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Abstract: Background and purpose: In the preoperative period, it is very important to accurately differentiate high-
grade gliomas from intracranial metastases, as treatment strategies vary. Hence we performed a meta-analysis to
evaluate the sensitivity and specificity of peritumoural relative cerebral blood volume (rCBV) values derived from
dynamic susceptibility contrast imaging (DSCI) in differentiating high-grade gliomas from intracranial metastases.
Materials and methods: Between 2004 and June 2014, relevant studies were searched from the databases of
Medline and Embase for analysis. A total of 3 eligible studies were included in this analysis. Statistical analysis was
performed with Meta-Disc 1.4. Results: A total of 136 patients included in the rCBV analysis: 79 with high-grade
glioma and 57 with metastasis. The pooled sensitivity, specificity, positive likelihood ratio (+LR), negative likelihood
ratio (-LR) and diagnostic odds ratio (DOR) for differentiating high-grade glioma from metastasis were 82% (95%
Cl 0.72-0.90), 96% (95% Cl 0.88-1.00), 18.04 (95% Cl 5.41-60.15), 0.19 (95% Cl 0.12-0.31), and 90.20 (95% ClI
23.10-352.27), respectively. The value of Cochran’s Q of DOR was 0.78 (P = 0.6774), and 12 was 0.0%, revealing
that no statistically significant between-study heterogeneity was found. Conclusions: The results of this present
study clearly present that the peritumoural rCBV values derived from DSCI could be used in distinguishing high-
grade gliomas from intracranial metastases in the preoperative.
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Introduction tures and contrast-enhancement patterns are
typical for both [4], so these two entities may be
indistinguishable. At present, a surgical biopsy
remains the gold-standard reference, however,
it should be acknowledged that it might provide

histopathological data about a limited part of

High-grade gliomas and intracranial metasta-
ses are the two most commonly identified brain
neoplasms in the adult population. In the pre-
operative period, discriminating those two

tumor types is of the utmost importance as
treatment strategies vary [1]. In patients with a
suspected intracranial metastasis without a
clinical history of systemic malignancy should
experience a complex systemic staging to find
the primary cancer site, and evaluate the other
distant lesions before any surgery or medical
treatment [2]. On the contrary, in patients with
a high-grade glioma, tumor resection followed
by postoperative radiotherapy and chemother-
apy (usually temozolomide, TMZ) represents
the standard of care [3]. As the imaging fea-

the tumor and not necessarily about the whole
tumor tissue [5]. However, various advanced
oncologic imaging techniques have been sea-
rched in an attempt to differentiate intracranial
tumor type without histopathological examina-
tion, such as diffusion tensor imaging (DTI) [6],
magnetic resonance spectroscopy (MRS) [7],
and positron emission tomography (PET) [8].

As an advanced magnetic resonance images
(MRI) technique, dynamic susceptibility con-
trast imaging (DSCI) could be used to calculate
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Figure 1. Flow diagram of the search results.

neovascularization areas via the quantification
of relative cerebral blood volume (rCBV) param-
eter, which reveals the quantity of blood pres-
ent within a tissue [5]. Previous studies have
attempted to differentiate high-grade gliomas
from intracranial metastases by analyzing the
characteristics of peritumoral rCBV values, with
controversial results [5, 9-12].

Hence, the aim of this meta-analysis was to
assess the potential role of peritumoral rCBV
values derived from dynamic susceptibility con-
trast imaging in differentiating high-grade glio-
mas from intracranial metastases.

Materials and methods

We searched the Medline and Embase data-
base from 2004 to June 2014, using the follow-
ing strategy: (dynamic susceptibility contrast or
relative cerebral blood volume or magnetic
resonance imaging or DSC or rCBV or MRI) and
metastas* and (glioma* or anaplastic astrocy-
toma* or glioblastoma*). Studies were included
in this study regardless of language used.

The inclusion criteria were as follows: (1) all
patients underwent DSCI before the biopsy or
surgery; (2) the diagnosis of the brain tumor
cases were confirmed histopathologically; (3)
the regions of interest (ROI) were placed on the
peritumoural region; (4) the index used to
describe the rCBV (minimum, maximum or aver-
age expression) could be obtained.

