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CASE REPORT

Perfusion MR Imaging of an Intracranial Collision
Tumor Confirmed by Image-Guided Biopsy

P. Jun
J. Garcia
T. Tihan

M.W. McDermott
S. Cha

SUMMARY: We present a patient with a new intracranial mass lesion that was initially interpreted as
a metastasis on conventional anatomic MR imaging. On dynamic, contrast-enhanced, susceptibility-
weighted perfusion MR imaging, however, there were regional hemodynamic differences within the
lesion. Image-guided open biopsy targeting these regions uncovered a collision tumor between a
typical meningioma and a metastatic breast carcinoma. In cases where conventional anatomic MR
imaging is ambiguous, physiology-based neuroimaging methods provide complementary physiologic
information useful for discriminating between histologically unique tissue types.

The ability to discriminate between histologically unique
tissue types remains a significant challenge for neuroradi-

ologists. Although conventional anatomic MR imaging pro-
vides excellent soft-tissue resolution, many intracranial pa-
thologies share similar MR features, making a definitive
diagnosis difficult.1 To overcome this lack of specificity, phys-
iology-based neuroimaging methods have emerged that re-
flect the in vivo physiologic parameters, which may allow for
better differentiation.

Intracranial collision tumors provide a rare opportunity to
demonstrate the complementary role of anatomic and physi-
ologic MR imaging, because these lesions involve the juxtapo-
sition of 2 unique tumor types within a single mass lesion. On
conventional MR imaging, collision tumors are often misin-
terpreted for metastases or primary neoplasms.2-5 By using
physiology-based neuroimaging methods, it may be possible
to differentiate each tumor type by their distinct biologic
properties. In this report, we present the dynamic, contrast-
enhanced, susceptibility-weighted perfusion MR imaging
(pMRI) findings for an intracranial collision tumor between a
typical meningioma and a metastatic breast carcinoma.

Case Report
A 56-year-old woman presented to the emergency department

complaining of a 2-week history of worsening headaches with inter-

mittent episodes of nausea and vomiting. Her medical history was

significant for a breast carcinoma treated by lumpectomy and radia-

tion therapy 10 years earlier. A year before her current admission, the

patient developed recurrence in her mediastinum that was treated by

chemotherapy for presumed breast carcinoma metastasis. There was

no other history of malignancy or metastasis to the brain do-

cumented.

On conventional MR imaging, a right frontal bilobed mass was

seen intimately related to the adjacent paramedian and anterior fron-

tal dura with moderate amounts of surrounding edema (Fig 1A). An

area of T1 shortening was noted in the posterior rim that was sugges-

tive for blood products. On postcontrast spoiled gradient-recalled

(SPGR) T1-weighted images (Fig 1B), the lesion demonstrated uni-

form contrast enhancement. Perfusion MR color maps were overlaid

on to the corresponding postcontrast images (Fig 1C) and showed

increased relative cerebral blood volumes (rCBVs) within the enhanc-

ing lesion. Two regions of interest, each measuring 5 mm in diameter,

were defined on the anterior and posterior lobes of the lesion (Fig 1C)

and the T2* susceptibility signal intensity-time curves were deter-

mined (Fig 1D). The anterior region of interest showed a greater

maximum signal intensity drop and greater signal intensity recovery

compared with the posterior region of interest, which suggests that

the anterior component was more vascular and less permeable than

the posterior component of the mass, respectively.

Before volumetric resection, an open biopsy targeting tissue cor-

responding to the anterior and posterior regions of interest (Fig 2)

was performed with image guidance by using the StealthStation neu-

ronavigation system (MedTronic SNT, Louisville, Colo). Following

this, gross total resection was achieved with no complications and the

patient recovered without incident.

Histopathologic examination of the anterior biopsy was consis-

tent for a typical meningioma (World Health Organization grade 1)

composed of a monotonous population of meningothelial cells (Fig

3A). The posterior biopsy comprised pleomorphic tumor cells ar-

ranged in attenuated clusters floating in pools of extracellular mucin

(Fig 3B) that were histologically identical to the patient’s prior breast

carcinoma. Further sectioning revealed the interface between the 2

tumors, confirming the diagnosis of a collision tumor between a typ-

ical meningioma and a metastatic breast carcinoma (Fig 3C).

Discussion
Conventional anatomic MR imaging is nonspecific for dis-

criminating between unique tissue types. On the basis of our
patient’s conventional MR findings, we initially interpreted
her intracranial collision tumor as a metastasis from her pri-
mary breast carcinoma. Although the mass was clearly bi-
lobed, which suggests the presence of 2 discrete components,
the conventional MR features and the contrast enhancement
patterns were indistinguishable. According to findings from
other studies,6,7 meningiomas and durally based metastases
are often confused for one another on conventional MR im-
ages. Thus, it is not surprising that nearly all intracranial col-
lision tumors have eluded preoperative radiologic diagnosis
and were only discovered incidentally during postoperative
pathologic examination.4,5,8

pMRI relies on hemodynamic differences in microvascula-
ture to discriminate between unique tissue types. On the T2*
susceptibility signal intensity-time curve, tissues with greater
microvascular attenuation show larger T2* signal intensity
drops, while capillaries with greater permeability show incom-
plete T2* signal intensity recovery.9,10 In our patient’s mass,
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the anterior and posterior lobes had markedly different T2*
susceptibility signal intensity-time curves (Fig 1D), which sug-
gests that there were intrinsic differences in the microvascular
attenuation and capillary permeability for each. This raised the
possibility of 2 unique tissue types, which was confirmed by
image-guided open biopsy that revealed a typical meningioma
and a breast carcinoma metastasis.

