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Aicardi-Goutières Syndrome: Neuroradiologic
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BACKGROUND AND PURPOSE: To date, few studies have focused specifically on imaging findings in
Aicardi-Goutières syndrome (AGS). We set out to evaluate retrospectively neuroradiologic data from a
large sample of patients with AGS, focusing on the pattern of white matter abnormalities and the
temporal evolution of the cerebral involvement to establish the radiologic natural history of the disease.

MATERIALS AND METHODS: Thirty-six patients, 18 girls and 18 boys, were included. All had a clinical
diagnosis of AGS, genetically confirmed in 31 of them. For every subject, we reviewed at least 1 CT
and 1 MR imaging study; 19 (52.7%) had multiple examinations. In all, we reviewed 109 examinations.
Clinical-neuroradiologic comparisons were analyzed by using the �2 test.

RESULTS: Calcifications were found in all subjects, mainly in the basal ganglia, lobar white matter, and
dentate nuclei. Abnormal white matter was present in all the subjects, showing 2 patterns of
distribution: diffuse in 18 (50%) and an anteroposterior gradient in 18 (50%). Cystic areas were
observed in the temporal and/or frontal lobes in 12/36 patients (33.3%). A correlation was found
between early age at onset and severity of the leukoencephalopathy in the frontal (P � .024) and
temporal (P � .034) regions. A significant degree of cerebral atrophy was found in 31/36 subjects
(86.1%). The neuroradiologic presentation remained substantially stable with time.

CONCLUSIONS: The different neuroradiologic presentations of AGS are here outlined for the first time
in a large sample of patients. These findings may facilitate more precise and earlier diagnosis of this
rare but probably underdiagnosed syndrome.

Aicardi-Goutières syndrome (AGS, Online Mendelian In-
heritance in Man, 225750; http://www.ncbi.nlm.nih.gov/

omim), first described by Aicardi and Goutières in 1984,1 is a
rare autosomal recessive disorder characterized by acquired
microcephaly, chronic CSF lymphocytosis, and raised levels
of CSF interferon-� (IFN-�), in association with radiologic
evidence of intracranial calcifications, cerebral white matter
abnormalities, and cerebral atrophy. Toxoplasmosis, rubella,
cytomegalovirus, and herpes virus (TORCH) studies are neg-
ative, though the disease mimics a congenital infection.1-3

AGS typically has onset in the first year of life; the first
symptoms are feeding difficulties, irritability, unexplained
low-grade fever, and a loss of motor and social skills. It rapidly
progresses, with patients displaying the onset of trunk hypo-
tonia, severe pyramidal and extrapyramidal signs, and abnor-
mal eye movements.1,2 The clinical presentation tends to
stabilize, usually by the end of the second year of life.3 Extra-
neurologic signs are frequent in AGS; and the skin, affected by
chilblain-like lesions, is the organ most often involved.2,4-7

In the past 3 years, Crow et al8 have identified mutations in
4 genes encoding the exonuclease TREX1 (AGS1) on chromo-
some 3 and all 3 subunits of the hetero-trimeric ribonuclease
H2 (RNaseH2) endonuclease complex (AGS2 on chromo-
some 13, AGS3 on chromosome 11, AGS4 on chromosome

19)9 as responsible for the AGS phenotype. These nucleases
seem to be involved in removing endogenous nucleic acid
fragments produced as a result of normal cell cycles. It is hy-
pothesized that a buildup of these nucleic acid fragments
could trigger an innate IFN-�–mediated immune response.
There is evidence that there must exist at least 1 other AGS-
causing gene responsible for the syndrome in cases with neg-
ative screening of AGS1– 4.5

Neuroradiologic findings, in particular punctuate calcifi-
cations, especially in the cerebral basal nuclei, white matter,
and/or dentate nuclei, have been considered essential for di-
agnosing AGS since the very first descriptions of the syn-
drome.1,2 According to the literature, the neuroradiologic pre-
sentation is characterized by 3 features: cerebral calcifications,
white matter abnormalities, and cerebral atrophy.3,4,6,7,10

