
The Journal of International Medical Research
2010; 38: 686 – 693

686

A Unique Magnetic Resonance Imaging
Feature of Glioblastoma Multiforme: the
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This study was designed to investigate the
unique magnetic resonance imaging (MRI)
appearance of histopathologically-proven
glioblastoma multiforme (GBM) with
pseudopalisade necrosis and to assess its
value for grading gliomas and providing a
differential diagnosis. The study included
169 patients with intracranial masses who
underwent surgery and had a proven
histopatho logical diagnosis: 50 with GBM,
77 with gliomas (46 grade II and 31 grade
III) and 42 with other intracranial masses
(20 metastases, 14 lymphomas and eight
abscesses). All patients underwent pre-

operative brain MRI including post-
contrast T1-weighted imaging. The
presence of the ‘pseudopalisade’ sign on
post-contrast T1-weighted images was
compared among the different types of
brain mass. The frequency of the
‘pseudopalisade’ sign in GBMs (94.00%)
was significantly higher than that seen in
grade II and III gliomas (11.69%) and
other intracranial masses (7.14%). The
‘pseudopalisade’ sign on post-contrast T1-
weighted images was useful for grading
gliomas and for differentiating GBM from
other brain masses.
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Introduction
Glioblastoma multiforme (GBM) is the most
common and most malignant astrocytoma.1

The mortality and disability rates associated
with GBM are among the highest for
astrocytomas,2 so early diagnosis and
surgical treatment with adjunct radiation
and chemotherapy are key to prolonging a
patient’s life and to improving their quality
of life. Currently, the diagnosis of GBM is
largely dependent on magnetic resonance
imaging (MRI). GBMs typically have
irregular contrast enhancement, which is
often ring-like.3 The mass lesion is

surrounded by significant oedema, with a
resultant mass effect that can be severe
enough to cause herniation.3 The
conventional radiological characteristics of
brain metastatic disease include a peripheral
location, spherical shape, ring enhancement
and multiple lesions.4 Malignant
astrocytomas and metastases usually have
no typical features on routine MRI to
differentiate one from the other. 

Recently, advanced MRI techniques, such
as diffusion-weighted imaging, MR
spectroscopy and perfusion-weighted
imaging, have provided additional
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information for the differential diagnosis of
various brain tumours. In order to
distinguish glioblastoma from metastatic
disease, most of the new MRI techniques rely
on detecting differences in the peri-tumoural
region. In metastatic disease, for example,
this area consists of vasogenic oedema,
whereas in glioma, neoplastic cells may also
be present.5,6 Several groups have shown
that perfusion-weighted imaging and MR
spectroscopy of the peri-tumoural region can
be used to differentiate between a solitary
metastasis and a high-grade glioma.7,8

Diffusion tensor imaging has also shown
promise in this area.9,10 Although advances
in MRI techniques have shown some
promising results in grading of gliomas and
differentiating GBMs from metastatic
disease,9,11,12 these techniques require extra
sequence time, and sophisticated MRI
hardware and software, post-processing and
additional interpretation skills and time. 

In most institutions, the diagnosis of
GBMs is still largely dependent on routine
MRI findings. It was, therefore, of interest to
try and identify any special characteristics of
GBM using routine MRI that may provide
additional information that would be useful
for making a correct and timely diagnosis.
The pseudopalisading features of GBM, with
attenuated clusters of nuclei surrounding
areas of necrosis in a characteristic garland-
like arrangement of rows, were initially
reported by neuropathologists.13 Notably,
pseudopalisades were shown to be associated
with necrosis and were nearly always present
as a pathological feature of GBM.14 In fact,
pseudopalisading necrosis has been
incorporated into the pathological definition
of glioblastoma, distinguishing it from lower
grade astrocytomas.13,14 Because pseudo -
palisading necrosis is a pathological
hallmark that distinguishes GBM from lower
grade astrocytomas, this study was designed

to investigate whether the histopathological
features of pseudopalisading necrosis could
also be seen on routine MRI. 

Patients and methods
CLINICAL DATA
In this observational study, patients with
intracranial masses who were operated upon
at the Huashan Hospital, Fudan University,
Shanghai, China, were enrolled sequentially
between 2003 and 2008. Eligibility was based
on medical records and a picture archiving
and communication system. All patients had
routine MRI scans of the brain including
post-contrast T1-weighted images before
surgical resection. 

