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Abstract

Background: A broad spectrum of non-neoplastic lesions can radiologically mimic cerebral neoplasms. Magnetic
resonance imaging (MRI), magnetic resonance spectroscopy (MRS), and diffusion-weighted imaging (DWI) are the
most extensively used for enabling lesional characterization of different brain disorders. We aimed to assess the
diagnostic value of MRS versus DWI in the diagnosis and therapeutic planning of multicentric cerebral focal lesions
and in our retrospective study, we enrolled 64 patients with 100 brain lesions who underwent pre- and post-
contrast MRI, MRS, and DWI. Diagnoses supplied by the histopathology and follow up clinical results as a gold
standard. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic
accuracy were calculated.

Results: Conventional MRI poorly differentiates multiple cerebral lesions with 89.33% sensitivity, 44.4% specificity,
and 78% accuracy. MRS results revealed statistical significance for differentiating neoplastic from non-neoplastic
lesions as regards Cho/Cr, Cho/NAA, and NAA/Cr ratios (M + SD) with P < 0.001 (significant), and there is statistical
significance for neoplastic lesion differentiation when Cho/NAA and Ch/Cr ratios measured in the pre-lesional areas
outside the tumor margin. DWI showed mixed diffusion changes in most of the studied lesions and the measured

ADC values ranges showed overlap in neoplastic and non-neoplastic lesions, P value = 0.236* (insignificant).

Conclusion: MRS was found to be a more accurate diagnostic tool than DWI with ADC measurements in the
differentiation and therapeutic planning of multicentric cerebral focal lesions.

Background

A broad spectrum of non-neoplastic focal lesions can
radiologically mimic cerebral neoplasms that offer a
diagnostic challenge to both the clinician and radiologist
[1]. Accurate, non-invasive diagnosis is important, as the
prognosis and therapeutic plan are often based on the
histopathological grade of the tumor [2, 3]. MRI pro-
vides an initial diagnosis of intracranial mass lesions [4].
MR spectroscopy (1H-MRS) is a diagnostic non-invasive
imaging that offers the possibility of detecting and quan-
tifying different metabolites of the brain; MRS has
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clinically been most extensively used for assessing brain
disorders [5—-7]. Inborn errors of metabolism can lead to
accumulation of metabolites and consequently abnormal
peaks in 1H-MRS. Assignment of the resonance peaks of
N-acetyl-aspartate (NAA) at 2.02 ppm, creatinine (Cr) at
3.03 ppm and 3.9 ppm, choline (Ch) at 3.2 ppm, and lipid
at 1-1.6 ppm, as well as the metabolite ratios of NAA/
Cr and Ch/Cr, should be calculated [8]. By using stan-
dardized post-processing protocols, the raw data proc-
essed automatically, allowing for operator-independent
quantifications [9]. MRS and other physiological imaging
techniques may assist the surgeon in planning targeted
radiotherapy, as well as to help to differentiate residual
or recurrent tumor from radiation necrosis on follow-up
[10]. Diffusion-weighted images (DWI) have been
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Table 1 Histo-pathological results and final clinical diagnosis of
the studied 100 lesions

Lesions number

Final diagnosis

37 Metastasic deposits
GBM

[@RENeN

Multiple sclerosis

Post irradiation lesions
Lymphoma

Infarctions

Anaplastic astrocytoma
Brain abscesses
Tuberculoma

Focal encephalitis

NN WY Oy

Vacultitis

100 Total

increasingly used to characterize solid masses aiding in
the distinction between benign and malignant lesions
[11]. DW-MRI detects Brownian motion of water pro-
tons; thus, reflecting the biological character of tissue
and the apparent diffusion coefficient (ADC) is used to
quantify this Brownian motion [12]. The signal intensity
reduction on DW-MRI can be quantified by calculating
the ADC values which can be calculated from a series of
DW-MRI at different b values [13]. DWI and the calcu-
lated ADC values from the core of the lesion added
more information to MRI in the differentiation and
grading of brain tumors [14, 15].

The purpose of this study is to assess the diagnostic
value of MRS versus DWTI in the diagnosis and therapeutic
planning of multicentric suspicious cerebral focal lesions.

Methods

Patient’s demographic data

This prospective study included 64 patients with 100 brain
focal lesions, 39 males and 25 females, their ages ranged

Table 2 Conventional MRI findings of the all studied lesions
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from 11-78 years with mean age + 43 Ys who referred to
MRI unite with a diagnosis of multiple suspicious brain focal
lesions. An informed consent was obtained from all patients.
Patients who had general contraindications for MRI examin-
ation or noisy/non-diagnostic MRS or DWI examinations
due to motion artifacts were excluded from this study.

