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Abstract Background Ring-enhancing lesion is one of the most common radiological findings in a
spectrum of diseases affecting the central nervous system (CNS) including infectious,
inflammatory, demyelinating, and neoplastic pathologies.
Objective The aim of this study was to analyze the clinical and radiological parameters of
pathologies presenting as ring-enhancing lesions in the brain, especially tuberculoma and
neurocysticercosis.
Materials andMethods In this study, 58 patients with ring-enhancing lesions on brain
magnetic resonance imaging (MRI) were recruited. Cases were studied for different
clinical and radiological variables. Data were analyzed using SPSS 20 version.
Results Tuberculoma is the most common pathology accounting for ring-enhancing
lesions in the brain, followed by neurocysticercosis. Seizures were present in the
majority of cases, with focal onset seizures being more common than generalized
seizures. Multiple ring-enhancing lesions were present in themajority of cases, with the
cerebral cortex being the most frequently involved site. On T2 fluid-attenuated
inversion recovery (FLAIR) sequence, 2/3rds of the neurocysticercosis cases showed
full suppression, whereas only 1/10th of tuberculoma cases showed full suppression.
On diffusion-weighted imaging (DWI), a minority of neurocysticercosis cases showed
diffusion restriction, while more than one-fifth of tuberculoma cases showed diffusion
restriction. MR spectroscopy (MRS) results showed that a normal lipid lactate peak was
observed in the majority of neurocysticercosis cases, whereas more than half of
tuberculoma cases had a high lipid lactate peak. The choline-to-creatine ratio (Chol/Cre
ratio) was less than 1.2 in one-third of neurocysticercosis cases and between 1.2 and
2.0 in two-thirds of the cases. In contrast, more than half of tuberculoma cases showed
a Chol/Cre ratio between 1.2 and 2.0.
Conclusion Tuberculoma and NCC are the two most common causes of ring-
enhancing lesions in developing world. Radiological characteristics like FLAIR
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Introduction

A wide spectrum of diseases affecting the brain present as
ring-enhancing lesions (RELs) on imaging. These disorders
include infectious, inflammatory, vascular, and neoplastic
pathologies. Distinguishing non-neoplastic causes from
neoplastic lesions is extremely important because a
misdiagnosis can lead to unwarranted neurosurgery and
exposure to toxic chemotherapy or potentially harmful
brain irradiation.1

Establishing the etiological diagnosis is difficult in many
circumstances. Diagnostic techniques, such as diffusion-
weighted magnetic resonance imaging (MRI), perfusion-
weighted MRI, magnetic resonance spectroscopy (MRS),
single-photon emission tomography, and positron
emission tomography may help in establishing the
etiology, but brain biopsy is often warranted to establish
the definitive diagnosis.

Similarly, on MRI these lesions appear as hypo-, iso-, or
hyperintense on different sequences with ring enhancement
seen on T1 MRI sequences with contrast. The lesions tend to
be of variable size and are usually surrounded by certain
amount of vasogenic edema. Typically, the RELs are located at
the junction of the gray and white matter, but they can be

present in the subcortical area, deep in the brain
parenchyma, or may even be superficial.2

The exact pathological nature of RELs is difficult to
accomplish as biopsy of such lesions is performed in
isolated cases only. Both the conditions can present as a
solitary lesion or multiple lesions.3 On conventional MRI,
most tuberculomas typically appear as solitary RELs on
gadolinium-enhanced T1-weighted (T1W) images and
infrequently as a conglomerated ring-enhancing mass.4

Neurocysticercosis (NCC) has four different stages, the
vesicular, colloidal vesicular, granular nodular, and nodular
calcified, which are recognized on imaging. It is the colloidal
vesicular and granular nodular stages that present as RELs
with perilesional edema and it could be challenging to
differentiate it from tuberculoma.5,6

As both lesions can bemanaged conservatively, it would be
ideal if an etiological diagnosis be made without biopsy. The
importance of differentiating these two etiologies cannot be
overemphasized as solitary cysticercosis granuloma is a
benign disorder that resolves spontaneously while
tuberculoma requires prolonged therapy with potentially
toxic drugs7 (►Table 1).8–11

The aim of this study was to analyze the clinical and
radiological parameters of different pathologies presenting

Table 1 Research in the last one or two decades has focused on how to improve the diagnosis of tuberculomas and NCC by utilizing
different MRI sequences

Study Features Conclusion

Pretell et al8 Studied 6 cases of NCC and 4 cases of
tuberculoma for MRS findings. Chol/Cre ratio
>1was seen in all cases of tuberculoma and in
none with NCC. High lipid peak was seen in
tuberculomas

