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Abstract

Background Intracranial calcification (ICC) is an important diagnostic clue in pediatric neurology. Considering the radi-
ation-induced cancer risk associated with computed tomography (CT), we aim to define the diagnostic value of magnetic
resonance imaging (MRI) sequences sensitive to paramagnetic/diamagnetic substances in the detection of ICC, comparing
with CT scanning.

Materials and methods We selected MRI and CT scans performed in children affected by neurological conditions associ-
ated with ICC referred to the participating centers between 2005 and 2018. Inclusion criteria were age at neuroradiological
investigation < 18 years, availability of good quality CT positive for calcification, and MRI scan that included GE or/and
SWI sequences, performed no more than 6 months apart.

Results Eighty-one patients were included in the study. CT and MRI scans were reviewed by consensus. MRI failed to detect
ICC in 14% of the cases. Susceptibility-weighted imaging (SWI) was the best MRI sequence to use in this setting, followed
by gradient echo imaging. In 19% of the cases, CT could have been avoided because the identification or monitoring of ICC
has not been necessary for the clinical management of the patient.

Conclusion In the diagnostic workup of pediatric-onset neurological disorders of unknown cause, the first step to look for ICC
should be an MRI that includes SWI and GE sequences. If ICC is absent on MRI, brain CT scanning should be performed
at least once. When the identification or monitoring of ICC is unlikely to add information useful for patient’s follow-up or
treatment, we recommend not performing CT scanning.
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syndrome

Davide Tonduti and Anna Pichiecchio equally contributed to this
work.

Cecilia Parazzini and Luisa Chiapparini equally contributed to this

work.
P< Davide Tonduti 5 Child and Adolescent Neurology Department, IRCCS
davidetondu @hotmail.com Mondino Foundation, Pavia, Italy

Paediatric Radiology and Neuroradiology Department

- COALA (Center for Diagnosis and Treatment

of Leukodystrophies), V. Buzzi Children’s Hospital, Milan,
Italy

' Child Neurology, Unit - COALA (Center for Diagnosis
and Treatment of Leukodystrophies), V. Buzzi Children’s
Hospital, Via Castelvetro 32, 20154 Milan, Italy

Neuroradiology Unit, IRCCS Mondino Foundation, Pavia, 7

Ttaly Neuroradiology Unit, Fondazione IRCCS Istituto

Neurologico Carlo Besta, Milan, Italy
Department of Brain and Behavioral Sciences, University
of Pavia, Pavia, Italy

Neuroradiology Unit, Department of Radiology, ASST Santi
Paolo E Carlo, Milan, Italy

@ Springer


https://orcid.org/0000-0001-9371-7454
http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-021-05510-w&domain=pdf

2044

Neurological Sciences (2022) 43:2043-2050

Introduction

In clinical practice, the identification of specific neurora-
diological patterns and features is crucially important in the
diagnostic workup of neurological disorders. Intracranial
calcification (ICC) is a common finding in normal aging,
whereas it is very rarely observed in healthy children [1, 2].
The presence of ICC in children should always be consid-
ered pathological until proven otherwise [1, 3] and some-
times represents a sign that narrows down the differential
diagnoses [1]. Collectively, pediatric-onset neurological
disorders with ICC constitute a heterogenous group of con-
ditions that include acquired disorders, such as congenital
infections or brain tumors, genetic static syndromes, such as
Adams Oliver Syndrome, and progressive encephalopathies,
such as Cockayne syndrome (CS), Krabbe disease (KD),
and some rare genetic interferonopathies such as Aicardi-
Goutieres syndrome (AGS) [1, 2, 4]. Central nervous system
calcification deposits usually contain calcium hydroxyapatite
(Cal0 [PO4]6 [OH]2) as a major component; zinc, iron, and
magnesium are other possible components [5]. The mecha-
nism underlying calcium deposition in the brain and spine
is still a matter of debate, although a dysfunction in small
cerebral blood vessels, including pericytes, has been sug-
gested to play a key role in many cases [6, 7].

