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Abstract

Background: Intracranial cystic lesions are unnatural
cavities in which the continuity of the brain parenchymais
disrupted because of different pathologies such asinfections
and tumors containing protei naceous fluid and/or cellu-
lar/necrotic materials.

Aimof Sudy: The purpose of this study isto investigate
the value of DWI in differentiation of the common intracranial
intra-axial cystic/necrotic lesions.

Patients and Methods: Thisis a descriptive study, con-
ducted from July 2019 till February 2021. It isincluded
twenty-four adult patients of either sex with a cystic/necrotic
intra-axial brain lesion with variable perifocal edemaand rim
enhancement on post-contrast study at MRI unit, radiology
department, Ain Shams University (ASU) Hospital. All exam-
inations carried out after signing the informed consent by the
patient himself or his guardian if the patient is incapacitated
by any means.

Results: The inflammatory lesions, the wall ADC values
were not uniform. We found the lowest ADC value in contrast
enhanced part of the pyogenic abscess 0.922x10 > mm?/s and
the highest ADC wall value 1.529x10 > mm?/s found in
toxoplasmosis abscess. There was a significant differencein
the wall ADC values of metastatic |esions mean ADC of
contrast enhanced part was 1.32+0.18x10™2 mm?/s and 0.80
+0.13x10"% mm?/s found in PCNSL, with a cut off value,
sensitivity, specificity, positive predictive value (PPV) negative
predictive value (NPV) and p-value of: 1.035, 100%, 100%,
100%, 100% and 0.007 respectively. The mean ADC value
of the surrpunding edemain our study were measured 1.40
+0.11x10 ~ mm?/s for abscess group and 1.59 +0.31x103
mm?/s for malignant group with insignificant p-value of 0.201.

Conclusion: Further more MR techniques may be used
for discrimination brain abscess from cystic or necrotic tumors,
as diffusion tensor imaging (DTI), MR spectroscopy and
perfusion weighted imaging as well as positron emission
tomography computed tomography (PET-CT) may be helpful.
The use of these additional techniques will help to improve
the accuracy of MR in differentiating brain abscess from
cystic or necrotic tumors.
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Introduction

INTRACRANIAL cystic lesions are unnatural
cavities in which the continuity of the brain paren-
chymais disrupted because of different pathologies
such asinfections and tumors containing protein-
aceous fluid and/or cellular/necrotic materials [1].

The differential diagnosis of cystic ring enhanc-
ing cerebral lesionsincludes, most frequently, high-
grade gliomas, malignant lymphomas, metastases,
and abscesses, Because of the different therapies
for all these diseases, the possibility of their reliable
differentiation with MRI is highly desirable [2].

Differentiation between cerebral abscessesin
capsular stage and intra-cerebral cystic or necrotic
tumorsis adiagnostic challenge to clinicians and
radiol ogists because the presenting clinical mani-
festations are non specific On conventional MRI,
the abscess center usually shows hypointensity
relative to the brain parenchymaon T 1 weighted
image. The abscess wall usually shows aring of
enhancement after contrast administration. How-
ever, these findings can aso be seen in necrotic or
cystic brain tumors. Although, marked hypointen-
sity of the abscess capsule as seen on T2 weighted
MRI is a characteristic of abscess that allows the
differentiation between infection and tumor, the
hypointense capsule is not always seenin all ab-
scesses and may be seen in some tumors. Thus,
conventional MR imaging cannot reliably differ-
entiate between these two entities most of the time
leading to diagnostic dilemma [3].

Pretreatment characterization and differentiation
of malignant brain tumorsusing MR imaging is
still a challenging problem in every day practice
The critical clinical problem is differentiation
between high grade gliomas, metastases and pri-
mary central nervous system lymphomas (PCNSLS)
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as management can differ substantially, depending
on the type of alesion. The standard treatment of
GBMs and metastases consists of surgical resection,

radiotherapy, and chemotherapy while PCNSLs
should not undergo surgical management but only
chemotherapy [4].

On conventional magnetic resonance imaging
(MRI) the appearance of a high grade glioma and
anecrotic solitary metastasisis usually aring-
shaped contrast-enhanced mass lesion with central
hypointense necrosis on contrast-enhanced T1-
weighted MR imaging (T 1 WI), whereas primary
cerebral lymphoma (PCL) usually presenst as a
solid mass lesion with homogeneous contrast en-
hancement in immunocompetent patients. However,
this pattern is not reliable in some clinical scenarios
where an atypical PCL with visible necrosis may
mimic the appearance of necrotic high grade glio-
mas and metastasis [5] .

