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Enhancing cyst-like lesions of the white matter in tuberous sclerosis
complex: a novel neuroradiological finding
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Abstract
Tuberous sclerosis complex (TSC) is an autosomal dominant condition clinically presenting with heterogenous clinical features.
Multiple neuroradiological manifestations have been associated with TSC, such as tubers, radial migration lines, subependymal
nodules, subependymal giant cell astrocytomas, and cyst-like lesions of the white matter (CLLWMs). The latter have been
described as non-enhancing well-defined cysts whose pathogenesis is still unknown. We describe 2 TSC patients with CLLWM
showing contrast enhancement after Gadolinium injection, a previously unreported entity.
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Abbreviations
TSC Tuberous sclerosis complex
CLLWM Cyst-like lesions of the white matter
CSF Cerebro-spinal fluid
MRI Magnetic resonance imaging
JPA Juvenile pilocytic astrocytoma
DNET Dysembryoplastic neuroepithelial tumor

Introduction

Tuberous sclerosis complex (TSC, MIM 605284) is an auto-
somal dominant condition with an estimated prevalence of
1:600–1:10,000 [1]. It is caused by the mutation of TSC1

and TSC2, two genes involved in cell growth regulation, with
TSC2 mutations being more frequent and are associated with
a more severe phenotype.

Neuroradiological manifestations include tubers, radial mi-
gration lines, subependymal nodules, subependymal giant cell
astrocytomas, and cyst-like lesions of the white matter
(CLLWMs) [2]. The latter occur in 15–44% of TSC patients
have been described as well-defined cysts whose content is
isointense to the cerebrospinal fluid (CSF) without contrast
enhancement [3].

We describe 2 TSC patients with CLLWMs showing con-
trast enhancement. To the best of our knowledge, no other
contrast-enhancing CLLWMs have been reported so far.

* Teresa Perillo
tperillo3@gmail.com

Daniela Melis
dmelis@unisa.it

1 Department of Radiology, “Tortorella” Private Hospital,
Salerno, Italy

2 Department of Advanced Biomedical Sciences, University of Naples
“Federico II”, Via S. Pansini 5, 80131 Naples, Italy

3 Pediatric Neuroradiology, Department of Neuroscience,
Santobono-Pausilipon Children’s Hospital, Naples, Italy

4 Department of Medicine, Surgery and Dentistry “Scuola Medica
Salernitana,” Section of Pediatrics, University of Salerno, Via
Salvador Allende, 43 84081, Baronissi, Salerno, Italy

5 Clinic of Child and Adolescent Neuropsychiatry, Department of
Physical and Mental Health, and Preventive Medicine, University of
Campania “Luigi Vanvitelli”, Naples, Italy

6 Department of Women, Children, and General and Specialized
Surgery, University of Campania “Luigi Vanvitelli”, Naples, Italy

7 Department of Precision Medicine, University of Campania “Luigi
Vanvitelli”, Via Luigi De Crecchio,7, 80138 Naples, Italy

8 Department of Pediatric Neurosurgery, Santobono-Pausilipon
Children’s Hospital, Naples, Italy

https://doi.org/10.1007/s00234-021-02647-5

/ Published online: 22 January 2021

Neuroradiology (2021) 63:971–974

http://crossmark.crossref.org/dialog/?doi=10.1007/s00234-021-02647-5&domain=pdf
http://orcid.org/0000-0002-3840-7637
mailto:tperillo3@gmail.com


Case series

Patient 1 This 13-year-old girl undergoes brain magnetic reso-
nance imaging (MRI) follow-up due to genetically confirmed
T S C ( d e n o v o h e t e r o z y g o u s m u t a t i o n
NM_000548.5(TSC2):c.2639+1G>C falling in the splice donor
site of intron 22). Neurologically, she presented with intellectual
delay and epilepsy.

A CLLWM was present since her first brain MRI, which
was performed at the age of 6.

It was located in the white matter near the frontal horn of
right lateral ventricle. It appeared as a cluster of cysts with
sharp boundaries and a content isointense to the CSF. It was
surrounded by a thin rim of brain tissue isointense to the gray
matter in all sequences and in DWI/ADC. Intense and homo-
geneous peripheral contrast enhancement was evident.

From the first brain MRI up to the last one (which
was performed at the age of 12), the morphological
features, signal, and contrast enhancement characteristics
of the CLLWM have not changed. On the other hand,
its dimensions have slightly decreased (from 11×5mm to
8×4mm) (Fig. 1).

Multiple supratentorial cortical tubers and subependymal
nodules, one subependymal giant cell astrocytoma were
present.

Patient 2 This 12-year-old boy with epilepsy undergoes annu-
al brain MRI follow-up because of genetically confirmed TSC
(de novo heterozygous mutation NM_000548.5(TSC2):c.1839+
1G>A affecting the splice donor site of intron 17).