However, to date, only a few studies (often just case reports)
have focused specifically on imaging findings in the dis-
ease.11-15 Consequently, the neuroradiologic characteristics
of AGS white matter abnormalities have not been clearly
described or categorized, and the literature contains no un-
equivocal data on the evolution of the cerebral atrophy, which
is reported as progressive, stable, or even regressive with
time.7,13,15 It has, thus, become necessary to establish the ra-
diologic natural history of AGS, especially in the light of recent
developments of the pathogenetic hypotheses that could have
therapeutic implications in the future.16,17

In 2000, the International Aicardi-Goutières Syndrome
Association (IAGSA) was founded at our institution as a refer-
ral center for patients with AGS and their families. As a result,
we have been ideally placed to gather a relatively large amount
of data about the disease.3,7 The aim of the present study was to
evaluate the neuroradiologic findings in a large sample of sub-
jects with AGS, focusing on the pattern of white matter alter-
ations and the temporal evolution of brain involvement.
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Materials and Methods

Subjects
The informed consent requirement was waived in this study because

of its retrospective nature.

Patients were selected from the IAGSA data base on the basis of the

following inclusion criteria:

1) A genetic and/or clinical diagnosis of AGS in accordance with

the literature1,2: neurologic signs of encephalopathy, cerebral calcifi-

cations, negative serologic investigations for TORCH and for congen-

ital infections, and CSF lymphocytosis (�5 cell/mm3) and/or

elevation of CSF IFN-� (�2 U/L or �10 pg/mL).

2) Availability of clinical data and information.

3) Availability of at least 1 brain CT scan and 1 brain MR image,

both of diagnostic image quality.

On this basis, 36 patients, 18 (50%) girls and 18 (50%) boys, were

identified and included in the study.

All the patients except 2 had undergone genetic analysis to con-

firm the clinical diagnosis, with specific genetic alterations being

identified in 31 of them. Four subjects presented mutations in AGS1

(11.1% of the sample); 23 subjects, in AGS2 (63.8%); 2 subjects (sib-

lings), in AGS3 (5.6%); and 1, in AGS4 (2.7%). One child had a single

heterozygous mutation in AGS4 (2.7%). No mutations in the AGS1– 4

genes were found in 3 subjects (8.3%).

Imaging
All the patients underwent neuroradiologic investigations as part of

their diagnostic work-up.

The age of the patients at the time of the examinations ranged

from 12 days to 17 years (mean, 29 � 38.3 months). Nineteen patients

(19/36, 52.7%) had multiple examinations, with a maximum interval

of 11.1 years between the first and the last; the mean duration of

follow-up was 39 � 37.8 months. In all, we reviewed 109 neuroradio-

logic examinations (56 brain MR images and 53 brain CT scans).

Twenty-two patients (22/36; 61.1%) were examined at our insti-

tution. The clinical and neuroradiologic data for the other 14 came

from several different specialist centers around the world, having

been sent to us for our diagnostic opinion. Therefore, the studies we

analyzed showed some variation in sequences and in image quality.

Four subjects (4/36; 11.1%) underwent scanning after intrave-

nous administration of contrast medium: MR imaging in 3 patients at

2, 12, and 40 months of age, respectively, and CT in 1 patient at 2

weeks of age.

All the examinations were reviewed by a single neuroradiologist

(C.U.) with �20 years’ experience, who was initially blinded to the

clinical data. The CT scans were analyzed for the presence, distribu-

tion, and severity of calcifications. The MR images were analyzed for

changes in signal intensity in the supratentorial and infratentorial

regions. Leukoencephalopathy was categorized by using a scoring list

based on the one suggested by van der Knaap and Valk.18 The sub-

cortical, periventricular, and lobar white matter (considering frontal,

temporal, parietal, and occipital white matter as distinct entities);

corpus callosum; internal and external capsules; optic radiations; cer-

ebellar white matter; and brain stem were analyzed separately. We

noted the following characteristics of the signal-intensity alterations:

