

n.
; c  G

re
at

 O
rm

on
d 

St
re

et
 H

os
pi

ta
l.;

 d  S
t. 

Ba
rt

ho
lo

-
m

ew
’s

 H
os

pi
ta

l; 
e  R

ep
or

te
d 

ag
e 

ca
te

go
rie

s r
an

ge
 fr

om
 6

 m
on

th
s t

o 
m

or
e 

th
an

 1
2 

ye
ar

s.
 

  Ta
bl

e 
1b

. S
um

m
ar

y 
ta

bl
e 

of
 st

ud
ie

s r
ep

or
tin

g 
pr

ev
al

en
ce

 o
f s

ub
ep

en
dy

m
al

 g
ia

nt
 c

el
l t

um
or

s i
n 

pa
tie

nt
s w

ith
 tu

be
ro

us
 sc

le
ro

sis
 c

om
pl

ex
 u

sin
g 

m
ai

nl
y 

hi
st

op
at

ho
lo

gi
ca

l p
ro

of
 to

 
di

ag
no

se
 S

GC
T 

Re
fe

re
nc

e 
Ye

ar
 o

f 
Pu

bl
ic

at
io

n 
St

ud
y 

Lo
ca

tio
n 

St
ud

y 
Pe

rio
d 

N
um

be
r o

f T
SC

- 
pa

tie
nt

s t
ot

al
 (m

al
e)

 
St

ud
y 

Po
pu

la
tio

n 
N

um
be

r o
f S

GC
T-

pa
tie

nt
s t

ot
al

 (m
al

e)
 

SG
CT

-p
at

ie
nt

s 
m

ea
n 

ag
e 

(r
an

ge
) 

Pr
ev

al
en

ce
 o

f 
SG

CT
 in

 T
SC

 
Go

h 
et

 a
l 

20
04

 
Bo

st
on

, U
SA

 
20

01
–2

00
3 

13
4 

(n
.r.

) 
A&

P 
11

 (6
) 

11
y 

(3
y-

20
y)

 
0.

08
 

Cu
cc

ia
 e

t a
l 

20
03

 
Ar

ge
nt

in
a 

19
88

–2
00

0 
10

5 
(n

.r.
) 

P 
15

 (9
) 

11
y 

(4
y7

m
-1

9y
) 

0.
14

 

N
ab

bo
ut

 e
t a

l 
19

99
 

Fr
an

ce
 

19
87

–1
99

6 
 6

0 
(2

8)
 

P 
 8

 (3
) 

2y
 (2

m
-7

y)
 

0.
13

 
To

rr
es

 e
t a

la  
19

98
 

Da
lla

s,
 U

SA
 

19
89

–1
99

6 
 7

2 
(n

.r.
) 

P 
 8

 (3
) 

10
y 

(3
y-

16
y)

 
0.

11
 

W
eb

b 
et

 a
l 

19
96

 
So

ut
h 

of
 E

ng
la

nd
 

19
68

–1
99

0b  
13

1 
(6

4)
 

A&
P 

 9
 (3

) 
24

y 
(1

3y
-3

9y
) 

0.
07

 
Sh

ep
he

rd
 e

t a
l 

19
91

 
M

ay
o 

Cl
in

ic
, U

SA
 

19
50

–1
98

9 
34

5 
(1

84
) 

A&
P 

21
 (1

1)
 

13
y 

(1
y-

31
y)

 
0.

06
 

M
cM

ur
do

 e
t a

l 
19

87
 

Sa
n 

Fr
an

ci
sc

o,
 U

SA
 

n.
r. 

 1
5 

(8
) 

P 
 1

 (n
.r.

) 
n.

r. 
0.

07
 

 
Po

ol
ed

 e
st

im
at

e 
(9

5%
 c

on
fid

en
ce

 in
te

rv
al

): 
 

 
 

 
0.

09
 (0

.0
7,

0.
12

)

A 
= 

ad
ul

t p
op

ul
at

io
n;

 m
 =

 m
on

th
s;

 n
.r.

