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Abstract
Purpose Increased relative cerebral blood volume (rCBV)
was previously found in peritumoural oedema of glioblas-
tomas (GBM). Supposing that peritumoural rCBV is not
increased in metastases, we aimed to evaluate whether
rCBV values of the whole peritumoural area are accurate to
differentiate solitary metastasis from GBM irrespective of
the peritumoural oedema.
Methods Contrast-enhanced T1-weighted (T1-w) and T2*-
weighted dynamic susceptibility contrast MRI was per-
formed in 52 patients with contrast-enhancing solitary brain
tumours before surgery. In each T1-w slice depicting the
contrast-enhancing tumour, a rim within approximately
15 mm was defined in the peritumoural area. The rCBV
values were normalised to rCBV values of the contralateral
normal white matter. Differences between metastases and
GBM for normalised rCBV values for each slice were
determined with the Mann–Whitney U test (p<0.05).
Results Histopathological examination revealed 29 GBM
and 23 metastases. Peritumoural rCBV was significantly
lower in metastases than in GBM (p<0.01). Using the
cutoff value 1.0 for discriminating metastases from GBM
yielded a sensitivity of 96%, specificity of 64%, a positive

predictive value of 68% and a negative predictive value of
95%.
Conclusions The rCBV in the peritumoural area of
contrast-enhancing brain tumours has a high diagnostic
accuracy to discriminate metastases from GBM irrespective
of surrounding oedema and without the bias of slice
selection and ROI positioning. Metastases should be
excluded, if at least one tumour-depicting slice reveals an
increase of peritumoural rCBV compared to the normal
contralateral brain (normalised rCBV value >1). Converse-
ly, the decrease of peritumoural rCBV may not reliably
exclude GBM.
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Introduction

High-grade gliomas, such as glioblastomas (GBM) and
intracranial metastases, are the most common brain tumours
in adults [17]. Conventional contrast-enhanced magnetic
resonance imaging (MRI) and clinical history can differen-
tiate between these two tumour entities in most cases.
Metastatic brain tumours tend to be multiple; they are
located near the grey–white matter junction or the sub-
arachnoid space, and there is often a known history of
systemic malignancy [7]. However, approximately 30% of
metastases appear as a single brain lesion, and intracranial
metastasis may be the initial clinical manifestation of
systemic malignancies [25]. In these cases, conventional
MRI alone may fail to distinguish between a glioblastoma
and a metastasis [8, 14]. However, presurgical diagnostic
should influence the best strategy to approach the brain
tumour. Due to the infiltrative behaviour of glial tumours,
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the primary goal is to reduce as much as possible of the
tumour tissue, preserving quality of patient’s life, whereas
singular metastases should be removed completely when-
ever possible.

Advanced imaging techniques such as MR spectroscopy
(MRS) and perfusion-weighted MRI (PWI) have improved
the diagnosis of brain tumours in the last decade, giving
insights into the tumour physiology and biochemistry in
addition to the structural information of conventional MRI.
MRS measurements are time consuming and hence suscep-
tible to patient’s motion, whereas PWI can easily be
integrated in a routine MR session due to the short
acquisition time.

Therefore, we aimed to find simple diagnostic tools to
improve the differentiation of metastases and glioblastomas
by using PWI in the form of dynamic susceptibility
contrast-enhanced MRI (DSC-MRI). Previous studies have
already focussed on this issue by evaluating the non-
enhancing oedematous peritumoural area of high-grade
gliomas and metastases, finding significant decrease of
relative cerebral blood volume (rCBV) in the latter [5, 9,
12, 17]. These authors used region of interest (ROI)-based
measurements of the peritumoural rCBV in a single slice. In
contrast, we aimed to measure the rCBV of the entire
peritumoural area irrespective of tumour oedema and
without the bias of slice selection and ROI positioning.

Patients and methods

Study population

Between April 2007 and January 2010, untreated patients
with a known brain tumour admitted in our hospital
received routinely a preoperative MRI examination for
neuronavigation including perfusion-weighted imaging at a
3-T scanner (VERIO; Siemens, Erlangen, Germany). All
MRI measurements were performed for clinical indica-
tions. Twenty-nine patients with GBM (14 males, 15
females, age range 23–29 years, mean age 58.7) and 23
patients with untreated metastases (12 females, 11 males,
age range 41–75 years, mean age 65.3) were included in
the prospective study. Written informed consent was
obtained from all patients.

Only patients with a solitary brain tumour and histological
confirmation (through either stereotactic biopsy or surgical
resection) were considered in the present analysis (n=52).

MR examination

MRI was performed using a standardised imaging protocol
including an axial T1-weighted axial spin-echo sequences
after intravenous contrast media injection (repetition time

(TR)=600, echo time (TE)=9 ms, field of view (FOV)=
230×230 mm², matrix 256×256, slice thickness=4 mm,
one acquisition).

