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An atypical imaging characteristic sl

of calvarial metastasis of neuroblastoma
as multiple multi-loculated cystic masses
with internal blood-fluid levels: a case report
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Abstract

Background: As the third most common malignancy of childhood, Neuroblastoma has a great propensity to metas-
tasize to multiple organs. The most common site of metastasis is the bone and bone marrow. Concerning the central
nervous system, neuroblastoma usually involves the calvarium and the external dural surface. The skull metastases
may show different appearances, including: multiple lytic bone lesions, bone thickening, hair-on-end periosteal reac-
tion, irregular suture widening and/or plaque like epidural deposits. Here we present a case of metastatic neuroblas-
toma, appearing as multiple multi-loculated cystic epidural masses with internal blood-fluid levels as a rare imaging
manifestation of calvarial metastasis.

Case presentation: An 8-year-old boy with known history of autism, presented to the emergency department

with a 3-month history of intermittent fever, malaise and myalgia and headache along with significant weight loss.
Laboratory examination revealed elevated ESR and CRP and anemia. On Abdomino-Pelvic imaging a well-defined,
45*30%24 mm, solid-cystic mass was observed, replacing the normal left adrenal gland. On brain MRI, multiple multi-
loculated cystic, lentiform masses were observed on the external surface of cerebral hemispheric dura. Multiple
fluid-fluid levels were noted in the locules in some of which the dependent fluid was hyperintense on T1w and FLAIR
and hypointense on T2w sequences, compatible with blood, representing blood-fluid level. The wall and septa of the
masses, enhanced after contrast administration. Associated abnormal marrow signal and aggressive type periosteal
reactions were identified in the overlying bone. All of the lesions had increased uptake in MIBG scan. Bone marrow
biopsy revealed small round cells, diagnostic for neuroblastoma. The patient underwent chemotherapy treatment. All
calvarial/epidural metastatic lesions resolved after chemotherapy and residual adrenal tumor was resected.

Conclusion: Cystic epidural lesions, especially when associated with adjacent abnormal bone marrow signal, or peri-
osteal reaction and containing blood-fluid level should raise the suspicion of a calvarial metastasis.
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Background
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usually involves the calvarium and the external dural
surface, which acts as a barrier against direct invasion
to leptomeninges; thus metastasis to brain parenchyma
and leptomeninges are rare [1-3]. The primary mass is
usually solid and shows variable contrast enhancement,
eventual foci of necrosis, calcification and hemorrhage
[1]. The skull metastases may show different appearances,
including: multiple lytic bone lesions, bone thickening,
hair-on-end periosteal reaction, irregular suture widen-
ing and/or plaque like epidural deposits [1, 4].

Case presentation

An 8-year-old boy with known history of autism, pre-
sented to the emergency department with a 3-month
history of intermittent fever, malaise and myalgia and
headache along with significant weight loss. Other than
autism, no past medical history existed. His drug his-
tory included Imipramine and Haloperidol. Except for
fever [38 degrees centigrade], pale conjunctivae and pal-
pable soft bulging in forehead, physical examination was
unremarkable. Laboratory examination revealed ESR:
125 mm/hr, CRP: 90 mg/L, Hb: 7.1 g/dL, LDH: 1789U/L,
ferritin: 2570 pg/L and TSH: 7.77mIU/L. On Abdom-
ino-Pelvic ultrasound, a well-defined, 45*30*24 mm,
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solid-cystic mass was observed, replacing the normal
left adrenal gland, with multiple pathologic lymph nodes
in the para-aortic chain. Thoraco-Abdomino-Pelvic
CT scan (Fig. 1), revealed the heterogeneous enhanc-
ing left adrenal mass with central necrosis and multiple
pathologic left para-aortic lymphadenopathies. The het-
erogeneous bone marrow density of the vertebral bodies,
lytic lesions in the right scapula and 4" right rib sug-
gested bony metastases. On brain MRI, multiple multi-
loculated cystic, lentiform masses were observed on the
external surface of cerebral hemispheric dura. Multiple
fluid—fluid levels were noted in the locules in some of
which, the dependent fluid was hyperintense on T1w and
FLAIR and hypointense on T2w sequences, compatible
with blood, representing blood-fluid level. The wall and
septa of the masses, enhanced after contrast administra-
tion. Associated abnormal marrow signal and aggressive
type periosteal reaction were identified in the overlying
bone (Fig. 1). MIBG scan showed increased uptake, com-
patible with the calvarial/epidural lesions, all vertebrae,
bilateral humeri, ribs and pelvic bones, femurs and tibiae
and in the left adrenal mass (Fig. 2). Bone marrow biopsy
revealed small round cells, diagnostic for neuroblastoma.
The patient underwent chemotherapy treatment. All

Fig. 1 Brain MRI with and without contrast media administration [a to h] revealed multifocal multi-loculated cystic lesions in the epidural space

