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ABSTRACT
Introduction: The differentiation of rim enhancing abscess from high grade necrotic lesions
is difficult in conventional imaging. Our purpose was to assess the role of diffusion weighted
imaging of intracranial rim enhancing lesions to differentiate the etiologies.
Methods: Fifty one patients, 32 male and 19 female with mean age of 48.47 years and with
rim enhancing intracranial lesions in magnetic resonance imaging, who underwent surgery
from January 2012 to December 2012, were studied for different characteristics of the lesions
in DWI and pathologically correlated the observed findings.
Results: Out of 58 rim enhancing lesions 21 were primary brain tumor, 18 abscess, 14 metastasis
and 5 neurocysticercosis. Twenty lesions had restricted diffusion in center, 22 lesions had thin
smooth enhancing rim and 23 lesions were with low T2 complete rim. Diffusion restriction at
non enhancing center of the lesion and thin smooth enhancing rim have sensitivity and
specificity of 88.89% and 90.24% (p <0.0001) for brain abscess and 83.33% and 80.49% (p
<0.0001) for other lesions. ADC ratio of center to that of normal white matter showed
sensitivity and specificity of 88.9% and 90% respectively (p <0.0001) at cut off point of 1.09.
Lesions with thin smooth rim enhancement with diffusion restriction in non- enhancing center
are 100% specific for brain abscess.
Conclusions: On studying the different MRI characteristics of rim enhancing lesions, combining
enhancement characteristic with DWI is more helpful in coming to the proper diagnosis.
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The most common causes of rim enhancing
lesions are metastasis, abscess and high grade
glioma. Other causes include tuberculous
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granulomas, neurocysticercosis, sub-acute
phase of infarction, demyelinating disease,
resolving hematoma and radiation necrosis.1
Differentiation of peripheral rim enhancing
abscess from the rim enhancing primary tumor
or metastasis is difficult using conventional
MRI. But the correct and emergent diagnosis
is mandatory for the medical or surgical
treatment plan of life threatening but treatable
conditions like abscesses.2,3,4
None of the conventional imaging features
are specific in differentiating abscess and
tumor necrosis. Advent of Diffusion Weighted
Imaging in around 1990s has eased to some
extent in differentiating these pathologies but
is not totally specific again as there has been
reports of atypical DWI of both abscess and
tumors.5,6,7,8,9,10
So the purpose of this study was to identify
features of ring enhancing brain lesions in
conventional and DWI MRI, and evaluate
the sensitivity and specificity of different
MRI parameters in differentiating the rim
enhancing intracranial mass lesions using
histopathology as gold standard.

METHODS
After approval from the institutional review
board, this retrospective analytical study was
conducted in the Department of radiology,
The First Hospital of Jilin University, Jilin,
China.
All patients who were reported of having
rim enhancing brain lesion on MRI from 1st

January to 31st December 2012 were searched
in electronic medical record. Those patients
with Diffusion Weighted Imaging who
underwent surgery and pathological diagnosis
were coded and included in the study. Fifty
one patients with peripheral rim enhancing
lesions (58 were lesions) on preoperative MRI
were studied. Variables like thin smooth rim
enhancement and irregular rim enhancement
were studied in contrast enhanced MR. In
DWI the signal intensity of the lesion in b0,
b1000, ADC map and ADC values from the
center were measured.
Pathological results were classified as brain
abscess, primary brain tumor, metastasis and
neurocysticercosis. Pathological results were
further categorized into brain abscess and
lesions other than brain abscess. Data was
analyzed using SPSS 21.

RESULTS
Fifty one patients were studied, among them
32 (62.7%) were male and 19 (37.3 %) female
with age ranging from 4 to 80 and mean age
of 48.47 years (Table1).
Out of 58 lesions 50 were supratentorial and
8 were infratentorial, 46 patients had single
lesion whereas 5 patients had multiple lesions
(Table 2).
Out of 58 lesions studied, 21 (36.2%) were
primary tumor, 14 (24.1%) metastasis,
18 (31%) abscesses and 5 (8.6%)
neurocysticercosis (Table 3).