MRS can help avoid biopsy in granulomatous
lesions of the brain

Sharma and Sharma9 Study involved 10 cases in children: 6 tuber-
culoma and 4 NCC. Cystic lesions on MRI with
dot sign in 2 cases, and amino acid peaks on
MRS were characteristic of NCC. Conglomer-
ate lesions on MRI and lipid peak onMRSwere
seen in tuberculomas

Utilized clinical and radiological parameters
for differentiating tuberculomas and NCC

Hanumaiah et al10 Studied radiological characteristics of 4
stages of NCC (vesicular, colloidal vesicular,
granular nodular, and nodular calcific) and
different stages of tuberculoma

Highlighted the radiological differentiating
features of tuberculomas and NCC
Used MTR as an additional radiological
marker as tuberculoma lesions were bright
and conspicuous on MTR in contrast to NCC

Maheshwarappa et al11 Studied the role of DWI and MRS in differen-
tiating tuberculomas from NCC

85% of tuberculoma lesions showed diffusion
restriction in contrast to none in NCC and 40%
of tuberculoma lesions showed elevated lipid
peak in contrast to none in NCC

Abbreviations: Chol/Cre ratio, choline-to-creatine ratio; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; MRS, magnetic
resonance spectroscopy; MTR, magnetization transfer ratio; NCC, neurocysticercosis.

suppression and diffusion restriction on MRI and Chol/Cre ratio and lipid peak on MRS
can substantiate the clinical parameters in distinguishing the two pathologies to a
good extent.
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as RELs and identify the possible markers that are helpful in
arriving at the etiological diagnosis in two most common
pathologies: NCC and tuberculomas.

Materials and Methods

This study was performed in the inpatient Department of
Neurology at Calcutta National Medical College & Hospital
(CNMCH), Kolkata. Fify-eight patients who presented with
RELs on MRI were included in this study. SPSS 20 software
was used as the statistical tool. Descriptive statistics, analysis
of variance (ANOVA), and Pearson’s chi-squared analysis
were the statistical methods employed to analyze the data.
NCC was diagnosed as per the revised diagnostic criteria for
NCC. Epidemiological, clinical, laboratory, and radiological
parameters were used to diagnose tuberculomas.

Results

The age spectrum of the cases ranged from 12 to 72 years
with a median age of 32.2 years (standard deviation
[SD]¼16.373). In all, 51.7% (30) of the patients were aged
between 25 and 50 years, 32.8% (19) were younger than
25 years, and only 15.5% were older than 50 years.

In our study, 56.9% (33) of the patients were females and
43.1% (25) were males. Symptom duration ranged from a
minimum of less than 1month to 12months, with amean of
3.1 months with a SD of 2.654.

Thirty-four of 58 cases were diagnosed as tuberculomas
(58.6%), 12 (20.8%) as NCC, 7 (11.9%) as neoplastic
(metastasis and astrocytoma), 2 (3.4%) as brain abscess, 2
(3.4%) as demyelinating lesions (acute disseminated
encephalomyelitis (ADEM) and tumefactive multiple
sclerosis), and 1 (1.7%) as toxoplasma (►Fig. 1).

Among patients who presented with seizure, 55.81%
(24/43) had focal to bilateral tonic–clonic seizures, 23.25%
(10/43) had focal onset seizures, and 20.93% (9/43) had
generalized onset tonic–clonic seizures.

In the tuberculoma subgroup, 52.16% (12/23) had focal to
bilateral tonic–clonic seizures, 26.08% (6/23) had focal onset
seizure, and 21.73% (5/23) had generalized onset tonic–
clonic seizures. In NCC subgroup, 45.45% (5/11) had focal

to bilateral tonic–clonic seizures, 36.36% (4/11) had focal
onset seizures and 18.18% (2/11) had generalized onset
tonic–clonic seizures (►Fig. 2).

The spectrum of nonseizure manifestations included
headache, vomiting, fever, altered sensorium, visual
disturbance, motor deficit, and cranial nerve abnormalities
in our study group.

Headache was present in 91.37% (53/58), vomiting in
51.72% (30/58), fever in 36.2% (21/58), motor deficit in
34.48% (20/58), visual disturbance in 29.31% (17/58), cranial
nerve deficit in 24.13% (14/58), and altered sensorium in
22.41% (13/58) of cases. ►Fig. 3 shows the frequency of
nonseizure manifestations in different pathologies.

In the tuberculoma subgroup, 94.11% (32/34) patients had
headache, 52.94% (18/34) each had fever and vomiting,
44.11% (15/34) had motor deficit, 32.35% (11/34) had
visual disturbance 29.41% (10/34) had cranial nerve
abnormalities, and 23.52% (8/34) had altered sensorium as
the nonseizure manifestations.

In the NCC subgroup, headache was present in 75% (9/12)
of cases, vomiting in 16.66% (2/12) cases, and visual
disturbance and motor deficit in 8.3% (1/12) cases each.

