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Background: MRI differentiation between metastases and high 
grade gliomas is a challenging task. Contrast enhancement 
and size of edema do not provide clear-cut differentiators. 
The differences in the properties of the peritumoral edema 
between these tumor types may be exploited to distinguish 
between them, using MRI perfusion sequences, which are 
capable of imaging edema in the clinical setting and may be a 
reliable method to make this differentiation.
Objectives: To assess the ability of perfusion-weighted imag- 
ing to differentiate between high grade gliomas and brain 
metastases. 
methods: During 5 months, 21 patients (age 40–85, median 
age 61, 16 males and 5 females) with either glioblastoma 
multiforme (GBM) or metastasis (pathology proven), underwent 
MRI for assessment of the tumor prior to surgery. Most of the 
scans were done at 3 Tesla. The scans included perfusion-
weighted imaging sequences. Perfusion in the tumor, in 
the peritumoral edema and in normal tissue were assessed 
using Functool® software. The ratios of tumor perfusion and 
peritumoral edema perfusion to normal tissue perfusion were 
calculated and compared. 
results: Bleeding artifact precluded perfusion assessment in 
four patients. There was no statistically significant difference 
between the tumor perfusion ratios of high grade gliomas 
and those of metastases. The edema perfusion ratios were 
higher in GBM than in metastases (P = 0.007).
conclusions: Perfusion-weighted imaging of peritumoral 
edema can help to differentiate between GBM and metastases.
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aBstract:

KeY wOrds:

m agnetic resonance imaging is an indispensable tool in 
the evaluation of brain tumors, but, even with the aid of 

MRI, the differential diagnosis of an intracranial mass remains 
difficult. Particularly challenging is the differentiation between 
a solitary metastasis and a high grade glioma, two of the most 
common brain tumors in adults. Contrast enhancement has 

limited specificity, and although the edema of metastases is 
usually more extensive than that of high grade gliomas, the 
difference is variable.

A possible differentiator between metastasis and glioma is 
the composition of the peritumoral edema. The peritumoral 
edema of metastases is caused by capillary leakage due to com-
pressive effects of the mass and the fact that tumor capillaries 
resemble extra-axial tumor vessels and have no blood brain 
barrier [1]. Metastatic peritumoral edema is purely vasogenic, 
and infiltrating tumor cells are not present outside the perivas-
cular spaces [1]. The peritumoral edema of high grade gliomas, 
on the other hand, is a mixture of vasogenic edema and infil-
tration of neoplastic cells along the perivascular spaces [2,3]. 

A cell-containing area, such as in the peritumoral edema 
of high grade gliomas, is associated with feeding blood vessels 
[4] and, as such, is expected to have increased blood perfu-
sion [5]. An area that contains mainly fluid, as in perimeta-
static edema, requires fewer feeding blood vessels and is 
expected to have lower blood perfusion.

MRI enables the investigation of perfusion in the peritu-
moral edema by using a perfusion-weighted sequence [1,6], 
which can measure relative blood flow volume within small 
regions of the tissues. The aim of our study was to assess 
the ability of perfusion-weighted imaging to differentiate 
between high grade gliomas and brain metastases. 

Patients and methOds

The study population included consecutive patients with 
intracranial mass lesions who underwent MRI prior to sur-
gery as part of a regular workup during a 5 month period in 
a tertiary hospital in central Israel. The inclusion criterion for 
this study was the presence of one or more lesions manifest-
ing peritumoral edema, which were proven in post-resection 
pathology to be either glioblastoma multiforme or metastatic 
cancer. If there were multiple lesions, only lesions undergoing 
resection were included in the analysis. 