Diffusion MR imaging is atechnique in which
dedicated phase-defocusing and -refocusing gradi-
ents allow evaluation of microscopic water diffu-
sion within tissues (Brownian motion) which can
be quantitated in terms of apparent diffusion coef-
ficient (ADC). It has been found to have useful
clinical applicationsin diagnosing and treating
ischemia, tumors, epilepsy, and white matter dis-
orders. Additionally many publications have ad-
dressed the value of DWI and in the differential
diagnosis of abscess and cystic or necrotic brain
tumors by virtue of restricted and facilitated diffu-
sion in the central core, respectively [6].

Furthermore assessment of the necrotic core,
the most strongly-enhanced tumor area, and the
peritumoral edemawith DWI and ADC has shown
promising resultsin differentiation of high grade
gliomas, solitary brain metastasis and atypical
PCNSL [459].

Aim of the work:

The purpose of this study isto investigate the
value of DWI in differentiation of the common
intracranial intra-axial cystic/necrotic lesions.

Patients and M ethods

Patients:

Thisis adescriptive study, conducted from July
2019 till February 2021. It isincluded twenty-four
adult patients of either sex with a cystic/necrotic
intra-axial brain lesion with variable perifocal
edema and rim enhancement on postcontrast study
at MRI unit, radiology department, Ain Shams
University (ASU) Hospital. All examinations car-
ried out after signing the informed consent by the

patient himself or his guardian if the patient is
incapacitated by any means.

Patient preparation:
- Full history will be taken from all patients.

- Ensuring adequate renal function via calculation
of GFR from recent serum creatinine level.

- Ensuring venous access viainsertion of IV cannula
suitable for contrast administration.

Inclusion criteria:

Adult patients of either sex with acystic/
necrotic intra-axial brain lesion with variable per-
ifocal edema and rim enhancement on postcontrast

study.

Exclusion criteria:

- Patients known to have contraindications for
MRI, e.g. an implanted magnetic device and
pacemakers.

- Patients with contraindication to contrast media
e.g. elevated renal functions.

- Lesions with large area of susceptability thought
to be related to calcifications and/or hemorrhage.

- Patients below 18 years of age.

Technique and MR imaging data acquisition:
Conventional MRI:

The study will be performed on 1.5 TeslaMRI
machine using head coil with patient lying in the
supine position.

All patients will undergo routine MR brain
imaging, including:
- Sagittal and axial T1-wieghted non-contrast im-
ages with imaging parameters of 538/10 (TR/TE).
- Axial fast spin-echo T2-weighted, T2-weighted
spin-echo images with imaging parameters of
4130/120 (TR/TE).
- Axial fluid-attenuated inversion recovery (FLAIR)
with imaging parameters of 11000/140 (TR/TE).

- Post contrast enhanced axial, coronal, and sagittal
T1-weighted images.

Diffusion weighted MR imaging (DW):

The imaging sequence for DWI will be amul-
ti_section single shot spin echo EPI sequence
(TR/ITE/NEX) 3690/115ms with diffusion sensitiv-
ities of b-value=0 and 1000s/mm?. The diffusion
gradients will be applied sequentially in three
orthogonal directions (X,Y, & Z). Sections of 5mm
thickness, interstice gap of 1mm, FOV 220x240mm
and matrix of 256x256 will be used for al images.
The ADC map will be generated automatically by
MRI software.
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Image analysis and results:

Conventional MR sequences including post
contrast images will be used to localize the lesion
and identify three lesional subsitesfor further
analysis namely the central cystic content, solid
enhancing portion and the surrounding edema.
Onceidentified, for each lesion, each of these areas
will be qualitatively assessed for presence or ab-
sence of restricted diffusion depending on the
signal intensity on the DWI and corresponding
ADC map. Restricted diffusion is defined as an
area of high signal intensity on b 1000 image and
a corresponding dark area on the ADC map. For
quantitative analysis at least 3 different regions of
interest will be placed within each of the three sub
sites described above on consecutive slices on the
ADC map for every lesion assessed. If any of these
sub sites are small, ROIs will be placed in the sub
site analysed within the same dlice but care will
be taken to ensure that the ROIs don't overlap. The
ADC value for each ROI will be obtained and then
averaged so that at the end of the analysis there
will be three mean ADC values, one for each of
the three lesional subsites. Finally for each patient
ADC Measurements will be made in the contralat-
eral normal white matter and in the CSF of the
lateral ventricle and ratios of average ADC of each
subsite to the contralateral white matter and CSF
will be computed for each lesion. The definitive
diagnosis of the lesions will be determined by
hisopathological evaluation of tissue samples taken
from the different lesions either via stereotactic
biopsy of postoperatively.