Hemiparesis, monoparesis, paraparesis, and ataxia were
the common motor deficits encountered in 34.5% (20/58) of
the study group. Hemiparesis was present in 15.5% (9/58)
cases, monoparesis and ataxia in 6.9% (4/58) each, and
paraparesis in 5.2% (3/58) of cases. Those with no motor
deficit comprised 65.5% (38/58) of the patients.

In total, 24.13% (14/58) of study participants had cranial
nerve abnormality in the form of involvement of the
oculomotor nerve and abducens nerve. Bilateral abducens
paresis was present in 10.3% (6/58) of patients, followed by
unilateral abducens nerve involvement in 8.6% (5/58) and
unilateral oculomotor nerve paresis in 5.2% (3/58) of cases.

Abnormal fundus examination was associated with
36.20% (21/58) of studied participants. Choroid tubercles,
optic neuritis, and papilledema were the common
abnormalities encountered in direct ophthalmoscopy.

Papilledema was present in 15.5% (9/58) of patients,
choroid tubercles in 13.8% (8/58), optic neuritis in 3.4%
(2/58), and choroid tubercles with papilledema in 3.4%
(2/58) of the studied subjects.

In the tuberculoma subgroup, 26.47% (9/34) of patients
had chest X-ray abnormalities. Five of 34 (14.7%) patients had
concurrent military tuberculosis, 5.88% (2/34) had upper
zone opacity, and mediastinal widening with or without
upper zone opacity was seen in 2.94% (1/34) of patients.

Lesion burden with a ring enhancement pattern in T1W
MRI with gadolinium contrast was observed among studied
participants. Patients with multiple RELs comprised 55.17%
(32/58) of the patients, 27.58% (16/58) had single lesions,
13.78% (8/58) had conglomerated lesions, and 3.44% (2/58)
had an incomplete ring enhancement pattern (►Fig. 4).

The pattern of ring enhancement of lesions in different
pathologies is depicted in ►Fig. 5.

In the tuberculoma subgroup, 85.29% (29/34) patients had
multiple RELs with 23.52% (8/34) showing conglomeration
and 14.7% (5/34) single RELs. In the NCC subgroup, 58.33%

Fig. 1 Frequency of different etiologies in our studied participants.
NCC, neurocysticercosis.
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(7/12) of patients had single lesions and 41.66% (5/12) had
multiple nonconglomerated enhancement patterns. In the
neoplastic subgroup, 71.4% (5/7) had multiple lesions and
28.57% (2/7) had single lesions. Among the abscess subgroup,
both cases had solitary lesions. All the lesions in the

demyelinating group had incomplete ring enhancement
patterns. The solitary case of toxoplasma in our group had
multiple ring enhancement patterns.

The number of lesions in the studied participants ranged
from a minimum of 1 lesion per patient to a maximum of 24

Fig. 2 Proportion of seizure types in different etiological categories. NCC, neurocysticercosis.

Fig. 3 Distribution of nonseizure manifestations in different pathological subgroups. NCC, neurocysticercosis.
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lesions per patient with a mean of 4.5 lesions per patient
(SD¼4.152) with a total of 287 counted lesions.

The maximum mean number of lesions per patient was
observed in the tuberculoma subgroup with a median of 6
lesions per patient. followed by demyelinating (5), neoplastic
(4), NCC (3), toxoplasma (2), and abscess (1). The size of RELs
ranged from a minimum of 1mm to a maximum of 70mm
with a mean size of 21.79mm (SD¼1.64).

The mean size of the lesion in the tuberculoma subgroup
was 1.98 cm and that in the NCC subgroup was 0.76 cm. In
other etiologies like abscess, themean sizewas 4.6 cm; it was
4.3 cm in neoplastic lesions, 2.5 cm in demyelinating lesions,
and 5.00 cm in toxoplasmas.

►Fig. 6 depicts the size of lesions in different pathological
subgroups. In the tuberculoma subgroup, 50% (17/34) of
cases had size less than 2 cm, 44.11% (15/34) had lesion

Fig. 5 Distribution of lesion burden with contrast enhancement pattern in different pathologies. NCC, neurocysticercosis.

Fig. 4 Pattern of lesions among study participants in percentage.
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size between 2 and 4 cm, and 5.88% (2/34) had a diameter
greater than 4 cm. In the NCC subgroup, all cases had a size
less than 2 cm in diameter.

Cerebral hemispheres, basal ganglia, brain stem,
cerebellum, and ventricles were the sites involved in the
studied patients with RELs as depicted in ►Fig. 7. In the
tuberculoma subgroup, 91.17% (31/34) patients had lesions
in the cerebral hemispheres, 14.7% (5/34) had brain stem,
and 11.76% (4/34) had cerebellar involvement.