MRI protocol and technique

All MRI examinations were obtained using 1.5 tesla
superconducting unit in the form of conventional
sequences of routine brain, including the following.

Conventional MRI

Pre-contrast axial and sagittal T1 and contrast enhanced
axial, sagittal, and coronal T1W spin-echo images after
IV administration of Gad-DTPA “dose, 0.1 mmol/kg”
(TR/TE, 600/11); axial FLAIR (10 000/120; inversion
time msec, 2200); coronal T2W fast spin-echo (TR/TE,
3000-4000/98); Images FOV: 220 mm with 5mm slice
thickness.

DW-MRI prior to contrast-enhanced examination

This was performed with a two-dimensional echo-planar
imaging (EPI) sequence (TR/TE, 4045/127 ms, matrix
152 x 105, 5mm thickness with 1 mm slice gap, and
124 s duration) in the axial plane. The ADC map images
were created automatically by the system after taking
three different b values (b = 0, 500 and 1000 s/mm?).
Mean ADC value measured by placing ROI of about 1
ccm in the solid part of the lesion as well as in the pre-
lesional regions and expressed in 107> mm?/s.

MR-Spectroscopy

Multivoxel MRS was done and water suppression was
achieved with a chemical shift selection technique. Max.
high Cho/NAA, Cho/Cr, Cho/NAA + Cr at intermediate
TE 144 msec and ml/Cr at short TE 35 msec peak ratios
in the lesions and in the perilesional areas away from

No Texture (uniform/heterogen.) Edema degree Mass effect Enhancing pattern MRI diagnosis Final diagnosis
37 9/28 1-11 +++ve 15 ring, 19 nodular 29 Metast. 5 HGG Metast.
16 16 heterogen. -1 +++ve 16 heterogen. 11 HGG, 5 metastatic GBM

10 6/4 I-1l ++ve 6 non/2 ring, 2 nodular 9 MS, 1 neoplasm MS

7 7 heterogen. 11l ++ve 5 hetrogen. 2 nodular 6 Post-irrad, 1 Recur Post-rad.
6 51 1 +ve 4 ring, 2 non 4 Lymph. 2 metast Lymph.

7 7 11l ++ve 6 non, 1 hetrog. 5 infarcts 2 ?neoplasm Infarcts

6 6 heterogen. - +++ve 2 ring/5 heterogen. Neoplastic’hgg/?metas A.astrocyt
4 Non-homogonous 1l ++ve 2 ring/nodul. 2 abscess, 2 neoplastic Abscess

3 Non-homogonous | +ve 3 ring 3T.B. T.B.

2 Non-homogonous I-1l ++ve 2 patchy 2 Enceph. Encephal.
2 Non-homogonous Il ++ve 2 patchy ?Inflamm ?neoplastic Vacultitis
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Table 3 Spectroscopic data analysis for all non-neoplastic and neoplastic lesions

MRS (mean * SD) Neoplastic No = 65 Non-neoplastic No = 35 P value
Cho/Cr 5.97 + 6.01 187 +0.5 < 0.001*
Cho/NAA 6.22 + 5.07 1.3 = 0.69 < 0.001*
NAA/Cr 0.81 £ 0.71 1.29 = 0.69 0.003*
Cho/NAA + Cr 2.81 + 2.38 0.7 £ 0.4 < 0.001*
NAA/Cho 039 +£0.3 14 +£05 < 0.001*
Lipid 44 + ve, 21-ve 25 + ve, 10-ve -

Lactate 51 + ve, 14-ve 25 + ve, 10-ve -

(AA, A,'S, and P) 65-ve + ve 3 abs/-ve 32 -

CSF and scalp fat were recorded. Lipid signal presence
or absence was recorded. 2D MRSI PRESS at intermedi-
ate TE 144 msec, voxel size inside spectroscopic grid 10
x 10 mm, and the spectroscopic grid is extended and
manually adjusted to include lesion, edema if present,
and normal brain tissue (5 min). 2D short TE sequence
at 35 msec, voxel size inside spectroscopic grid 10 x 10
mm, and the spectroscopic grid is extended and manu-
ally adjusted to include lesion, edema if present, and
normal brain tissue (12 min).