Satistical analysis:

The data were analyzed using Statistical Pack-
age for Social Science (IBM Corp, released 2013.
IBM SPSS statistics for windows, V. 22.0. Armonk,
NY. USA). Parametric quantitative data were ex-
pressed as mean * standard deviation (SD). Qual-
itative data were described as frequency and per-
centage. All p-values were two-tailed and p-value
<0.05 was considered statistically significant.

Results

Twenty-four patients (14 males and 10 females)
were included in the current study. The age range
was 30 to 77 years of whole study population. No
significant difference was found between the mean
patient ages among all SOL groups (p=0.872), the
mean patient age in metastasis, lymphoma, GBM
and abscess 53.13+11.67, 52+ 1.63, 49.14%9.65 and
49.2* 13.9 respectively.

There was a significant association between
DWI signal intensity in the lesion wall and the
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nature of the SOL (p=0.006), where a significant
larger proportion of malignant lesion (73.7%)
exhibited hyperintensity in DWI, on the other hand,
DWI isointense signal was noted in all abscess
lesion.

A significant association was noted between
the ADC signal intensity in the lesion center and
the nature of the SOL (p=0.042), as the percent of
malignant lesion (89.5%) exhibiting high signal
in its center is significantly higher than the abscess
group percent, on the other hand ADC hypointense
signal was noted in 60% of abscess lesions.

The brain SOL either abscess or malignant,
could be differentiated using the mean and the
normalized ADC valuesin the center of SOL.
Abscess group showed stetistically significantly
lower mean ADC values (p=0.034) and normalized
ADC values (p=0.025).

The Receiver operating characteristic (ROC)
curve analysis of ADC and NADC in the SOL
center revealed that the optimal cut off value for
discrimination between center of all malignant
SOL and abscess lesions were 1.755 and 2.3665,
respectively.

The size of SOL was statistically significant
different among all SOL (F=3.784, p=0.027). The
post hoc test revealed that the mean value of GBM
size (2.068+ 1.344) was significantly higher than
that of metastasis (2.068 £0.6).

A significant association was noted between
the DWI signal intensity in the lesion center and
the nature of the SOL (p=<0.001), aslow DWI
signal in SOL center was seen in 100% of GBM
and 75% of metastasis, while a hyperintense signal
was seen in 60% of abscess lesions. The center of
al lymphoma SOL exhibited isointense signal in
the DWI.

A significant association was also noted between
the DWI signal intensity in the lesion wall and the
nature of the SOL (p=0.006), as high DWI signal
was seen in all lymphoma SOL, 85.7% of GBM
and 50% of metastasis, while all abscess SOL
exhibited isointense signal in the DWI along their
wall.

A significant association was also noted between
the ADC signal intensity in the lesion wall and the
nature of the SOL (p=<0.001), where isointense
ADC signal was noted in all metastasis SOL, 85.7%
of GBM and 80% of abscess, while all lymphoma
SOL exhibited hypointense signal in the ADC along
their wall.
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The perilesional edema revealed hyperintense
signal inthe ADC mapinall SOL.

The mean ADC value of SOL center was sta-
tistically significant different among all SOL
(F=3.969, p=0.023). The post hoc test revealed
that the mean ADC value of GBM (2.71£0.29) was
significantly higher than that of lymphoma
(1.78+0.02).

The mean ADC value of SOL wall was stetis-
tically significant different among all SOL (F=
4.026, p=0.022). The post hoc test revealed that
the mean ADC value of metastasis (1.32 £0.18)
was significantly higher than that of lymphoma
(0.8+£0.13).
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The mean NADC value of SOL center was statis-
tically significant different among all SOL (F=4.892,
p=0.01). The post hoc test revealed that the mean
ADC value of GBM (3.56+0.36) was significantly
higher than that of lymphoma (2.43+ 0.04).

The Receiver operating characteristic (ROC)
curve analysis of ADC and NADC in the SOL
center revealed that the optimal cut off values for
discrimination between center of GBM and lym-
phomawere 1.755 and 2.3665, respectively.

The Receiver operating characteristic (ROC)
curve analysis of ADC in the wall of SOL revealed
that the optimal cut off value for discrimination
between wall of metastasis and lymphomawas 1.035.

Table (1): Description of patients age among all SOL lesions.

