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Abstract
Introduction We hypothesised that disorders with anterior
temporal lobe (ATL) cysts might exhibit common peculiarities
and distinguishable imaging features that could be useful for
diagnosis. We reviewed a series of patients for neuroimaging
contributions to specific diagnoses.
Methods A literature search was conducted, and institutional
imaging files were reviewed to identify MR examinations
with ATL cysts in children. Patients were divided according
to head size, calcifications, white matter and cortical abnor-
malities. Unsupervised hierarchical clustering of patients on
the basis of their MR and CT items was performed.
Results We identified 23 patients in our database in whom
MR revealed ATL cysts. Our series included five patients with
congenital muscular dystrophy (05/23=21.7 %), six with
megalencephalic leukoencephalopathy with subcortical cysts
(06/23 = 26.1 %), three with non-megalencephalic
leukoencephalopathy with subcortical cysts (03/23=13.1 %),
seven with congenital cytomegalovirus disease (07/23=
30.4 %) and two with Aicardi–Goutières syndrome (02/23=
8.7 %). After analysis, 11 clusters resulted in the highest
discriminative indices. Thereafter, patients’ clusters were
linked to their underlying diseases. The features that best
discriminated between clusters included brainstem

abnormalities, cerebral calcifications and some peculiar grey
and white matter abnormalities. A flow chart was drafted to
guide the radiologist in these diagnoses.
Conclusions The authors encourage the combined interpreta-
tion of these features in the herein proposed approach that
confidently predicted the final diagnosis in this particular
group of disorders associated with ATL cysts.
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Introduction

Intracranial cysts have been reported in many disorders [1],
including several inherited and metabolic diseases [2–4]. An-
terior temporal lobe (ATL) T2/fluid attenuated inversion re-
covery (FLAIR) hyperintensities have also been described as
an additional and useful imaging feature for diagnosis in the
appropriate clinical setting [5]. Recently, ATL cysts have also
been reported as a characteristic presentation of dilated
perivascular spaces in this particular location [6]. Moreover,
ATL cysts are a distinguishable feature for specific MR-based
approaches for the diagnosis of white matter (WM) disorders
[7–9]. However, to the best of our knowledge, the contribution
of this peculiar MR feature to aid in the differentiation be-
tween particular diagnoses has not been completely investi-
gated in the current literature.

Our aim was to evaluate the most frequently reported
diseases associated with ATL cysts. We hypothesise that these
disorders might exhibit common peculiarities and distinguish-
able features that could be useful for diagnosis.We reviewed a
series of patients to test MR contributions to specific
diagnoses.
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Methods

Literature search

This research was conducted using the PubMed database to
find the most common paediatric diseases related to ATL
cysts. All types of publications and medical subsets were
included, but the search was restricted to human studies writ-
ten in English that were published before June 1st, 2013. The
search keywords were limited to ‘children’ and ‘imaging’ to
obtain a homogenous and more comparable list, and the
results were crossed with the terms ‘anterior temporal cysts’
and ‘temporal lobe cysts’. Additional textbooks were accessed
to obtain complementary information [10–12].

Image acquisition and patient selection

Institutional imaging files were reviewed after the institutional
review board approval to identifyMR examinations with ATL
cysts in children. The following MR scans were available to
us and were included in the study: (1) from a paediatric patient
(2) demonstrating ATL cysts (3) with a known cause for the
disease. Extra-axial cysts, lesions with associated susceptibil-
ity artefacts, enhancement or restricted diffusion, such as
cystic neoplasms, abscess, granulomas or hematomas, were
excluded. Cysts with different signal intensities from the
cerebrospinal fluid (CSF) were also excluded. Cystic enceph-
alopathies not related to the typical appearance of ATL cysts,
such as vanishing white matter disease, leukoencephalopathy
with cysts and calcifications and progressive cavitating
leukoencephalopathy, were not considered for this current
purpose. Isolated ATL cysts not related to any disease or
neurological syndrome, including glioependymal, neuroglial
cysts and dilated perivascular spaces, were not considered. No
other patients were excluded in this study.