location, distribution (caudocranial, central-peripheral, or antero-

posterior gradients), symmetry (symmetric/asymmetric), and homo-

geneity (confluent/isolated/multifocal involvement). The degree of

white matter myelination (normal/delayed/no or hardly any myelin

present) was also noted. The severity of leukoencephalopathy was

graded from 0 to 4 on the basis of signal-intensity alteration (0 � no

signal intensity alteration, 1 � mild signal intensity alteration, 2 �

moderate signal intensity alteration, 3 � severe signal intensity alter-

ation, 4 � severe signal intensity alteration and the presence of cystic

degeneration).

Both the MR images and the CT scans were analyzed for patterns

of brain atrophy. No volumetric studies were available, so we consid-

ered the following aspects instead: enlargement of the cortical sulci

and dilation of the ventricular system. Atrophy was graded from 0 to

2 (0 � no atrophy, 1 � mild to moderate atrophy, 2 � severe

atrophy).

Follow-up studies were compared with the original reference

studies to look for increases in calcifications and to ascertain deterio-

ration, stability, or improvement of the white matter abnormalities

and of the brain atrophy.

Statistical Analysis
The direct comparisons of neuroradiologic findings (severity of

calcifications/severity of leukoencephalopathy/degree of atrophy)

with each other and with selected demographic/clinical variables (sex,

age at onset, severity of neurologic involvement, systemic involve-

ment, and presence of mutations in AGS2) were performed by using

the �2 test for discrete variables (P � .05 was considered significant).

The size of the sample precluded more complex statistical analyses

and multiple comparisons. The qualitative analysis of the data was

performed by using the Statistical Package for Social Sciences software

(Version 10.0 for Windows; SPSS, Chicago, Ill).

Results
On-line Tables 1–3 set out, in detail, the clinical features of the
sample and the neuroradiologic findings (presence of calcifi-
cations and leukoencephalopathy). The numbering of the pa-
tients (progressively by age at onset) is exactly the same in all
the tables, to facilitate comparison of data.

Clinical Features
In most of the patients (34/36 subjects, 94.4%), the clinical
presentation was characterized by the presence of spastic-
dystonic tetraplegia, usually (in 33 patients) associated with
severe developmental delay or mental retardation; 1 patient
showed mild developmental delay. All except 1 of these 34
subjects (33/36; 91.7%) had microcephaly. Two subjects
(5.6%) had head circumferences in the normal range for their
age and spastic diplegia, without developmental delay or men-
tal retardation. The clinical data of the sample are set out in
detail in on-line Table 1.

Neuroradiologic Findings
Cerebral Calcifications. All patients (100%) showed cere-

bral calcifications on CT scans; in most cases, these were also
evident on MR images as hypointense signals on T2-weighted
images (Fig 1A). In the lentiform nucleus, the putamen and
globus pallidus were equally affected by calcifications. The
dentate nuclei were affected in 11 cases (30.5%). Cerebral cal-
cifications in the white matter were located mainly in lobar
zones and, in a small number of subjects, were also found in
periventricular areas; otherwise, they were located as specified
in on-line Table 2. The calcifications were typically small and
punctuate, but in 3 patients (3/36; 8.3%), they were large and
isolated (Fig 2). Calcific lesions were symmetrically distrib-
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uted in 32 subjects (88.9%) and asymmetrically distributed in
4 (11.1%). Detailed data are reported in on-line Table 2.

White Matter Abnormalities. White matter abnormalities
were found in all the subjects (100%). These could always be
seen on T2-weighted images and, when particularly severe,
also on T1-weighted images as hypointense signals. Four pa-
tients (11.1%) presented only mild alterations, which, also due
to the age of these patients, could still be attributable to severe
myelination delay. With the exception of 1 patient (2.7%) with
leukoencephalopathy mainly involving the left hemisphere,
all the images examined showed a symmetric distribution of
the white matter alterations.