Mean sD Median Min Max IQR F p-vaue Sig.
Abscess 49.20 13.9 50 30 68 24 0.234 0.872 NS
GBM 49.14 9.65 51 33 58 17
Mets 53.13 11.67 53.5 39 77 12
Lymphoma 52 1.63 52 50 54 3
Ftest= ANOVA. NS= Non-significant.
Table (2): Description of patients sex among all SOL lesions.
Abscess GBM Mets Lymphoma Fisher's Exact Test
No Percent No Percent No Percent No Percent Vaue p-value Sig.
Sex:
Female 2 40 2 28.6 2 25 4 100 6.506 0.085 NS
Mae 3 60 5 714 6 75 0 0

Table (3): Distribution of qualitative DWI signal intensity in the lesion wall (W DWI) among abscess and

all malignant SOL.

Abscess Malignant Fisher's Exact Test
No (%) No (%) Value p-vaue Sig.
Hypointense 0 0 1 53 9.913 0.006 S
Isointense 5 100 4 211
Hyperintense 0 0 14 737

S = Significant NB: 66.7% of cells have expected count less than 5, so the test is week due to small sample size.

Table (4): Distribution of qualitative ADC signal intense in the lesion center (C ADC) among abscess and

all malignant lesions.

Abscess Malignant Fisher's Exact Test
No (%) No (%) Value p-vaue Sig.
Hypointense 3 60 2 10.5 5.874 0.042 S
Isointense 0 0 0 0
Hyperintense 2 40 17 89.5

S = Significant NB: 75% of cells have expected count less than 5, so the test is week due to small sample size.
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Table (5): Description of quantitative ADC and NADC value among abscess and all malignant lesions in the lesion
center (C ADC & CNADC).

Group Mean SD Median Min Max IQR  Value* p-value Sig.
CADC QT Abscess 145 0.83 0.91 089 279 137 2267 0.034 S
Malignant 2.26 0.68 2.64 084  3.07 1.08
CNADC Abscess 1.87 1.09 1.22 110 358 1.86 —2402 0.025 S
Malignant 293 0.82 3.30 102 398 111

IQR = Interquartile range. *=Independent sample t-test.

Table (6): The cut off value, sensitivities, specificities, positive predictive values (PPV) and negative predictive
values (NPV) of the cut off values of the ADC and NADC in SOL center for the differentiation of the
abscess from malignant group.

Cut off value+ Sensitivity Specificity PPV~ NPV  Accuracy AUC p-value 95% ClI
CADCQT 1.755 84.2% 80% 94.1% 57.1% 833% 0.789 <0.051* 0.532-1.000
CNADC 2.3665 89.5% 80% 94.4% 66.7% 87.5% 0.789 0.051* 0.532-1.000

AUC = Areaunder curve. * Marginally Significant. +Value greater than cut off value denoting malignant SOL .

Table (7): Descriptive data of different SOL size.
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SOL Mean SD Median Min Max IQR F p-vaue Sig
Abscess 2.018 0.485 19 158 2.84 0.74 3.784 0.027 S
GBM 34 1.344 3.12 193 6.20 0.76
Mets 2.068 0.6 19 1.44 3.03 115
Lymphoma 2.892 0.614 3.105 2.00 3.36 1.08
F test = ANOVA.

Table (8): Significant Post hoc test* between GBM and Mets size.

lst SOL 2nd SOL Mean Difference p-value Sig

GBM Mets 1.331 .038 S

*Tukey post hoc test.
Table (9): Distribution of qualitative C DWI signal intensity among all SOL lesions.

Abscess GBM Mets Lymphoma Fisher's Exact Test
No (%) No (%) No (%) No (%) Value p-value Sig
Hypointense 2 40 7 100 6 75 0 0 19.348 <0.001 S
|sointense 0 0 0 0 0 0 4 100
Hyperintense 3 60 0 0 2 25 0 0
S= Significant
NB: 91.7% of cells have expected count less than 5, so the test is week due to small sample size.
Table (10): Distribution of qualitative W DWI signal intensity among all SOL lesions.
Abscess GBM Mets Lymphoma Fisher's Exact Test
No (%) No (%) No (%) No (%) Value p-value Sig

Hypointense 0 0 0 0 1 125 0 0 13.802 0.006 S
| sointense 5 100 1 143 3 375 0 0
Hyperintense 0 0 6 85.7 4 50 4 100

S= Significant
NB: 100% of cells have expected count less than 5, so the test is week due to small sample size.
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Table (11): Distribution of qualitative W ADC signal intensity among all SOL lesions.