We included data from multiplanar MR examinations ob-
tained at 1.0 and 1.5 T, which covered the whole brain with
appropriated field-of-view, 5-mm thick slices with an addi-
tional 0.5-mm gap and a minimum matrix of 224×512. In-
cluded examinations were required to include T1- and T2-
weighted images and FLAIR sequences with appropriated
parameters. CT scans in the axial plane were also evaluated
to confirm the presence of calcifications. All MR and CT
scans had been obtained for regular patient care without any
influence from this study.

Imaging analysis

Three neuroradiologists blinded to the diagnoses and clinical
data retrospectively reviewed all individual cross-sectional
images in a consensus analysis.

Patients were later divided according to head size in clinical
assessments and the presence of any abnormal imaging

findings, such as calcifications, WM and cortical abnormali-
ties. Microcephaly or macrocephaly was considered when the
clinical examination measurements were at least two standard
deviations below or above the mean for age and gender,
respectively [13]. The medical records of all patients were
also reviewed to define the final diagnosis based on current
criteria proposed for all studied disorders.

Statistical analysis

Thereafter, unsupervised hierarchical clustering of the patients
on the basis of their MR item profile, disregarding the head
size, was performed to assess possible differences in MR
abnormalities between disorders. We omitted fortuitous MR
abnormalities that exhibited a low distinguishing value in our
experience to reduce the number of variables for statistical
analysis due to the relatively small numbers of patients. The
dendrogram was built using the distance based on the chi-
square test of equality for two sets of frequencies (measure for
frequency count data) and average linkage between groups.
The latter analysis resulted in compact, well-separated clus-
ters. Two external validation measures (adjusted Rand index
and normalised mutual information) were calculated for 1–23
(the largest number considered reasonable) clusters to deter-
mine the optimal number of clusters from the resulting den-
drogram. The number of clusters that resulted in the highest
indices was chosen to be optimal. The maximum pair-wise
symmetrised Kullback–Leibler divergence was calculated per
item to determine the items that discriminated best between
the clusters. Items with the highest divergence are the most
discriminative.

Results

Literature review

A list of 98 articles matched the search criteria of our literature
review. After analysing the abstracts, 19 articles describing
ATL cysts as part of the disease were selected [9, 14–31]. The
other articles were excluded because they were not clearly
related to the current issue, or ATL cysts were only a fortuitous
finding.

Case series

In our database, we retrospectively identified 23 patients (13
female—13/23=53.5 %) ranging in age from 3 months to
14 years, with a mean postnatal age of 4.5 years and a median
age of 4 years at the time of the first MR imaging in whom
MR revealed ATL cysts (Fig. 1). Our series included five
patients with congenital muscular dystrophy (CMD—05/
23=21.7 %), six with megalencephalic leukoencephalopathy
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with subcortical cysts (MLSC—06/23=26.1 %), three with
non-megalencephalic leukoencephalopathy with subcortical
cysts (NMLSC—03/23=13.1 %), seven with congenital cy-
tomegalovirus disease (congenital CMV disease—07/23=
30.4 %) and two with Aicardi–Goutières syndrome (AGS—
02/23=8.7 %). The clinical features and the location and
distribution of additional imaging abnormalities are
summarised in the supplementary online Table.

Head size

Macrocephaly was clinically confirmed in 10 of 23 (10/
23=43.5 %) patients. Macrocephaly was diagnosed in
four patients with CMD (04/05=80.0 %) and in all of
the included MLSC patients (06/06=100.0 %). Con-
versely, microcephaly was documented in five of 23
patients (5/23=21.7 %), including three with congenital

CMV disease (03/07=42.8 %) and two AGS patients
(02/02=100.0 %). Normocephaly was present in the
remaining patients (08/23=34.8 %).