After studying the post-contrast T1-
weighted images of all GBMs, the unique
MRI feature of GBM was named as the
‘pseudopalisade’ sign. The criteria for the
‘pseudopalisade’ sign on post-contrast T1-
weighted images included: (i) many elliptical
bubbles of the same or similar size; (ii)
complete bubbles with a soft bubble margin
that resembled mastoid cells; and (iii)
enhancement of the bubble’s margin with an
absence of enhancement in the centre of the
bubble. The MRI images of all patients were
interpreted by three senior neuroradiologists
according to the same criteria and consensus
reached. 

Informed consent was obtained from all
patients for routine MRI studies and for
review of the patients’ records and images.
The study was performed with the approval
of the Institutional Review Board of Huashan
Hospital, Fudan University, Shanghai,
China.

HISTOLOGICAL TECHNIQUES
All tissues were fixed separately in 10%
formalin solution for < 24 h, and prepared
by routine paraffin embedding and the
cutting of sequential 5 µm sections.
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Haematoxylin and eosin stain was used
according standard protocols to visualize
tissue sections.

MRI SEQUENCE AND PARAMETERS
Imaging was performed with a 1.5-T MRI
unit (Signa Excite HD 1.5T™ Twinspeed; GE
Healthcare Biosciences, Piscataway, NJ, USA)
or a 3.0-T MRI unit (Signa Excite GEMSOC01;
GE Healthcare Biosciences). Localizing
sagittal T1-weighted images were obtained,
followed by transverse T1-weighted
(2214/18.3 [repetition time in ms/echo time
in ms]), 6 mm slice thickness, 2 mm interslice
gap, 24 cm field of view, and 320 × 224
matrix, post-contrast transverse (2214/18.3)
and sagittal T1-weighted images. Contrast
agent (gadolinium diethylenetriamine
penta-acetic acid) was injected at a rate of 1
ml/s and at a dose of 0.1 mmol/kg.

CT SCANNING
Routine computed tomography (CT)
scanning of the mastoid cells in the bone
window of the head was carried out using a
Siemens Somatom Emotion 6 CT scanner
(Siemens AG, Erlangen, Germany). Routine
head CT scanning was performed for 12
slices each 10 mm thick.

STATISTICAL ANALYSIS
All statistical analyses were carried out using
the SPSS® statistical package, version 13.0
(SPSS Inc., Chicago, IL, USA) for Windows®.
The χ2-test was used to analyse the frequency
of the ‘pseudopalisade’ sign in the MRI scans
of GBM, grade II and III gliomas, and other
intra-cranial masses. A P-value < 0.05 was
considered to be statistically significant. 

Results
The study included 169 patients with
intracranial masses: 50 GBMs, 77 gliomas
(46 grade II and 31 grade III) and 42 other

intracranial masses (20 metastases, 14
lymphomas and eight abscesses). Of the 50
patients with GBMs, there were 16 women
and 34 men with a mean age of 51 years
(range 4 – 75 years). The locations of the
GBMs were as follows: four in the parietal
lobe, 17 in the frontal lobe, 17 in the
temporal lobe, four in the triangular areas,
three in the cerebellum and five in other
areas. Of the 77 patients with gliomas, there
were 28 women and 49 men with a mean
age of 40 years (range 7 – 76 years). Of the
42 other intracranial masses, there were 17
women and 25 men with a mean age of 52
years (range 26 – 72 years).

Analysis of post-contrast T1-weighted
images of all GBMs allowed definition of the
characteristics of the ‘pseudopalisade’ sign,
which consisted of many same or similar
sized elliptical bubbles resembling mastoid
cells. Enhancement of the margin, but not
the centre, of the bubbles was observed. The
‘pseudopalisade’ sign corresponded to the
pseudopalisading necrosis observed in
histopathological specimens (Fig. 1) and was
seen in almost all GBMs (Fig. 2). Table 1
shows the frequency of the ‘pseudopalisade’
sign in the various types of intracranial mass
and this was analysed by the χ2-test. There
was a statistically significant difference
between the frequency of the
‘pseudopalisade’ sign in GBMs compared
with grade II and III gliomas (P < 0.05), and
between GBMs and other intracranial
masses (P < 0.05). The ‘pseudopalisade’ sign
was not observed in only three of the 50
GBMs, because of intratumoural
haemorrhage. It was seen in a few cases of
grade III gliomas (19.35%), but only
infrequently in grade II gliomas (6.52%) and
other intracranial masses (7.14%) such as
metastases and lymphoma, and not in any
of the abscesses. The majority of grade II and
III gliomas (Fig. 3) and other intracranial
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masses (Fig. 4) did not, however, show
evidence of the ‘pseudopalisade’ sign.

