
S. Keith McMurdo, Jr.1.2 
Sheila G. Moore 1 

Michael Brant -Zawadzki1
. 3 

Bruce O. Berg4 

Thomas Koch4 
Thomas H. Newton 1 

Michael S. B. Edwards5 

This article appears in the January/February 
1987 issue of AJNR and the April 1987 issue of 
AJR. 

Received May 6, 1986; accepted after revision 
July 9, 1986. 

Presented at the annual meeting of the American 
Society of Neuroradiology, San Diego, January 
1986. 

'Department of Radiology, University of Califor
nia School of Medicine, San Francisco, CA 94143. 

2Present address: Department of Radiology, Tri
pier Army Medical Center, Hawaii 96859-5000. Ad
dress reprint requests to S. K. McMurdo. 

3Present address: Newport Harbor Radiology 
Associates-Hoag Memorial Hospital , 355 Placen
tia, Suite 207 , Newport Beach, CA 92663. 

'Department of Neurology and Pediatrics , Uni
versity of California School of Medicine, San Fran
cisco, CA 94143. 

5Department of Neurosurgery and Pediatrics, 
University of California School of Medicine, San 
Francisco, CA 94143. 

AJNR 8:77-82, January/February 1987 
0195- 6108/87/0801-0077 
© American Society of Neuroradiology 

MR Imaging of Intracranial 
Tuberous Sclerosis 

77 

The role of MR in evaluating tuberous sclerosis is reviewed in 15 patients. These 
studies were compared with CT scans, which were available in 14 patients. Four 
characteristic findings were noted on the MR images obtained. Subependymal nodules 
projecting into the lateral ventricles were seen in 12 of 15 patients on T1-weighted 
images. This was the most specific finding. Distortion of the normal cortical architecture 
was seen in 10 of 11 patients in whom T1 -weighted images were obtained using a 256 
x 256 matrix. These foci corresponded to multiple cortical areas of increased signal on 
T2-weighted images. Dilated ventricles were seen in five patients. In one patient, a 
known astrocytoma showed increased signal on the T2-weighted images, allowing 
differentiation from a benign subependymal nodule. MR depicted the cortical hamarto
mas more completely than did CT. The MR scans were abnormal in all cases, and a 
diagnosis could be confidently made in all 11 cases scanned using a 256 x 256 matrix. 
Our preliminary experience suggests that MR will at least equal and probably exceed 
CT, both for sensitivity and specificity, given the use of a 256 x 256 matrix. 

Tuberous sclerosis (TS) was first described by von Recklinghausen in 1862 [1] . 
In 1880, Bourneville described the neurologic and gross pathologic findings, and 
coined the term "tuberous sclerosis of the cerebral convolutions" [1] . It wasn't until 
1908, when Heinrich Vogt recognized the association of the facial adenoma 
sebaceum and the cerebral lesions described by Bourneville, that the diagnosis of 
TS was made during a patient's life (later confirmed by autopsy) [1]. 

For many years, the radiographic diagnosis of cerebral lesions in TS relied on 
plain-film radiography of the skull or pneumoencephalography. CT was a vast 
improvement, showing intracranial abnormalities in 87% of patients [2]. The clinical 
importance of diagnosis in these patients is threefold: first , it ends the need for 
further intensive work-up to diagnose the cause of a seizure disorder; second, it 
establishes the need to closely follow the patient, since characteristic subependy
mal lesions are known to undergo degeneration to malignant giant cell astrocytoma; 
and third, it suggests the desirability of genetic counseling, given the dominant 
inheritance factor of this disease. 

MR has been shown to be more sensitive than CT in detecting many disease 
entities. In addition, it does not require intravenous contrast agents and is therefore 
less invasive than CT. To investigate the possibility that MR would be useful in 
evaluating patients with TS and to define the characteristic MR findings and role 
of MR in the evaluation and follow-up of patients with TS, we undertook a 
retrospective study of patients with TS imaged by MR. 

Subjects and Methods 

The MR scans of 15 patients (8 male and 7 female) with the clinical diagnosis of TS were 
reviewed . The youngest patient was 3 months old; the oldest was 17 years old . In 14 patients 
the MR images were acquired using a 0.35-T superconducting magnet. The images from one 
patient were obtained with a 0.5-T superconducting magnet. The images were acquired using 
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a spin-echo (SE), multi slice, multiecho technique (Tl-weighted im
ages: TR , 500-566 msec; echo time (TE), 28-40 msec; T2-weighted 
images: TR , 1500-2233 msec, TE 60-80 msec]. In 14 patients Tl
weighted sequences were obtained. T2-weighted sequences were 
obtained in all 15 patients. The slice thickness was 10 mm. The MR 
images for the first four patients were obtained using a 256 x 128 
matrix . A 256 x 256 matrix was used for the last 11 patients. CT 
scans were available for 14 of the 15 patients . 