Intraparenchymal calcifications

The presence of calcifications was analysed in the CT scans,
which were performed in all included patients. Brain calcifi-
cations were observed in seven of 23 (07/23=30.4 %) patients
in our series. All of these patients exhibited periventricular
calcifications, whereas basal ganglia distribution was only
observed in the AGS patients in our study cohort (02/02=
100.0 %). The remaining subjects with brain calcifications
were diagnosed with congenital CMV disease (05/07=
71.4 %) (Fig. 2), including three normocephalic and two
microcephalic individuals.

Fig. 1 MR images demonstrate patterns of ATL; a An 8-year-old boy
with congenital CMV; axial FLAIR image. bA 7-year-old girl with AGS;
axial FLAIR image. cA 2-year-old boy withMLSC; axial FLAIR image.

d A 1-year-old boy with NMLSC; axial FLAIR image. e A 6-year-old
boy with CMD; axial non-enhanced T1-weighted image. f A 4-year-old
girl with CMD; axial FLAIR image
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White matter abnormalities

All of the subjects included in our series exhibited a bilateral
hypersignal on T2/FLAIR from the periventricular regions
through the subcortical WM in the tip of the temporal lobes
around the cystic formations. However, most of the patients
exhibited a more extensive WM impairment, with the excep-
tion of two patients (02/23=8.7 %) who exhibited an isolated
pattern of WM lesions. One of these two patients was diag-
nosed with CMD (01/05=20.0 %), and the other was diag-
nosed with congenital CMV disease (01/07=15.3 %). Fur-
thermore, two CMD patients (02/05=40.0 %) and all of the
six MLSC subjects (06/06=100.0 %) exhibited a more diffuse
pattern characterised by a more intense and homogeneous
extension of WM involvement. Another prevalent pattern
identified was the extension of the abnormality in the subcor-
tical temporal pole in which parietal deep WM distribution
predominated. This pattern was observed in the three NMLSC
patients (03/03=66.7 %) and four congenital CMV disease
(04/07=57.1 %) subjects. Moreover, a predominantly frontal
involvement was demonstrated in two CMD patients (02/05=
40.0%), one congenital CMV disease patient (01/07=15.3%)
and all AGS (02/02=100.0 %) patients, who were differenti-
ated by an anteroposterior gradient. The remaining patients
were characterised by more subtle patterns distinguished by
temporal tip impairment and scattered foci in the
periventricular and subcortical WM, specifically of the parie-
tal lobes, and included one patient with NMLSC (01/03=
33.3 %) and two patients with congenital CMV disease (02/
07=30.6 %) (Fig. 3).

Fig. 2 Axial CT images demonstrate patterns of calcification. a A 7-
year-old girl with AGS. Axial CT image shows periventricular and basal
ganglia calcifications. bA 2-year-old girl with congenital CMV.Axial CT
image reveals a periventricular calcification focus adjacent to the right
frontal horn of the lateral ventricles. c An 18–month-old girl with AGS.
Axial CT image demonstrates basal ganglia calcification. d A 4-year-old
boy with congenital CMV. Axial CT image demonstrates periventricular
calcification foci adjacent to the body of the left lateral ventricle

Fig. 3 MR images reveal patterns of white matter abnormalities. a A 7-
year-old girl with AGS. Axial FLAIR image demonstrates hyperintensity
in the periventricular and subcortical white matter with an anteroposterior
gradient. There are also cystic formations in the frontal lobes. bA 2-year-

old boy with MLSC. Axial FLAIR image demonstrates diffuse white
matter hyperintensity. c A 3-year-old girl with congenital CMV. Axial
FLAIR image demonstrates scattered foci in the periventricular and
subcortical white matter, predominantly in the parietal lobes
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Cortical abnormalities

Cortical malformations were also documented in eight of 23
(08/23=34.8 %) patients from our series, including all CMD
patients (05/05=100.0 %). The most common finding in
CMD patients was focal polymicrogyria/pachygyria, which
was observed in four subjects (04/05=80.0%). The remaining
patient exhibited complete lissencephaly and periventricular
nodular heterotopia (01/05=20.0 %). In addition, three sub-
jects with congenital CMV disease (03/07=42.9 %), one of
whom exhibited microcephaly, were diagnosed with focal
polymicrogyria/pachygyria (Fig. 4).