The signal-intensity alteration mainly involved the lobar
white matter, whereas the white matter of the strictly periven-
tricular area, of the corpus callosum, of the capsules, and of the
optic radiations was relatively spared; conversely, the subcor-

tical arcuate fibers frequently showed abnormalities (Fig 3).
Signal intensity was homogeneous in 18 subjects (18/36, 50%).
In the other 18 (18/36, 50%), it was inhomogeneous and often
characterized by the presence of more intense signal-intensity
alterations in frontopolar areas (Fig 1). In 11 subjects (30.6%),
the altered signal intensity corresponded to cystic degenera-
tion, which was located in both the frontal and the temporal
lobes in 6 patients (16.7%), only in the frontal lobes in 2 pa-
tients (5.6%), and only in the temporal lobes in the other 3
patients (8.3%). More detailed data are reported in Table 3.

Cerebral Atrophy. Some degree of cerebral atrophy was
present in 31/36 subjects (86.1%). In 16/36 (44.4%), the atro-
phy, both superficial and deep, was severe (Figs 1 and 3). Mod-
erate atrophy was present in 9 subjects (9/36, 25%). Six pa-
tients (6/36, 16.7%) had mild atrophy.

In 3 patients with microcephaly (3/36, 8.3%), there was no

Fig 1. Leukoencephalopathy. A, Case 19. Axial spin-echo T2-weighted (1.5T, TR � 2554 ms, TE � 100 ms) MR image shows a faint T2 hyperintensity involving the cerebral white matter
in a diffuse pattern. Calcifications are seen in the lobar white matter as focal hypointensities (arrows). B and C, Axial T2- (1.5T, turbo spin-echo, TR � 5022 ms, TE � 100 ms) (B) and
T1-weighted images (1.5T, inversion recovery, TR � 3430 ms, TE � 15 ms, TI � 400 ms) (C), with the same parameters in case 10, demonstrate extensive cerebral white matter
abnormalities, showing an anteroposterior gradient. The T1-weighted images better highlight areas of cavities in the frontal lobes, whereas the signal-intensity properties of the involved
white matter are almost identical to those of the liquoral spaces (arrows).

Fig 2. Cerebral calcifications. A, Axial nonenhanced CT image of case 1 shows numerous punctuate calcifications within the basal ganglia and the cerebral white matter, a pattern typical
in patients with AGS. B, Contrast-enhanced CT scan (case 19) shows large calcifications in the white matter. Although the CT examination was performed in the acute phase of the disease,
no signs of contrast enhancement are seen. Atrophy, microcephaly, and areas of hypoattenuation in the periventricular white matter are also evident.
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evidence of enlargement of the ventricular system or sulci.
Two patients (2/36, 5.6%) showed neither microcephaly nor
evidence of cerebral atrophy. The volume of the brain stem
was reduced in 14/36 cases (14/36, 38.9%). No abnormalities
of the cortex were found in any subject. Two siblings with
mutations in the RNaseH2C gene (AGS3) showed enlarge-
ment of the cisterna magna and upward rotation of the vermis.

Contrast Enhancement. No image enhancement was ob-
served in any of the 4 subjects (4/36; 11.1%) scanned after
intravenous administration of a contrast medium (Fig 2B).

Follow-Up. Modifications of the calcifications, white mat-
ter abnormalities, and atrophy in the 19 subjects undergoing
multiple examinations are detailed below and in on-line Table
4. The cerebral calcifications remained unchanged in 15/19
subjects (79%); in the other 4 (21%) (ie, cases 17, 23, 27, and
36), they increased in the first 2 years after diagnosis before
becoming stable. The white matter abnormalities also re-
mained stable in 15/19 subjects (79%), whereas in the other 4
(21%) (ie, cases 10, 13, 19, and 3), they became more marked
in the first 2 years following the diagnosis, thereafter becoming
stable. The degree of cerebral atrophy was unchanged in 12/19
subjects (63.2%), whereas it progressively increased in the
other 7/19 subjects (36.8%).