 =
 n

ot
 r

ep
or

te
d;

 P
 =

 p
ed

ia
tr

ic
 p

op
ul

at
io

n;
 S

GC
T 

= 
su

be
pe

nd
ym

al
 g

ia
nt

 c
el

l t
um

or
; T

SC
 =

 tu
be

ro
us

 s
cl

er
os

is 
co

m
pl

ex
; y

 =
 y

ea
rs

; a  S
tu

dy
 

re
po

rt
s 

on
 1

9 
pa

tie
nt

s 
w

ith
 S

GC
T 

an
d 

TS
C.

 E
ig

ht
 a

sy
m

pt
om

at
ic

 c
as

es
 w

er
e 

id
en

tif
ie

d 
in

 7
2 

pa
tie

nt
s 

le
ss

 th
an

 1
8 

ye
ar

s 
w

ho
 w

er
e 

en
ro

lle
d 

in
 a

 s
ur

ve
ill

an
ce

 p
ro

gr
am

; b  A
ll 

13
1 

TS
C-

pa
tie

nt
s w

er
e 

al
iv

e 
on

 th
e 

ce
ns

us
 d

at
e 

31
st

 A
ug

us
t 1

98
6.

 



C H A P T E R  7  |  P R E V A L E N C E  O F  S U B E P E N D Y M A L  G I A N T  C E L L  T U M O R S  

 65 

Discussion 

In the English language literature the reported prevalence of SGCT in TSC varies 
from 6% to 19% (5–14). Purpose of this study was to re-investigate the prevalence 
of SGCT in patients with TSC, including new data from a large Dutch cohort that is 
extensively evaluated by radiological imaging. 
 
Our institution is a national referral center for patients with TSC. Diagnosis of TSC is 
based on the criteria defined by the consensus conference in 1998 (4). In our retro-
spective cross-sectional cohort study we found radiological evidence of SGCT - de-
fined as a markedly enhancing lesion near the foramen of Monroe on contrast-
enhanced CT scan of the brain - .in 43 out of 214 patients (20%). A meta-analysis of 
the reported prevalence and our current study using the binomial distribution of 
meta-analysis by Hamza et al (16) showed that studies using radiological evidence 
to diagnose SGCT gave a higher pooled estimate of the prevalence of SGCT in TSC 
(0.16; 95% CI: 0.12, 0.21) than studies using mainly histopathological evidence to 
diagnose SGCT (0.09; 95% CI: 0.07, 0.12). 
 
Subependymal giant cell tumors is one of the three major features within the cen-
tral nervous system in the diagnostic criteria for TSC. Subependymal nodules (SEN) 
and cortical tubers are the others. The difference between SEN and SGCT is not 
always clear. Histopathologically, SEN and SGCT are even described as indistinguish-
able (5;11). Both lesions are of mixed glioneuronal lineage and contain giant cells. 
Different radiological criteria have been used in an attempt to distinguish SEN from 
SGCT. For a yet unknown reason, SGCT almost exclusively occur near the foramen of 
Monroe. Growth of the lesion, development of hydrocephalus in the presence of an 
obstructive lesion, development of papilledema as a sign of increased intracranial 
pressure, or focal neurological deficits attributable to the lesion are considered 
indications for surgical resection. 
 
No consensus about the radiological signs used as evidence for SGCT has been 
reached yet. Definitions in the literature vary from any enhancing subependymal 
lesion in the brain of TSC patients (18) to only markedly enhancing lesions that are 
located near the foramen of Monroe (15). In our own cohort we have adopted the 
more conservative approach of only including markedly enhancing lesions near the 
foramen of Monroe on CT. 
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Natural history of SGCT is still not fully elucidated (19). Therefore, the exact surgical 
timing is still controversial. According to Torres et al, the growth of SEN and SGCT 
peaks at puberty, and stops by the end of the third decade of life (20). In most stud-
ies, the reported mean age of TSC-patients with SGCT was below 18 years (Table 1). 
Only the population-based study of Webb et al in the South of England reported a 
mean age of 24 years (9). In our study the mean age was 31 years, and the age of 
TSC-patients with complicating hydrocephalus ranged from 21 to 43 years. Compli-
cating hydrocephalus was present in 6 out of 43 TSC-patients with SGCT (14%). This 
could still be an underestimation of the complication rate due to SGCT in TSC-
patients as the compliance of the subependymal brain tissue might be altered ex-
plaining the occurrence of increased intracranial pressure in some TSC-patients with 
SGCT without radiological signs of hydrocephalus (5). 
 