Posterior fossa abnormalities

Posterior fossa abnormalities were a remarkable finding in
CMD patients. All of these patients (05/05=100.0 %) exhib-
ited brainstem and cerebellar abnormalities, which were not
found in any other patients in our series (Fig. 5).

Cluster analysis

In the cluster analysis, 11 clusters resulted in the highest
discriminative indices (supplementary online figure). There-
after, the patients in the clusters were linked to their underly-
ing diseases. Clusters 1, 2, 3 and 4 comprised patients with
CMD. Cluster 5 contained patients withMLSC, and cluster 11
contained patients with AGS. NMLSC and one CMV patient
formed cluster 6. The remaining CMV patients were grouped
in clusters 7, 8, 9 and 10.

Flow chart

The features that best discriminated between clusters for the
final diagnosis were brainstem abnormalities, cerebral calcifi-
cations and some peculiar grey matter andWM abnormalities.
A flow chart (Fig. 6) was drafted on the basis of these results
to validate MR and CT scan imaging features and to reach the
diagnoses of the diseases associated with ATL cysts.

Fig. 4 MR images reveal patterns of cortical abnormalities. a–b A 7-
year-old boy with congenital CMV. Axial and sagittal pre-gadolinium-
enhanced T1-weighted images demonstrate frontal and perisylvian
polymicrogyria. c A 4-year-old girl with MCD. An axial FLAIR image
demonstrates frontal pachygyria and bilateral frontal white matter
hyperintensity. d A 3-month-old boy with MCD (Walker–Warburg syn-
drome). Axial FLAIR images demonstrate lissencephaly and a diffuse
white matter impairment

Fig. 5 MR images demonstrate patterns of infratentorial abnormalities. a
A 6-month-old boy with MCD (Walker–Warburg Syndrome). Sagittal
T2-weighted image demonstrates occipital encephalocele (after partial
surgical correction) and hypoplastic brainstem, particularly in the pons.
There was also posterior kinking, resulting in a broad inverted S-shaped
brainstem. b A 4-year-old girl with CMD. Sagittal and axial pre-
gadolinium-enhanced T1-weighted images reveal flattening of the ventral
portion of the pons, enlargement of the midbrain tectum, subtle mid-pons
kink and vermian hypoplasia. c A 6-year-old boy with MCD. Axial T2-
weighted image demonstrates dysmorphic hemispheric cerebellar cortex
with small cyst-like structures
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Discussion

The identification of several brain disorders has emerged from
the union of metabolic characteristics with genetic research
and imaging advances. Many typical patterns of diseases,
including their structural and metabolic abnormalities, have
been increasingly recognised in vivo after MR merging in
clinical practice [10].

Special MR features have been reported as the key points
for diagnostic imaging approaches [7]. Imaging interpretation
is based on common peculiarities and distinguishable features
that add to the correct diagnosis. Despite the great range of
known MR patterns, which allows for the recognition of
several paediatric diseases, we did not find any report that
focused on ATL cysts and congenital diseases. This uncom-
mon finding has been associated with a short list of brain
disorders in the current literature [1, 29]. Our review included
a representative number of cases of these rare disorders, which
allowed us to propose this MR-based approach considering
ATL cyst as a special imaging feature.