Single voxel spectroscopy (SVS) short TE 35 msec in
selected cases (n = 18) as small size lesions near skull
base or high vertex or in non-hemorrhagic area within
hemorrhagic SOL (4 min). The peak ratios can be ob-
tained by measuring and comparing areas under the
curve (AUC). The peaks are assigned as follows (Cho
peak at 3.2 ppm, Cr at 3 ppm, NAA peak at 2.02 ppm,
mobile lipids at 0.5-1.5 ppm, lactate 1.44 ppm, and ml at
3.56 ppm).

Image interpretation

All MR images were evaluated by a neuro-imaging radi-
ologist who was blinded to clinical data and only con-
centrated on conventional MRI signal changes,
evaluation of DWI with ADC values calculations and
analysis of the MRS peaks & ratios from the all studied
lesions and from areas outside lesions margins at the
edema if any.

Biopsy with the histopathology results or clinical
diagnosis

This was done after medical treatment and follow-up
were taken as gold standard.

Statistical analysis

This was done to evaluate the utility of MRS and DWI
with ADC value measurements in the diagnosis of mul-
tiple brain focal lesions. Data entry and analysis were
done by using the program Statistical Package for the
Social Sciences (SPSS). Both technique results were
compared using Student’s ¢ test, and sensitivity,

specificity, negative, and positive predictive values (PPV)
were assessed and compared. P < 0.05 was considered
statistically significant.

Results

This study was carried on 64 patients with 100 brain
focal lesions that proved to be 37 metastatic deposits
in 17 patients with known diagnosis of primary neo-
plasm, (16 lesions from breast cancer, 14 from lung
cancer, 4 from prostatic cancer, and 3 lesions from
renal cell Ca), 16 glioblastoma multiform (GBM), 10
multiple sclerosis, 7 post irradiation lesions, 6 lymph-
oma, 7 infarctions, 6 anaplastic astrocytoma, 4 brain
abscesses, 3 tuberculoma, 2 focal encephalitis, and 2
vacultitis according to the histo-pathological results
and final clinical diagnosis after medical treatment
and follow-up (Table 1).

The conventional MRI (T1,T2, FLAIR, and the contrast
enhanced T1WI) findings as regard the lesion texture, as-
sociated edema, mass effect, and the enhancement pattern
suggest the correct diagnosis in 81% of lesions when cor-
related with histopathology and final clinical diagnosis. In
Table 2, conventional MRI poorly differentiates multiple
cerebral lesions as regards primary cerebral neoplasm or
metastatic lesions; also there is overlap in diagnosis of
some neoplastic and non-neoplastic lesion diagnosis by
conventional MRI images with 89.33% sensitivity, 44.4%
specificity, and 78% accuracy.

Table 4 Spectroscopic data intra-lesional within and outside
tumor margin of the primary and metastatic neoplastic lesions

MRS (mean + SD) Primary Metastatic P value
Cho/Cr 7.21 £4.36 5.08 £ 3.75 0.071
Cho/NAA 9.31 + 6.41 6.32 + 5.82 0.089
NAA/Cr 0.57 £ 0.5 0.91 + 0.82 0.167
Cho/NAA + Cr 3.21 £232 2.8 +3.22 0.181
NAA/Cho 0.2 £0.2 0.5+ 0.5 0.165
Cho/NAA 323+242 0.71 £ 0.23 < 0.001*
Cho/Cr 2.53 +£1.38 1.06 + 0.33 < 0.001*
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Table 5 DWI and ADC values for all neoplastic and non-neoplastic lesions
DWI Neoplastic (65) Non-neoplastic (35) P value

Mixed/free 59/6
0.6-1.7,0.88 + 0.31

Restricted Free/mixed
ADC range (M + SD)

Mixed/restricted-free, 4/22-9 -

0.37-3.9, 0.91 + 0.61 0.236* insignificant

MRS diagnosis

According to the MRS results, we classified the studied
100 lesions into non-neoplastic and neoplastic lesions,
then the neoplastic lesions further classified into primary
and metastatic neoplastic lesions (Tables 3 and 4).

There was statistical significance for differentiation be-
tween neoplastic and non-neoplastic lesions by MRS as
regards Cho/Cr, Cho/NAA, NAA/Cr, Cho/NAA + Cr,
and NAA/Cho ratios (M + SD) with P < 0.001 (signifi-
cant). Lipid peak was seen in 42 neoplastic lesions and
in 27 of non-neoplastic, while lactate peaks seen in 49
neoplastic lesions and in 26 of non-neoplastic lesions
and increased with tumor aggressiveness. Other metabo-
lites such as amino acid (AA), acetate (A), and succin-
ate/pyruvate (S/P) peaks were seen only in 3/4 abscess
(Table 3).