It has previously been recommended that CT scans, so
far considered the gold standard for ICC detection, should
be performed in children affected by leukoencephalopathies
of unknown origin [3]. For the detection of ICC, ultrasound
imaging may be used in newborns for its high sensitivity,
even if the specificity is low [8]. On conventional T1- and
T2-weighted MR sequences, the detection of ICC may be a
challenge. The use of T2*-weighted or gradient echo (GE)
sequences has considerably increased the sensitivity of MRI
to ICC [3, 9], and moreover, susceptibility-weighted imag-
ing (SWI), a 3D GE technique with high spatial resolution,
has been reported to be the most suitable MRI approach for
identifying and quantifying ICC differentiating calcifica-
tion from blood products [10—12]. Few studies have already
compared the diagnostic efficacy of MRI versus CT scan,
for ICC detection, also in small pediatric samples and poten-
tially SWI phase images might allow the same level of ICC
detection as CT images [9], given the radiation exposure of
the latter.

With our study, we aim to define the diagnostic value
of magnetic resonance imaging (MRI) sequences sensitive
to paramagnetic/diamagnetic substances in the detection
of ICC, comparing with CT scanning. Moreover, we tried
to identify in which cases CT exam should be considered
diagnostically crucial keeping in mind that, as compared to
adults, children are known to be at a greater risk for develop-
ing radiation-associated cancer [13].
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Materials and methods

In order to make a qualitative comparison between CT and
MRI scans with GE and/or SWI sequences, the neurora-
diological reports from the neuroradiological databases of
the four Italian centers involved in the study (Vittore Buzzi
Children’s Hospital in Milan, Casimiro Mondino Neurologi-
cal Institute in Pavia, Carlo Besta Neurological Institute in
Milan, San Carlo Hospital in Milan) were screened in order
to select a set of “CT/MRI couple” meeting the follow-
ing criteria: (1) age at examination < 18 years, (2) studied
between 2005 and 2018, (3) presence of cerebral calcifica-
tion at CT scan, (4) availability of good-quality MRI scan
with GE and/or SWI sequences, performed no more than
6 months apart,

Scans were performed on a 1.5 T MRI scanner (Philips
Achieva Healthcare, Eindhoven, the Netherlands; Siemens
Avanto, Erlangen, Germany), 3 T MRI scanner (Siemens
Magnetom Skyra, Erlangen, Germany; Philips Achieva
Healthcare, Eindhoven, the Netherlands) using spin echo
(SE) T1 and turbo spin echo (TSE) T2-weighted images,
fluid-attenuated inversion recovery (FLAIR), and GE and
SWI sequences. Brain CT scans were performed without a
contrast medium (Somatom CT scanner, Siemens, Erlangen,
Germany; Brilliance CT, Philips, Eindhoven, the Nether-
lands; GE CT scanner, GE Healthcare system, Milwaukee).

ICC was defined as areas of hyperattenuation (> 100 HU)
at CT [9], while on MRI they were recognized as hypoin-
tense areas on GE and, on SWI filtered phase images, as
hyperintense (positive phase) for a right-handed system and
hypointense (negative phase) for a left-handed system [14].
Lesions with varying signals on SWI were classified accord-
ing to their dominant signal (70% in space).

All the images were reviewed by all the authors, who are
clinicians or radiologists specialized in pediatric neurology
and pediatric neuroimaging. Each exam was evaluated in
the presence of the whole group. When the agreement was
not immediately reached, the case was discussed and finally
scored only when the whole group agreed on the response. A
final agreement has been reached in all cases. MRIs and CTs
were read at different time points with a randomized reading
order and with a long enough washout phase in between, in
order to avoid biases.

In the presence of different combinations of signal inten-
sity on a single MRI scan (for instance some areas of ICC
showing T1 hypersignal and T2 hyposignal, others present-
ing T1 and T2 hyposignal), the scan was scored two times,
each time focusing on the areas showing the same signal
combination. In the analysis of the data, each of these evalu-
ations was considered a separate study. ICC on CT scans
was classified by localization and type, in accordance with a
previously proposed classification system [3]. The prevalent
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signal for each ICC on T1- and T2-weighted images and on
FLAIR, GE, and SWI sequences was established. For each
MRI exam, we selected which was the sequence that better
showed the presence of ICC mainly making a comparison
between GE and SWI sequences. Lastly, in every single case,
we also considered whether the CT scan provided any added
diagnostic clinical value, that helped reach the diagnosis or
changed the patient’s clinical management. This evaluation
was made after study scoring and was based on the combina-
tion of neuroradiological data and clinical information that
were available for all included patients.