The prevalence of SGCT in TSC in studies that used histopathological evidence varied 
from 0.06 to 0.14. The prevalence of SGCT in TSC in studies that used radiological 
evidence including our cohort study varied from 0.10 to 0.20. It can be assumed that 
the studies with histopathological evidence selected the more severe cases as these 
patients underwent biopsy sampling, surgical resection, or autopsy, which could 
explain the lower prevalence of SGCT in this group. A similar trend was reported in a 
population-based study in Wessex (18) that appears to be partially based on the 
same population as the study reported by Webb et al (9). O’Callaghan et al reported 
symptomatic SGCT in 20 out of 179 TSC-patients (5.6%). However, cranial MR imag-
ing in 41 asymptomatic TSC-patients from the same population showed radiologic 
evidence of SGCT much more frequently: SGCT was seen in 17% to 59% of patients 
depending upon the radiological criterion used (18). 
 
A limitation of our retrospective cross-sectional cohort, inherent to the retrospec-
tive nature of the study, is that we did not have a contrast-enhanced CT scan of the 
brain available for every patient with TSC followed in our hospital. However, com-
pared with the studies reported in the English language literature, our cohort is still 
the second largest and the largest using radiological evidence. 

Subependymal giant cell tumors are potentially lethal and have been shown to 
be responsible for 25% of the excess mortality due to TSC (21). Therefore, a long-
term follow-up in a large population-based cohort of patients with TSC would be 
necessary to study the natural history of SGCT into adulthood in order to identify 
the necessity and optimal frequency of cranial imaging in TSC-patients. Currently, 
the advice ranges from no cranial imaging to screen for SGCT in asymptomatic indi-
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viduals with TSC (18) to yearly cranial imaging in TSC-patients with SENs and SGCTs 
with shortening of the imaging interval in case of progression of the lesion on imag-
ing (22). 
 
Two other imaging criteria used in an attempt to differentiate SEN from SGCT are 
growth of the lesion on serial imaging, and a diameter size equal or more than 1cm. 
Inherent to our cross-sectional study design, growth of all detected SGCT on serial 
imaging could not be confirmed. In our cohort, 22 out of 214 patients (10.3%) al-
ready had a markedly enhancing lesion near the foramen of Monroe measuring at 
least 1cm in maximum axial diameter. Imaging follow-up of our cohort will be per-
formed. 
 
Our meta-analysis was, of course, limited by the originally reported data and the 
lack of standardization. To reduce the effect of different interpretation of reported 
data, two researchers independently extracted the data. Lack of standardization 
was due to changing diagnostic criteria for TSC over time with study periods varying 
from 1950 to 2007, and due to lack of a clear definition of SGCT. Furthermore, lack 
of common reporting standards resulted in missing data (Table 1). 
 
In summary the objective of this study was to investigate the prevalence of SGCT in 
patients with TSC. In our retrospective cross-sectional study in a large cohort of TSC 
patients, radiological evidence of SGCT was found in 43 of 214 included patients 
(20%). A meta-analysis of the reported prevalence in the English language literature, 
and our current study showed that the prevalence of SGCT in TSC is higher in studies 
using radiological evidence to diagnose SGCT (0.16; 95% CI: 0.12, 0.21) than in stud-
ies using mainly histopathological evidence (0.09; 95% CI: 0.07, 0.12). This suggests 
that the prevalence of subependymal giant cell tumors in patients with tuberous 
sclerosis complex is higher than clinically expected, which implies that the propor-
tion of patients that are at risk for developing complications due to SGCT is underes-
timated based on clinical criteria alone. 
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Tuberous sclerosis complex 

