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Abstract
Background: Non-neoplastic brain lesions can be misdiagnosed as low-grade gliomas. Conventional magnetic
resonance (MR) imaging may be non-specific. Additional imaging modalities such as spectroscopy (MRS), perfusion
and diffusion imaging aid in diagnosis of such lesions. However, contradictory and overlapping results are still present.
Hence, our purpose was to evaluate the role of advanced neuro-imaging in differentiation between low-grade gliomas (WHO grade II) and MR morphologically similar non-neoplastic lesions and to prove which modality has the most
accurate results in differentiation.
Results: All patients were classified into two main groups: patients with low-grade glioma (n = 12; mean age,
38.8 ± 16; 8 males) and patients with non-neoplastic lesions (n = 27; mean age, 36.6 ± 15; 19 males) based on
the histopathological and clinical–radiological diagnosis. Using ROC curve analysis, a threshold value of 0.93 for
rCBV (AUC = 0.875, PPV = 92%, NPV = 71.4%) and a threshold value of 2.5 for Cho/NAA (AUC = 0.829, PPV = 92%,
NPV = 71.4%) had 85.2% sensitivity and 83.3% specificity for predicting neoplastic lesions. The area under the curve
(AUC) of ROC analysis was good for relative cerebral blood volume (rCBV) and Cho/NAA ratios (> 0.80) and fair for
Cho/Cr and NAA/Cr ratios (0.70–0.80). When the rCBV measurements were combined with MRS ratios, significant
improvement was observed in the area under the curve (AUC) (0.969) with improved diagnostic accuracy (89.7%) and
sensitivity (88.9%).
Conclusions: Evaluation of rCBV and metabolite ratios at MRS, particularly Cho/NAA ratio, may be helpful in differentiating low-grade gliomas from non-neoplastic lesions. The combination of dynamic susceptibility contrast (DSC)
perfusion and MRS can significantly improve the diagnostic accuracy and can help avoiding the need for an invasive
biopsy.
Keywords: Low grade glioma, Non-neoplastic lesions, Magnetic resonance imaging, Diffusion weighted images,
Perfusion weighted images, Proton magnetic resonance spectroscopy
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Background
Differentiation between neoplastic and non-neoplastic intra-axial brain lesions is not an easy task using
conventional magnetic resonance (MR) imaging and
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requires further work up. Currently, the role of imaging exceeded anatomic analysis for reaching diagnosis
by additional physiological and metabolic information
as well [1].
Several types of non-neoplastic brain lesions such as
tumefactive demyelinating lesions, sub-acute vascular
insults and intra axial brain infection can be potentially
misinterpreted as brain tumors. Appearance of these
lesions in the conventional MR imaging may be nonspecific and even mimics the appearance of intra axial brain
tumors such as low-grade gliomas, the use of a contrast
agent may not also add a significant value for proper differentiation between these types of lesions because any
pathologic process interfering with the blood–brain barrier integrity can result in enhancement on MR imaging
[2].
There is a need for advanced neuro-imaging modalities to solve this problem. The most commonly used
advanced MR imaging modalities, such as perfusion
and diffusion-weighted imaging as well as spectroscopy
add important information about cellular integrity and
metabolism that help in the diagnosis of these unknown
brain lesions. However, they are still under investigation [3], since limited data are available on their use particularly in the differentiation between non-neoplastic
lesions from low-grade tumors [4].
The rule is that advanced neuroimaging combines
both the spatial localization capabilities of MR imaging
with the biochemical and functional information from
tissues which has proved to be useful in discriminating
between the different tumor types as well as discriminating between tumors and pseudo-tumors by depicting
metabolic changes reflective of cellular density, anaplasia
and mitotic index [4, 5].
Diffusion-weighted imaging (DWI) measures the
degree of diffusion of water molecules in vivo (within the
biologic tissues). Diffusion within the tumor is a direct
reflection of the degree of cellular density within because
intact cells form a barrier to water diffusion resulting
in restricted diffusion measured by apparent diffusion
coefficient (ADC) maps [6]. In normal adult brain, the
ADC values in the gray matter range between 0.8 and
1.1 × 10−3 mm2/s, and those in the white matter range
between 0.6 and 0.9 × 10−3 mm2/s [7].
Perfusion MR imaging is an indirect marker for blood
supply in the biologic tissue such as tumors and a sensitive tool for detection of neo-vascularity. Post-processing
of the acquired data aid for calculation of physiologic
parameters such as cerebral blood flow, cerebral blood
volume (CBV), mean transit time, and time to peak. CBV
measurements are commonly made relative to the contralateral normal appearing white matter (CBV in the
lesion/CBV in the contralateral normal appearing white
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matter). Tumors usually have higher relative CBV (rCBV)
values than non-neoplastic lesions [8, 9].
MR spectroscopy (MRS) obtains metabolic information from biologic tissue noninvasively. Within a defined
region of interest and with adequate water suppression,
signals could be detected from chemical nuclei within
the tissue; the most commonly used nuclei are protons
and phosphors [10, 11]. The frequently assessed metabolites at MRS include N-acetyl aspartate (NAA) assigned
at 2.02 ppm, creatine (Cr) assigned at 3.02 ppm, choline
(Cho) assigned at 3.22 ppm. Peak of lactate (Lac) is hardly
visualized in the normal brain and is assigned at 1.33 ppm
as a doublet. No lipid peaks are detected in normal brain
tissue. Tumors, with special emphasis on low grade gliomas, would display decrease of NAA and creatine peaks
and increase of choline, lipids and lactate peaks, in contrast to non-neoplastic lesions which are characterized
by maintained NAA and creatine peaks and increase of
choline and lactate peaks [11].
Combination of the data obtained from both advanced
and conventional MR imaging enhance the radiologist’s
ability to specify the vague and non-classical intra-axial
lesions with a higher degree of confidence [12, 13]. The
major diagnostic challenge is to reliably, noninvasively,
and promptly discriminate low grade neoplastic lesions
from non-neoplastic lesions to avoid biopsy and followup imaging studies [14, 15].
Hence, our purpose was to evaluate the role of
advanced neuro-imaging in differentiation between lowgrade gliomas (WHO grade II) and MR morphologically
similar non neoplastic lesions and to prove which modality has the most accurate results in differentiation.