Abscess GBM Mets Lymphoma Fisher's Exact Test
No (%) No (%) No (%) No (%) Value p-value Sig
Hypointense 0 0.0 1 143 0 0.0 4 100.0 16.483 <0.001 S
| sointense 4 80.0 6 85.7 8 1000 O 0.0
Hyperintense 1 20.0 0 0.0 0 0.0 0 0.0
S= Significant
NB: 83.3% of cells have expected count less than 5, so the test is week due to small sample size.
Table (12): Distribution of qualitative E ADC signal intensity among all SOL lesions.
Abscess GBM Mets Lymphoma
No (%) No (%) No (%) No (%)
Hypointense 0 0 0 0 0 0 0 0
| sointense 0 0 0 0 0 0 0 0
Hyperintense 5 100 7 100 8 100 100
NB: Fisher's Exact Test can't be computed.
Table (13): Description of C ADC value among all SOL lesions.
Mean sD Median Min Max IQR F p-vaue Sig
Abscess 145 0.83 0.91 0.89 279 1.37 3.969 0.023 S
GBM 271 0.29 2.76 211 3.05 0.22
Mets 212 0.87 2.38 0.84 3.07 1.68
Lymphoma 178 0.02 1.78 1.76 1.80 0.04
F test = ANOVA.
Table (14): Significant Post hoc test* between GBM and lymphoma.
1st SOL 2nd SOL Mean Difference p-value Sig
GBM Lymphoma 0.935 0.001 S
* Games-Howell post hoc (inhomogeneous variance).
Table (15): Description of W ADC value among all SOL lesions.
Mean sD Median Min Max IQR F p-value Sig
Abscess 118 0.23 115 0.92 153 0.39 4.026 0.022 S
GBM 115 0.35 123 041 1.46 0.25
Mets 1.32 0.18 1.27 1.16 1.63 0.32
Lymphoma 0.80 0.13 0.80 0.69 0.92 0.23
F test = ANOVA.

Table (16): Significant Post hoc test* between Mets and lymphoma.

1st SOL 2nd SOL Mean Difference p-value Sig

Mets Lymphoma 0.519 0.012 S

*Tukey post hoc test.
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Table (17): Description of C NADC value among all SOL lesions.

Mean SD Median Min Max IQR F p-vaue Sig
Abscess 1.87 1.09 122 110 3.58 1.86 4.892 0.01 S
GBM 3.56 0.36 3.67 2.90 3.98 0.55
Mets 2.62 0.98 293 1.02 351 183
Lymphoma 243 0.04 243 2.39 247 0.07

F test = ANOVA.

Table (18): Significant Post hoc test* between GBM and lymphoma.

lst SOL 2nd SOL Mean Difference p-value Sig

GBM Lymphoma 1.1336 0.001 S

* Games-Howell post hoc test.

Table (19): The cut off value, sensitivities, specificities, positive predictive values (PPV) and negative predictive
values (NPV) of the cut off values of the ADC and NADC in SOL center for the differentiation of GBM
and lymphoma.

Cut off value+  Sensitivity  Specificity PPV~ NPV Accuracy AUC p-vaue 95% Cl

CADC 1.955 100% 100% 100%  100% 100% 1 0.008* 1-1
CNADC 2.682 100% 100% 100%  100% 100% 1 0.008* 1-1

AUC = Areaunder curve. * Significant; +Value greater than cut off value denoting GBM.

Table (20): The cut off value, sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) of the SOL wall ADC cut off value for the differentiation of metastasis and lymphoma.

Cut off value+  Sensitivity  Specificity PPV~ NPV Accuracy AUC p-vaue 95% Cl

W ADC 1.035 100% 100% 100%  100% 100% 1 0.007* 1-1

AUC= areaunder curve. * Significant. +Value greater than cut off value denoting Mets .

Illustrative Cases

(A) (B) (C) (D)

Fig. (1): 58 years old male patient complains of chronic headache. A: Axial T2- weighted shows hyperintense SOL in left
high frontal parafalcin area, surrounded by marked vasogenic edema (B) Axial T1WI post-Gd revealed cystic irregular
circumferential rim enhancement. C: Axial DWI revealed a hypointense signal of the central part consisted with facilitated
diffusion, hyperintensity on both wall and perifocal edema. D: Axial ADC map revealed a hyperintense signal in central portion
of lesion with mean ADC value = 2.726 x 10-3mm ®/s. A hypointense signal in enhancing wall with mean ADC value = 1.241
x 10 mm?/s, and hyper intense signal of perifocal edemawith mean ADC value of = 1.714 x 10 ° mm?s.