Discussion
One pathological feature that distinguishes
GBMs from lower grade astrocytomas that
may explain the abrupt change in biological
behaviour is pseudopalisading necrosis, a

dense collection of neoplastic cells that
surround a central necrotic focus.14 The
origins and potential function of
pseudopalisades in tumourigenesis have
remained obscure since their recognition in
the early 1900s.13 The first indication of their
central role in glioblastoma biology was the
discovery that they express high levels of

FIGURE 1: Images from a 27-year old man with a right frontal glioblastoma
multiforme (GBM). (A) Light photomicrograph showing the features of
pseudopalisading necrosis (white arrows) with attenuated clusters of nuclei
surrounding many areas of necrosis in a characteristic garland-like arrangement of
rows (haematoxylin and eosin, × 400 original magnification). (B) Pre-operative sagittal
post-contrast T1-weighted image showing the typical ‘pseudopalisade’ sign (white
arrows). (C) Higher magnification of the area shown in B. (D) Computed tomography
scan showing whole and soft elliptical bubbles that resemble the ‘pseudopalisade’
sign. (E) Higher magnification of the area shown in D

A B C

D E

FIGURE 2: Post-contrast T1-weighted magnetic resonance images from a 37-year old
man with a left thalamus glioblastoma multiforme clearly showing the
’pseudopalisade’ sign: (A) transverse plane; and (B) sagittal plane

A B
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hypoxia-inducible regulators of angiogenesis,
including vascular endothelial growth factor
and interleukin-8, which promote new
vasculature and drive rapid tumour
growth.15,16 More recent studies have shown
that angiogenesis may initiate
pseudopalisade formation, hypoxia and

necrosis in glioblastomas.17 Some studies
have proposed that pseudopalisades represent
a wave of tumour cells actively migrating
away from a central hypoxic zone that is
created following vascular compromise and
that is associated with intravascular
thrombosis.18 Hypoxic up-regulation of tissue

TABLE 1:
Frequency of the ‘pseudopalisade’ sign on magnetic resonance images of the brain from
169 patients with different intracranial masses

Glioblastoma Grade II and III Other intracranial 
multiforme gliomas masses

(n = 50) (n = 77) (n = 42)

‘Pseudopalisade’ sign present (n) 47 9 3
Grade II: 3/46 Metastases: 2/20
Grade III: 6/31 Lymphomas: 1/14

Abscesses: 0/8
Frequency 94.00% 11.69% 7.14%
P-valuea < 0.05 < 0.05
aCompared with the frequency in glioblastoma multiforme samples (χ2-test).

FIGURE 3: The ‘pseudopalisade’ sign was not generally seen in grade II and III
gliomas. The left hand images are pre-contrast T1-weighted magnetic resonance
images (MRIs), the centre images are post-contrast T1-weighted MRIs, and the right
hand images are light photomicrographs (haematoxylin and eosin, × 400 original
magnification). The top row of images are from a 68-year old woman with a right
grade II astrocytoma (black arrows) without evidence of the ‘pseudopalisade’ sign.
The bottom row of images are from a 17-year old man with a left occipital grade III
astrocytoma (white arrows) without evidence of the ‘pseudopalisade’ sign 



691

BC Huang, DY Geng, CS Zee et al.
Diagnosis of glioblastoma multiforme using routine MRI

factor by gliomas would then follow the initial
angiopoietin-2-mediated vascular insult and
accentuate tumour hypoxia due to
intravascular thrombosis.19 – 21

The present study has confirmed that the
pseudopalisading observed in routine
histopathological examinations of GBMs
can be clearly detected on post-contrast T1-
weighted MRIs and that it is a special feature
of GBMs. In pathology, the features of
pseudopalisading necrosis have been
incorporated into the pathological definition
of glioblastoma.14 As the MRI features
corresponded to the histopathological
features of pseudopalisading necrosis, we
have called it the ‘pseudopalisade’ sign. It
consisted of many of the same or similar
sized, whole and soft elliptical bubbles that
resembled mastoid cells. There was
enhancement of the margin of the bubbles,

but not at the centre. The bubbles that
formed the ‘pseudopalisade’ sign were due to
micronecrosis or microcysts. 