Methods
Data collection

In this prospective study, patients were included if there
was evidence of mass like lesion at conventional MRI of
the brain. The final diagnosis was made from either histopathologic result after surgical resection or biopsy or
clinical–radiologic diagnosis. For clinical–radiologic
diagnosis, a follow-up MRI after 1 year was used as the
reference standard. The following exclusion criteria were
applied: patients younger than 16 years of age; patients
who had undergone surgery before MRI examination,
patients without complete MRI protocol and patients
with non-diagnostic DWI, perfusion or MRS sequences
due to motion artifacts. Hence, over the course of two
years starting December 2013 till December 2015,
total patients’ count was 39 adult patients (27 males
and 12 females), their age ranged from 16 to 65 years
with a mean of 37.6 years ± 17.3. Informed consent was
obtained from all patients and the study was approved by
the Ethics Committee of our institution.
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Imaging techniques and analysis

Spectroscopy analysis

MR imaging was performed using Siemens Avanto 1.5
MR system with a standard head coil. Each study consisted of axial and coronal T2-weighted turbo spin echo
(T2 TSE) utilizing repetition time (TR) of 3000 ms,
an echo time (TE) of 120 ms, axial fluid-attenuated
inversion recovery (FLAIR) (TR/TE, 8000/138, time of
inversion (TI) = 2000 ms), pre-contrast axial, coronal
and sagittal T1-weighted spin echo (T1 SE) (550/15),
and post contrast conventional axial, sagittal and coronal T1 spin echo (550/15), with 3 mm slice thickness,
0.3 mm gap, 256 × 256 acquisition matrix, and 180 mm
field of view (FOV).

Multi-voxel two-dimensional chemical shift imaging
(2D CSI) was performed with an echo time of intermediate TE (135 ms) (TR 1,500 ms, FOV 160 mm,
acquisition time 7 min 34 s) to evaluate the levels of
choline (Cho) 3.36–3.21 ppm, creatine (Cr) 3.15–
3.0 ppm, N-acetyl aspartate (NAA) 2.18–2.01 ppm,
lactate 1.35 ppm and lipids 1.33–0.9 ppm using a point
resolved spectroscopy (PRESS) sequences. The volume
of interest size and position were determined by examining the MR images in all three dimensions (sagittal,
coronal and transverse planes), the aim is to include the
largest portion of the lesion, peri-focal area together
with normal contra-lateral brain within the region of
interest (only with assessment by multi-voxel 2D CSI)
as much as we can and to exclude subcutaneous fat
and regions with large variations in magnetic susceptibility. Appropriate automatic shimming achieved by
using 4–8-Hz line width, 1-kHz spectral width, Water
suppression using chemical shift selective saturation
technique (CHESS) were done and the automated software developed by the manufacture spectroscopic data
(Syngo neuro spectroscopy evaluation). The metabolite ratios: Cho/Cr, Cho/NAA, NAA/Cr and NAA/Cho
were calculated by dividing the metabolite integral values in the same spectrum and it was done automatically
by the work station software.