Tuberous sclerosis complex (TSC) is an inheritable multiorgan disease. It is an auto-
somal-dominant neuro-cutaneous disorder characterized by tumor-like malforma-
tions involving many organ systems including brain, lungs, heart, kidneys and skin. 
The classical diagnostic triad of seizures, mental retardation, and facial angiofibro-
mas occurs in less than half of the patients as expression and severity of the disease 
show substantial variation within as well as between families. Therefore, a clinical 
scoring system was developed. The current clinical diagnostic criteria for TSC are 
divided into major features and minor features. No single diagnostic feature is con-
sidered pathognomonic for TSC anymore. The diagnosis of definite TSC requires the 
presence of two major features, or of one major and two minor features. Major 
features are facial angiofibromas or forehead plaques, shagreen patch, three or 
more hypomelanotic macules, nontraumatic (peri)ungual fibromas, lymphangi-
oleiomyomatosis, renal angiomyolipoma, cardiac rhabdomyoma, multiple retinal 
nodular hamartomas, cortical tuber, subependymal nodules, and subependymal 
giant cell astrocytomas. The list of minor features includes less specific findings and 
less substantiated signs. 

Imaging in tuberous sclerosis complex 

Since 1995, the University Medical Center Utrecht is a nationwide referral center for 
patients with TSC. According to national and international guidelines patients with 
TSC undergo regular imaging at our radiology department. 
 
Aim of this thesis was to initiate a systematic evaluation of imaging in patients with 
TSC followed at our institution. This thesis focused on imaging of the heart, the 
lungs and the brain. 

Heart 
There is a discrepancy between the Dutch national TSC guidelines and the interna-
tional recommendations for diagnostic evaluation in TSC. While the first recom-
mend at least one echocardiogram in all patients to screen for cardiac rhabdomyo-
mas irrespective of the presence of cardiac clinical symptoms, the international 
consensus guidelines recommend echocardiography only for a selected group of 
patients dependent on the presence of cardiac symptoms or the need to confirm 
cardiac lesions for diagnostic purposes. Therefore, in a retrospective study we as-
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sessed the frequency of abnormal echocardiographic findings in a cohort of 56 pa-
tients with known TSC referred to our cardiology department for screening echo-
cardiography (Chapter 2). Abnormal findings were seen in about one third of pa-
tients. The most common abnormal findings were focal areas of increased intra-
myocardial echogenicity seen in 16 out of 56 patients (29%). Clinical consequence of 
this finding is still unknown. 
 
During routine evaluation of abdominal CT studies obtained for evaluation of renal 
angiomyolipomas, we noted abnormal fatty foci in the caudal portions of the heart 
of these patients. In a case-control study, we examined the morphologic character-
istics at CT of such focal fatty foci in the myocardium of patients known to have TSC 
(Chapter 3). Despite incomplete depiction of the heart with CT and the absence of 
electrocardiographic gating, the majority of patients with TSC (35 (64%) of 55 pa-
tients) demonstrated well-circumscribed foci of fat attenuation in the myocardium 
that were not present in age- and sex-matched control subjects. In comparison to 
the known causes of fat in the myocardium (ie epicardial fat deposits, old myocar-
dial infarctions, arrhythmogenic right ventricular dysplasia, normal right ventricular 
fat, hemangiomas, and liposarcomas), the fatty foci in patients with TSC appear to 
have unique CT characteristics consisting of a combination of focality, well-
circumscribed form, location into the mid myocardium, pure fat density, absence of 
enhancement, and absence of invasive behavior. On MR these fatty foci show the 
signal intensity of fat (Chapter 4). On echocardiography fatty foci can be seen as 
areas of increased echogenicity (Chapter 2). 
 
Subsequently, we investigated in a retrospective study if areas of abnormal myocar-
dium in patients with TSC could also be found in post mortem specimen (Chapter 5). 
Indeed, two specimens (50%) out of four included specimens of the heart did show 
areas of mature fat cells in the myocardium, without associated inflammation, 
without associated fibrosis, without entrapped myocardial cells, and without a cap-
sule which seem to be unique for TSC. 
 
Adding these fatty foci in the myocardium seen on echocardiography, CT, MR and 
histopathology to the list of major features of TSC may be considered in the future.  