Brain circumference could be used in many different diag-
nostic settings, especially when parenchymal abnormalities
are observed in early life. Previous reports have used head
circumference size to discriminate brain disorders and affected
patients [30]. Microcephaly has proven to be an important
discriminating feature when used in conjunction with ATL
cysts and restricting the diagnoses to only two possibilities,
namely, congenital CMV disease and AGS [9, 32].

CMVis themost common viral infection among newborns,
affecting approximately 0.5–2.4 % [26] and promoting cere-
bral and cerebellar cortex abnormalities, periventricular calci-
fications and lenticulostriate vasculopathy [33]. Aicardi and
Goutières [34] first described a rare autosomal recessive dis-
order characterised by acquired microcephaly, chronic CNS
lymphocytosis and elevated levels of CSF interferon-alpha,
which result in severe neurological and cognitive impairment
usually characterised as an early progressive encephalopathy
with reduced amounts of brain WM [35, 36].

Our proposed approach emphasised another discriminating
feature, independent of clinical background, characterised by

Fig. 6 A clinical and neuroimaging-based flow chart for evaluating patients with ATL
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intraparenchymal calcifications that were only observed in
congenital CMV disease andAGS. Congenital CMVinfection
calcifications occur in 34–70 % of patients, predominantly in
periventricular regions, but they also occur as faint and punc-
tate scattered foci within the basal ganglia and the brain
parenchyma [8]. Brain calcifications in AGS patients predom-
inate in the basal ganglia [34]. Our approach confirmed that
the distribution of the calcificationsmay contribute to a correct
diagnosis.

Avariety of WM hyperintensities patterns on T2/FLAIR in
microcephalic patients were another important discriminating
MR feature [8, 9]. Similar to Van der Knaap et al. [9], we
observed that all congenital CMV disease patients exhibited a
pattern of random bilateral and multifocal involvement of the
WM, predominantly the deep WM of the cerebral hemi-
spheres, with the largest foci in the parietal lobe with a sparing
of the subcortical and periventricular WM. Conversely, our
AGS patients exhibited an anteroposterior gradient of WM
involvement in agreement with a previous report [36], and this
gradient tended to be symmetric and regular with more
marked involvement of the tips of the frontal and temporal
lobes. Large cavities or cyst-like formations in the WM have
been rarely reported in AGS patients [32]. The relevance of
this feature for a specific diagnosis remains uncertain and
needs further analysis in a larger series of patients.

Macrocephaly was a remarkable feature that distinguished
MLSC patients in our series. MLSC is a rare leukodystrophy
characterised by an increased brain size, and it appears during
the first year of life with a swelling of the cerebralWM and the
presence of subcortical cysts, mainly in the ATL regions in
patients with a little neurological impairment, including diffi-
culty walking and epilepsy [37]. Diffuse WM involvement in
the absence of a cortical abnormality was also documented in
our series in agreement with previous literature [14, 38].

In addition to MLSC, macrocephaly was also found in
40 % (02/05) of the patients from our series with CMD [39].
Patients with CMD exhibit subcortical ATL cysts, and its
pathogenesis is not fully understood [10, 39–41].
Macrocephaly is more prevalent in Walker–Warburg syn-
drome patients, which might be explained by the high fre-
quency of hydrocephalus, with or without encephalocele [42,
43], as present in one of our patients as an occipital
encephalocele. An addit ional CMD patient with
macrocephaly in our series was diagnosed with muscle–eye–
brain disease, which is consistent with a previous report [10].

MLSC and CMD generally exhibit distinguishable MR
features. However, the observation of a dysmorphic cerebellar
cortex, usually polymicrogyric, with small cyst-like structures
and a particular pattern of brainstemmorphological abnormal-
ity, was useful to confirm the CMD diagnosis in our series of
patients with dystroglycanopathies and define the discriminat-
ing MR features when macrocephaly is associated with ATL
cysts. Peripheral cerebellar abnormalities have been

associated with dystroglycanopathies [44], whereas brainstem
deformities are characterised by a constellation of variable
findings, such as the flattening of the ventral portion of the
pons, pontine midline cleft, enlargement of the midbrain tec-
tum fusion of the colliculus, mid-pons kink and vermian
hypoplasia [43, 45]. Our approach argues that different com-
binations of these infratentorial features define the specific
diagnosis (dystroglycanopathies) among patients with ATL
cysts.