Diffusion analysis

DWI was performed in the axial plane, using a
T2-weighted, echo-planar spin-echo sequence EPI with
the following parameters: TR = 3400 ms, TE = 100 ms,
192 × 192 acquisition matrix, 5 mm slice thickness,
0.3 mm gap and b-value = 0, 500, 1000 s/mm2. The
minimum ADC value was measured in the lesion core
using a region of interest (ROI) while preferably avoiding cystic and necrotic areas. Standard mean ADC
values were calculated automatically and expressed in
10−3 mm2/s. ROIs were also drawn on the contralateral
normal-appearing brain parenchyma as a control [16].
Perfusion analysis

The perfusion weighted imaging (PWI) protocol was
performed with a T2-weighted, echo-planar, spinecho sequence (EPI) using the following parameters:
TR = 1480, TE = 30, 128 × 128 acquisition matrix,
5 mm section thickness, no gap, and 50 scans. Gadopentetate dimeglumine contrast medium was injected
at a dose of 0.1 mmol/kg using a power injector at a
flow rate of 5 ml/s followed by a saline bolus (20 ml).
Nineteen images per second were then acquired. Data
processing was performed by using an Syngo Neuro
Perfusion Evaluation as the analytic program. As the
color maps of cerebral blood volume were generated,
the maximum CBV in the lesion was calculated by
placing the ROI in the solid areas showing the highest
color intensity. Data were then compared with those of
the ipsilateral or contralateral normal-appearing white
matter to measure the relative CBV (rCBV = CBV of the
lesion/CBV of normal appearing white matter). CBV of
the normal appearing white matter is considered as a
reference, lesions with rCBV less than that of the whiter
matter is considered hypo perfuse, and above is considered hyper perfused.

Pathological analysis

Seventeen cases could be confirmed by pathology. Routinely processed paraffin-embedded tissues were cut and
stained with the conventional hematoxylin and eosin
stain and reticulin stain. Immunohistochemical analysis was performed for CD20, CD3, pancytokeratin and
S-100. Both the primary antibody and the detection
kit were purchased from Lab Vision Corporation (Neo
Markers, USA). Immunohistochemical staining was performed using an avidin-biotinylated immunoperoxidase
methodology.
Follow‑up MRI

Follow-up MRI was done for the non-biopsied cases
including conventional MRI studies and advanced neuroimaging for confirmation of the preliminary diagnosis.
Patients were considered to have non-neoplastic process
if they had regressive or vanishing lesions after treatment
documented on MRI at 1 year follow-up.
Statistical analysis

Statistical analysis of the data was carried out using
SPSS version 18. Descriptive statistical analysis was
presented as counts and percentages for categorical
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variables and as mean and standard deviation for continuous variables. For comparison of the quantitative
variables between the low-grade glioma and nonneoplastic groups, we applied the Student-t test. A P
value < 0.05 was considered statistically significant. We
used a receiver operating characteristic analysis curve
(ROC) to decide the cutoff between low-grade gliomas and non-neoplastic lesions. We then calculated
the accuracy, sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV)
associated with these cutoff points (all values are presented as %).

Results
All patients were classified into two main groups:
patients with low-grade glioma (n = 12; mean age,
38.8 ± 16; 8 males) and patients with non-neoplastic
lesions (n = 27; mean age, 36.6 ± 15; 19 males) based
on the histopathological and clinical–radiological
diagnosis. All patients with low-grade brain tumors
were confirmed on neuropathologic examination; the
diagnosis was diffuse astrocytoma WHO grade II. In
the 27 patients with non-neoplastic lesions, 5 patients
were confirmed on neuropathologic examination (2
with pyogenic abcess, 2 with tuberculoma, 1 cavernoma) and in 22 patients, final diagnosis was achieved
clinico-radiologically. Clinical–radiological diagnosis
was determined by a combination of clinical history,
cerebrospinal fluid analysis and post-treatment followup in patients with tumefactive demyelination (n = 7),
ischemic infarction (n = 4), cavernoma (n = 3), encephalitis (n = 3), tuberculoma (n = 2), vasculitis (n = 2) and
focal cortical dysplasia (n = 1).
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Comparison of ADC, rCBV values and metabolite ratios
between low‑grade gliomas and non‑neoplastic lesions