Lungs 
Lymphangioleiomyomatosis (LAM) is characterized by diffusely distributed pulmo-
nary thin-walled cysts with intervening normal lung parenchyma. According to the 
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literature almost all patients are female. In daily practice we noted male patients 
with thin-walled cysts in the basal portions of the lungs depicted at abdominal CT 
scans. Therefore, in a cross-sectional study we reviewed the most recent CT scan of 
the lung bases for radiologic evidence of LAM in a cohort of 186 included adult pa-
tients with known TSC (Chapter 6). Our study demonstrated pulmonary thin-walled 
cysts with intervening normal lung parenchyma in the lung bases in 28% of adult 
TSC-patients (52 out of 186 patients). Gender specific prevalence was 0.42 in female 
(40 out of 95 women) and 0.13 in male TSC-patients (12 out of 91 men).  

Brain 
In the literature the reported prevalence of subependymal giant cell tumors (SGCT) 
in TSC varied from 0.06 to 0.19. In a cross-sectional study we reviewed the most 
recent contrast-enhanced CT scan of the brain for radiologic signs of SGCT i.e. a 
markedly enhancing lesion near the foramen of Monroe in a cohort of 214 included 
patients with known TSC (Chapter 7). Our study demonstrated radiologic evidence 
of SGCT in 20% of TSC-patients (43 out of 214 patients). Gender specific prevalence 
was 0.18 in female (20 out of 109 women) and 0.22 in male TSC-patients (23 out of 
105 men). 

In addition, a meta-analysis of the reported prevalence in the English language 
literature, and our own study was performed (Chapter 7). The resulting pooled es-
timate of the prevalence of SGCT in patients with TSC was 0.11 (95% CI:0.09, 0.14). 
The prevalence of SGCT in TSC was higher in studies using radiologic evidence to 
diagnose SGCT (0.16; 95% CI: 0.12, 0.21) than in studies using mainly histopa-
thologic evidence (0.09; 95% CI:0.07, 0.12).  
 
 



S A M E N V A T T I N G  

 73 

Tubereuze sclerose complex 

Tubereuze sclerose complex (TSC) is een erfelijke multiorgaanaandoening. Het is 
een autosomaal dominant erfelijke, neurocutane aandoening gekenmerkt door 
tumorachtige malformaties in veel organen waaronder de hersenen, de longen, het 
hart, de nieren en de huid. De klassieke diagnostische triade van epilepsie, mentale 
retardatie en faciale angiofibromen treedt op in minder dan de helft van het aantal 
patiënten, omdat de expressie en ernst van de aandoening erg varieert zowel bin-
nen als tussen families. Daarom zijn er klinische diagnostische criteria voor de dia-
gnose TSC ontwikkeld. De huidige diagnostische criteria voor TSC worden onderver-
deeld in majeure en mineure criteria. Geen enkel diagnostisch criterium wordt als 
pathognomonisch beschouwd voor TSC. De diagnose “definitief TSC” vereist de 
aanwezigheid van 2 majeure criteria danwel 1 majeur criterium en twee mineure 
criteria. Majeure criteria zijn faciale angiofibromen of voorhoofdplaque, peau de 
chagrin (bindweefselnaevus), drie of meer hypomelanotische maculae, niet trauma-
tische (sub)unguaal of periunguaal fibroom, lymfangioleiomyomatosis van de lon-
gen, angiomyolipomen van de nieren, cardiaal rabdomyoom, multipele retinale 
nodulaire hamartomen, corticale tubers in de hersenen en subependymale reusce-
lastrocytomen. De lijst met mineure criteria bestaat uit minder specifieke bevindin-
gen.  

Beeldvorming bij tubereuze sclerose complex 

Sinds 1995 is het Universitair Medisch Centrum Utrecht een nationaal verwijscen-
trum voor patiënten met TSC. Volgens nationale en internationale richtlijnen onder-
gaan patiënten met TSC regelmatig beeldvorming op onze afdeling radiologie. 
 
Doel van dit proefschrift was om een begin te maken met de systematische evalua-
tie van de beeldvorming van patiënten met TSC die gevolgd worden in ons centrum. 
Dit proefschrift focust op de beeldvorming van het hart, de longen en de hersenen. 