[white arrows in all images] containing fluid—fluid levels [dashed white arrows in a, b and c] which the dependent fluid was hyperintense on axial
T1w and FLAIR [b and ¢ respectively] and hypointense on axial T2w [A] sequences compatible with blood representing blood-fluid level. Diffuse
pachymeningeal enhancement and enhancement of wall and septa of lesions are noted on axial contrast-enhanced T1w sequence [f]. Image

[g] shows involvement of overlying calvarial bones as hyperintense signal change on axial T2 w sequence [dashed white arrows]. DWI and ADC
map sequences [e and d] show no restriction. Image [h] is coronal contrast-enhanced T1w sequences showing similar large epidural metastatic
lesion around flax [white arrow], note the calvarial involvement of frontal bone as abnormal bone and adjacent dural enhancement with overlying
enhancing soft tissue component [dashed white arrow]. Follow up CT scan after chemotherapy treatment [i] shows complete resolution of
meningeal lesions. Image j shows low attenuating soft tissue mass in left adrenal gland [black arrow]
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Fig. 2 The initial MIBG scintigraphy of the patient performed after IV injection of 1 mCi 1311-MIBG confirms avid uptake of radiotracer in the
calvarial lesions [solid black arrow], along with diffuse skeletal [dashed black arrows] and left adrenal mass [curved black arrow] uptake

Fig. 3 Microscopic tissue exam of the left adrenal mass, undergone
Hematoxylin and Eosin staining, with 400 x magnification, shows
small round blue cells confirming the diagnosis of neuroblastoma

calvarial/epidural metastatic lesions resolved after chem-
otherapy and the residual adrenal tumor was resected.
The biopsy specimen of the resected adrenal mass also
confirmed the diagnosis of neuroblastoma (Fig. 3). Fur-
ther chemotherapy was done, and no primary or meta-
static recurrence was observed in the first year of post
treatment follow-up.

Discussion

As the most common extracranial solid tumor of child-
hood, neuroblastoma accounts for 10% of childhood
malignancies, and 15% of malignancy-related deaths
[3, 5, 6]. In the majority of cases the disease manifests

before 4 years of age [6]. Metastases are present in 70%
of patients at the time of diagnosis, the most frequent
site of which is bone [3]. Neuroblastoma is derived
from the neural crest cells, aimed to develop into the
sympathetic system. Owing to the wide range of neu-
ronal differentiation of these original cells, this tumor
shows a wide range of manifestations, thus the name
“The great imitator” [3, 5] new chemotherapeutic regi-
mens have improved the survival rate of the patients,
which makes it more probable for us to face with new
appearances of neuroblastoma metastases, especially in
the CNS - as a sanctuary for tumor cells- [5]. Calva-
rial/dural metastases occur in 25% of patients, and may
sometimes precede the diagnosis of the main primary
tumor [3, 6, 7]. As this hypothesis has been recently
mentioned, that calvarial/dural metastases may be
a potential origin of the brain parenchymal disease
spread, identification of this entity becomes more criti-
cal in the early stage, to prevent further dissemination
[8]. Thus, as a radiologist, we should be familiar with
typical and atypical imaging appearances of calvarial/
dural metastases of neuroblastoma.

The skull metastases may show different appearances,
including: multiple lytic bone lesions, bone thicken-
ing, hair-on-end periosteal reaction, irregular suture
widening and/or plaque like epidural deposits [3, 4].
Dural metastases usually appear as increased enhance-
ment, thickening or plaque, which are most commonly
located at the extradural surface [3]. To our knowledge
multi-loculated cystic epidural lesions have not been
reported previously as an imaging feature of calvarial/
epidural metastatsis of neuroblastoma.
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Necrosis and hemorrhage have been mentioned as
the secondary histologic features of neuroblastoma [1].
Although rarely occurring; cystic degeneration, accompa-
nied by hemorrhagic components, has been mentioned in
the brain parenchymal metastases of neuroblastoma. The
underlying pathogenesis of cyst formation in parenchy-
mal brain masses, has said to be associated with hemor-
rhagic necrosis, or disruption of the blood—brain-barrier
with the resultant accumulation of plasma exudate [2].

Our patient, who first presented with non-specific
symptoms, and last was confirmed to be a case of neuro-
blastoma, showed an atypical imaging appearance of cal-
varial metastasis: multiple multi-loculated cystic masses,
with enhancing wall and septa, which contain blood-fluid
levels, and were located on the external dural surface. No
previous case of calvarial/epidural metastasis of neuro-
blastoma with cystic-hemorrhagic degeneration has been
reported in the literature, which may cause unfamiliarity
of the radiologists with this appearance of the entity, thus
leading to incorrect interpretations [1, 3, 5]. Associated
abnormal marrow signal and aggressive periosteal reac-
tion in the overlying bone, are clues to correct diagnosis.
The diagnosis was confirmed on MIBG scan and bone
marrow biopsy.

Conclusion

Cystic-hemorrhagic epidural lesions, especially when
associated with adjacent abnormal bone marrow sig-
nal or periosteal reaction should raise the suspicion of a
calvarial/epidural metastasis. Neuroblastoma should be
kept in mind in children as the most common primary
of these metastatic lesions, in the appropriate clinical
setting.
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