Results
General data

The neuroradiological records of 254 patients were con-
sulted. Of these, 81 patients (42 males, 39 females) met the
inclusion criteria.

Seven patients had MRI scans showing different com-
binations of signal intensity. As described in the methods,

these scans were scored more than once. This resulted in a
final total of 90 studies (88 brain and 2 spinal cord studies).

The MRI and CT studies were performed at a mean age
of 6.7+5.8 years (range: 1 month to 17.7 years); to under-
line, 9 subjects underwent MRI between the age of 1 and
12 months.

All the MRI studies included T1- and T2-weighted
images. FLAIR sequences were available in all but two of
the brain studies. All the 90 radiological studies included
at least one SWI or GE sequence; GE sequences were per-
formed in 76 studies and SWIin 32. Only SWI was done in
14 patients, only GE in 58 while 18 studies included both
these types of sequence.

The clinical diagnoses in this population included the fol-
lowing: Aicardi-Goutieres syndrome (AGS) (16 patients),
brain tumor (17), unclassified neurodegenerative disease
(12), congenital infection (5), unclassified congenital static
encephalopathy (4), leukoencephalopathy with brainstem
and spinal cord calcification (LBSC) (3), tuberous sclerosis
(3), Sturge-Weber syndrome (3), Cerebral angiomatosis(2),
small vessel stroke (2). The remaining diagnoses were all
recorded in single cases (Table 1).

Table 1 Number of MRIs and

8 X ] Diagnosis Number  Number of Added value of CT
patients anq CT d}agnostlc of MRIs  patients
value per diagnosis
Aicardi-Goutieres syndrome 16 16 14 Yes 2 No
Brain tumor 17 17 16 Yes 1 No
Unclassified neurodegenrative disease 16 12 Yes
Congenital infection 5 5 No
Leukoencephalopathy with brainstem and spinal cord calci- 6 3 Yes
fication (LBSC)

Unclassified static genetic encephalopathy 4 4 Yes
Tuberous sclerosis 3 3 No

Primary familial brain calcification 3 1 Yes
Sturge-Weber syndrome 3 3 No
Cocakyne syndrome 1 1 Yes
Hypoxic ischemic encephalopathy 1 1 No

Cerebral angiomatosis 2 2 Yes
KRITI-related cerebral cavernous malformations (CCM1) 1 1 Yes
CYP2U1- related distoder 1 1 Yes
Pantothenate kinase-associated neurodegeneration (PKAN) 1 1 Yes
Hyperparatiroidism 1 1 Yes
Cortical dysplasia 1 1 Yes
Vascular malformation 1 1 Yes
Atypical Sturge-Weber syndrome 1 1 Yes

Small vassel stroke 2 2 No
Neonatal intraventricular hemorrhage 1 1 No
Meningoencephalitis 1 1 Yes
Neonatal hypoglycemia 1 1 No

Prenatal brain injury 1 1 Yes

Total 90 81
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CT features: ICC topography and morphology

Intracranial calcification was observed in the cerebral cor-
tex in 16 cases, the subcortical white matter in 31, the deep
white matter in 23, the periventricular white matter in 19,
the corpus callosum in 4, the posterior limb of the internal
capsule in 5, the anterior limb of the internal capsule in 1,
the putamen in 23, the pallidal nuclei in 18, the caudate
nuclei in 11, the thalami in 17, the midbrain in 3, the pons
in 7, the medulla oblongata in 2, the cerebellar cortex in 4,
the cerebellar white matter in 7, the dentate nuclei in 4, and
the spinal cord in 2. In seventeen cases, ICC was localized
into tumor tissue and therefore topographically classified
as “intralesional.” In one patient, it occurred in the site of a
vascular malformation.

Spot calcification and blush-like calcification were each
found in 51 studies, blush in 51, while rock calcification
was found in 39. In 16, ICC was linear, in 12 gyriform, and
band-like in 1.

MRI features of ICC

In the whole series, MRI failed to detect ICC in 13/90 stud-
ies (14%). These 13 cases were heterogeneous in terms of
localization and etiological diagnosis, but concerned small
ICC. CT had demonstrated the presence of small spot ICC in
8/13, gyriform in 3, linear and punctuate in 1, and blush in 1.
Notably, no calcification was visible on three of the 18 MRI
scans (17%) performed using both GE and SWI sequences,
on 10 of the 58 (17%) performed with GE but not SWI, and
on 1 of the 14 (7%) performed using SWI but not GE.