In the NCC subgroup, all patients (100%) had cerebral
hemispheric involvement with 8.33% (1/12) each having
brain stem, cerebellar, and intraventricular involvement. In

all, 85.71% (6/7) of the neoplastic subgroup had cerebellar
hemispheric involvement, 28.57% (2/7) cerebellar, and 14.28%
(1/7) brain stem involvement. Two of the brain abscesses and
demyelinating lesionswere localized to cerebral hemispheres.
The patient with toxoplasma had lesions distributed in the
cerebral hemispheres and basal ganglia.

Different sequences of MRI such as T1W, T2-weighted
(T2W), T2 fluid-attenuated inversion recovery (FLAIR),
diffusion-weighted imaging (DWI), and MRS characteristics
were studied among the tuberculoma and NCC subgroups.
Among12 studiedNCC subjects,marked T1hypointensitywas
seen in 8 cases (66.67%), hypointensity in 3 (25%), and

Fig. 7 Regional distribution of lesions in different pathologies. NCC, neurocysticercosis.

Fig. 6 Distribution of lesion size in different diagnostic categories. NCC, neurocysticercosis.
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isointensity in 1 (8.34%). Among 34 cases of tuberculoma, 23
(67.64%) showed hypointensity, 10 (29.41%) were isointense,
and 1 (2.94%) had marked hypointensity on T1 sequences
(►Table 2).

On T2 sequence MRI, the NCC subgroup showed
hyperintensity in 11/12 (91.67%) subjects and 1 (8.33%)
showed hypointensity. In the tuberculoma subgroup, 32 of
34 (94.12%) subjects showed hyperintensity and 2 (5.88%)
showed hypointensity (►Table 3).

On T2 FLAIR sequence, 8 of 12 (66.67%) patients with NCC
diagnosis showed full fluid suppression and 4 (33.34%)
subjects showed no suppression. In the tuberculoma
subgroup, 21 of 34 (61.76%) patients had no fluid
suppression, 9 of 34 (26.47%) had partial suppression, and
4 of 34 (11.76%) showed full fluid suppression (►Table 4).

On DWI in the NCC subgroup, only 1 of 12 (8.33%) showed
diffusion restriction and 7 of 34 (20.58%) tuberculoma cases
showed diffusion restriction (►Table 5).

On MRS, lipid lactate peak and choline-to-creatine ratio
(Chol/Cre ratio) were compared between the NCC and
tuberculoma subgroups. A normal lipid lactate peak was
observed among 10 (83.33%) of 12 subjects in the NCC
subgroup. Among patients with tuberculoma, half (50%) of
the cases showed high lipid lactate peak (►Table 6).

The mean Chol/Cre ratio in the NCC and tuberculoma
subgroups was 1.05 (SD¼0.162) and 1.96 (SD¼0.451),
respectively. The Chol/Cre ratio was less than 1.2 in four
subjects and between 1.2 and 2.0 in eight subjects in the NCC
subgroup. Among the patientswith tuberculoma, 20 patients
showed a Chol/Cre ratio between 1.2 and 2.0, 13 had a ratio of
more than 2, and 1 had a ratio of less than 1.2 (►Table 7).

In theNCCsubgroup, themeancerebrospinalfluid (CSF) cell
counts were 8.33 (SD: 11.396), mean protein was 44.5mg/dL
(S.D¼16.138), and mean CSF sugar 70.92mg/dL (SD¼6.788).
Among the tuberculoma subgroup, the mean CSF cell counts
observedwere 27 (SD¼23.286) with themean CSF protein of

80.56mg/dL (S.D¼47.62) andmean CSF sugar of 61.41mg/dL
(SD¼20.55).

The CSF cell counts, protein, and sugar were abnormal
only in 16.67% of the NCC subgroup, whereas in the
tuberculoma subgroup, the CSF cells were abnormal in
76.47%, protein in 91.17%, and sugar in 91.17% (►Table 8).

►Figs. 8 and 9 show sample cases from the study
reflecting tuberculomas and NCC, respectively.

Discussion

The age of study participants ranged from12 to 72 yearswith
a median age of 32.2 years. Thirty-four of 58 cases were
diagnosed as tuberculomas (58.6%) and 12 (20.8%) as NCC, 7
(11.9%) as neoplastic (metastasis and astrocytoma), 2 (3.4%)
as brain abscess, 2 (3.4%) as demyelinating lesions (ADEM
and tumefactive multiple sclerosis), and 1 (1.7%) as
toxoplasma. In a CT study of 110 patients with multiple
enhancing brain lesions, Garg et al reported the infectious
pathology as the most common etiology with tuberculoma
having an incidence of 27% followed by NCC 9.09%. Forty-five
cases in this particular study remained undiagnosed after the
initial workup.12

However, a study by Schwartz et al13 reported that 40%
were gliomas, 30% metastases, 8% abscesses, and 6%
demyelinating disease among 221 RELs in MRI, suggesting
neoplastic etiology as the commonest in their studied group.
This difference can be due to the low prevalence of infectious
diseases in the western world.