The study group comprised 21 patients, 14 with high grade 
gliomas and 7 with metastases (age 40–85 years, median age 
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gender
age
(yrs)

Prior known  
malignancy Pathology results

Female 52 No Metastatic squamous cell 
carcinoma, involving dura and 
brain parenchyma

Male 58 NSCLC Residual metastatic carcinoma is 
seen within reactive brain tissue 
and necrosis

Male 67 Lung ca Metastastic undifferentiated 
carcinoma, non-small cell type 
(lung origin is favored)

Male 64 NSCLC Metastatic adenocarcinoma with 
papillary and mucinous features

Female 85 No Malignant melanoma

Female 69 NSCLC Metastatic adenocarcinoma 
compatible with lung

Female 40 Esophgeal 
adenocarcinoma

Metastatic papillary 
adenocarcinoma

61, 15 males and 6 females). One patient from the GBM1 group 
had a known prostate carcinoma. Five patients from the metas-
tasis group had a prior known malignancy. Their malignancies 
and the biopsies pathology result are detailed in Table 1.

The study was approved by our institutional review board 
and conducted according to the Declaration of Helsinki. 

magnetic resOnance imaging

The MR scans were mostly performed with the 3T MR system 
(HDX GE Medical Systems Milwaukee, WI, USA) and partly 
with the 1.5T system (HDX GE Medical Systems) using an 
eight channel head coil in a standard tumor protocol. The 
protocol included a T1 sagittal scan as a surview (TE=7.892-
17, TR=340-680), true axial T2 (TE=102.72-130.256, 
TR=3200-7500), FLAIR (TE=122.326-137.52, TR=8000-
9500), DTI (TE=6.868-106.8, TR=2047.85-8500), T2 GRE 
(TE=15, TR=300-800), DWI, and contrast-enhanced FSPGR 
(TE=2.892-12.376, TR=7.824-70.76) in three orthogonal 
planes, all sequences in FOV (field of view) 240 mm.

Perfusion-weighted MRI was performed with a first-pass, 
contrast-enhanced, T2-weighted, single-shot, gradient-echo, 
echo-planar sequence using a rapid bolus (5 ml/s) of 0.2 mmol/
kg of contrast material (DOTAREM 0.5 mmol/ml) through an 
18 or 20 G intravenous line. The parameters of the sequence 
were: TR/TE 2000 ms/54 ms, flip angle 40°, bandwidth 62.5 
kHz, FOV2 28 x 21 cm, matrix 96 x 128, section thickness 6 mm 
and section gap 1.5 mm. The precise algorithm for calculating 
relative cerebral blood volume was previously described [1,2].

In brief, rCBV3 maps were generated using an AD.HD work-
station (GE Medical Systems), available in the Functool® soft-
ware program (GE Medical Systems). Analysis was performed 

GMB = glioblastoma multiforme
FOV = field of view
rCBV = relative cerebral blood volume

by drawing ROIs (region of interest) on tumor, peritumoral 
edema and normal brain tissue, in a single axial image in 
which the tumor and peritumoral edema were most signifi-
cant [Figure 1]. The peritumoral edema was defined in T2 and 
FLAIR sequences as a hyperintense signal in the white matter 
surrounding the tumor.

The software automatically generated a round ROI4 with 
fixed size. The tumor ROI was changed to contain enhanc-
ing tumor only. An identical ROI was generated in the con-
tralateral normal brain tissue in a symmetrical position. The 
peritumoral edema’s ROI was localized in the center of the 
peritumoral edema and adjusted to contain only white matter 
peritumoral edema. 

statistical analYsis

Differences in the study parameters between the GBM and the 
metastasis groups were assessed using the Wilcoxon non-para-
metric test. We calculated ratios of peritumoral edema to normal 
brain and tumor to normal brain ratios for both tumor types. 

results 

One patient in the glioma group and one in the metastases 
group were excluded from the calculation of the rCBV value of 
the peritumoral perfusion and two patients from the metastases 
group were excluded from the different rCBV evaluations of the 
tumor perfusion due to blood artifacts in the tumor [Table 2]. 

For tumor perfusion, no significant differences between the 
groups were noticed for the rCBV (median 289 and 252 in the 
glioma and the metastasis groups respectively, P = 0.8). The 
rCBV values of peritumoral perfusion ranged between 25 and 
266 and were significantly higher in the glioma group com-
pared to the metastasis group (median 100 and 44 respectively, 

ROI = region of interest

Figure 1. 
Measurement of 
perfusion using 
Functool® software 
in a 58 year old man 
with metastatic 
carcinoma of lung. 
ROI 1 measures 
tumor perfusion, 
ROI 2 measures 
normal brain tissue 
perfusion and 
ROI 3 measures 
peritumoral edema 
perfusion

table 1. Clinical data of patients with metastatic brain tumors
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The present retrospective study compared perfusion ratios 
in both tumor and peritumoral areas in 14 patients with 
glioma and 7 with metastatic brain lesions, with all lesions 
unaffected by blood artifacts.