Hart 
Er bestaat een discrepantie tussen de Nederlandse nationale TSC richtlijnen en de 
internationale aanbevelingen voor de diagnostische evaluatie bij TSC: terwijl de 
eerste op zijn minst 1 echocardiogram aanbeveelt om te screenen voor rabdomyo-
men onafhankelijk van de aanwezigheid van cardiale klachten, beveelt de internati-
onale consensus-richtlijn alleen echocardiografie aan voor een selecte groep patiën-
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ten indien er sprake is van cardiale symptomen danwel de behoefte bestaat om 
cardiale lesies te bevestigen voor diagnostische doeleinden. Daarom hebben we in 
een retrospective studie de frequentie van abnormale echocardiografische bevin-
dingen onderzocht in een cohort van 56 patiënten met TSC die verwezen waren 
naar onze cardiologie-afdeling voor een screeningsechocardiogram (Hoofdstuk 2). 
Ongeveer een derde van de patiënten had abnormale bevindingen op het scree-
ningsechocardiogram. De meest voorkomende abnormale bevinding waren focale 
gebieden met een verhoogde echogeniciteit gelegen in het myocardium die gezien 
werden in 16 van de 56 patiënten (29%). De klinische consequentie van deze bevin-
ding is nog onbekend. 
 
Tijdens de routinebeoordeling van abdominale CT-onderzoeken vervaardigd ter 
evaluatie van renale angiomyolipomen, zagen we abnormale vettige foci in het 
afgebeelde caudale deel van het hart van deze patiënten. In een patiënt-controle-
onderzoek bestudeerden we de morfologische kenmerken op CT van deze focale 
vettige foci in het myocardium van patiënten met TSC (Hoofdstuk 3). Ondanks de 
incomplete afbeelding van het hart met CT en de afwezigheid van electrocardiogra-
fische sturing, had de meerderheid van de patiënten met TSC (35 (64%) van 55 pati-
enten) wel omschreven foci met vetattenuatie in het myocardium die niet aanwezig 
waren in een voor leeftijd en geslacht overeenkomende controlegroep. In vergelij-
king met de bekende oorzaken van vet in het myocardium (i.e. epicardiale vetdeposi-
ties, oud hartinfarct, aritmogene rechter-ventrikeldysplasie, hemangiomen en lipo-
sarcomen) lijken de vettige foci bij patiënten met TSC unieke CT-kenmerken te heb-
ben die bestaan uit een combinatie van focaliteit, welomschrevenheid, lokatie tot in 
het midmyocardium, pure vetdensiteit, afwezigheid van aankleuring en afwezigheid 
van invasief gedrag. Op MR tonen deze vettige foci de signaalintensiteit van vet 
(Hoofdstuk 4). Op echocardiografie worden vettige foci weergegeven als gebieden 
met een verhoogde echogeniciteit (Hoofdstuk 2). 
 
Aansluitend hebben we in een retrospectieve studie onderzocht of gebieden met 
afwijkend myocardium ook aanwezig waren in post-mortemspecimen van patiënten 
met TSC (Hoofdstuk 5). Inderdaad toonden twee speciment (50%) van de vier geïn-
cludeerde specimen gebieden met mature vetcellen, zonder geassocieerde inflam-
matie, zonder geassocieerde fibrose, zonder ingesloten myocyten en zonder een 
kapsel die uniek lijken te zijn voor TSC. 
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Het toevoegen aan de lijst van majeure criteria voor TSC van deze vettige foci in het 
myocardium die te zien zijn op echocardiografie, CT, MR en histopathologie zou 
overwogen moeten worden. 