Among all patients with RELs, seizures were reported in
nearly 75% at presentation. Garg et al12 reported seizures as
the presenting symptom in 39% of cases. However, in a study
of the pediatric population by Varma et al,14 seizures were
reported in 98% of cases at presentation, which could be
attributed to a physiologically increased epileptogenic
potential in the early developmental phases. In our study,

Table 2 T1-weighted MRI characteristics between the NCC and tuberculoma subgroups

Diagnosis T1 Total p-value

Hypo (N) Iso (N) Marked hypo (N)

NCC 3 1 8 12 0.001

Tuberculoma 23 10 1 34

Total 26 11 9 46

Abbreviations: MRI, magnetic resonance imaging; NCC, neurocysticercosis.

Table 3 T2-weighted MRI characteristics between the NCC and tuberculoma subgroups

Diagnosis T2 Total p-value

Hyper (N) Hypo (N)

NCC 11 1 12 0.768

Tuberculoma 32 2 34

Total 43 3 46

Abbreviations: MRI, magnetic resonance imaging; NCC, neurocysticercosis.
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Table 5 DWI MRI characteristics between the NCC and tuberculoma subgroups

Diagnosis DWI Total p-value

No restriction (N) Restriction (N)

NCC 11 1 12 0.659

Tuberculoma 27 7 34

Total 38 8 46

Abbreviations: DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; NCC, neurocysticercosis.

Table 6 Lipid lactate peak in MRS between the NCC and tuberculoma subgroups

Diagnosis Lipid lactate Total p-value

Normal (N) High (N)

NCC 10 2 12 0.044

Tuberculoma 17 17 34

Total 27 19 46

Abbreviations: MRS, magnetic resonance spectroscopy; NCC, neurocysticercosis.

Table 4 T2 FLAIR MRI characteristics between the NCC and tuberculoma subgroups

Diagnosis T2 FLAIR Total p-value

Full suppression (N) No suppression (N) Partial suppression (N)

NCC 8 4 0 12 0.001

Tuberculoma 4 21 9 34

Total 12 25 9 46

Abbreviations: FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; NCC, neurocysticercosis.

Table 7 Chol/Cre ratio in MRS between the NCC and tuberculoma subgroups

Diagnosis Chol/Cre ratio Total p-value

Less than 1.2 Between 1.2 and 2 More than 2

NCC 4 8 0 12 0.002

Tuberculoma 1 20 13 34

Total 5 28 13 46

Abbreviations: Chol/Cre ratio, choline-to-creatine ratio; CSF, cerebrospinal fluid; MRS, magnetic resonance spectroscopy; NCC, neurocysticercosis.

Table 8 Descriptive statistics of CSF cell counts, protein, and sugar in the NCC and tuberculoma subgroups

Diagnostic category CSF cells Protein Sugar

NCC Mean 8.33 44.5000 70.92

N 12 12 12

Standard deviation 11.396 16.13860 6.788

Tuberculoma Mean 27.00 80.5588 61.41

N 34 34 34

Standard deviation 23.286 47.62555 20.553

Total Mean 22.13 71.1522 63.89

N 46 46 46

Standard deviation 22.318 44.53412 18.408

p-value 0.011 0.014 0.125

Abbreviations: CSF, cerebrospinal fluid; NCC, neurocysticercosis.
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41.47% of patients presented with focal to bilateral tonic–
clonic seizures, 17.24% had focal onset seizures, 15.51% had
generalized onset tonic–clonic seizures, and 25.86% did not
report any seizures. In a similar study, Gandhi and Khalid15

reported focal onset seizures in 32.5%, secondary generalized
seizures in 27.5%, and generalized seizures in 40% of cases.

Out of the two most prevalent etiologies of RELs in our
study, NCC had the highest seizure incidence at presentation,
seen in 92% of cases, while in the tuberculoma group, the
incidence was reported to be 68%. The proportion of focal
onset seizures with or without generalization was 77% in
NCC and approximately 81% in tuberculoma, with
statistically insignificant results. Carpio et al16 reported a
seizure incidence of 58.1% in a study of NCC. In a study of
seizures in tuberculous meningitis by Misra et al,17 seizures
were reported in 34.2% of cases, and tuberculomawas seen in
38.5% of seizure cases. In another study of tuberculous
meningitis with or without tuberculomas by Song et al,18

seizures were reported in 20.3% cases, with focal seizures
seen in 23.9%. A slightly higher seizure frequency for
tuberculomas in our study could be attributed to an
overall higher chance of seizures in parenchymal
tuberculomas compared with tuberculous meningitis in
isolation.

