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Introduction

Diffuse intrinsic pontine glioma (DIPG) is an aggressive primary
glial neoplasm that accounts for 15% of all childhood brain
tumors and is the primary cause of brain tumor–related deaths
in children.1 Themedian survival for patientswithDIPG remains
< 12 months following initial diagnosis.1 Historically, the treat-
ment planning was based on a radiographic diagnosis, with
tissue sampling reserved for radiographically atypical cases.
Three decades of clinical trials using this diagnostic approach
for eligibility has failed to achieve any improvement in survival.1

Modern surgical experience suggests that tissue sampling is
feasible in DIPG patients, and the utility of tissue for diagnosis
and biologic target–directed treatment is currently under
investigation.2

In this patient population, surgical insertion of a cerebro-
spinal fluid (CSF) shunt into the peritoneum is commonly

performed to relieve the symptoms of obstructivehydroceph-
alus that inevitably occur. The development of metastatic
disease from primary central nervous system (CNS) tumors
outside of the craniospinal axis directly resulting from this
procedure is a relatively rare event, occurring in < 0.5% of a
large autopsy series.3However, with the current life-prolong-
ing treatment strategies for pediatric CNS neoplasms, a
concomitant increase in the incidence of extraneural
metastatic disease is expected to occur.

Observations

A 6-year-old girl presented to our institution in Janu-
ary 2011 with a short history of ataxia and right-sided
facial nerve palsy with superimposed symptoms of
increased intracranial pressure. Contrast-enhanced mag-
netic resonance (MR) imaging of the brain demonstrated an
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Abstract Extraneuralmetastatic disease resulting from a primary central nervous system neoplasm is
a rare clinical finding in the pediatric population. We report a case of peritoneal
glioblastoma carcinomatosis following placement of a ventriculoperitoneal shunt and
chemoradiotherapy in a 6-year-old female patient who initially presented with diffuse
intrinsic pontine glioma. This case demonstrates the importance of evaluation of extra-
spinal structures when imaging for extension of disease. Additionally, this report highlights
the cross-sectional imaging characteristics of glioblastoma peritoneal carcinomatosis and
presents additional information that will facilitate the timely diagnosis of extraneural
metastases of primary high-grade glial neoplasms in the pediatric population.
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expansile, nonenhancing, T2 hyperintense mass centered
within the pons with associated obstructive hydrocephalus
(►Fig. 1A–C). MR image-guided tissue sampling of the mass
revealed a World Health Organization grade 3 anaplastic
astrocytoma. A right frontal ventriculoperitoneal (VP)
shunt was surgically inserted to alleviate the symptoms
of obstructive hydrocephalus. Following initial tissue sam-
pling, the patient began a phase II clinical trial (PBTC-030)
in which she was treated with capecitabine and concomi-
tant external-beam radiation therapy. A total dose of
55.8 Gy (1.8 Gy fractionated daily) was administered to
the tumor volume. The patient demonstrated transient
clinical improvement while on this therapeutic regimen,
completed in June 2011.

Surveillance MR imaging of the brain demonstrated pro-
gression of disease in December 2011 and February 2012
manifested by the development of multifocal supratentorial
and infratentorial enhancing lesions (►Fig. 1D, E) in the
setting of progressive tandem gait deficit.

Shewas subsequently started on a newphase I clinical trial
(PBTC-031) in which she was treated with vascular endothe-
lial growth factor pathway inhibitor (PTC-299); however,
despite tolerating the treatment regiment well, the patient
subsequently demonstrated progression of disease. In
March 2012, the patient began treatment with Temodar

(temozolomide) but again demonstrated progression of dis-
ease, and in April 2012, she received a second course of
radiation therapy to the sites of intraparenchymalmetastases
(24 Gy total dose; 2 Gy fractions to regions with tumor
recurrence). Therapy to the primary brainstem lesion was
also augmented. The patient demonstrated significant clinical
improvement after reirradiation and was followed with sur-
veillance MR imaging.

The patient was admitted to our institution in Novem-
ber 2012 when she developed worsening hydrocephalus,
urinary incontinence, and abdominal bloating. VP shunt
revision was performed. MR imaging of the total spine
performed to assess for spinal metastases demonstrated a
small left paracolic mass with associated ascites. Subsequent
MR imaging of the abdomen and pelvis demonstrated diffuse,
T2 hyperintense, heterogeneously enhancing peritoneal
masses with large volume ascites (►Fig. 2A, B). Nodular
masses were also noted to coat the surface of the VP shunt
catheter along its intraperitoneal course, which resulted in
the formation of a nodular bridge between the omentum and
anterior abdominal wall at the site of shunt entry. An intra-
abdominal primary source for peritoneal carcinomatosis was
not identified. Bedside ultrasound-guided tissue sampling of
the left paracolic mass demonstrated glioblastoma histopath-
ologically (►Fig. 2C and ►Fig. 3).

Fig. 1 Initial magnetic resonance imaging of our patient demonstrated a grade 3 anaplastic astrocytoma centered within the pons. (A, B) T1 postcontrast
andT2-weighted images demonstrate an expansile, nonenhancing, T2 hyperintensemass centeredwithin thepons. (C) Dynamic T2� susceptibilityweighted
contrast-enhanced cerebral blood volumemap demonstrates no evidence of increased cerebral blood volume within the pons consistent with the provided
diagnosis. (D) Axial T2-weighted image through the level of the lateral ventricles demonstrates hydrocephalus with transependymal flow of cerebrospinal
fluid resulting from themass effect of the lesion in themidbrain. (E, F) Follow-up surveillance imaging after medial and radiation therapy demonstrates rim-
enhancing foci within the supra- and infratentorial brain that suggested the progression of disease.
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Following the diagnosis of glioblastoma peritoneal carci-
nomatosis, a peritoneal drainwas placed for palliative relief of
the large-volume ascites. A 5-day course of temozolomide
followed by erlotinib maintenance resulted in the patient’s
improved mental status; however, surveillance imaging in
January 2013 again demonstrated progression of disease
throughout the brain and abdomen. The patient died in
March 2013, 26 months following the initial diagnosis.