Longen 
Lymfangioleiomyomatosis (LAM) van de longen wordt gekenmerkt door diffuus 
verspreide, dunwandige, pulmonale cysten met normaal tussenliggend longparen-
chym. Volgens de literatuur zijn bijna al deze patiënten van het vrouwelijke ge-
slacht. In de dagelijkse praktijk zagen we mannelijke patiënten met dunwandige 
cysten in het afgebeelde basale deel van de longen op abdominale CT scans. Daar-
om hebben we in een dwarsdoorsnede-onderzoek de meest recente CT-scan van de 
basale longvelden beoordeeld op de aanwezigheid van radiologisch bewijs voor 
LAM in een cohort van 186 geïncludeerde volwassen patiënten met TSC (Hoofdstuk 
6). Onze studie toonde pulmonale cysten met normaal tussenliggend longparen-
chym in de basale longvelden bij 28% van de volwassen TSC-patiënten (52 van de 
186 patiënten). Gender-specifieke prevalentie was 0.42 bij vrouwelijke (40 van de 
95 vrouwen) en 0.13 bij mannelijke TSC-patiënten (12 van de 91 mannen). 

Hersenen 
De in de literatuur gerapporteerde prevalentie van subependymale reusceltumoren 
(SGCT) in TSC varieert van 0.06 tot 0.19. In een dwarsdoorsnede-onderzoek beoor-
deelden we de meest recente CT-scan van de hersenen gescand na toediening van 
intraveus contrast op de aanwezigheid van radiologisch bewijs voor SGCT (i.e. een 
fors aankleurende lesie naast het foramen van Monroe) in een cohort van 214 geïn-
cludeerde patiënten met TSC (Hoofdstuk 7). Onze studie toonde radiologisch bewijs 
voor SGCT bij 20% van de TSC-patiënten (43 van de 214 patiënten). Gender-
specifieke prevalentie 0.18 bij vrouwelijke (20 van de 109 vrouwen) en 0.22 bij de 
mannelijke TSC-patiënten (23 van de 105 mannen). 

Aanvullend hebben we een meta-analyse verricht met de in de Engelstalige lite-
ratuur gerapporteerde prevalenties en onze eigen studieresultaten (Hoofdstuk 7). 
De resulterende gepoolde schatting van de prevalentie van SGCT in patiënten met 
TSC was 0.11 (95% BI:0.09, 0.14). De prevalentie van SGCT in TSC was hoger in stu-
dies die radiologisch bewijs gebruikten voor het vaststellen van de diagnose SGCT 
(0.16; 95% CI: 0.12, 0.21) dan in studies die voornamelijk histopathologisch bewijs 
gebruikten (0.09; 95% CI:0.07, 0.12). 
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The birth incidence of TSC is approximately one in 5,000 to 10,000 live births (1). 
However, the true birth incidence is still not known due to the possibility of undiag-
nosed individuals who are only mildly affected or asymptomatic (2;3). Besides the 
true birth incidence of TSC, also the natural history, life expectancy, and causes of 
death in TSC are still not fully elucidated (4). A long-term follow-up in a large popu-
lation-based cohort of patients with TSC with extensive data collection would be 
ideal to study the natural history of TSC. 

In this thesis, a start was made with the systematic evaluation of imaging in pa-
tients with TSC followed at our institution. We performed cross-sectional studies to 
report the prevalence of radiologic evidence of LAM and SGCT in patients with TSC. 
Inherent to our cross-sectional study designs, complication rate of recurrent pneu-
mothoraces, recurrent chylothoraces or respiratory failure with the need for trans-
plantation in TSC-patients with radiologic evidence of LAM, and complication rate of 
growth of SGCT leading to increased intracranial pressure, obstructive hydrocepha-
lus, focal neurological deficits or death in TSC-patients with radiologic evidence of 
SGCT could not be assessed. Serial imaging and clinical follow-up are necessary to 
answer these questions. 

Optimal frequency of radiologic imaging in patients with TSC is still under dis-
cussion. Correlating genotype, phenotype, severity of disease, and imaging findings 
might identify specific subgroups and lead to optimized radiologic imaging follow-up 
protocols. 

On echocardiography, CT, MR, and histopathology we described fatty foci in the 
myocardium of patients with TSC which seem to be unique for TSC. Because of its 
potential diagnostic value awareness amongst cardiologists, pathologists and radi-
ologists should be raised to look for other features of TSC should they encounter 
these fatty foci in daily practice. The prognostic value of these fatty foci is still un-
known. 
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