Among all the patients with RELs, headache was present
in 91.37%, vomiting in 51.72%, fever in 36.2%, motor deficit in
34.48%, visual disturbance in 29.31%, cranial nerve deficit in
24.13%, and altered sensorium in 22.41% of cases. Our
findings are consistent with the results from other studies.
Garg et al reported the frequency of headache in a study of
multiple RELs to be 88%, vomiting to be 59%, fever to be 21%,
motor deficit to be 29%, cranial nerve palsy to be 8%, and
altered sensorium to be 35%.12 Wasay et al in a similar study
reported fever in 79% of patients, decreased consciousness in
60%, headache in 57%, and nausea and vomiting in 53% of the
patients.19

In the tuberculoma subgroup, 94.11% of patients had
headaches, 52.94% each had fever and vomiting, 44.11%
had a motor deficit, 32.35% had visual disturbance, 29.41%
had cranial nerve abnormalities, and 23.52% had altered
sensorium as the nonseizure manifestations. Harder et al,
in a studyof intracranial tuberculomas, reported headache in
60%, multiple symptoms including visual disturbance and
ataxia in 70%, and fever in 25%.20

In the NCC subgroup, headache was present in 75% of
cases, vomiting in 16.66% cases, and visual disturbance and
motor deficit in 8.3% cases each. In a study of NCC from
Eastern India, Bhattacharjee et al reported headache with a
frequency of 63.2% and cranial nerve deficit in 10.5%.21 In a

Fig. 8 Hyperintense lesion on T2 fluid-attenuated inversion recovery
(FLAIR) image involving (a) a part of the left medial temporal lobe and
adjacent midbrain in a patient of tuberculous meningitis. (b,c) Focal
meningeal enhancement in the same region with exudates on axial T1
with contrast and additional contrast enhancing lesions, the one in
the left frontal lobe depicting conglomeration. (d) Restricted
diffusion lesion seen in the left thalamus on diffusion-weighted
imaging (DWI) indicating an acute infarction secondary to tubercular
endarteritis.

Fig. 9 Multiple hypointense lesions with a central dotlike
hyperintensity on (a) axial T1-weighted image (T1WI) in a patient
diagnosed with neurocysticercosis (NCC). The same lesions showing
hyperintense signal with central hypointensity on (b) axial T2WI with
(c) full fluid-attenuated inversion recovery (FLAIR) suppression. (d)
Multiple lesions at a higher level on axial T1WI after gadolinium
administration showing ring enhancement pattern, some of them
showing eccentric dots characteristic of scolex.
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study of NCC in the pediatric population, Balaji reported
headache with vomiting in 15.4% of cases and altered
sensorium in 5.8% cases.22

Hemiparesis, monoparesis, paraparesis, and ataxia were
the common motor deficits encountered in 34.5% of the
study group. Hemiparesis was present in 15.5%,
monoparesis and ataxia in 6.9% each, and paraparesis in
5.2% of cases. In all, 65.5% had no motor deficit. Hemiparesis
was reported as the most common motor deficit (80%),
followed by monoparesis (20%) in a similar study by
Gandhi and Khalid.15

Abnormal fundus examination was associated with
36.20% (n¼21/58) of studied participants.

Papilledema was present in 15.5% of patients, choroid
tubercles in 13.8%, optic neuritis in 3.4%, and choroid
tubercles with papilledema in 3.4% of the studied subjects.
Garg et al reported papilledema in 5% of cases presenting
with RELs.12 Kent et al reported choroid tubercles in 7% of
cases in a study of tuberculous meningitis.23

MRI studyof the participants in our study revealed 55.17%
of patients had multiple discrete RELs, 27.58% had single
lesions, 13.78% had conglomerated lesions, and 3.44% had
multiple incomplete RELs. The incidence of solitary and
multiple lesions in the study by Gandhi and Khalid was 90
and 10%, respectively.15 Similarly, Varma et al reported the
incidence of solitary lesions to be 77.1% and multiple lesions
to be 22.9%.14

In the tuberculoma subgroup, 61.76% of patients had
multiple discrete RELs, 23.52% had conglomeration, and
14.7% had single RELs. In the NCC subgroup, 58.33% of
patients had single lesions and 41.66% had multiple discrete
RELs. In the neoplastic subgroup, 71.4% had multiple lesions
and 28.57% had single lesions. All the lesions in the
demyelinating group had an incomplete ring enhancement
pattern. The median number of lesions in the tuberculoma
subgroup was six and that in the NCC subgroup was four. Our
findings match with the observations drawn from other
studies. Wasay et al, in a study of 100 tuberculoma cases,
found 31% of cases having single lesions and 69% having
multiple lesions.19 Bhattacharjee et al while studying NCC in
children reported 71.1% of lesions to be solitary and 28.9% of
the lesions to bemultiple.21Kimet al in a small study reported
the incidence of conglomerate lesions in tuberculoma to be
100%.4 Conglomerate lesions are, however, not considered
pathognomonic of tuberculomas and have been reported to
be equally frequent in NCC. Garg et al in a large study of NCC
showed conglomeration to occur with a frequency of 58%.24