Conclusions

Previous investigators have reported the propensity for primary
pediatric glial neoplasms to metastasize to the peritoneum via
VP shunt catheter. A review of the literature demonstrates

glioma dissemination through VP shunts is a rare occurrence
(►Table 1). Large autopsy studies have estimated the incidence
of extraneural spread of primaryhigh-grade glioma to be 0.47%.4

Rickert identified 245 reported cases of extraneural metastases
occurring in patients < 18 years of age.5 Of this cohort, 67 cases
(27.3%)were directly related to VP shunt placement with 5 cases
attributed to glioblastomametastasis. Gliomadisseminationwas
previously reported through ventriculoperitoneal, ventriculoa-
trial, and ventriculopleural CSF shunts.1–7

Despite its rare occurrence, metastasis of primary glial neo-
plasms via shunt catheter to the peritoneal cavity is expected to
increase with improved medical, surgical, and radiation
therapies.3–5,8–18 Previous investigators have hypothesized
that the underlying etiology of primary CNS glial neoplasm

Fig. 2 Glioblastoma peritoneal carcinomatosis. (A, B) Axial and coronal T2 (left) and T1-weighted fat-saturated postcontrast (right) images
through the abdomen and pelvis demonstrates multiple foci of T2 hyperintense enhancing peritoneal tissue nodules (arrowheads) the largest of
which was located posterior to the left colon about the Iliacus muscle (arrow) with associated large-volume ascites. Additionally, the VP shunt
catheter course was noted to be studded with nodular enhancing foci (curved arrow). (C) Axial pre (left) and post (right) biopsy sonographic
images through the left lower quadrant of the abdomen demonstrates the previously observed left paracolic mass anterior to the left Iliacus
muscle characterized by predominantly hypoechoic features. The hyperechoic linear lesion corresponds to the core biopsy needle within the mass
during ultrasound-guided tissue sampling.
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spread via the cerebrospinal pathways is through shedding of
neoplastic cells into the CSF.11,12 In our case,wehypothesize that
the VP shunt catheter served as a conduit through which
neoplastic cells were delivered from the ventricular system
into the peritoneal cavity. Although we have no objective
evidence of the VP shunt acting as a pathway for metastatic
spread, other routes (hematogenous or lymphatic) are thought
to be less likely given the patient’s imaging findings.

Apaucityof literature about the sonographic andMR imaging
characteristics of glioblastoma peritoneal carcinomatosis cur-
rently exists. In the present case, the metastatic peritoneal
implantswere T2 and short tau inversion recoveryhyperintense,
T1 isointense, peripherally rim enhancing following the admin-
istration of intravenousgadolinium-based contrast, andwithout
reduced diffusion. Sonographic imaging of the peritoneal lesions
demonstrated nonspecific hypoechoic masses.

The unequivocal clinical diagnosis of extraneural primary
glioma metastatic disease is based on the Weiss criteria,
developed in 1955, which suggests four criteria should be

observed: (1) the metastatic lesion must be histologically
characteristic of a CNS tumor, (2) the clinical history must
indicate that initial symptoms were due to the CNS tumor, (3)
the morphologic features of the primary lesion and metastat-
ic lesion must be identical, and (4) a complete autopsy must
be performed to exclude the possibility of any other primary
tumor.13 Although the impact of reirradiation on survival is
not known, our patient survived > 1 year beyond the ex-
pected median survival for DIPG, and her more prolonged
survivalmayhave allowed formalignant transformation from
anaplastic astrocytoma to glioblastoma with dissemination.

This case report and literature reviewsuggests that there is
a risk of peritoneal carcinomatosis of glioblastoma in the
setting of VP shunt placement. Given the known risk of shunt
spread of disease from the CNS, informed consent for shunt
placement should include this possible long-term complica-
tion. Moreover, when abdominal symptoms arise in the
setting of an indwelling VP shunt, this rare diagnosis should
be considered during cross-sectional evaluation (ultrasound,

Fig. 3 Histologic and immunohistochemical (200� total magnification) features of the patient’s peritoneal tumor are most consistent with
metastatic glioblastoma. (A) At the time of diagnosis, tissue sampling of the patient’s brainstem lesion showed a diffusely infiltrating astrocytic
neoplasm (top left) positive for glial fibrillary acidic protein (GFAP) (top middle), with scattered mitotic figures (top right), consistent with
anaplastic astrocytoma, World Health Organization (WHO) grade III. (B) Tissue specimen of the patient’s peritoneal tumor showed spindled cells
with hyperchromatic and mildly to moderately atypical nuclei in a myxoid background (middle left), closely resembling the patient’s primary
intracranial tumor. GFAP positivity confirmed the astrocytic lineage of the neoplastic cells (middle). Foci of microvascular proliferation and areas
suspicious for necrosis (middle right) indicated progression of the patient’s disease to glioblastoma, WHO grade IV. (C) Epidermal growth factor
receptor immunohistochemical staining demonstrates positive tumor expression (brown stained cells).
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computed tomography, MRI). In the absence of clinical symp-
toms, the rarity of this complication probably does not
warrant routine imaging surveillance. The recognition of
metastatic disease outside of the craniospinal axis in patients
with primary CNS tumors is important to the overall disease
course because the timely administration of medical therapy
may improve clinical outcomes.
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