In DWI, ADC values in low-grade gliomas ranged
from 0.42 to 2.2 × 10−3 mm2/s with a mean value of
1.2 ± 0.5 × 10−3 mm2/s. In non-neoplastic lesions, ADC
values ranged from 0.53 to 1.5 × 10−3 mm2/s with a mean
value of 1.13 ± 0.32 × 10−3 mm2/s, with no statistically
significant difference between both groups (P = 0.74).
In MR perfusion, rCBV was significantly higher in
low-grade gliomas than non-neoplastic lesions (mean,
1.27 ± 0.45 vs. 0.75 ± 0.22; P < 0.001).
In MRS, Cho/NAA ratio was significantly higher in
low-grade gliomas as compared to non-neoplastic lesions
(mean, 3.34 ± 1.53 vs. 1.5 ± 1.6; P < 0.002). Cho/Cr was
significantly higher in low-grade gliomas than in nonneoplastic lesions (2.14 ± 0.7 vs. 1.65 ± 1.1; P = 0.045).
NAA/Cr ratio was significantly lower in low-grade gliomas (0.62 ± 0.27 vs. 1.46 ± 1.49; P = 0.003). The average
ADC, rCBV and metabolite ratios in low-grade gliomas
and non-neoplastic lesions are illustrated in Table 1.
Diagnostic performance of different MRI parameters
for differentiation between low‑grade gliomas
and non‑neoplastic lesions

The ROC curve analysis for ADC, rCBV and metabolite ratios between low-grade gliomas and non-neoplastic lesions is shown in Fig. 1. The area under the curve
(AUC) of ROC analysis was good for rCBV and Cho/
NAA ratios (> 0.80) and fair for Cho/Cr and NAA/Cr
ratios (0.70–0.80) in differentiating between low-grade
gliomas and non-neoplastic lesions. The sensitivity was
highest for rCBV and Cho/NAA ratios, and the specificity was highest for NAA/Cr ratio. When the rCBV
measurements were combined with MRS ratios, significant improvement was observed in the AUC (0.969)

Table 1 Average ADC, rCBV and metabolite ratios in low-grade gliomas and non-neoplastic lesions
Group

n

ADC (mean ± SD)

rCBV (mean ± SD)

Cho/Cr (mean ± SD)

Cho/NAA (mean ± SD)

Low-grade glioma

12

All non-neoplastic lesions

27

1.13 ± 0.32

1.27 ± 0.45

2.14 ± 0.71

3.34 ± 1.5

Tumefactive demyelination

7

Tuberculoma

4

Cavernoma

4

Ischemia

4

Encephalitis

3

Vasculitis

2

Pyogenic abcess

2

Tylor cortical dysplasia

1

P valuea

–

1.2 ± 0.5

0.96 ± 0.14

1.4 ± 0.4

1.3 ± 0.5

0.97 ± 0.6

1.65 ± 0.5

0.75 ± 0.22

1 ± 0.2

0.8 ± 0.2

0.45 ± 0.12

0.74 ± 0.14

0.83 ± 0.03

1.65 ± 1.1

1.85 ± 0.9

1.5 ± 1.6

2.2 ± 2

1.3 ± 0.7

1.1 ± 0.3

0.33 ± 0.2

4.4 ± 2

0.96 ± 0.1

0.78 ± 0.5
1.58 ± 0.3

0.66 ± 0.33

1.52 ± 0.3

1.34 ± 0.4

1.5 ± 0.5

1

0.8

1.2

0.61

0.74

< 0.001*

The cut of value and the important numbers are also in bold
*

Statistically significant

a

P value for comparison between low-grade gliomas and all non-neoplastic lesions

1 ± 0.5

1.14 ± 0.3

0.92 ± 0.2

0.49 ± 0.04

0.62 ± 0.3

1.46 ± 1.5

1.4 ± 0.33

1.65 ± 0.3

0.64 ± 0.04

NAA/Cr (mean ± SD)