Themean size of lesions in the tuberculoma subgroupwas
19.8mm and that in the NCC subgroup was 7.6mm. In the
tuberculoma subgroup, 50% of cases had a size less than 2 cm,
44.11% had lesion size between 2 and 4 cm, and 5.88% had a
diameter greater than 4 cm. In the NCC subgroup, all cases
had a size less than 2 cm in diameter (p¼0.009), signifying a
strong association between size and the etiology. In a similar
study, Patil et al showed that 66% of all the RELs were less
than 2 cm in size, 26%were between 2 and 4 cm, and 8%were
more than 4 cm.25 The size distribution of lesions in
tuberculoma in the study by Wasay et al was as follows:

86% lesions were less than 1 cm, 11% lesions were between 1
and 3 cm, and 3% lesions were greater than 3 cm.19 Sonmez
et al in a similar study of tuberculoma patients reported 90%
of the lesions to be less than 2.5 cmand only 10% lesionswere
greater than 2.5 cm.26 All these studies, including ours,
depict the correlation of smaller-sized lesions with NCC.

Cerebral hemispheres, basal ganglia, brain stem,
cerebellum, and ventricles were the sites involved in the
studied patients with RELs. In the tuberculoma subgroup,
91.17% of patients had lesions in the cerebral hemispheres,
14.7% had brain stem, and 11.76% had cerebellar
involvement. The incidence of supratentorial distribution
of tuberculoma lesions in the study by Arseni was 33.33%,
while cerebellar and brainstem distribution was 62.18 and
4.47%, respectively.27

In the NCC subgroup, all patients (100%) had cerebral
hemispheric involvement, with 8.33% having additional
involvement of brain stem or cerebellar or intraventricular
regions. Thesefindingsmatchwith the results from the study
of NCC by Bhattacharjee et al who also reported the lesion
distribution to be supratentorial in 100% of cases.21 Garg
et al, in a similar study of NCC cases, reported 96% of the
lesion distribution to be supratentorial, 3% to be brainstem,
and 1% to be cerebellar.24 Observations from these studies
including ours show that tuberculomas tend to have a higher
prevalence of infratentorial distribution than NCCs.

Out of a total of 64 lesions of NCC, 38 lesions were
vesicular, 8 colloidal, 10 granular–nodular and, 8 calcified.
Nine cases had lesions in two or more stages, whereas the
rest had vesicular stage lesions only.

OnT1 sequences, 82.75%of all the lesionswerehypointense
and 17.25% of the lesions were isointense, while on T2W
imaging (T2WI), 91.37% lesions were hyperintense, 3.44%
were isointense, and 5.17% were hypointense. A comparison
was made between the two most prevalent etiologies:
tuberculoma and NCC subgroups. In the NCC subgroup,
66.66% were markedly hypointense on T1 sequences, 25%
were slightly hypointense, and 8.33% were isointense. In the
tuberculoma subgroup, only 2.94% of lesions were markedly
hypointense, 67.64% were slightly hypointense, and 29.41
were isointense (p¼0.001). On T2 sequences, 91.66% of the
lesions in the NCC subgroup were hyperintense and 8.33% of
the lesions were hypointense. Among the tuberculoma
subgroup, 94.11% of the lesions were hyperintense and
5.88% were hypointense (p¼0.768). On T2 FLAIR sequence,
66.66% of NCC lesions showed FLAIR suppression, that is,
became hypointense as CSF signal and 33.33% showed no
suppression. Among the tuberculoma subgroup, 61.76% of
lesions had no FLAIR suppression, 26.47% had partial
suppression, and only 11.76% showed full suppression
(p¼0.001). On DWI, the frequency of diffusion restriction
lesions in NCC and tuberculoma was 8.33 and 20.58%,
respectively. Our results are consistent with the data from
other studies (p - 0.659).

Parry et al,28 in a similar study, showed 100% of NCC
lesions to be hypointense on T1W images and hyperintense
on T2WIs reflecting the vesicular nature of all the lesions. In
the same study, in the tuberculoma group, 61% of the lesions
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were isointense on T1 and 39% were hypointense. On T2W
sequences, 38.4% of tuberculoma lesions were hypointense
on T2 and 61.6% were hyperintense on T2. The authors also
concluded that diffusion restriction was rare in NCC as
compared with tuberculomas (mean apparent diffusion
coefficient [ADC] value NCC vs. tuberculoma¼1.64 vs.
1.027).28 In a radiological study for the utility of MRI and
MRS in distinguishing tuberculomas from NCC,
Maheshwarappa et al found no diffusion restriction in NCC
lesions, while diffusion restriction was noted in 82.35% of
tuberculoma lesions.11 T2 FLAIR suppression was noted in
75% of NCC lesions by Thite et al.29 Patil et al, in a similar
study, showed all the lesions in the NCC to be hypointense on
T1W images and hyperintense on T2WI with 57.89% of the
lesions showing T2 FLAIR suppression.25 Findings from all
these studies show that NCC lesions are usually hypointense
on T1, hyperintense on T2, with the majority of the lesions
showing T2 FLAIR suppression—higher in vesicular than
colloid stage and no diffusion restriction. In contrast,
tuberculomas can be hypo- or isointense on T1 depending
on the presence or absence of caseous necrosis, hyperintense
on T2 with minimal or no FLAIR suppression, and a
proportion of lesions showing diffusion restriction.