Despite the small number of patients and some overlap 
between the ranges of the results, the median values of peritu-
moral area perfusion ratios were significantly higher in high 
grade gliomas as compared to solitary brain metastases.

In our study, no significant difference was noted in tumoral 
calculated perfusion ratios (tumor/normal tissue) between 
GBMs and metastases, as described by Hakyemez et al. [2]. 
Perfusion in both GBMs and metastases was high due to the 
high vascularity of these tumors, and thus the calculated perfu-
sion ratios values are not statistically different between these 
two entities.

Despite the small number of patients and some overlap 
between the ranges of the results, the median values of peritu-
moral area perfusion ratios were significantly higher in high 
grade gliomas as compared to solitary brain metastases. The 
mean value was 100 for GBMs compared to 44 for metastases. 

Findings from the present study indicate that the cellular 
content of peritumoral edema may be assessed by an MRI perfu-
sion sequence; therefore, MRI-determined rCBV may aid in dif-
ferentiating high grade gliomas from metastases. This may be of 
clinical relevance in the population of patients presenting with 
a solitary brain tumor and unknown underlying malignancy.

Our group was small but showed a clear trend, and the 
cumulative data of this research and that of others suggest 
a possible future role of this investigation as a tool to aid in 
the preoperative differential diagnosis between high grade 
gliomas and intracranial metastases.
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P = 0.05). The rCBV values of normal tissue perfusion ranged 
between 81 and 367 with a non-significant lower median in 
the glioma group compared to the metastasis group (P = 0.16). 
The ratios of peritumoral edema perfusion to normal tissue 
perfusion were threefold higher in the glioma group compared 
with the metastasis group. The values ranged from 0.14 to 
1.21 (median 0.66) in the glioma group and from 0.13 to 0.56 
(median 0.22) in the metastasis group (P = 0.007). 

discussiOn

High grade gliomas are the most common primary malignant 
brain tumor in adults, while intracranial metastases are the most 
common brain tumor in general [7]. Together, these two entities 
comprise most of the brain tumors in adults. Both high grade 
gliomas and metastatic lesions may be treated with resection and 
radiation. While metastatic brain tumors have a variable clinical 
course and may be indolent, gliomas have a high rate of local 
recurrence and have a more dismal outcome [8]. As the treat-
ments available are not without costs and side effects, the differ-
ential diagnosis and expected prognosis are highly important [8].

Unfortunately, the differential diagnosis between solitary 
brain metastases and high grade gliomas is challenging. 
Contrast enhancement, size and shape of the tumor and its 
peritumoral edema may be helpful, but all characteristics are 
non-specific and subject to individual interpretation, result-
ing in a high level of inter-observer variability. Despite this 
variability, objective differences are known to exist in the peri-
tumoral areas of each type of tumor: pure vasogenic edema 
surrounding metastases versus vasogenic edema with cell 
infiltration around high grade gliomas.

gBm metastasis P value

tumor perfusion
No. of cases
Median
Range

14
289
115–646

5*
252
185–594 0.8

Peritumoral perfusion
No. of cases
Median
Range

13*
100
25–266

6*
44
28–156 0.05

normal tissue perfusion
No. of cases
Median
Range

14
178.5
81–321

7
226
144–367 0.16

tumor perfusion
normal tumor perfusion
No. of cases
Median
Range

14
1.49
0.89–3.96

5*
1.26
0.82–1.75 0.2

Peritumoral perfusion
normal tumor perfusion
No. of cases
Median
Range

13*
0.66
0.14–1.21

6*
0.22
0.13–0.56 0.007

*Patients excluded from group due to blood artifact

table 2. Perfusion data (rCBV values) and calculated ratios