3.96 ± 0.76

0.045*

4.26 ± 1.2

0.002*

1.4 ± 1.1

1 ± 0.1

0.67 ± 0.2
1.98

0.003*
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Fig. 1 A Receiver operating characteristic (ROC) curves of apparent diffusion coefficient, relative cerebral blood volume (rCBV), Cho/Cr and Cho/
NAA ratios for differentiating low-grade gliomas from non-neoplastic lesions. B Receiver operating characteristic (ROC) curve of NAA/Cr ratio for
differentiating low-grade gliomas from non-neoplastic lesions

Table 2 Sensitivity, specificity, positive predictive value, negative predictive value, accuracy and confidence intervals for different MRI
parameters
Parameter

AUC (95% CI)

Cut off point

Sensitivity%

Specificity%

PPV
%

NPV
%

Accuracy
%

ADC

0.508 (0.321–0.695)

rCBV

0.875 (0.756–0.994)

≤ 1.125

Cho/Cr

0.704 (0.536–0.871)

Cho/NAA

0.829 (0.682–0.976)

NAA/Cr

0.799 (0.651–0.948)

59.3

66.7

80.0

42.1

61.5

≥ 0.93

85.2

83.3

92.0

71.4

84.6

≥ 1.97

77.8

66.7

84.0

57.1

74.4

≥ 2.5

85.2

83.3

92.0

71.4

84.6

≤ 0.79

77.8

91.7

95.5

64.7

82.1

The cut of value and the important numbers are also in bold

with improved diagnostic accuracy (89.7%) and sensitivity (88.9%). Table 2 demonstrates the corresponding
sensitivity, specificity, positive predictive value, negative
predictive value, accuracy and confidence intervals of different MRI parameters.
Diagnostic performance of rCBV and Cho/NAA
ratio for differentiation between low‑grade gliomas
and non‑neoplastic lesions

The ROC analysis demonstrated that a threshold value ≥ 0.93 for rCBV (AUC 0.875, PPV = 92%,
NPV = 71.4%) and a threshold value ≥ 2.5 for Cho/NAA
(AUC = 0.829, PPV = 92%, NPV = 71.4%) had 85.2% sensitivity and 83.3% specificity for predicting neoplastic
lesions (Figs. 2, 3).
Using rCBV cutoff value of 0.93, two cases of neoplastic
lesions were misclassified as non-neoplastic because their
rCBV values were less than 0.93. Among non-neoplastic
lesions, four cases (3 tumefactive demyelinating lesions,

1 tuberculoma) had rCBV slightly more than 0.93 (1.07–
1.18). For Cho/NAA ratio, two neoplastic lesions were
misclassified as non-neoplastic as their Cho/NAA ratio
was less than 2.5. Four cases of non-neoplastic lesions
showed Cho/NAA ratio exceeding 2.5 (pyogenic abcess,
n = 2 and tumefactive demyelinating lesions, n = 2).

Discussion
In an attempt to differentiate low-grade glioma and nonneoplastic lesions, our data showed that higher rCBV
(≥ 0.93) and higher Cho/NAA (≥ 2.5) values favor a diagnosis of low-grade glioma over non-neoplastic process.
At MR perfusion, mean rCBV for low-grade gliomas
in our study was 1.27 ± 0.45. Our results were similar to
Abrigo et al. [16] as they reported that the average rCBV
of 83 low-grade gliomas included in their meta-analysis
was 1.29. When comparing rCBV among low-grade gliomas and non-neoplastic lesion, we found that rCBV was
significantly higher in low-grade gliomas (P < 0.001). This
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Fig. 2 40-year-old female with left hemiparesis showing right fronto-parietal cortical and sub cortical lesion A, B, C axial T2, T1, T1 post contrast.
The lesion showed T2 hyper intense, T1 hypo intense signals with no enhancement after contrast administration, D intermediate echo spectroscopy
curve shows relatively high Cho levels and low Cr and NAA levels. E rCBV color perfusion map for the same lesion shows area of relative
hyper-perfusion rCBV 1.6. F ADC image shows relative diffusion restriction (ADC value measures around 0.9 × 10−3 × mm2/s). Collectively the
findings are in favor of low-grade glioma. Histopathological examination confirmed the diagnosis diffuse astrocytoma WHO grade II