Out of 64 lesions in theNCC group, 18 (28.1%) lesionswere
thick walled and 38 lesions were thin walled, whereas in the
tuberculoma group, 186 of 244 lesions (76.22%) were thick
walled.

Significant surrounding edema was noted in 26 (40.6%)
lesions in the NCC group and 192 (78.6%) lesions in the
tuberculoma group. Central dot sign or target signwas noted
in 15.2% of tuberculoma lesions. Eccentric and central dot
signs in combination were seen in 35% of NCC lesions, with
eccentric dots being more frequent. However, the results
were not statistically significant.

On MRS, lipid lactate peak and Chol/Cre ratio were
compared between the NCC and tuberculoma subgroups.
Elevated lipid lactate peakwas observed in 16.67% in theNCC
subgroup and it was normal in 83.33%. In the tuberculoma
subgroup, half of the patients had high lipid lactate peaks
(p¼0.044).

The Chol/Cre ratiowas less than 1.2 in 33.33% and between
1.2 and 2.0 in 66.66% of subjects in the NCC subgroup.
However, 58.82% of patients in the tuberculoma subgroup
showed a Chol/Cre ratio between 1.2 and 2.0, while 38.23%
showeda ratio greater than2and1 casewas reported to have a
ratio of less than 1.2 (p¼0.002). Themean Cho/Cre ratio in the
tuberculoma subgroup was 1.95 and in the NCC subgroup, it
was 1.06. The results from the study by Parry et al showed 75%
of the tuberculoma lesions showing elevated lipid peak, with
41.67%alsodemonstratingelevated lactatepeak,whilenoneof
the lesionsdemonstrated tohaveelevated lipidpeak.However,
elevated lactate peak was seen in 33.33% cases. In the same
study, the author reported a mean Chol/Cr ratio of 0.95 and
1.36 in the NCC and tuberculoma subgroups, respectively.28

Similarly, in the study by Maheshwarappa et al,11 none of the
NCC lesionswere found to have elevated lipid peak, but 94.11%
of tuberculoma lesions were demonstrated to have elevated
lipid peaks. In the same study, the Cho/Cre ratio was reported

as normal in all cases of NCC and elevated (>1) in 41.17% of
tuberculomas. All these studies have come to the conclusion
thatNCC lesionsshownormalMRSfindings,whilea significant
proportion of tuberculoma lesions show elevated lipid peak
and mildly elevated Cho/Cre ratio.

CSF cell count was abnormal in 60.3% and elevated protein
was seen in 75.9% of cases. On comparing the CSF results
among the tuberculoma and NCC groups, minimal
abnormalities were observed in the NCC group. CSF cell
count and protein were abnormal in 16.66% of NCC cases,
whereas in the tuberculoma subgroup, cell count was
abnormal in 76.47% of cases and CSF protein was elevated
in 91.17% of cases. Our results are different from those shown
by Garg et al in their study of multiple RELs. The authors
reported abnormal CSF in only 18% of cases.12Morales et al in
a study of NCC reported normal CSF analysis in 58.3% and
elevated protein in 37.5%.30 The CSF cell count has been
reported to be elevated in the range of 100 to 500 cells/µL in
tuberculous meningitis.31 However, it is expected to be low
in tuberculomas without meningitis.

Conclusion

RELs include a diverse spectrum of pathologies. Establishing
the definitive diagnosis remains a challenge particularly in
centers lacking the facility for less invasive stereotactic
biopsy. Tuberculoma was the most common diagnosis with
58.6% of cases, followed by NCC (20.8%). The frequency of
seizure at presentation in our study was 74.14%, with focal
seizure being the most common seizure. NCC had a slightly
higher frequency of seizures as compared with tuberculoma
(91.66 vs. 67.65%). Nonseizure manifestations included
headache, vomiting, fever, altered sensorium, visual
disturbance, motor deficit, and cranial nerve
abnormalities. Cerebral hemispheres, basal ganglia, brain
stem, cerebellum, and ventricles are the sites involved in
the studied patientswith RELs. The characteristic features on
different MR sequences andMRS can aid in making a reliable
diagnosis and distinguishing between tuberculoma andNCC.
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