The exclusion criteria were as follows: (1) the
articles could not provide enough data to re-
build fourfold table; (2) the patients were repli-
cated in other articles; (3) the type of article
was a review, editorial or letter; (4) the patients
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assessed the full text of the rest pu-
blications and selected those stud-
ies that met the inclusion criteria of
this meta-analysis. Disagreements
were resolved by consensus.

Two authors (R.F.L., X.W.) independently ass-
essed the quality of each article according to
the QUADAS criteria [13], and disagreements
were resolved by consensus. The QUADAS tool
includes 14 items, and each item can be replied
by “unclear”, “no”, or “yes”. We weighted all ite-
ms equally and scored each item 1 for “unclear”,

0 for “no”, and 2 for “yes”.

The same independent authors extracted data
from included articles and solved disagree-
ment by consensus. Extracted information fr-
om included articles comprised about informa-
tion of the study design, the nation of origin, the
patients, the authors, the publication year, QU-
ADAS score, MRI field strength and the index
used to describe the rCBV (minimum, maximum
or average expression). As the statistical data,
the numbers of true negative (TN), false nega-
tive (FN), true positive (TP) and false positive
(FP) were extracted. If there was not sufficient
information in the article to rebuild fourfold
table, we contacted the corresponding author.

For all of the included articles, the sensitivity,
specificity, positive likelihood ratio, negative lik-
elihood ratio and their diagnostic odds ratio we-
re counted. 1%, Chi-square tests and Cochran-Q
tests were performed to assess the heteroge-
neity between studies. And an I? value >50%
indicated heterogeneity [14]. If the heterogene-
ity was statistically significant, we pooled the
sensitivities and specificities and diagnostic
odds ratio by the random effect model. On the
contrary, the fix effect model was performed if
heterogeneity was not statistically significant.
The above mentioned analyses were performed
employing Meta-Disc 1.4 [15].

Int J Clin Exp Med 2014;7(9):2724-2729



rCBV values could differentiate high-grade gliomas from metastases: a meta-analysis

Table 1. Characteristics of the included studies

Study design Field strength (T) Index QUADAS score

Study Year Nation No. of patients (n)
Tsougos [16] 2012 Greece 49
Hakyemez [17] 2010 Turkey 48
Bulakbasi [18] 2005 Turkey 39

P 3.0 MrCBV 25
R 1.5 MrCBV 24
P 1.5 MrCBV 23

P, Prospective; R, Retrospective; MrCBV, maximum relative cerebral blood volume; QUADAS score, the quality assessment of

diagnostic accuracy studies score.

Table 2. The data and diagnostic accuracy in included studies

High-grade gliomas consist of

Study TP FP FN TN PLR NLR SEN

DOR WHO grade Il and IV glial tumors.

Tsougos [16] 28 1 7 13 11.20 0.22 0.80
Hakyemez [17] 17 1 5 25 20.09 0.24 0.77
Bulakbasi[18] 20 O 2 17 32.09 0.11 0.91

WHO grade Il gliomas have the

093 5200 o ; o
096 8500 O aminatic sctrooyto.
1.0 287.00 Y P y

PLR, Positive likelihood ratio; NLR, Negative likelihood ratio; TP, True positive;
FP, False positive; FN, False negative; TN, True negative; SEN, Sensitivity; SPE,

Specificity; DOR, Diagnostic odds ratio.

Results

From the initial 1150 articles, 1117 articles we-
re regarded as irrelevant for this analysis and
excluded by reviewed their titles, abstracts and
keywords. Full text of the 33 relevant articles
was obtained and assessed. Only 3 of these
articles were included this analysis which [16-
18] contained the appropriated data. The study
selection flow diagram was showed in Figure 1.
The relevant information of the articles includ-
ed in this analysis was listed in Tables 1 and 2.