Perfusion-weighted imaging was performed in all
patients with the same orientation and slice thickness as
the T1-weigthed and T2-weighted images, so that these
sequences could be used as references. We used a T2*-
weighted technique with DSC-MRI with a gradient-echo
echo-planar imaging sequence with 50 dynamic measure-
ments (TR=1,500 ms, TE=30 ms, FOV=230×230 mm²,
matrix 128×128, slice thickness=4 mm, 19 slices, acqui-
sition time: 1.23 s for each measurement). After a stand-
ardised intravenous contrast agent injection (0.05 mmol/kg)
of gadobutrol (Gd-DO3A-butrol) using a power injector
with a flow rate of 5 ml/s followed by 20 ml bolus of 0.9%
saline delivered at the same flow rate.

Inspection, measurement and analysis of rCBV

To analyse the rCBV from the perfusion MRI data, we used
built-in Syngo® Software (Siemens Medical Systems) featur-
ing standard algorithms [24, 29] implemented at the MR
scanner. The artery input function was defined near the
middle cerebral artery. The beginning and end of the first-pass
bolus were determined through inspection of time–signal
intensity curves (E.H., S.B. with experience in interpreting
dynamic perfusion images), and care was taken to exclude
any recirculation-related signal. For rCBV calculations, only
the area under the curve of the first-pass bolus was
considered, as a simple measure to minimise the previously
described confounding effects of contrast agent leakage [8].

Grey-coded rCBV maps were generated and aligned
with the congruent T1-weighted images for better visual-
isation of tumour boundaries.

All slices depicting the contrast-enhancing tumour on
T1-weighted images were evaluated.

After visual inspection of the peritumoural rCBV
changes on the parameter maps, a region of interest was
defined by delineating an approximately 15-mm-wide rim
outside the outer contrast-enhancing tumour margin
(Fig. 1). These ROIs were adapted to the irregular shape
of the tumour border excluding grey matter structures, pial
arteries and venous structures as well as cerebrovascular
fluid of ventricles and sulci. As a result, the rim of the ROIs
could be focally smaller than 15 mm or even incomplete.
The peritumoural ROIs were consensually overlaid by two
neuroradiologists (S.B., E.H) onto the grey-coded rCBVmaps
using the imaging software ImageJ (http://rsbweb.nih.gov).
ImageJ is a public-domain, Java-based graphical user
interface developed at the National Institutes of Health,
providing tools for calculating and reporting parameter
means from marked areas, e.g. size of the ROI and mean
rCBV for every ROI.
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The peritumoural rCBV values were expressed as ratios
to the rCBV of an at least 30-mm2 area in the contralateral
normal-appearing white matter, normalising CBV to an
internal reference (Fig. 1). This approach has been shown to

provide the best interobserver and intraobserver reproduc-
ibility in previous studies [18, 36].

Further, the mean rCBV values of all peritumoural ROIs
were reported for each tumour.

Fig. 1 This figure shows the
contrast-enhanced T1-weighted
(a) and the grey-coded rCBV
map (b) with the ROI placement
in the peritumoural area and in
the contralateral normal white
matter (lower row). Please
notice the increased rCBV
values within rostral and lateral
rim of the peritumoural ROI
(b, lower row) of a GBM

Fig. 2 Ratios of the normalised
peritumoural rCBV values of
GBM (n=218, upper blue line)
and metastases (n=127, lower
pink line) for every
slice evaluated
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Statistical analysis

Statistical analysis was performed with the computer software
BIAS version 9.02, September 2009 (Epsilon, Frankfurt,
Germany). Differences of the normalised rCBV values
between GBM and cerebral metastasis were determined by
the Wilcoxon–Mann–Whitney U test. Significance level was
set at p<0.05.

Additionally, we determined a cutoff value of 1 for the
peritumoural rCBV values to calculate the positive predic-
tive value (PPV), the negative predictive value (NPV), the
sensitivity and the specificity for these threshold values.

Results

Patient population

Following histopathological examination, GBM was diag-
nosed in 29 patients and metastasis was diagnosed in 23

patients according to the Word Health Organisation
classification. The primary tumours of the metastases were
from lung (n=10), breast (n=2), colon (n=2), melanoma
(n=4), prostate (n=1), chondrosarcoma (n=1), gastric
(n=1), ovary (n=1) and from unknown primary (n=1).
There were 14 patients with GBM and 12 patients with
metastases on steroids before T2* DSC-MRI.

rCBV analysis

Visual inspection of the parameter maps was at least as
reliable as the ROI method in detecting rCBV increase in
the peritumoural region. Even in GBM with normal or
decreased mean rCBV values, we could visually delineate
at least some slices with focally increased rCBV (13 of 69
slices overall). For metastases, all the slices with increased
perifocal mean rCBV value measurements could be
identified visually as well (seven of seven slices overall).