The studies were retrospectively reviewed with specific attention 
to presence and number of subependymal and cortical lesions; ability 
to detect calcification, or alteration of signal intensity indicating malig
nancy within the lesion; cortical architecture; and ventricular size. The 
signal intensity of both subependymal and parenchymal lesions was 
measured, as well as that of normal gray and white matter. In addition , 
a region of interest was drawn for both subependymal and parenchy
mal nodules as well as for that of the normal gray and white matter. 
Tl and T2 relaxation times were calculated when technically possible. 
This was done for nine patients. The calculation of Tl and T2 
relaxation times using this imaging system has been described [3]. 

Results 

There were four characteristic findings seen in our patients 
with TS. The first and most specific finding, multiple subep
endymal nodules, was best appreciated on short TR images 
and was seen in 12 of the 15 patients (Figs. 1 and 2). The 
nodules were seen in all 11 patients in whom scans were 
acquired using a 256 x 256 matrix, but in only one of three 
patients in whom a 256 x 128 matrix was used. The subep
endymal nodules were difficult to detect on the long TR 
images (Fig. 1), where they were relatively isointense when 
compared with gray matter. The T1 relaxation time of these 
subependymal nodules tended to be between those of gray 
and white matter. In most cases there was slight prolongation 
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of the T2 relaxation time in these nodules (up to 15%) 
compared with gray matter (Table 1). As one would expect, 
the presence of calcification in these nodules usually was not 
detected; however, this did not hamper the detection of the 
nodules with MR, when compared with CT (Table 2). In one 
patient, a large, very intense subependymal nodule was ob
served to be distinctly different from the other subependymal 
nodules (see Fig . 4). This high intensity was due to a markedly 
prolonged T2 (Table 1), and the lesion proved to be a gemis
tocytic astrocytoma at surgery. 

The second characteristic finding in our patients was the 
presence of multiple cortical and subcortical foci of increased 
signal intensity seen on T2-weighted images. These cortical 
tubers represented the most sensitive finding, being seen in 
all 15 patients (Figs. 1-4). Some patients had only three or 
four such cortical foci ; however, most had numerous (more 
than eight) ill-defined foci that were difficult to separate from 
one another and therefore could not be precisely quantitated. 
Many of these lesions, easily seen on T2-weighted MR im
ages, could not be detected even retrospectively on the 
corresponding CT images. One such cortical focus in a 
3-month-old male was biopsied . The lesion proved to be a 
hamartoma consistent with TS. 

TABLE 1: Relaxation Times 

Lesion 
Number 

T1 (msec) T2 (msec) Studied 

Subependymal nodule 7 537 ± 96 68 ± 9 
Subependymal astrocytoma 2 1434 ± 33 121 ± 5 
Cortical nodule 10 957 ± 110 70 ± 13 
Normal cortical gray matter 9 848 ± 91 55 ± 13 
Normal white matter 9 487 ± 26 66 ± 11 

Fig. 1.- A, SE 500/30, 256 x 256 matrix. 
Transaxial image shows subependymal nodules 
projecting into lumen of lateral ventricles. 

B, SE 2000/60, 256 x 256 matrix. Transaxial 
image using long TR at same level as in A fails 
to show subependymal nodules. Several cortical 
and subcortical foci of increased signal are seen 
(arrows). 



AJNR:8, January/February 1987 MR OF INTRACRANIAL TUBEROUS SCLEROSIS 79 

D E 

Fig. 2.-A, SE 500/30, 256 x 256 matrix. Transaxial image shows 
enlarged lateral ventricles with subependymal nodules (white arrows) and 
cortical architecture disruption (black arrows). 

B, C, D, SE 200/60, 256 x 256 matrix. Transaxial images show multiple 
cortical foci of increased signal intensity. 

Distortion of the normal cortical architecture was the third 
characteristic finding in our patients, and could be appreciated 
on T1-weighted images in 10 of the 11 patients scanned using 
a 256 x 256 matrix (Fig. 3). In none of the three patients 
scanned using a 256 x 128 matrix could this feature be seen. 
These areas of disrupted cortical architecture corresponded 
to foci of increased signal on T2-weighted images (Fig. 3). 