Cortical abnormalities were observed in all patients with
CMD dystroglycanopathies (05/05=100.0 %) and additional-
ly in three of seven patients with congenital CMV disease (03/
07=42.8 %). Congenital CMV disease exhibits abnormalities
in the superficial grey matter characterised by the appearance
of agyria/polymicrogyria [8, 46]. Cortical abnormalities in
CMD patients result from lissencephaly type II (cobblestone
complex), ranging from a complete lissencephaly to a more
focal pachygyria or polymicrogyria and usually with frontal
predominance [39]. The conditions usually exhibit some par-
ticularities despite the possible overlap in both entities due to
their large spectrum of cortical appearances. In our series,
these two entities could be distinguished by head size, the
presence of calcifications or the abovementioned typical
brainstem and cerebellar abnormalities.

Olivier et al. [15] described NMLSC as a new
leukoencephalopathy with bilateral ATL cysts associated with
a small or normal head circumference and usually associated
with a normal or severe non-progressive delay in motor and
speech development. As demonstrated in our series of pa-
tients, NMLSC exhibits no systemic involvement, and the
head circumference is characteristically normal, although the
circumference might decrease as the patient ages [21, 47, 48].
Recently, a deficiency in the gene product of RNASET-2 on
chromosome 6 (6q26-q27) was reported in some NMLSC
patients. This gene is also implicated in the pathogenesis of
congenital CMV disease, which justifies the overlap among
the constellation of neuroimaging abnormalities observed in
both diseases [49]. Brain WM in NMLSC is predominantly
affected around the ATL cystic formations and the parietal
lobes, sparing the subcortical and periventricular WM, similar
to congenital CMV disease. Differentiating NMLSC and
CMV patients can be difficult [49], particularly in
normocephalic deaf subjects. Although the presence of
periventricular calcifications should a raise suspicion of a viral
congenital infection, our approach suggested gyral abnormal-
ities as the most important discriminating feature for congen-
ital CMV disease diagnosis. Furthermore, this laboured dif-
ferentiation should also consider postnatal negative serologi-
cal tests and the potential family history of consanguinity,
which would favour the diagnosis of an autosomal recessive
pattern of inheritance of the NMLSC [9, 49].

The differential diagnoses of brain disorders with ATL
cysts might be even larger in the setting of a child with a
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neurological impairment than discussed here. We could not
find any reports of these rare diseases associating
leukoencephalopathy with ATL cysts, but rare pseudo-
TORCH syndromes, such as congenital lymphocytic
choriomeningitis virus syndrome and Baraister–Reardon syn-
drome, are reported as almost indistinguishable from CMV
[50, 51]. Although head size is a simple distinguishing clinical
feature, it might represent a potential limiting factor in the
differential diagnosis if considered alone, particularly when
advanced brain diseases, older subjects or hydrocephaly are
evaluated. The proposed flow chart discriminated all of the
individuals in this series of patients from a single institution,
but the authors encourage further studies with larger samples
of these rare diseases to validate the current approach.

Conclusion

ATL cysts are an uncommon brainMR finding in children that
are not essential for diagnosis but represent an additional
special feature that might help to distinguish a short list of
disorders. Discriminating features for these disorders that are
useful for specific diagnosis include head size, brain calcifi-
cations, cerebellar cysts, brainstem morphological abnormal-
ities, WM signal intensity and superficial grey matter involve-
ment on MR. The authors encourage the combined interpre-
tation of these imaging features in the approach proposed
herein, which confidently determined the final diagnosis in
this particular group of disorders associated with ATL cysts.
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