Diagnosis: Histologically proven Glioblastoma.
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(A) (B)

(C) (D)

Fig. (2): 57 years old male patient complaining of headache and vomiting. (A): Axial T2- weighted exhibits high signal
intensity SOL in the left temporoparietal 1obe, surrounded by large amount of vasogenic edema with subsequent mass effect
in form of compression of the ipsilateral occipital horn of lateral ventricle and shift of midline to theright side. (B) Axial T 1WI
post-Gd shows large irregular ring enhancing lesion. (C): Axial DWI revealed alow signal intensity of the center part, consistent
with facilitated diffusion and restricted diffusion signal intensity on both wall and perifocal edema. D: Axial ADC map revealed
ahyperintense signal in central portion of lesion with mean ADC value = 2.111 x 10 > mm?/s, consistent with lack of diffusion
restriction. An isointense signal in enhancing wall with mean ADC value = 1.233 x 10 "3 mm?/s, and hyper intense signal of

perifocal edemawith mean ADC value of = 1.733 x 10 > mm?/s.

Diagnosis: Histologically proven Glioblastoma.

Discussion

Pretreatment characterization and differentiation
of malignant brain tumors using MR imaging is
still achallenging problem in every day practice.
The proper initial diagnosis and subsequently
adequate treatment significantly influence patients
surveillance but the management can differ sub-
stantially, depending on the type of alesion. The
important clinical problem is differentiation be-
tween glioblastoma multiforme (GBM), metastases,
primary central nervous system lymphomas (PC-
NSL s) and pyogenic brain absceses which may
show very similar appearance on conventional MR
sequences as solitary strongly rim enhancing brain
tumors surrounded by a T2-hyperintense edema.
The standard treatment of GBMs and metastases
consists of surgical resection, radiotherapy, and
chemotherapy while PCNSL s should not undergo
a surgical management but only chemotherapy [7].

While neurosurgical biopsy, aspiration and
drainage either stereotactic, ultrasound guided or
free hand is considered to be the first-line treatment
of cerebral abscess, because expected brain tissue
damage will be less compared to open surgery with
abscess excision. Differentiation between cystic
brain masses is important not only in diagnosis
and follow-up of antibiotic therapy but also will
influence neurosurgical approach to these lesions.
In case of an abscess, the center should be target
with intentions to aspirate pus and to culture the
causing pathogens. In contrast, the optimal site for
tissue diagnosis of malignant cystic tumorsisthe
contrast enhancing tumor rim [8,9].

The main role of conventional MRI in brain
tumorsisto distinguish it's location, extent, mor-

phology, and relation to important structures, but
alone it is deficient in diagnostic examination.
Thus, there is a need for additional imaging mo-
dalities such as Diffusion weighted image (DWI1)
which may aid in diagnosis and differentiation of
brain tumors. DWI provides image contrast based
on differences in the diffusion characteristics of
water molecules within brain tissue. The magnitude
of diffusion can be quantified by calculation of the
apparent diffusion coefficient (ADC). Diffusion
of water molecules within brain tissue is determined
by the microstructure in which the diffusion occurs
[10].

Accordingly on diffusion weighted sequences,
the difference observed in signal intensities between
abscess and cystic/necrotic tumorsis mainly due
to differences in the consistency and viscosity of
central content of lesions. In abscess, the contents
consist of thick viscous pus containing inflamma-
tory cells, bacteria and thick proteinaceous material
which restricts free Braownian movement of water
molecules thus causing diffusion restriction (high
intensity on DWI and low ADC value). Whilein
case of cystic/necrotic tumors, the cavities contain
thin necrotic debris, more serous fluid and few
inflammatory cells as compared to abscess thus
causing free diffusion (low intensity on DWI, high
ADC value) [11].

Differentiation of ring-enhanced cerebral lesions
includes high grade gliomas, malignant lymphomas,
metastases, pyogenic abscess, and in rare cases
demyelinating disease or sub-acute ischemic inf-
arctions and resolving hematomas, can help the
neurosurgeon to determine the most appropriate
management.
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Several of these previous reports suggested that
the necrotic parts of tumorous lesions show low
signal on DWI, with corresponding high ADC
values, whereas the central parts of abscesses give
high signal on DWI, showing restricted diffusion
and low ADCs.