On T2-weighted images, ICC was visible on 43/90 scans
(47%). The lesions appeared hypointense in 38/43 (88%),
hyperintense on the scan of one patient affected by panto-
thenate kinase-associated neurodegeneration (PKAN), and
presented a mixed hyper- and hypointense signal in four
patients (1 with tuberous sclerosis, 1 with brain tumor, and
2 with unclassified neurodegenerative disease).

On FLAIR sequences, ICC was visible in 32/86 (37%)
studies, and in these cases, the signal always matched that
found on T2-weighted imaging.

On T1-weighted imaging, ICC was visible in 30/90
(33%) studies. The lesions appeared hyperintense in 18/30
(60%), hypointense in 10/30 (35%), and mixed (hyper- and
hypointense) in two patients (1 with brain tumor and 1 with
unclassified neurodegenerative disease). In 11 studies, ICC
was visible on T1-weighted imaging (hyperintense in 7 and
hypointense in 4) but not on T2-weighted imaging; con-
versely, in 24, they were visible on T2-weighted imaging
(hypointense in 23 and mixed in 1) but not on T1-weighted
imaging. Collectively, T1- and/or T2-weighted imaging
demonstrated the presence of ICC in 54/90 studies (60%).
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Intracranial calcification was visible on 62/76 (80%)
of the GE and 28/32 (87%) of the SWI sequences, in both
cases showing hypointense signal. As regards the 18 studies
performed using both sequences, ICC was visible on both
sequences in 14 and only on SWI in one. In 3/18 cases, no
ICC was detected.

Figures 1 and 2 are examples of the neuroimages
reviewed for ICC topography and morphology.

We considered as the best MRI sequence the sequence
in which signal alteration was more easily referable to ICC.

When GE, but not SWI, was available (58 studies), we
considered the following to be the best techniques: GE in
42/58 (72%), T2 in 5/58 (9%), and T1 in 2/58 (3%); in the
other 9 (16%), ICC was not detected. When SWI but not GE
was available (14 studies), the best technique was SWI in
12/14 (85%), while ICC was not detected in the remaining 2
(15%). In the group of 18 studies performed using both SWI
and GE, SWI was deemed to be the best MRI technique in
10/18 (55%), GE in 4/18 (22%), and T2 in 1/18 (6%); in 3/18
(17%), no MRI sequence detected ICC.

Comparison between CT and MRI

It is interesting to note that in 4/90 studies MRI was deemed
better in detecting calcification shape and dimension, and in
4/90, CT and MRI were considered equal. In the other 82/90,
we confirmed our starting assumption based on literature
that CT is the best technique for detecting ICC.

Regarding the clinical relevance of CT scanning, we
considered that CT was useful and therefore diagnostically
necessary in 71/90 (79%) patients for clinical management,
while it could have been avoided in 19 (21%).

Discussion

In this study, we described the MRI features of ICC in a
series of 81 pediatric patients affected by neurological
conditions. Our results confirm that SWI is the best MR
sequence in detecting ICC, mainly compared with the GE
sequence. Nevertheless, MRI studies were not able to dem-
onstrate the presence of calcification in 14% of cases. That
was likely due to the small dimension of ICC in those cases
and suggests that, even when SWI and GE are negative for
ICC, CT is still necessary to exclude its presence.