A CLLWM near the body of the left lateral ventricle was
present since his first brain MRI performed at the age of 9
(Fig. 2). It had a multi-cystic appearance and a fluid content
isointense to the CSF. It was surrounded by white matter of
regular signal intensity and only few of its internal septa
showed intense contrast enhancement.

Its morphological features, signal, and contrast enhance-
ment characteristics have not changed since the first MRI up
to the last one, which was performed at the age of 12. Its
dimensions have slightly increased, going from 10×7mm to
12×9mm in 3 years.

Other findings were multiple cortical tubers and
subependymal nodules and supratentorial hydrocephalus
caused by a subependymal giant cell astrocytoma surgically
removed at the age of 9.

Discussion

CLLWMs have already been reported in TSC [3–6]. Van
Tassel et al. were the first to extensively describe them [4].

Fig. 1 Axial T2 (a) and FLAIR
with fat saturation (b), axial T1
without (c), and with contrast
injection (d) showing a CLLWM
(arrows in a–d) in the first TSC
patient. An incomplete peripheral
halo isointense to the cortex in all
sequences (white arrowheads in
a–c) shows intense contrast
enhancement (white arrowheads
in d)
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They reported the CLLWMs as well-defined, round, or oval
cystic formations in periventricular location, with a content
isointense to CSF, dimension ranging from 2 to 12 mm and
without contrast enhancement.

Their pathogenesis is still unknown and it has been hypoth-
esized that they might be the result of white matter degenera-
tion, cerebral infarction, or dilatation of Virchow-Robin
spaces [6]. A cerebral infarction origin seems unlikely as
CLLWMs does not have the imaging features of ischemic
areas. The dilation of Virchow-Robin spaces is an incidental
finding. They are usually surrounded by gliosis and are locat-
ed in the basal ganglia, periventricular white matter, midbrain,
and in the subcortical white matter of the anterior-superior
temporal lobes [7]. They have sharp boundaries, a fluid con-
tent isointense to CSF, and do not show contrast enhancement.
Therefore, the enhancing CLLWMs described in this report
are unlikely to represent simple dilated Virchow-Robin
spaces. Furthermore, we exclude the presence of vascular
structures in the enhancing tissue of the CLLWMs as suscep-
tibility weighted sequences have been performed in both cases
and one patient also underwent dynamic susceptibility con-
trast perfusion-MR and they did not show the presence of
vessels displaced by the CLLWMs or within their septa.
Plus, there was no delay between injection and imaging in
both cases. A blood-brain barrier alteration with increased
permeability, already described in TSC cortical tubers, could
explain peripheral contrast enhancement we observed. This
would also lead to persistent and complex activation of

inflammatory pathways with inflammatory cell infiltration
[8]. Furthermore, blood-brain barrier alterations determining
this neuroradiological finding would explain the absence of
significant modifications to the follow-up.

Other cystic brain lesions may be present in TSC patients.
For instance, cortical tubers may undergo cystic degeneration
and show contrast enhancement in 10% of cases [9].
CLLWMs are a distinct entity and are not related to cystic
degeneration.

Incidental neuro-epithelial cysts may be present in TSC.
They are ovoidal and generally unilocular cystic lesions of
ependymal origin with sharp margins. They do not show con-
trast enhancement and may have different locations.

Glial tumors may develop in TSC patients. Juvenile
pilocytic astrocytoma (JPA) is a low-grade tumor which
frequently has the appearance of a cystic lesion with a
contrast-enhancing mural nodule [10]. In our cases, the
diagnosis of JPA was excluded due to the absence of
mural nodules and stability over time. High-grade gliomas
are rare in children, have a mixed necrotic and solid struc-
ture, restricted diffusion, and significantly grow over time.
Dysembryoplastic neuroepithelial tumors (DNETs) are
rare and usually benign supratentorial tumors typical of
the childhood and associated with intractable focal epilep-
sy. They have a “bubbly” appearance, with contrast en-
hancement in 20–30% of cases. Their cortical-subcortical
location does not correlate with the position in the deep
white matter of our enhancing CLLWMs.

Fig. 2 Axial T2 (a) and FLAIR
with fat saturation (b), axial T1
without (c), and with fat
saturation after contrast injection
(d) show a multi-cystic CLLWM
(arrows in a–d) in the second
TSC patient. It is surrounded by
white matter of regular signal in-
tensity and only few of its internal
septa have intense contrast
enhancement
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Conclusion

CLLWMs have already been described in TSC, but our pa-
tients are the first reported to show contrast enhancement.
Enhancing CLLWMs might be considered as a novel neuro-
imaging entity in TSC patients. More cases are necessary to
better delineate their neuroradiological characteristics and
evaluate their clinical behavior.
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