Decreased diffusion was shown to be charac-
teristic of non-abscess SOL (malignant tumors).
The results of this study supported these facts
where both absolute ADC values and normalized
ADC values of central part of lesions were signif-
icantly higher in necrotic E)arts of malignant tu-,
mours (2.26+0.68x10 mm?/s and 2.93+0.82x10
mm?/s respectively) than central parts of abscess
(1.45+0.83x10"® mm?/s and 1.87+ 1.09x102 mm?/s
for absolute center ADC and normalized ADC
respectively). A cutoff ADC value and NADC in
the SOL center revealed that the optimal cut off
value for discrimination between center of all
malignant SOL and abscess lesions were 1.755
x10 "~ mm?/s and 2.3665x102 mm?/s, respectively.
Similar results were demonstrated by several pre-
vious studies including that done by Desbarats et
al. whose results confirmed that ADC values are
significantly higher in malignant center to abscess
center. Likeyisethey found a cutoff ADC value
of >1.10x10 "mm /s accurate for diagnosing necrot-
ic/cystic tumors [12] .

In the present study, 3 of 5 (60%) patients with
brain abscesses showed in their central/necrotic
parts restricted diffusion with hyperintensity on
DWI and hypointensity on ADC map, with sensi-
tivity of 84.2% and specificity of 80% in differen-
tiating it from non-abscesses. Whereas 2 patients
with brain abscesses presented facilated diffusion
with hypointensity on DWI and hyperintensity on
ADC map. One of these facilitated DWI was fungal
abscess (central cystic part ADC of 2.79) and the
other one was toxoplasmosis brain abscess (central
necrotic portion ADC of 1.753). This was consistent
with the results of severa previous studies [1,10-
19].

Most of the previous studies found significant
difference between the ADC values of patients
with brain abscess and cystic tumors. Reddy et al.,
found the ADC of the abscess group to be 0.87
0.05x10"® mm?/s and was significantly low com,
pared with the non-abscess group (2.89 +0.05x10
mm?/s) [1]. Lai et al., found ADC values of 20 out
21 cases with brain abscesses to be in the range of
0.41-0.87x10"* mm?/s while the ADC values for
22 cases with cystic or necrotic tumors were in the
range of 2.12-3.14x103 mm?/s, while one case of
tumor showed low ADC value [14] . Also Reiche et
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a., reported the ADC vaue of brain abscessin the
range of 0.39-0.67x103 mm?/s while the tumors
were in the range of 1.84-2.88x10° mm?/s [15].

Most of the previous studies used threshold
ADC value for discrimination of brain abscess
from cystic or necrotic tumorsin the range of 0.9-
1.1x102 mm?/s. in the current study, the cutoff
ADC value and NADC in the SOL center revealed
that the optimal cut off value for discrimination
between center of all malignant SOL and abscess
lesions were 1.755x10 ™ mm?/s and 2.3665x10 >
mm?/s, respectively.

So, we also found significant difference between
the ADC values of patients with brain abscess and
cystic tumors these results are in good agreement
with the finding of the previous studies.

Conversely, 17 (89.5%) of 19 patients with
margina enhancing cystic tumorsin the current
study had center ADC values more than 1.755x
10 mm?/s, whereas 2 tumors metastases had ADC
values less than 1.755x10 > mm?/s (0.836-0.932
x107° mm?/s).

Taj-Aldean reported 5 cases out of 19 patients
with brain metastatic tumors showed hyperintensity
on DWI and hypointensity on ADC while the
remaining showed hypointensity on DWI and hy-
perintensity on ADC [10].

Holtas et a ., reported aring enhanced brain
metastasis with hyperintensity on DWI and alow
ADC value in the necrotic part of the tumor. The
reason for restricted diffusion was possibly early
necrosis with intracellular edema of the lesion [16].

In astudy Reiche et al., two cystic tumors
showed restricted diffusion with low ADC, and
could not be differentiated precisely from abscesses.
The histopathological findings of stereotactic bi-
opsy and resection specimen reveal ed tumor coag-
ulation necrosis in one case and large areas of
necrosis in the other. Thus densely packed cell
debris together with proteinaceous ingredientsin
tumor cysts alter diffusion in a small number of
patients [15].

Our findings show low ADC values in abscess-
es, and these low ADC values are attributable to
the presence of pus. Pusisahighly viscous, thick,
mucoid fluid consisting of inflammatory cells,
bacteria, proteoneous exudate and fibrinogen.
Because of this high viscosity, diffusion water
motion is severely curtailed. The high ADC values
we find in cystic or necrotic lesions are attributable
to an intra-cavity fluid that is less viscous than
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that found in abscesses. It consists of necrotic
tissue debris and contains fewer inflammatory cells
than abscess fluid [2,12,14] .