Calcium is a diamagnetic substance and has a very low
magnetic susceptibility compared with the surrounding
tissue. Furthermore, ICC, depending on its structural and
chemical characteristics, may appear as either high or low
signal on both T1- and T2-weighted sequences and it can
result in difficulty to differentiate it from hemosiderin, espe-
cially on GE sequences. In fact, on GE sequence, ICC is seen
as areas of low signal dropout, but this signal abnormality
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Fig. 1 Examplesof the neuroimages reviewed for ICC topography and
morphology. A1-2.CT image(1) and axialMRT2-weighted image (2)
of pt 14, affected by AGS, at 4.6 years. The imagesshow small punc-
tate calcificationsin the basal ganglia and thalami bilaterally. These
are less visible on theT2-weighted images. B1-2.CTimage (1) and
axial MRT2-weighted image (2) of pt 23, affectedleukoencephalopa-
thy with brainstem andspinal cord calcification, at 2.6 years of age.
The images show diffusebilateral white matter hyperintensity, alsoin-
volving the external and internal capsules and both thalami, with
sparing ofthe U fibers, associated with bilateralrock calcification
lesions in the anterior periventricular white matter, withslight pre-
dominance on the left side,and in the posterior limb of the internal
capsules. C 1-3. CT image (1-2) andaxial MRT2-weighted image (3)
of pt 35, affected by Cockayne syndrome, at age 8.5 years. The
images showpunctate calcification of the putamen,which is a typical
site in this disease, mainly on the left side and not clearlyvisible on
the T2-weighted images.Note the slight hyperintensity of the deep
white matter, which is related tohypomyelination, and the superficia-
land deep cerebral atrophy. D1-2. CT image (1) and MRT2-weighted
image (2) of pt60, affected by hyperparathyroidism,at the age of
15.5 years. The CT image shows blush calcification of the pallidi-

can be due to either calcium or iron, while SWI sequences
are able to differentiate between calcium and blood products,
increasing the capability of MRI as a technique for evaluat-
ing ICC [11, 12]. To enhance the image contrast conferred

and, partially,of the putamen can be seen on both sides. These fea-
tures are not detectable onthe T2-weighted image.E1-4.Axial CT
image (1-3) and MRT2-GE (2-4) of pt46, affected by KRIT1-relat-
edcerebral cavernous malformations(CCM1), at the age of 2.1 years.
Linear andreticular calcification lesions arevisible in the areas ofthe
cerebral cavernous malformations: frontal (1, 4), temporal (1, 2),
thalamic(3, 4), and parietal (4); diffuse hypointensity isdetected on
GE images, due to the “blooming artifact” and, probably, concomi-
tantblood products.F1-2.CT image (1) and axial MRT2-weighted
image(2) of pt 9, affected bySturge-Weber syndrome, at5.6 years of
age. Rock and gyriform calcification lesions are evident on thepos-
terior corticosubcortical region ofthe right hemisphere, associated
with slight atrophy. Note a hypertrophic veinto the right thalamus
on MRI. G1-2.CT image (1) and MRT2-weighted image (2) of pt 8,
affected by tuberoussclerosis, at 5.1 years of age. A roundsubepend-
ymal focal calcification is evident at the level of the right Monro
foramen,with an inhomogeneoussignal on MRI (2). H1-2. CT image
(1) and axial MR FLAIR image (2) of pt 55, 20months of age,who
suffered from neonatal hypoglycemia. A small gyriform corticalcalci-
fication can be observed in the left parasagittalparietal cortex, associ-
ated with slight hyperintensity on T2 FLAIR image

by the paramagnetic properties of blood products (such as
deoxy-hemoglobin, intracellular methemoglobin, and hemo-
siderin), in comparison with the diamagnetic properties of
calcium, SWI combines magnitude and phase data [15].

@ Springer
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Fig.2 ICC appearance on CT and on different MRI sequences. Al-5.
CT image (1) and 3 T Siemens MR (left-handed) T2-TSE (2), T2-GE
(3), SWI (4), and phase images (5) of Pt 30, affected by periventricu-
lar leukomalacia due to perinatal distress, at the age of 4 years. CT
better depicts the posterior periventricular calcification lesions mixed
with hemosiderin. On MRI sequences, even SWI, the calcification is
not easily distinguishable from blood products. B1-5 and C1-5. CT
image (1) and 3 T Siemens MR (left-handed) T2-TSE (2), T2-GE
(3), SWI (4) and phase images of Pt 16, affected by AGS, at the
age of 3 months, respectively at the level of the cerebellum (B) and
corona radiata (C). Multiple punctate focal calcifications are evident
in both cerebellar hemispheres on CT, well evident as hypointensity
on T2-GE images. They are also clearly visible in the supratento-

Specifically, calcification and blood products (nonheme
iron) show opposite signal intensity; therefore, using veins
as a reference on SWI filtered phase images, the signal from
calcium is opposite to that coming from the paramagnetic
veins [16]. The reading of SWI phase images is subject to
possible pitfalls. Aliasing, which results in opposite inten-
sities at the edges and the center of the lesion, is the main
one. It can be reduced by shortening echo and/or double
echo time, or by more appropriate phase conversion to local
susceptibility [17]. The second pitfall is the appearance of
both a negative and a positive phase surrounding a larger
diamagnetic object; this problem can be overcome by repro-
cessing images in order to suppress local magnetic fields