All spectroscopic parameters were non-significant in
differentiation between primary and metastatic neoplas-
tic lesions when the voxel measured inside the lesions;
however, there is statistical significance for differenti-
ation as regards the measured Cho/NAA and Ch/Cr ra-
tios, (P value < 0.001*) (statically significant) when
measured in the pre-lesional areas outside the tumor
margin (Table 4). The overall MRS diagnosis of the all
studied neoplastic and neoplastic lesions is approxi-
mately 95.3% sensitivity, 97.1% specificity, and 96%
accuracy.

DWI diagnosis
In DWI, there was mixed diffusion restriction and facili-
tation in most of the studied lesions (68/100 lesions).
The measured ADC values range showed overlap values
in neoplastic and non-neoplastic lesions, it ranged be-
tween 0.6—1.7 with mean + SD approximate 0.88 + 0.31
in neoplasms and between 0.37-3.9 with mean + SD
approximate 0.91 + 0.61 in non-neoplastic lesions with
no statistical significance for differentiation between
neoplastic and non-neoplastic lesions, P value = 0.236*
(Table 5).

In this work, the measured ADC values (M * SD)
within the primary and metastatic neoplastic lesions
were 0.75 £ 0.16 and 0.89 + 0.23 respectively, with no

significant difference (P value = 0.165 “insignificant”).
Also, ADC value measurements outside the margin of
primary and metastatic neoplastic lesions (1.56 + 0.61
and 1.71 + 0.25) showed no significant difference with
insignificant P value = 0.142 (Table 6). The DWI with
calculated ADC value results diagnosed the studied
lesions with ratios approximate 87.6% sensitivity, 85.7 %
specificity, and 87% accuracy.

Combined MRS and DWI with calculated ADC value
results

The combined MRS and DWI with calculated ADC
value results when measured within the lesion and at the
pre-lesional areas of the studied cerebral focal lesions
succeeded in diagnosing 96 lesions out of the 100 stud-
ied lesions. However, there was no significant difference
noted as regards the specificity, sensitivity, and accuracy
ratios of combined DWI and MRS results when
compared to MRS results alone (Table 7, Figs. 1, 2, 3, 4,
and 5).

Discussion

A definite diagnosis and characterization of intra-cranial
masses based on structural MRI alone may be difficult
and MRS with other non-invasive techniques can repre-
sent an advance in the specificity of cerebral lesion diag-
nosis [16]. MRS limits the use of invasive diagnostic
approaches such as brain biopsy [17].

This study revealed that conventional MRI with
contrast-enhanced images could have low specificity in
differentiation between primary or metastatic multiple
cerebral neoplasms, and there was diagnostic overlap
between some multiple neoplastic and non-neoplastic
lesions with 89.33% sensitivity, 44% specificity, and 78%
accuracy. This was in agreements with Omuro et al. who
stated that differentiation between tumors and non-
neoplastic lesions using conventional MRI may be chal-
lenging, while MRI is a sensitive technique for detection
of brain lesions, the specificity and capability of it for
distinguishing between benign and malignant lesions are
limited, and with Karen et al. who said that although con-
ventional MRI provides images with excellent structural

Table 6 DWI and ADC values within and outside tumor margins of the primary and metastatic neoplastic lesions

ADC value Primary neoplastic

Metastatic neoplastic P value

Range within (M + SD)
Range outside (M + SD)

0.47-1,0.75 + 0.16
0.91-2.3, 1.56 + 0.61

0.61-1.2,0.89 + 0.23
0.84-2.6, 1.71 £ 0.25

0.165 insignificant
0.142 insignificant
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Table 7 Sensitivity, specificity, and accuracy of conventional
MRI, MRS, and DWI with ADC values for all studied lesions

Modality

Sensitivity Specificity Accuracy P value

Conventional MRI 89.33% 44.4% 78% Insignificant
MRS 95.3% 97.1% 96% Significant
DWI + ADC 87.6% 85.7% 87% Insignificant
measurements

Combined MRS + DWI 95% 97% 96% Significant
results

detail, it cannot always be used alone to accurately identify
specific tumor type and grade or to differentiate neoplastic
from non-neoplastic lesions [18, 19]. Sensitivity, specifi-
city, PPV, and NPV for determining a high-grade glioma
with conventional MR imaging were 72.5%, 65.0%, 86.1%,
and 44.1%, respectively [20].