The fourth characteristic finding, dilated ventricles, was 
seen in five patients. One had a gemistocytic astrocytoma at 
the foramen of Monro (Fig. 4). The other four were not 
associated with an obstructing lesion and were presumably 
secondary to dysplasia. 

We compared high-resolution 256 x 256 matrix images 
obtained in 11 patients with low-resolution 256 x 128 matrix 
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E, Unenhanced transaxial CT image shows multiple calcified subepen
dymal nodules and large calcified cortical lesion. 

F, Unenhanced transaxial CT scan at same level as A shows calcified 
subependymal nodules (arrows) and large calcified cortical lesion that 
corresponds to area of cortical architecture disruption seen in A. 

TABLE 2: Comparison of MR (256 x 256 Matrix) with CT in 
Eight Patients with Tuberous Sclerosis 

Location of Pathology 

Cortical/Subcortical Subependymal 

MR detected a greater 
number of lesions than 
CT 7 cases 3 cases 

MR detected the same 
number of lesions as 
CT 1 case 2 cases 

CT detected a greater 
number of lesions than 
MR None 3 cases 

Total 8 cases 8 cases 
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Fig. 3.-A, Gross anatomic specimen from a patient with tuberous 
sclerosis shows multiple subependymal nodules. There is a large cortical 
tuber posteriorly on left (arrows) that disrupts normal cortical architecture. 
This contrasts with normal cortical architecture in left frontal lobe with 
normal gray-white differentiation. (Reproduced with permission. From Rea
gan T J, Neuropathology. In: Gomez MR, ed. Tuberous sclerosis. New York: 
Raven Press, 1979: p. 73.) 

A 

images obtained in four patients. It was possible to make a 
specific diagnosis of TS in only two of the four patients 
scanned using a 256 x 128 matrix; however, on the basis of 
the constellation of features described above: a specific di
agnosis was possible in all 11 patients scanned using a 256 
x 256 matrix. 

There were eight patients in our series in whom both a 
high-resolution (256 x 256) matrix MR scan and a CT scan 
were obtained within 5 months of each other. These were 
compared and the results are summarized (Table 2). MR 

c 
B, SE 500/30, 256 x 256 matrix. Transaxial image from a different 

patient than in A looks quite similar. There is disruption of normal cortical 
architecture posteriorly on left (arrows). Also shown are subependymal 
nodules. 

C, SE 1500/60, long TR image at same level as B. Large focus of 
increased signal (arrow) corresponds to region of disrupted cortical archi
tecture in B. 

Fig. 4.-A and B, SE 2000/60. Transaxial im
ages in this patient with tuberous sclerosis and 
a gemistocytic astrocytoma show tumor to be 
extremely intense. Multiple cortical foci of in
creased signal are seen (arrows). 

demonstrated a greater number of cortical and subcortical 
lesions in seven of the eight cases. There were no patients in 
whom CT demonstrated more cortical or subcortical lesions 
than MR. MR was found to be equal to CT in the detection 
of subependymal nodules. 

Discussion 

Prior to the development of CT, patients with TS were 
evaluated radiographically by plain skull radiography and 
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Fig. 5.-32-year-old clinically normal woman, with normal CT scan, and her daughter, who has tuberous sclerosis. 
A-C, SE 2000/56, 256 x 128 matrix. Transaxial images at three levels show three areas of increased signal in cortex (arrows). 

pneumoencephalography. CT offered a highly sensitive, non
invasive technique with which to screen these patients, and 
it has become the "gold standard" [4-8] . CT demonstrates 
calcified subependymal nodules well , and allows one to easily 
make the correct diagnosis; but in many patients, it fails to 
demonstrate hemispheric lesions in spite of the presumed 
presence of such lesions in most of these patients. As shown 
in Table 2, MR is more sensitive than CT in demonstrating 
hemispheric lesions. Exactly what these cortical and subcor
tical areas of increased signal seen on MR correspond to 
pathologically is not yet entirely clear, although there is path
ologic correlation in one 3-month-old male in whom a cortical 
lesion was biopsied . This proved to be a cortical hamartoma 
consistent with TS. Figure 3 shows the striking similarity 
between the MR examination of one of our patients and the 
gross anatomic specimen of another patient with TS and a 
large cortical tuber. This correlation suggests that at least 
some, if not all , of the cortical and subcortical abnormalities 
detected by MR do in fact represent tubers. 