@ Springer

rial regions on MR T2-weighted and T2*-weighted images, favored
by contrast with the hyperintense white matter. On SWI (4-5) they
have a predominant hypointense signal with “aliasing”, or distortion
artifact, on the phase image of the bigger cerebellar lesion on the
right side and the frontal ones, which are not readily distinguishable
from blood products. Nevertheless, clinical and MRI data together
were sufficient to confirm the clinical suspicion, making CT unneces-
sary. D1-5 CT image (1) and 3 T Siemens MR (left-handed) T2-TSE
(2), T2-GE (3), SWI (4), and phase images (5) of Pt 63, affected by
AGS, at the age of 2.6 years. Punctate juxtacortical calcification in
both parietal lobes on CT, not easily visible on T2, better distinguish-
able on GE, and even better on SWI as hypointense lesions (negative
phase)

or susceptibilities. A further limit to the application of this
technique on a large scale is that correct interpretation of
the images still relies on the expertise of the image reader.

Even if in our cases SWI showed a higher capability com-
pared with GE in detecting ICC, however, an agreement was
always reached about the evidence that lesions appeared
more immediately visible and clearer on GE. For this reason,
we suggest that both sequences should be included, when
possible, in MRI protocols for ICC evaluation, although we
are aware of the longer scan time.

We also observed that in the first year of life, when the
white matter is not yet completely myelinated, ICC is readily
seen as low signal spots also on T2wi, while they become
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less visible with increasing age as myelination occurs. For
this reason, in patients aged less than 12 months, MRI is
often sufficient to disclose ICC avoiding CT scan mainly in
this period of life in which exposure to ionizing radiation is
more dangerous.

Furthermore, we noted that ICC in cerebellar hemi-
spheres and spinal cord were better detectable on MRI than
CT, probably because these are classical regions in which
CT images are frequently degraded by bone artifacts of the
posterior fossa and spinal canal.

The identification of calcification by CT scanning added
relevant and necessary information in the patient diagnos-
tic workflow in about three-quarters of the studies. It was
instead deemed unnecessary in patients with congenital
infection, Sturge-Weber syndrome, tuberous sclerosis, and
also in AGS patients in whom clinical examinations and
MRI studies have already provided enough information to
address the diagnosis.

The study bears several limitations. Our sample is highly
heterogenous including a large spectrum of genetic and
acquired pathologies; a significant group is represented by
AGS patients and this is explained by the fact that two of
the participating centers are Italian referral centers for this
disease (Casimiro Mondino Foundation in Pavia and Vit-
torio Buzzi Children’s Hospital in Milan). The Mondino
Foundation is also the scientific headquarters of the Inter-
national Aicardi-Goutieres Syndrome Association. Patients
were retrospectively selected from four different Institutions;
radiological examinations were performed following differ-
ent protocols with different MR machine vendors; both GE
and SWI MRI sequences were available in only some of
the MR exams; all patients had ICC on CT scans; therefore
readers were aware that ICC had to be found on MRI and
was not blinded; intra- and interrater variability could not be
obtained as the assessment of the images was in consensus
by all the authors lacking blindness. Moreover, recent years
have witnessed further development in the field of magnetic
susceptibility imaging, namely regarding the quantification
of signal changes through quantitative susceptibility map-
ping (QSM), being not dependent on local and orientation-
dependent phase signals and probably superior to conven-
tional SWI [9]. In our study, no patient performed QSM;
however, also the interpretation of QSM images is subject
to limitations, and more technical advances are needed in
order to improve its diagnostic accuracy.

In conclusion, given the importance of looking for ICC,
the first step in the diagnostic workup of pediatric-onset neu-
rological disorders of unknown cause should be a careful
evaluation of an MRI study that includes SWI sequences, as
they demonstrated to have a higher capability compared with
GE in detecting ICC. GE sequences should be performed
only if SWI sequences are not at disposal or in case of lack
of training. In patients with encephalopathy of undetermined

etiology, but no ICC on MRI, brain CT scanning should be
performed at least once, in agreement with previous studies
[3]. In cases requiring radiological follow-up to monitor ICC
evolution, MRI should be preferred to CT.
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