The hemodynamic differences between typical meningio-
mas and breast carcinoma metastases may be explained by
their known histologic differences in tumor microvasculature.
Meningiomas are highly vascular tumors with densely packed
capillaries,11 whereas breast carcinoma metastases have more
diffusely spaced capillaries because of the interspersed pools of
mucin.12 This difference in capillary attenuation is consistent
with our pMRI findings, which showed a greater T2* maximal
signal intensity drop, and therefore a greater rCBV, for the
meningioma than the metastasis. Similarly, Kremer et al7

found that the mean rCBV of 16 meningiomas was signifi-
cantly greater than that of 2 breast carcinoma metastases,
thereby further confirming our findings.

Although meningiomas and metastases are both extra-axial
tumors and thus lack a blood-brain barrier, our patient’s menin-
gioma and breast cancer metastasis had profoundly different T2*

susceptibility signal intensity recovery patterns suggesting differ-
ences in their tumor capillary permeability. According to Ue-
matsu et al,13 this may be explained by examining the gap junc-
tions, which function as the dominant route to the extravascular
space. The gap junctions in meningiomas are often tortuous and
elongated, and they are frequently covered by endothelial cells.11

Conversely, the gap junctions in breast carcinoma metastases are
simple and straight, and they are freely open.14 These differences
in gap junction structure may partly explain why we observed a
complete lack of T2* signal intensity return to baseline, which is
indicative of a greater degree of contrast leakage, in the breast
carcinoma metastasis over the meningioma.

In summary, we demonstrated how pMRI could identify
regions of hemodynamic differences between 2 unique tissue
types that were not apparent on conventional anatomic MR
imaging. Noninvasive characterization of tumor biology car-
ries obvious implications in the management of brain tumor
patients both before and after therapy. Recognizing tumor
type and grade or differentiating recurrent tumor from thera-
py-related necrosis can significantly alter a patient’s clinical
management.15,16 Our case report suggests that pMRI can be
used to depict different areas of tissue microvasculature and
thus shows promise in noninvasive quantitation and charac-
terization of intracranial pathologies.

Before pMRI is incorporated into standard patient care,
however, more rigorous and systematic validation is necessary
by correlating pMRI-derived physiologic data with histopa-
thology and outcome. Because most brain tumors demon-
strate spatial heterogeneity with regional biologic variability,

Fig 1. Images of a 56-year-old woman with a history of breast carcinoma presenting with
2 weeks of headache, nausea, and vomiting. Image-guided open biopsy demonstrated a
collision tumor between a typical meningioma and metastatic breast carcinoma.

A, Axial fluid-attenuated inversion recovery (10,000/148/2,200 milliseconds [TR/TE/TI])
image. A heterogeneously intense, right anterior frontal bilobed mass (straight arrows) is
seen with surrounding edema and hemorrhage (curved arrows).

B, Axial postcontrast spoiled gradient-recalled (SPGR; 34/8) T1-weighted image. The mass
demonstrates uniform contrast enhancement with a posterior rim of hemorrhage (curved
arrows).

C, Perfusion MR color map overlaid onto the corresponding axial postcontrast section.
Relative cerebral blood volume is increased within the bilobed enhancing lesion. Two
regions of interest, labeled 1 and 2, are defined on the anterior and posterior lobes of the
tumor.

D, T2* susceptibility signal intensity-time curves. The anterior (1) and posterior (2) lobes
demonstrate differences in the degree of signal intensity drop and pattern of signal
intensity recovery. B
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direct correlation between imaging findings and histopatho-
logic results is required to establish physiologic-based MR im-
aging as a surrogate for in vivo tumor biology.
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Fig 2. Intraoperative screen captures from the StealthStation neuronavigation system. The anterior lobe, corresponding to region of interest 1, is targeted for image-guided open biopsy.
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Fig 3. Histopathologic sections from the anterior and posterior lobes corresponding to
regions of interest 1 and 2, respectively.

A, Anterior biopsy shows hyperchromatic tumor cells arranged in sheets consistent for a
typical meningioma (hematoxylin-eosin, magnification �200).

B, Posterior biopsy demonstrates pleomorphic tumor cells arranged in attenuated clusters
with pseudoglandular formation. This is histologically identical to the patient’s prior breast
carcinoma (hematoxylin-eosin, magnification �200).

C, Section through the resected tumor reveals the interface between the typical menin-
gioma and metastatic breast carcinoma (hematoxylin-eosin, magnification �40).
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