is matching with previous study by Floriano et al. [17]
where they reported higher rCBV in low-grade gliomas
when compared to non-neoplastic brain lesions, the only
difference is that they specifically studied infectious brain
lesions. Hourani et al. [18] compared patients with neoplastic brain lesions and non-neoplastic brain lesions
(including stroke, demyelinating disease, multiple sclerosis and acute disseminated encephalomyelitis); they
found higher mean rCBV values in low-grade tumors
(1.45 ± 1.16) in comparison with non-neoplastic lesions
(1.0 ± 0.4); however, the difference in their study was not
statistically significant (P = 0.73). This could be explained
by difference in subtypes of low-grade gliomas included
in their study were gangliogliomas and oligodendrogliomas were included, in our study only diffuse astrocytoma
(WHO grade II) were included.

Tumefactive demyelinating lesions (TDLs) are one of
the most common brain lesions to mimic a brain tumor.
These lesions are large (> 2 cm) inflammatory lesions that
can be associated with edema and mass effect. Multiple
sclerosis is considered the most frequent etiology, but
the differential diagnosis includes a wide spectrum of
diseases, including neuromyelitis optica spectrum disorders and Acute Disseminated Encephalomyelitis [19,
20]. Parks et al. [21] reported that mean rCBV in TDLs
was 1.14 ± 0.38 and the maximum rCBV among TDLs
was 1.55. In our study, rCBV in TDLs was 1 ± 0.2; it was
slightly higher than the suggested threshold for differentiating low grade gliomas from non-neoplastic lesions.
Herimath et al. [22] in their study, found that the mean
rCBV in TDLs was 2.11 ± 1.12. They suggested that the
relatively high rCBV in TDLs could be attributed to
angiogenesis and vasodilation in both acute and chronic
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Fig. 3 66-year-old female with right sided weakness showing left parietal cortical and sub cortical lesion A, B, C axial T2, FLAIR, T1 GAD. The lesion
showed T2 and FLAIR hyper intense signals with no enhancement after contrast administration. D Intermediate echo spectroscopy curve shows
relatively high Cho levels and low Cr and NAA levels. E rCBV color perfusion map for the same lesion shows rCBV of 1.05 F ADC image shows no
diffusion restriction (ADC value measures around 1.2 × 10−3 × mm2/s. Collectively the findings are in favor of low-grade glioma. Histopathological
examination confirmed the diagnosis diffuse astrocytoma WHO grade II

demyelinating plaques, which may the cause of disease
progression.
Parenchymal tuberculomas are the most common
form of intracranial parenchymal tuberculosis. They
can occur in any location in the brain, including basal
cisterns, brainstem and cerebral hemispheres. In children, they are more common in infratentorial locations
but in adults they are predominantly supratentorial.
Intra-axial tuberculomas are difficult to differentiate from primary brain tumors on conventional MRI
[23]. Soni et al. [24] in their study, using arterial spin
labeling, found that tuberculomas were hypoperfused.
On the other hand, Ghosh et al. reported higher rCBV
value in tuberculomas (3.36 ± 1.38) [25]. They attributed the high rCBV reported in their study to the presence of innumerable inflammatory cells in the wall of
tubercular granuloma which may have elicited a strong