The measured normalised peritumoural rCBV values of the
GBM (total number of slices analysed n=218; 1.17±0.32;
mean ± SD) were significantly higher than in the
metastases (number of slices n=127; 0.78±0.17) with
p<0.001 (Figs. 2 and 3).

Considering the averaged rCBV of the entire peritumou-
ral area for each tumour, the averaged rCBV values of the
GBM ranged from 0.67 to 1.88 (median 1.14) whereas the
averaged rCBV for metastases ranged from 0.57 to 1.15
(median 0.76). There was only one single patient with an
increased averaged peritumoural rCBV value (1.15) in the
group of metastases. For GBM, there were seven patients
with a lowered averaged peritumoural rCBV value <1.

Using the cutoff value of 1 for the normalised rCBV to
discriminate metastases from GBM yields a sensitivity of
96%, a specificity of 64%, a PPV of 68% and an NPV of
95%.

Fig. 3 Bow plot of normalised rCBV values. The box indicates the
mean values and the standard deviation (SD). Upper and lower lines
mark the range of normalised rCBV values for GBM (left) and
metastases (right)

Fig. 4 This figure shows the
contrast-enhanced T1-weighted
image (a) with the
corresponding grey-coded rCBV
map (b) without elevation of
normalised peritumoural rCBV
in a GBM
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Discussion

The results of the present study indicate that peritumoural
rCBV is feasible to discriminate metastases from GBM.
The cutoff value of 1.0 for the peritumoural rCBV values
yields a high negative predictive value and a high
specificity to detect metastases. The threshold of 1.0 was
found to be optimal by another study investigating solitary
brain tumours in the region of maximal rCBV [37]. We
used this cutoff value following the concept that tumour
cell infiltration beyond the contrast-enhancing tumour
border induces rCBV increase, and hence rCBV increase
should be detected in the peritumoural area of GBM
(Fig. 1), but not of non-infiltrating metastases (normalised
rCBV value related to rCBV value of normal-appearing
brain tissue ≤1.0). However, peritumoural rCBV decrease
was found in both metastases and in GBM (Figs. 4 and 5).
Visual inspection of the rCBV parameter maps was even
more sensitive in delineating peritumoural rCBV increase
because averaging heterogeneous rCBV values of all voxels
within a ROI may equalise small areas of rCBV increase.
However, we performed the ROI method to get a more
objective analysis.

The increase of normalised rCBV values >1.0 within the
peritumoural region of GBM suggests increased peritu-
moural perfusion due to tumour infiltration and associated
neoangiogenesis. This increase of peritumoural rCBV may
also reflect diffuse migration of glioma cells along vascular
channels of the white matter tracts [3, 15] spreading beyond
the visible tumour borders on the T1-weighted images.
Tumour induced new vessels derive partly from those of the
normal brain tissue infiltrated by the glioma cells, evoking
the parable of guerrilla warriors incorporating and abusing
existent blood supply lines [10].

In contrast, metastases use other ways of dissemination.
Instead of migrating along the vascular channels, metasta-
ses spread with the blood flow and invade the capillary
blood brain barrier without inducing neoangiogenesis.

Instead, metastases contain highly leaky capillaries within
the contrast-enhancing area, being similar to the capillaries
from the tissue of their tumour origin [8, 38]. Therefore,
T2w-weighted areas of hyperintensities seen in peritumou-
ral regions surrounding metastases are likely to be vaso-
genic oedemas associated with the leakiness of these
abnormal capillaries [7]. In addition, animal studies of
cerebral perfusion have shown that blood flow in oedem-
atous tissue is decreased due to local compression of the
microcirculation by extravasated oedema fluid [13]. These
two factors may account for the decrease in rCBV in the
peritumoural region of metastases [17].

According to our study, several reports have shown that
DSC-MRI can differentiate peritumoural oedema of primary
gliomas and metastases, showing that the vasogenic oedema
of metastasis revealed significantly lower rCBV values than
the infiltrative oedema of gliomas [5, 9, 12, 17]. These studies
analysed rCBV in one single representative slice.

In contrast, we considered that the peritumoural area has
a three-dimensional shape, delineating an approximately
15-mm-thick rim-like region on all slices depicting the
contrast-enhancing tumour without concerning T2-weighted
signal alterations. According to this analysis, the mean
peritumoural rCBV ratios of GBM and metastases (1.17±
0.32 and 0.78±0.17, respectively) are within the lower range
of the values described by previous studies (0.31±0.12–2.33±
1.61 for high-grade gliomas and 0.39±0.19–0.97±0.09 for
metastases) [5, 9, 12, 17].