MRS can add clinically relevant information about me-
tabolites in common brain abnormalities. It is clinically
ready for diagnostic, prognostic, and treatment assess-
ment of brain tumors; various demyelinating disorders,
and infectious brain lesions [21]. Cho/Cr, Cho/NAA,
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NAA/Cho, and NAA/Cr ratios are the most concerned
ratios. This may be of help in the diagnosis and differen-
tiation between many lesions that may be confusing on
the conventional MRI imaging [22].

According to our MRS results, the studied 100 lesions
were classified into non-neoplastic and neoplastic le-
sions, and there was statistical significance for their dif-
ferentiation by MRS as regards the Cho/Cr, Cho/NAA,
NAA/Cr, Cho/NAA + Cr, and NAA/Cho ratios (M +*
SD) with P < 0.001 (significant). This was coincidence
with many other studies that revealed large differences
in metabolite levels in acute stroke, chronic multiple
sclerosis, and brain tumors [23-25] and Brandéo et al.
study which concluded that increase in Cho levels and
Cho/Cr and Cho/NAA ratios is highly suggestive of neo-
plasm [26]. There is extensive literature demonstrating
the metabolite ratios of Cho/Cr, NAA/Cr, as well as the
presence of lipids and lactate to be useful in grading
tumors and predicting tumor malignancy [20]. While
Moller-hartman et al. stated that the abnormality spe-
cific to tumors was the elevated CHO [27]. Also, our re-
sults showed that most of the neoplastic and non-

Fig. 1 "A 54-year-old male patient” MRI exam revealed multiple poorly defined intra-axial SOL shown in images at Rt. frontal and Lt. parietal
regions, iso-hypointense at T1 (a) and hyperintense T2/FLAIR (b, ¢) that surrounded with moderate edema. DWI and ADC map (d, e) showed
diffusion restriction with low ADC value. Post Gad (f) showed faint contrast enhancement. MRS (g) revealed marked reduction of NAA and Cr
peaks with elevated Cho and reversed NAC/Cr and Chol/Cr ratios in lesional and pre-lesional areas. MRI diagnosis: multicentric primary high-grade
glioma. Pathology: GBM
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Fig. 2 “A 33-year-old female patient” MRI exam revealed multiple well-defined abnormal signal intensity foci scattered at the white matter of
both cerebral hemispheres and posterior fossa that exhibit iso-hypointense signal at T1 (a) and hyperintense at 3D Gr and FLAIR (b, ¢) with no
associated edema. DWI and ADC map (d, e) showed mixed diffusion changes (restriction/T2 shin effect). Post Gad (f) showed no contrast
enhancement. MRS (g) revealed no significant metabolic changes with maintained ratios at the lesional and pre-lesional areas. MRI diagnosis:
multiple sclerosis. Clinical diagnosis and follow-up: MS

neoplastic lesions showed elevated lipid and lactate peak
respectively which increased with tumor aggressiveness.
This agreed with Nooman et al. [28] results that revealed
lactate and lipid levels in low and high grade tumors but
with no significant difference between primary and
metastatic tumors and Van-der G who stated that the
presence of the lactate peaks was usually consistent with
aggressive tumors [29].

Other metabolites such as AA, A, and S/P peaks were
seen only in 3/4 abscess. This agree with the results that
summarized spectral characteristics of intracranial ab-
scesses as presence of cytosolic amino acids (detected at
0.9 ppm): presence of lactate (detected at 1.3 ppm), acetate
(detected at 1.92 ppm), succinate (detected at 2.4 ppm),
and occasionally lipids (detected at 0.8—1.2 ppm) [30, 31].

In our studies, all spectroscopic parameters showed
non-significant results for differentiation between primary
and metastatic neoplastic lesions when measured within
the lesions; however, there was a statistical significance of
Cho/NAA and Ch/Cr ratios (P value < 0.001*) for such
differentiation when measured in the perilesional regions.
This was in agreements with many other studies who

found that investigation of peri-enhancing tumor regions
may be useful for discriminating metastases from primary
brain tumors, whereas gliomas are often invasive lesions
with elevated Cho in surrounding tissue, metastatic lesions
tend to be more encapsulated and do not show high Cho
signals or other abnormalities outside the region of
enhancement [32-34].