neoangiogenic response [25]. In the current study,
rCBV of tuberculomas ranged between 0.056 and 1.07,
where only one case showed an rCBV slightly higher
than 0.93.
At MRS, we found that Cho/NAA ratio was significantly higher in low-grade gliomas as compared to nonneoplastic lesions (3.34 ± 1.53 vs 1.50 ± 1.60; P = 0.002).
Elevated Cho and reduced NAA levels were observed in
both groups; however, it is more pronounced in brain
tumors. Similar results have been observed by Baloš et al.
[26] where Cho/NAA ratio was significantly higher in
low-grade gliomas as compared to non-neoplastic lesions
in their study (3.60 ± 4.35 vs. 0.91 ± 0.49).
Cho is increased in conditions with high cell membrane
turnover or higher cell density from tumor proliferation.
NAA is a neuronal marker and it decreases when there is
pathological replacement of healthy brain tissue. In acute
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demyelinating lesions increased Cho and decreased NAA
levels can be observed, this may be attributed to inflammation, demyelination, axonal degeneration and reactive
gliosis, which may lead to misdiagnosis of these lesions as
neoplasms [27]. Increased Cho/Cr ratio was observed in
4 out of 7 cases with TDLs in our study, with increased
Cho/NAA and decreased NAA/Cr ratios in two of them,
however low rCBV value in these cases helped correct
suggestion of non-neoplastic condition which was confirmed by positive response to steroid therapy (Fig. 4).
In patients with pyogenic abcess (n = 2), lactate and
lipid peaks were detected in addition to increase Cho/
NAA, Cho/Cr and decreased NAA/Cr ratios mostly due
to contamination by surrounding brain tissues, similar to
previously published results [28]. These data in addition
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to evident diffusion restriction and low rCBV values in
both cases the diagnosis of pyogenic abcess was made,
which was confirmed at histopathology after surgical
intervention. In our study, when the rCBV measurements
were combined with MRS ratios, significant improvement was observed in the AUC (0.969) with improved
diagnostic accuracy (89.7%) and sensitivity (88.9%) for
differentiating low-grade gliomas from mimicking nonneoplastic lesions.
At DWI, ADC measurements can offer quantitative
data regarding the restriction of movement of water
molecules in tissues [29]. In our series, ADC values in
low-grade gliomas and non-neoplastic lesions were not
statistically different (1.2 ± 0.5 vs. 1.13 ± 0.32; P = 0.74).
Similarly, Baloš et al. [26] in a study included 25 patients

Fig. 4 24-year-old male with blurring of vision. A, B Axial T2 and T1 post contrast showed T2 hyper-intense expanding lesion epicentered on the
right brachium pontis extending into the pons and the right cerebellar hemisphere with focus of ring enhancement after contrast associated
and mild mass effect. C Right para sagittal FLAIR image showing hyper intense mass at the right cerebellar hemisphere and multiple other deep
and periventricular white matter hyper intense foci. D Intermediate echo spectroscopy curve shows high Cho levels and relatively low Cr and
NAA levels. E rCBV color perfusion map for the same lesion shows area of relative hypo-perfusion (rCBV 0.84). F ADC image show Foci of diffusion
restrictions at the right brain stem (ADC value measures around (0.98 × 10−3 × mm2/s). Collectively the findings are in favor of tumefactive
demyelinating lesion. Post therapy follow up confirmed the diagnosis
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with non-neoplastic lesions (including; hamartoma,
ischemic and demyelinating lesions) and 14 patients with
low-grade gliomas (diffuse astrocytoma, oligoastrocytoma, oligodendroglioma); ADC value was 1.14 ± 0.41
and 1.32 ± 0.42, respectively, with no significant difference between both groups. Yoon et al. [30] found in their
study that DWI enabled to differentiate abscess from
other mass like intra-axial brain lesions. The lowest ADC
values in our study were found in patients with pyogenic
abcess (Fig. 5).
Although the results from our current study are
encouraging, there are a few limitations. First, a relatively small number of patients were included in each
group and subgroups. Second, we did not have neuropathological confirmation in most of the non-neoplastic
lesions; however, this highlights the importance of noninvasive imaging methods in diagnosis of non-neoplastic
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pathologies. Third, molecular characterization of lowgrade gliomas was not done in our study.

Conclusion
MR diffusion, perfusion and spectroscopy are non-invasive methods that add detailed information about cellularity, vascularity and metabolic composition of mass like
intra-axial lesions of the brain. Evaluation of rCBV and
metabolite ratios at MRS, particularly Cho/NAA ratio,
may be helpful in differentiating low-grade gliomas from
non-neoplastic lesions. The combination of DSC perfusion and MRS can significantly improve the diagnostic
accuracy and can help avoiding the need for an invasive
biopsy.

Fig. 5 53-year-old male with severe headache showing left high posterior parietal cystic lesion surrounded by vasogenic edema A, B, C coronal
T2, axial T1 and T1 GAD. The lesions show T2 hyper intense core and hypo intense thin rim, T1 hypo intense core and iso intense rim with intense
peripheral rim and related meningeal enhancement after contrast administration. D Intermediate echo spectroscopy curve shows relatively
depleted Cho, Cr and NAA levels with very high lipid peaks at (0.9–1.3 ppm). E rCBV color perfusion map for the same lesion shows area of relative
hypo-perfusion (rCBV = 0.4). F ADC image shows evident diffusion restriction (ADC value measures around 0.68 × 10−3 × mm2/s, collectively the
findings are in favor of pyogenic cerebral abscess. Post-operative data confirmed the diagnosis
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