However, demyelination has been described in patients 
with TS [9] and may account for some of the foci of high 
signal seen on the long TR sequences. Further proof will be 
difficult to obtain until the brain of a patient with TS who has 
had a premortem MR scan becomes available for pathologic 
examination and correlation . 

Pathologically, the hemispheric lesions are similar to the 
subependymal nodules, although some controversy exists in 
the pathology literature [10, 11]. If the lesions are in fact 
identical (and noncalcified), one would expect the MR signal 
characteristics to be the same. That is not the case. The 
cortical and subcortical lesions tend to be considerably more 
intense on the long TR images than the subependymal nod-

ules (presumably due to increased water content in the hem
ispheric lesions), lending support to the view that the lesions 
are not identical in composition. Alternatively, a partial volume 
effect from the adjacent CSF that surrounds these small 
nodules as they project into the lumen of the lateral ventricles 
could explain the lower signal intensity seen in the subepen
dymal nodules (CSF returns signal equal to or less than that 
from gray matter when patients are imaged on our magnet 
with a TR of 2.0 sec or less). 

Patients with TS have a propensity to develop tumors, 
most commonly giant cell astrocytomas at the foramen of 
Monro [8, 12, 13]. Some advocate routine CT scans every 
2-3 years to detect the development of these tumors (and 
resultant hydrocephalus) as early as possible [8]. Contrast 
enhancement of a lesion on CT is the primary criterion used 
to distinguish a tumor from a benign subependymal nodule. 
We imaged one patient with a tumor at the foramen of Monro 
that was very intense on long TR images (Fig . 4). A possible 
explanation involves the breakdown of the blood-brain barrier. 
This allows contrast enhancement on CT, and should there
fore allow the accumulation of water in the lesion. The in
creased water content of the lesion would result in an intense 
signal of the long TR images, distinctly different from the 
relatively isointense benign subependymal nodule. A larger 
series of TS patients with tumors, particularly giant cell astro
cytomas, will need to be imaged using MR to investigate the 
potential for MR in the differentiation of tumor from benign 
nodules. The common complication of these tumors, hydro
cephalus due to obstruction of the foramina of Monro, should 
be easily differentiated from dysplastic dilated ventricles by 
the presence of periventricular intense signal due to the 
transependymal flow of CSF in the former. 
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There were numerous calcified lesions, both cortical and 
subependymal, as verified by CT in our patients. These cal
cifications must be present in order to diagnose TS by CT. 
Fortunately, CT is extremely sensitive to small calcifications 
and it is not difficult to demonstrate these lesions. MR, on the 
other hand, has been shown to be extremely poor for the 
demonstration of calcifications [14] . However, the inability to 
detect these calcifications by MR in no way hampered our 
ability to make the correct diagnosis of TS. The greater 
number of lesions detected in most patients with the charac
teristic pattern allowed us to make the correct diagnosis with 
confidence. 

Because of the superior sensitivity and lack of ionizing 
radiation, MR should be valuable for screening normal family 
members of patients with TS to detect the presence of the 
unexpressed TS gene for proper genetic counseling. In addi
tion to the 15 patients in our series, we reviewed the MR and 
CT scans of a 34-year-old clinically normal mother of a child 
with TS. The CT scan showed no evidence of TS, but the 
MR scan showed three distinct areas of increased signal in 
the cortex (Fig. 5). Presumably this represents a "forme 
fruste" case of TS. The inability to detect such subclinical 
cases prior to the development of MR may partly account for 
the 50-80% incidence of sporadic cases of TS reported in 
the literature [6, 11]. The true incidence of sporadic cases 
may be much lower. It has been advocated that family mem
bers of patients with TS be imaged by CT for genetic coun
seling purposes [15, 16]. In view of the demonstrated superior 
sensitivity, MR should become the screening imaging tech
nique of choice for genetic counseling . 

In summary, we feel that presence of the four characteristic 
MR findings-(1) multiple subependymal nodules; (2) multiple 
cortical and subcortical areas of high signal intensity on long 
TR sequences; (3) disruption of the cortical architecture; and 
(4) dilated ventricles-is virtually pathognomonic for the MR 
diagnosis of TS. Our preliminary experience suggests that 
MR will at least equal and probably exceed CT, both for 
sensitivity and specificity, given use of a 256 x 256 matrix. 
In view of the lack of ionizing radiation , MR may be the 
preferred method for following these patients and for evalu
ating family members for genetic counseling. 
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