The results of this work revealed that there were
mixed diffusion changes in most of the studied lesions
and the measured ADC value ranges showed overlap in
neoplastic and non-neoplastic lesions with no statistical
significance for their differentiation. Also, the calculated
ADC values showed no significant difference either mea-
sured within or outside the margins of primary and
metastatic neoplasms, P value = 0.165 and 0.142 respect-
ively “insignificant.”

This was matched with results of Fawzy et al, who said
that regarding DWI, we found a heterogeneous signal
and different values for ADC according to the lesions’
consistency and there was no significant correlation be-
tween the histological components and the ADC values
[35]. Also, Al-Okaili et al. and other studies found that
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Fig. 3 “A 52-year-old female patient” with known primary breast Ca, MRI exam revealed multiple semi-defined intra-axial SOLs shown in images
at cerebellum and both cerebral hemispheres, iso-hypointense at T1 (a) and hyper at T2 (b) that surrounded with moderate edema. DWI and
ADC map (c, d) showed diffusion restriction with low ADC values. Post Gad (e) showed peripheral nodular contrast enhancement. MRS (f, g)
revealed marked reduction of NAA and Cr peaks with elevated Cho within the lesions with normal pre-lesional metabolites. MRI diagnosis:
metastatic breast Ca. Pathology: proved metastatic deposits
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Fig. 4 “A 42-year-old female patient” MRI exam revealed multiple well-defined abnormal signal intensity lesions at the cerebellum and Lt.
occipital regions that exhibit hypointense signal at T1 with hyperintense foci within cerebellum lesion (suggesting blood) (a, b) and hyperintense
signals at T2 (c, d) with no associated edema. DWI and ADC map (e, f and g, h) showed mixed diffusion changes (restriction/T2 shin effect at
cerebellum and facilitated diffusion of occipital lesion). Post Gad (i, j) showed no contrast appreciable enhancement. MRS (k) revealed no
significant changes either of NAA, Cr, or Cho peaks with maintained ratios at the lesional and pre-lesional areas. MRI diagnosis: multiple infarcts of
different chronologic ages that proved by clinical diagnosis and follow-up
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abscess that proved on surgical aspiration of pus contents

Fig. 5 "An 11-year-old female patient” MRI exam revealed a poorly defined lesions at the Lt. high parietal region that exhibit hypointense
signal at T1 (a) and hyperintense signals with surrounding hypointense rim at T2 and FLAIR (b, ¢) and minimal perifocal edema. DWI and
ADC map (d, e) showed mixed diffusion changes (restriction/T2 shin effect) with high ADC value. Post Gad (f) showed marginal ring
contrast enhancement. MRS (g, h) revealed no significant changes either of NAA, Cr, or Cho peaks with presence of AA “glycine (Gly) at
3.56 ppm; succinate (S) at 2.4 ppm; lipid/lactate (Lip/L) at 1.3 ppm at short MRS. Also, there is a well-defined abnormal signal intensity
area seen at the Rt. frontal region (not included in selected images). MRI diagnosis: inflammatory process with Rt. parietal pyogenic brain

DWI feature for primary neoplasms is variable and al-
though the ADC value of high-grade gliomas has been
shown to be lower than that of low grade gliomas, there
is substantial overlap; thus, ADC maps alone are
insufficient for predicting type and grade of glial neo-
plasms and it could not differentiate between these
tumors [36—39].

Our works showed that the combined MRS and
DWI with calculated ADC values added to cMRI re-
sults succeeded in diagnosing 96% of the studied le-
sions. This was in agreement with Abdel-Monem
et al. study which concluded that the combination of
MRS with c¢cMRI and calculated ADC values added
more information in the differentiation of brain tu-
mors and were more useful when done together than
each alone which markedly elevate the diagnostic
accuracy rate [40].

There were a few limitations of this study. First, the
low number of some studied lesions, especially that of
non-neoplastic etiology such as tuberculoma, abscesses,

and vascular lesions. Second, when we applied DWI,
there was difficulty in positioning the region of interest
in cystic/necrotic lesions as well as in the pre-lesional
regions of some lesions that are not associated with
edema. Lastly, the diagnosis of multicentric cerebral
focal lesions with primary and secondary brain neo-
plasm differentiation is still a challenging problem
based on conventional MRI alone, and according to the
results of this study, it was found that a combination of
proton MRS and DWI with ADC calculation can
provide additive information helping in lesion
characterization which improves the diagnosis and
management plane.

Conclusion

MRS was found to be a non-invasive and accurate diag-
nostic tool that is superior to DW-MRI with ADC value
measurements in the differentiation and therapeutic
planning of multicentric cerebral focal lesions.
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