Furthermore, some authors believe that reliable
differentiation between high-grade gliomas, metas-
tases and primary CNS lymphomas is possible.
We found that the highest mean ADC value of
necrotic part of GBM (2.71+0.29x10™ mm?/s) was
significantly higher than that of lymphoma
(1.78+0.02x10™® mm/s) (The cut off value, sen-
sitivities, specificities of the ADC in SOL center
for the differentiation of GBM and lymphoma was
1.955x10"° mm?/s, 100%, 100% respectively). The
ADCs for metastases were only somewhat higher
than PCNSL (2.12+ 0.87x10°> mm?/s). Dorenbech
et a., report that higzhest mean ADC value was
2.94+0.64x10™ mm?/s, found in glioblastomas.
For the metastases (1.84+0.66x10> mm?/s), the
malignant lymphomas (1.79+0.27x102 mm?/s).2
Whereas Lai et a., shows metastases are highest
ADC [13].

Mean ADC and normalized ADC value from
the wall of neoplastic lesion is 1.15 +0.31x10°3
mm?/second and 1.47+0.39x10"2 mm?/s respective-
ly, compared to 1.18+0.23x10® mm?/second and
1.52+0.35x10™> mm?/s in abscess group with non
significant p-value of 0.809 for mean ADC wall
and non significant p-value of 0.804 for normalized
ADC of wall. In study done by Alam et a., found
that the mean ADC value from the wall of the,
lesionsin neoplastic lesion is 1.17+0.10x10
mm?/second compared to 0.882 +0.11x103
mm?/second in abscess group with significant p-
value of 0.025 [3].

In our study the results for the inflammatory
lesions, the wall ADC values were not uniform.
We found the lowest ADC value in contrast en-
hanced part of the pyogenic abscess 0.922x10
mm?/s and the highest ADC wall value 1.529x10 -
3 mm?/s found in toxoplasmosis abscess.

Dorenbech et al., reported 5 abscess with wall
ADC between 0.77 and 1.20x10® mm?/s and and
one toxoplasmosis abscess of 0.93x103 mm?/sin
it's contrast enhanced part [2].

In contrast there was a significant difference
in the wall ADC values of metastatic |lesions mean
ADC of contrast enhanced part was 1.32 £0.18 x10°
® mm?®/s and 0.80+0.13x10® mm?/s found in PC-
NSL, with a cut off value, sensitivity, specificity,
positive predictive value (PPV) negative predictive
value (NPV) and p-value of: 1.035, 100%, 100%,
100%, 100% and 0.007 respectively.

Similar study done by Wang et al., involved 19
cases of brain metastasis and 12 cases of PCNSL
Cut off value 0.85, sensetivity 0.91, specificity
0.56 was reported for differentiation of metastasis
and lymphomas in the contrast enhanced part [17].

While Dorenbech found the highest wall ADC
values in the glioblastomas (1.68 +0.37x10"> mm?/s)
and the values for the malignant lymphomas, the
metastases, and the astrocytomas differed dightly,
with values between 1.25 +0.26 and 1.14+0.10x
10 mm?/s [2].

The mean ADC value of the surroundi ng edema
in our study were measured 1.40+0.11x10™ mm?/s
for abscess group and 1.59+0.31x102 mm?/s for
malignant group with insignificant p-value of 0.201.

Alam et al., descried perifocal edema mean
ADC values of 1.66+0.5x10"® mm?/second for
abscesses and 1.49+ 1.1x10°2 mm?/second for ne-
oplastic lesions with insignificant p-value of 0.061

3.

The ADCs in the surrounding T2/FLAIR hy-
perintense in all SOL was found to be overlapping
of insignificant p-value of 0.087, therefore differ-
entiation of peritumoral edema and infiltration
wasn't possible. As seen in the study by Bhandari,
Desbarats and Dorenbeck [2,12,18].

There were certain limitations of this study. It
was a single centre study which can result in se-
lection bias. Sample size was relatively small and
diffusion images were read in conjunction with
routine MRI sequences which can lead to biasin
making final diagnosis.

Brain abscess and necrotic tumours are most
of the time difficult to differentiate on routine
conventional imaging and prompt diagnosisis
important as untreated brain abscess could be lethal.
Diffusion imaging can aid in the diagnosis and
further management plan so to help in improved
patient care. It may alter the plan for biopsy and
the need for additional investigations. Although
this sequence has high sensitivity and specificity,
it should be used as addition to conventional im-
aging and not as replacement for histopathol ogy
[14].

Further more MR techniques may be used for
discrimination brain abscess from cystic or necrotic
tumors, as diffusion tensor imaging (DTI), MR
spectroscopy and perfusion weighted imaging as
well as positron emission tomography computed
tomography (PET-CT) may be helpful. The use of
these additional techniques will help to improve
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the accuracy of MR in differentiating brain abscess
from cystic or necrotic tumors.
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