In the present study, the ‘pseudopalisade’
sign was seen in almost all GBMs, with only
three tumours showing no ‘pseudopalisade’
signs because of intratumoural
haemorrhage. The ‘pseudopalisade’ sign was
seen in a few cases of grade III gliomas
(19.35%), but only infrequently in grade II
gliomas (6.52%) and other intracranial
masses (7.14%). We suggest that, as for the
pseudopalisading necrosis that is associated
with GBMs in histopathology, the
‘pseudopalisade’ sign seen on MRI may help
to discriminate GBMs from grade II and III
gliomas and other intracranial masses such
as metastases, lymphomas and abscesses. 

The different histopathological appearance
of GBM, grade II and III gliomas, and other

FIGURE 4: The ‘pseudopalisade’ sign was not generally seen in other intracranial
masses. The left hand images are pre-contrast T1-weighted magnetic resonance
images (MRIs), the centre images are post-contrast T1-weighted MRIs, and the right
hand images are light photomicrographs (haematoxylin and eosin, × 400 original
magnification). The top row of images are from a 47-year old woman with a left
temple metastatic adenocarcinoma (black arrows) without evidence of the
‘pseudopalisade’ sign. The bottom row of images are from a 56-year old man with a
left frontal B cell lymphoma (white arrows) without evidence of the ‘pseudopalisade’
sign
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intracranial masses such as metastases,
lymphomas and abscesses may explain why
the ‘pseudopalisade’ sign is the hallmark of
GBMs on MRI rather than of grade II and III
gliomas and other intracranial masses.
Pseudopalisading features are formed by
attenuated clusters of nuclei surrounding the
areas of necrosis in a characteristic garland-
like arrangement of rows. Notably,
pseudopalisades are associated with necrosis
and are nearly always pathological features of
glioblastomas. Cells in necrotic areas unable
to survive the decreased oxygen tensions
succumb and form the nidus of coagulation
necrosis. Other cells, however, begin migrating
to the periphery of the hypoxic field in moving
waves (pseudopalisades).14 Areas of necrosis
with their margins formed by migrating
pseudopalisading cells constitute the
‘pseudopalisade’ sign of GBM on post-contrast
T1-weighted images. Since there is no
micronecrosis in grade II gliomas and only
occasional slight micronecrosis in grade III
gliomas, the ‘pseudopalisade’ sign was rarely
found in grade II gliomas, and only
occasionally found in grade III gliomas.
Necrosis could happen in other intracranial
masses such as metastases, lymphomas and
abscesses, but the shape and size of the
necrotic areas are usually irregular, with ring
enhancement seen on post-contrast T1-
weighted MRIs.22

Advanced MRI techniques have not
become widely available because of the
requirement for extra imaging time,
sophisticated MRI hardware and software,

post-processing and additional
interpretation skills and time. Thus, the
diagnosis of GBM is still primarily dependent
upon routine MRI. Identification of the
‘pseudopalisade’ sign on post-contrast T1-
weighted MRIs could help diagnose GBM in
the absence of advanced MRI techniques. Of
course, if available, more advanced MRI
techniques might provide additional
information to enhance the diagnostic
capability of routine MRI. 

There are some limitations to the present
study. It was not possible to undertake a
correlative study to investigate any
associations between the ‘pseudopalisade’
sign and the mass size, the tumour position
and the proliferation index of the tumour. A
comparative study should be performed to
investigate the clinical utility of using the
‘pseudopalisade’ sign on routine MRI
compared with more advanced MRI
techniques. Nevertheless, this study has
shown that the ‘pseudopalisade’ sign is a
common feature of GBMs on post-contrast
T1-weighted MRIs, and it can be used to
grade gliomas and to differentiate GBMs
from other brain masses before surgery. 
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