Statistical Analysis
Comparisons of Neuroradiologic Findings. Direct com-

parisons of neuroradiologic findings (severity of calcifications
and severity of white matter abnormalities, severity of the
calcifications and degree of cerebral atrophy, severity of white
matter abnormalities and degree of cerebral atrophy) did not
result in statistical significance.

Comparisons of Neuroradiologic Findings and Clinical
Data. No correlations emerged between sex and neuroradio-
logic findings. A statistically significant correlation between
the severity and site of white matter abnormalities and age at
onset emerged when considering white matter abnormalities

located in the frontal and temporal lobes (P � .024 and P �
.034, respectively) (Fig 4).

Of the subjects with severe white matter abnormalities in
the frontal and temporal lobes, 64.3% and 54.5%, respectively,
had an age at onset of younger than 3 months; of those with
moderate white matter abnormalities in the frontal and tem-
poral lobes, 42.9%, in both cases, had an age at onset of
younger than 3 months. Cystic degeneration in the frontal
and/or temporal lobes was always (12/12; 100%) associated
with an age at onset of younger than 3 months.

Given the variables of severity of calcifications and age at
onset, 8 subjects with an age at onset of younger than 3 months
presented with severe cerebral calcifications, whereas a similar
presentation was found in only 1 subject with an age at onset of
older than 3 months. This difference failed to reach statistical
significance.

In the 2 subjects with a mild neurologic presentation (py-
ramidal signs without developmental delay and normal head
circumference), it was deemed opportune to look for qualita-
tive differences in the neuroradiologic presentation compared
with the rest of the sample. They showed mild signal-intensity
alteration in the white matter and minimal cerebral atrophy.
In the 8 subjects with systemic involvement other than skin
lesions, no correlation was found between the clinical and
neuroradiologic presentations.

Seven of the 8 subjects with mutations in genes other than
AGS2 (87.5%) showed very severe cerebral calcifications. This
degree of severity was found in only 2 (8.7%) of the 23 subjects
with mutations in AGS2. This difference was highly statisti-
cally significant (P � .0001). Of the 7 subjects showing muta-
tions in genes other than AGS2 and very severe cerebral calci-
fications, 6 also had severe white matter abnormalities.
Despite this, the severity of white matter abnormalities was
not found to correlate with genetic findings.

Discussion
This retrospective study of 36 subjects with AGS, which in-
cluded the serial evaluation of 53 CT scans and 56 MR images,
has allowed us to explore in detail the complex imaging find-
ings associated with this disease and to describe the evolution
of the neuroradiologic presentation with time.

The presence of cerebral calcifications is a classic criterion
for a diagnosis of AGS.1,2 In this patient series, too, all the
subjects had calcifications, which displayed the distribution

Fig 3. Coronal fast spin-echo T2-weighted MR image (1.5T, TR � 5022 ms, TE � 100 ms)
of case 10 shows a diffuse signal-intensity abnormality of the cerebral lobar white matter.
Note that the cerebellar white matter and the optic radiations (arrows) are spared, whereas
the subcortical U-fibers are involved. The cortex shows an even thickness. Severe cerebral
atrophy is evident.

Fig 4. Correlation between age at onset and the severity of leukoencephalopathy involving
the frontal and temporal lobes (leukoencephalopathy score: 1 � mild; 2 � moderate; 3 �
severe; 4 � presence of cystic degeneration). Mths indicate months.

1974 Uggetti � AJNR 30 � Nov-Dec 2009 � www.ajnr.org



and morphology typical of the syndrome. However, in view of
the fact that in 1 of the subjects affected by late-onset AGS,19

calcifications were not detected on the first CT scan but ap-
peared 3 months later, we believe that this classic diagnostic
criterion should be reviewed and that a diagnosis of AGS
cannot be excluded purely on the basis of absence of docu-
mented calcifications, certainly at the onset of the disease. This
is, moreover, a view supported by literature reports of other
cases, including 2 subjects described by Aicardi and Goutières1