A total of 136 patients included in the rCBV
analysis: 79 with high-grade glioma and 57 with
metastasis. The pooled sensitivity, specificity,
positive likelihood ratio (+LR), negative likeli-
hood ratio (-LR) and diagnostic odds ratio (DOR)
for differentiating high-grade glioma from
metastasis were 82% (95% Cl 0.72-0.90), 96%
(95% CI1 0.88-1.00), 18.04 (95% CI 5.41-60.15),
0.19 (95% CI 0.12-0.31), and 90.20 (95% CI
23.10-352.27), respectively (Forrest plot see
Figure 2). The value of Cochran’s Q of DOR was
0.78 (P = 0.6774), and 1> was 0.0%, revealing
that no statistically significant between-study
heterogeneity was found.

Discussion

In the present study, the rCBV derived from
DSCI, which had 82% (72-90%) sensitivity, 96%
(88-100%) specificity and 90.20 (23.10-
352.27) DOR, is confirmed to own a high diag-
nostic value for the differentiation high-grade
gliomas from intracranial metastases.
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ma is the most common sub-type,
however, WHO grade IV gliomas
have the feature of necrosis and
micrangium proliferation, and are
often referred to as glioblastoma
[19]. Lung and breast cancers are the two most
common primary tumors metastasize to the
brain [20]. As the imaging characteristics of
high-grade gliomas are similar to those of met-
astatic tumors, so these two tumor types may
be indistinguishable. The key to making the dif-
ferentiating between intracranial metastases
and high-grade gliomas seems to lie in detect-
ing the changes of the peritumoral area [21].
The peritumoral edema of intracranial metasta-
ses is considered as pure vasogenic edema,
whereas, the peritumoral edema of high-grade
gliomas is referred to as infiltrative edema [21].
Since the advent of DSCI, the ability to distin-
guish high-grade gliomas from intracranial
metastases has been a source of interest.
DSCI could be used to quantitative measure
neovascularization areas via the quantification
of rCBV values [5]. The rCBV values were calcu-
lated by using the ratio between the CBV values
in the diseased region and in the contralateral
white matter [21].

Our meta-analysis demonstrates that peritu-
moral rCBV values of the high-grade gliomas
significantly increased compared with that of
the intracranial metastases and own a high
diagnostic value. The peritumoral areas of high-
grade gliomas suggest an increase in the rCBV
values due to tumour infiltration and associat-
ed neoangiogenesis [16]. And the increase of
peritumoural rCBV values may also reveal dif-
fuse migration of glial tumor cells along vessels
of the white matter tracts migrating beyond the
visible tumor edges on the contrast-enhanced
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Figure 2. Forest plot of the sensitivity, specificity, and DOR of rCBV for discriminating high-grade gliomas from intra-

cranial metastases.

T1-weighted images [21]. Whereas, intracranial
metastases migrate via the blood flow and
intrude into the capillary blood-brain barrier
(BBB) without inducing neoangiogenesis [21].
Instead, metastatic brain tumors contain highly
leaky capillaries that resemble those of the pri-
mary systemic cancers [22]. Hence, T2-weig-
hted regions of hyperintensities seen in peritu-
moural areas surrounding metastatic tumors
are likely to be vasogenic oedema related with
the leakiness of those abnormal capillaries
[23]. In addition, experiments in animals have
suggested that blood flow in edematous peritu-
moral tissue is decreased as a result of the
local compression of the micro-circulation by
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extravasated edema fluid [24]. These two fac-
tors may result in the decrease in rCBV values
in the peritumoral area of the metastases [23].

Some limitations in this present study should
be acknowledged. First, our study was merely
based on published studies, which tend to
report significant or positive results; whereas,
those articles with negative or insignificant
results are much more vulnerable to rejection
by some publications. Hence, the diagnostic
value may be overestimated. Second, due to
the relative small sample size in our study, we
did not evaluate the publication bias and failed
to draw the funnel plots and the summary
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receiver operating characteristic (SROC) curve.
We will perfect this analysis, if more relevant
studies are published in the future.

In conclusion, the results of this present study
clearly present that the peritumoural rCBV val-
ues derived from DSCI could be used in distin-
guishing high-grade gliomas from intracranial
metastases in the preoperative.
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