Table 1: Demography of rim enhancing lesions
Age
Mean
48.47±16.83
Median Range
52.00
4-80 yrs.

Sex
Male
Female
Total

Frequency
32
19
51

Table 2: Location and Multiplicity of rim enhancing lesions
Location
Frequency
Percent
Rim enhancing lesions
Supratentorial
50
86.2
Single
Infratentorial
8
13.8
Multiple
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Percent
62.7
37.3
100

Frequency
46
5
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Secondary

Primary

Table 3: Pathology of rim enhancing lesions and its frequency
Diseases
Abscess
Glioblastoma
Anaplastic oligoastrocytoma
Cellular Schwannoma
Atypical Neurocytoma
Adenocarcinoma Lung
Small cell carcinoma Lung
Squamous cell carcinoma Lung
Renal Cell carcinoma
Adenocarcinoma Rectum
Neurocysticercosis
Total

Out of 22 lesions showing uniformly
thickened rim, 15 were abscesses, 5
neurocysticercosis, 1 primary brain tumor
and 1 metastasis. Whereas, out of 36 irregular
rim enhancing lesions, 20 were primary brain
tumor, 13 secondaries and 3 abscesses. Using
Pearson’s chi-square test, significance of this
test in differentiating brain abscess and rim
enhancing lesions other than brain abscess
was <0.0001. Sensitivity, specificity, positive
predictive value and negative predictive value
of this test in differentiating brain abscess
from rim enhancing lesions other than brain
abscess were respectively 83.33%, 82.50%,
68.18% and 91.67%.
Out of 20 lesions showing restricted diffusion
in core of the lesion 16 were abscess and 4
were secondary metastases. Of 38 lesions
not showing restricted diffusion 21 were
primary brain tumor, 10 metastasis, 5
neurocysticercosis and 2 brain abscesses.
Significance of DWI in differentiating
abscess from rim enhancing lesions other than
brain abscess was <0.0001. The sensitivity,
specificity, positive predictive and negative
predictive value of DWI at center of the lesion
in differentiating brain abscess from rim
enhancing lesions other than brain abscess
were respectively 88.89%, 90.00%, 80.00%

Frequency
18
15
3
2
1
7
3
1
1
1
5
58

Percent
31

21

36.2

14

24.1

8.6
100

and 94.74%.
Mean ADC ratio of non-enhancing center to
normal white matter in brain abscess,
neurocysticercosis, primary brain tumor, and
metastasis, were 0.91, 2.89, 2.98,
2.07 respectively. AUC in ROC curve for
differentiating abscess and non-abscess group
is 0.959 with significance of <0.0001. At cut
off of 1.09 sensitivity, specificity, PPV and
NPV of the test in differentiating abscess
from non-abscess rim enhancing lesion are
respectively 88.9% and 90%.
Out of 58 rim enhancing lesions, 13 lesions
showed restricted diffusion in the center of
smooth thin rim enhancing lesion and all
were abscesses in pathological examination,
whereas in other 35 lesions, 21 were
primary brain tumor, 14 metastasis, 5
neurocysticercosis and 5 abscess. Sensitivity,
specificity, positive predictive value and
negative predictive value of restricted
diffusion at non-enhancing core with thin
smooth rim in differentiating abscess from
non-abscess were respectively 72.22%,
100%, 100%, and 88.89% (Figures 1, 2, 3,
4).
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Figure 1: Abscess: Gadolinium enhanced
T1WI showing irregular rim at 1a. Right
cerebellar hemisphere and 1b. Right
cerebral hemisphere.
Figure 3: Glioblastoma with thick irregular
rim: 3a. T1WI. 3b. T2WI. 3c. FLAIR. 3d. GdDTPA T1WI. 3e. DWI. 3f. ADC Map.