and Goutières et al2 and a recent atypical case.16

Nevertheless, the presence of calcifications remains an ex-
tremely important finding in the diagnostic work-up of AGS,
and in uncertain cases, we believe that an MR imaging inves-
tigation should always be associated with a CT scan, which is
more sensitive in detecting them. Another pattern (not previ-
ously described) that emerged in our study, albeit without
reaching statistical significance, was an apparent association
between disease onset and severity of calcifications: Subjects
with early onset of the disease have more numerous and more
voluminous calcifications, whereas a late onset is often associ-
ated with a less severe presentation of calcifications. The dis-
tribution of the calcifications, which were found mainly in the
basal ganglia and cerebral lobar white matter, may recall the
finding of Barth et al20 and Barth21,22 of calcifications located
on the walls of the arterioles.

The presence of white matter abnormalities, albeit poorly
characterized, was another feature of the earliest descriptions
of AGS.1,2 This feature has been documented as hypoattenua-
tion on CT scans and as hyperintesity on T2-weighted MR
images, mainly around the frontal horns.7,10 Our population
allowed us to describe these alterations, present in all the pa-
tients, in more detail. The changes we observed tended to be
symmetric and regular; in other words, they did not have the
patchy and uneven appearance that can be expected in dis-
eases of inflammatory microangiopathic origin. In 50% of
the patients, the white matter abnormalities tended to show a
symmetric distribution and homogeneous intensity in the
different cerebral lobes, whereas in the other subjects, the sig-
nal-intensity alterations showed a clear anteroposterior gradi-
ent, with more marked involvement of the tips of the frontal
and temporal lobes. In some cases, the white matter in the tips
of the frontal and temporal lobes was highly rarefied, appear-
ing as large cavities or cystlike formations of a kind never ob-
served in other cerebral regions.

The key factor in both of these patterns was the age at onset
of AGS: The prevalence of subjects with an age at onset of
younger than 3 months was found to be proportional to the
severity of the white matter alterations present in the fronto-
temporal regions, whereas all patients with cystic degenera-
tion had an onset of AGS at birth or within the first 3 months
of life. Conversely, the prevalence of subjects with an age at
onset of older than 3 months was found to be inversely pro-
portional to the severity of the white matter alterations in the
frontotemporal regions. On the basis of these findings, it can
be hypothesized that the less mature the white matter is when
it is affected by the pathologic process, the more severe its
involvement will be. This hypothesis is supported by the ob-
servation that the structures in which myelination occurs ear-
lier (cerebellum, brain stem, optic radiations) tend to be

spared, whereas the frontotemporal regions, in which myeli-
nation occurs later, are particularly affected.

The severity of white matter abnormalities and the severity
of calcifications did not reach a statistical relationship. How-
ever, this could be due to the relatively small size of the sample.

The white matter MR imaging alterations were usually sta-
ble with time. In the few patients in whom they were progres-
sive, this progression was noted only in the first 2 years follow-
ing the clinical onset of the syndrome. This reflects the clinical
pattern of AGS, which, after an initially acute period lasting
�2 years, tends to show no signs of further progression. In
these few patients with progressive white matter abnormali-
ties, it was not changes in the distribution or size of the affected
area that were observed but rather an increase in the signal
intensity, culminating in the formation of areas of cystic de-
generation in the already altered white matter.

Reduction in the quantity of cerebral white matter ex-
plained, in all the subjects displaying it, the presence of cere-
bral atrophy and microcephaly. The degree of cerebral atrophy
also tended to be stable with time. Small changes (for better or
for worse) in the width of the cerebral sulci were considered
possible effects of changes in the general conditions of the
patients and thus secondary to the hydration levels of the
brain. Our findings suggest that the neuroradiologic presenta-
tion (like the clinical course) tends to remain stable with time,
following an initial period in which it may be progressive.