The differential diagnosis between GBM and metastases
is challenging in patients presenting with a single brain
lesion before a primary cancer site is found [30]. MRI
features like central necrosis surrounded by a ring of
contrast enhancement and peritumoural oedema are typical
for both [6]. Therefore, several MR studies focussed on the
peritumoural regions with the hypothesis that these regions
can reveal infiltration of GBM in comparison to the non-
infiltrating metastatic brain lesions. Diffusion and diffusion
tensor imaging were performed by several authors with

Fig. 5 This figure shows the
contrast-enhanced T1-weighted
image (a) and the corresponding
rCBV map (b) of a solitary
metastasis at the right vertex
with constantly negative rCBV
values in the vicinity of the
lesion
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controversial results, using different methods of ROI and
parameter selection in the peritumoral region [20–23, 35].
The use of a band of arbitrarily chosen thickness around
the tumour similar to our approach revealed different
fractional anisotropy values in the peritumoural region
between GBM and metastases [23]. Despite methodical
diversities, all these studies reveal that water diffusion
differs between peritumoural areas infiltrated by glial
tumour cells and areas of vasogenic oedema as expected
around metastases.

Some authors performed 1H MRS to evaluate differences
in peritumoural metabolites between GBM and metastases
[9, 11, 17, 32]. All studies found a significant increase of
peritumoural choline or choline-to-creatine (Cho/Cr) ratio
in high-grade gliomas compared to solitary metastases,
indicating that choline as marker of tumour cell density and
proliferation may reveal infiltration zones of GBM. A
recent study [32] could even show that a cutoff value of
1.24 for peritumoural Cho/Cr ratio provides a sensitivity of
100%, specificity of 89%, PPV of 80% and NPV of 100%
in differentiating these tumour entities. The comparison
with our results would imply that MRS is even more
accurate in distinguishing GBM from solitary metastases.

Our results revealed that the increased peritumoural
rCBV of at least one tumour-depicting slice excludes the
metastasis with a high diagnostic accuracy. Conversely, the
decrease of peritumoural rCBV may not reliably exclude
GBM because about one third of the tumour-depicting
slices may miss an rCBV increase in the peritumoural area.

Limitations of the study

In both gradient and spin-echo acquisitions with echo-
planar systems, transverse relaxation rates are sensitive for
dynamic susceptibility technique [1] Spin-echo techniques
have been shown to be selectively sensitive to small vessels
less than 20 μm in diameter, whereas gradient echo
incorporates vessels of all sizes [2, 28]. Therefore, blood
vessels in cisterns/ventricles or sulci might be mistaken for
areas of tumour hyperperfusion in gradient echo-planar
images. However, as we concomitantly inspected not only
conventional MR images but also dynamic image sets from
arterial to venous phase, we think that only tumour-specific
vessels were assessed. Moreover, by using a spin-echo
perfusion MRI sequence to differentiate solitary metastases
from high-grade gliomas, the study of Young [37] found
very similar results as that of our own. Their results support
our hypothesis and the findings of the present study that
peritumoural rCBV is not increased in metastases.

A potential problem arises in regions of disrupted blood
brain barrier as it is often seen in the setting of a contrast
media enhancing cerebral neoplasm. High permeability in
these regions allows leakage of contrast media in the

interstitium. Since the algorithm for calculation of rCBV
relies a constant baseline, the T2*-related signal decrease
can be partly compensated for by a T1-related signal
increase, which may lead to a significant underestimation of
rCBV [2, 8, 19, 26]. Regardless of several strategies to
minimise the effect of T1 shortening (i.e. preinjection of
contrast media in the attempt to saturate the extracellular
space) [4, 27, 33], long TR and/or small flip angle to reduce
T1 weighting [16, 31] or double-echo technique [34], foci
of high rCBV in an uncorrected rCBV represent true
positive hypervascularisation.

Conclusion

The evaluation of rCBV in the peritumoural area of
contrast-enhancing brain tumours has a high diagnostic
accuracy to discriminate GBM from metastases irrespec-
tive of the surrounding oedema and without the bias of
slice selection and ROI positioning. Detection of at least
one slice with peritumoural rCBV increase in the
peritumoural rim excludes the metastasis with a high
diagnostic accuracy.

Conflicts of interest None.
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Comment

The purpose of this investigation was to analyse the challenging issue
of the preoperative discrimination between solitary metastasis and
glioblastoma. The authors evaluated rCBV values of the peritumoural
area that they considered as the 15-mm-wide rim outside the outer
contrast-enhancing tumour. One element of originality in this study
consists of measuring the rCBVof the entire peritumoural area without
the bias of ROI selection as reported by previous investigations. In the
presented study, rCBV values were significantly lower in metastases
than in GBM and a cutoff value was finally proposed to differentiate
metastases from GBM. The technique is able to discriminate
metastases from GBMs with a sensitivity of 96% and a specificity
of 64%. We believe that it may provide additional useful data in the
current neuro-oncological setting.
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Alessandro Della Puppa
Padua, Italy
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