Figure 2: Abscess showing 2a. Hypointense
core in T1WI with peripheral white mater
hypointensity corresponding to edema 2b.
Hyperintense core with T2 hypointense rim
with peripheral hyperintense edema 2c.
FLAIR showing inversion of T2 hyperintense
signal of core but not that of edema. 2d. GdDTPA enhance T1WI showing smooth thin
rim. 2e. DWI showing hyperintense signal
corresponding to hypointense ADC. 2f. ADC
hypointense core.

Figure 4: Metastatic adenocarcinoma 4a.
T1WI showing bilateral lesion, on left frontal
lobe with heterogenous mass surrounded by
hypointense edema. 4b. Heterogenous mass
with surrounding hyperintense vasogenic
edema. 4c. FLAIR showing mass isointense
to grey mater. 4d. Contrast enhanced T1WI
showing peripheral rim enhancing lesion with
irregularly thickened rim. 4e. DWI showing
restricted diffusion at center. 4f. ADC map.
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DISCUSSION
In our study 16 out of 18 abscesses showed
complete diffusion restriction in the center
with sensitivity of 88.89% and specificity of
90.24% in differentiating it from nonabscesses. Two abscesses not showing
complete diffusion restriction may be due to
late cerebritis stage of the abscess with not
well established diffusion restriction in the
center or as a result of antimicrobial therapy
or due to fungal abscess.11,12,13,14 Thirteen out
of 16 abscesses showing central diffusion
restriction were having thin smooth regular
rim enhancement. Three abscesses not
showing thin smooth rim can be due to late
cerebritis stage of abscess or other causes of
abscess like fungal abscess as stated by
Luthra G et al.16 Another possibility can be
abscess within tumor cavity which already
had non-smooth inner surface.11,15,17 None of
the high grade necrotic tumor and
neurocysticercosis in our study showed both
diffusion restriction in the center and smooth
thin rim. MRS has been helpful in
differentiating abscess from high grade
necrotic tumors but time consuming and
should be reserved for the atypical cases.18,19,20
In this study most of the tumors (all of the
glioblastoma and 10 out of 14 metastasis)
did not show diffusion restriction. Diffusion
restriction in 4 of the metastasis could be due
to their internal tissue characteristics.
Mucinous secretion of adenocarcinoma
of lung, abscess with in the necrotic cyst,
fresh hemorrhage can produce restricted
diffusion. There was significant correlation
of the thick irregular enhancing rim with
tumors as compared to abscess in this study.
However, diffusion restriction at center was
more sensitive and specific as compared to
thick irregular enhancing rim to differentiate
abscesses from the tumors.
There was a statistically significant difference
in the mean non enhancing center to white
mater ADC ratio in differentiating abscess
from other rim enhancing lesions as seen in
majority of the earlier studies with slight

difference in the cut-off point and sensitivity
and specificity.3,13,21,22
In our study of MRI characterization of rim
enhancing lesions, we came across certain
limitations which were inevitable. Firstly
the total number of cases were less and
some groups like NCC were even less. In
pathological reports no description was found
about the content of cyst in case of tumor. By
studying the rim enhancing lesions we missed
diseases in different stages, specially
abscesses and NCC. MRI scans were done in
different machines, so to reduce the technical
errors we used ratio rather than absolute
numbers. Abscess with hemorrhage and
tumor with hemorrhage were still difficult to
evaluate as the rim characters were not
obvious and DWI images were under
susceptibility effect
of paramagnetic
compounds.

CONCLUSIONS:
On studying different MRI characteristics of
rim enhancing lesions, combined approach of
rim characteristic with DWI was more helpful
in coming to the proper diagnosis rather than
relying just on DWI. In atypical cases such as
restricted diffusion in center with non-smooth
rim, further examinations such as MRS can be
helpful in coming to proper diagnosis.
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