Thinning of the brain stem, which is often considered a
typical finding in AGS,10,23 was present in 38.9% of the pa-
tients in our series. Alternatively, brain stem hypotrophy, as
well as thinning of the corpus callosum, could be linked to
severe atrophy of the supratentorial structures, leading to
thinning of the corticospinal tracts, and therefore might not
constitute a definite sign of direct involvement of the brain
stem. In fact, only 1 patient showed calcifications in both the
pontine and the mesencephalic regions, and no specific mor-
phologic or signal-intensity alterations were ever detected in
the brain stem.

We did not observe any abnormalities of the cerebral cor-
tex. From a neuroradiologic perspective, in accordance with
literature data,20-22 AGS is, to all intents and purposes, a leu-
koencephalopathy, characterized by the presence of mixed
features attributable to hypomyelination, dysmyelination, and
gliosis. As the most recent immunohistochemical studies, too,
have shown,24 astrocytes produce the INF-�, responsible for
the cascade of events leading to the autoimmune inflamma-
tory reaction, and the cerebral white matter is the “battlefield”
where this reaction takes place.

The fact that there were no areas of contrast enhancement,
even in the acute phases of this devastating inflammatory pro-
cess, could be explained by the observation that a large pro-
portion of subjects affected by AGS do not show a significant
increase in the cytokine CCL2, which is responsible for break-
ing down the blood-brain barrier; conversely, raised CCL2
levels are found in congenital infections.24

An improved characterization of the neuroradiologic find-
ings in AGS could help in the differential diagnosis of the
syndrome versus the numerous forms of childhood leuko-
encephalopathy with calcifications,25 of which the main ones
are the intrauterine TORCH infections, especially cytomega-
lovirus (CMV). The distribution of the calcifications could be
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useful in the differential diagnosis of AGS versus congenital
CMV infection, in which they typically show a periventricular
distribution.26 None of our subjects showed involvement of
the cerebral cortex, which, instead, is a feature of the enceph-
alopathy found in congenital CMV infection.26

Metabolic causes should also be considered in the differen-
tial diagnosis of AGS, in particular biotinidase deficiency27,28

and carbonic anhydrase II deficiency.27

In view of the relative sparing of the brain stem and cere-
bellum in AGS, the differential diagnosis of the syndrome ver-
sus diseases such as pontocerebellar hypoplasia23 does not
seem to present a particular problem. Finally, the better tro-
phism of the supratentorial compared with the cerebral struc-
tures could be a useful criterion in the differential diagnosis of
AGS versus the neonatal form of Cockayne syndrome, in
which cerebellar atrophy is prevalent.27 Cockayne syndrome,
too, is linked to a deoxyribonucleic acid repair deficit.29

With regard to the different genetic forms of AGS, a statis-
tically significant correlation emerged between the mutated
gene and the severity of the presentation of cerebral calcifica-
tions: Compared with the subjects with AGS2, those with the
AGS1, AGS3, and AGS4 forms had a much more severe pre-
sentation, in terms of the number, size, and extent of the le-
sions. These aspects could be useful in targeting the search for
the genes responsible for the condition.

We were able to confirm, also from a neuroradiologic point
of view, a finding produced by a previous genotype�clinical
phenotype study,4,10 namely, that in AGS1 patients, the disease
is particularly severe and has an earlier onset. In all the AGS1
subjects in our sample, the lesions were always characterized
by an anteroposterior gradient and often by the presence of
frontotemporal cavities. This pattern was also found in some
of the patients with other genetic forms of AGS.

More precise correlations might emerge from similar com-
parisons of neuroradiologic and genetic data in larger samples
of patients with AGS, which is a rare but probably under-
diagnosed disease. Useful information on the involvement of
the cerebral white matter might also be provided by MR
imaging studies conducted by using advanced techniques, in
particular diffusion tensor imaging and MR spectroscopy.

Conclusions
The brain imaging findings in AGS were leukoencephalopa-
thy, either diffuse or with a frontal-to-posterior gradient, cysts
in frontotemporal lobes, and calcifications. The severity of
neuroradiologic findings, in particular white matter involve-
ment, reflects the precocity of the disease onset.
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