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A B S T R A C T

Purpose: To differentiate intra-axial tuberculomas (TB) from metastases based on quantitative differences in the perfusion and diffusion indices of lesion and
perilesional edema using arterial spin labeling (ASL) and diffusion tensor imaging (DTI) techniques.
Materials and methods: This prospective study included newly diagnosed untreated 12 patients of TB and 13 of metastases who underwent routine magnetic res-
onance imaging including DTI and ASL sequences. A region of interest analysis was performed and cerebral blood flow (CBF) values of lesion (L), perilesional
edema (PE), and normal contralateral white matter (CWM) were calculated. To account for individual patient variation CBF values were normalized (n) to CWM
to obtain the nCBFL and nCBFPE ratios. Similarly, DTI data was processed to obtain fractional anisotropy (FA), mean diffusivity, radial diffusivity, and axial diffu-
sivity values from the lesion and PE.
Results: Metastatic lesions revealed statistically significant (p = 0.001) high values of median nCBFL than TB whereas the difference in the median nCBFPE was
not statistically significant (p = 0.174). TB showed higher median FAL compared to metastases (p = 0.031) while no statistically significant difference was found
in mean values of other diffusion parameters such as mean diffusivity, radial diffusivity and axial diffusivity. Analysis by the receiver operating characteristic
curve method revealed a cut-off value of �2.865 for nCBFL (Sensitivity = 0.85, Specificity = 0.84, positive predictive value (PPV) = 0.85, Negative predictive value
(NPV) = 0.83) and �0.073 for FAL (Sensitivity = 0.77, Specificity = 0.58, PPV = 0.67, NPV = 0.70) in differentiating metastases from TB.
Conclusion: Combined analysis of noncontrast ASL perfusion and DTI technique may markedly benefit in differentiation of TB from metastases.
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Introduction

Central nervous system (CNS) tuberculosis (TB) is one of the major
causes of morbidity and mortality in developing countries. TB is also at a
rising trend in the developed countries especially in underlying human
immunodeficiency virus infection. CNS TB accounts for about 1% of all TB
infections, causing neurological deficits which mandates early diagnosis
and treatment to avoid permanent damage. Intracranial tuberculomas
are classically conglomerated lesions composed of a central caseation
necrosis surrounded by a zone of fibroblasts, Langhans giant cells, and
lymphocytes.1,2 It often presents as a diagnostic challenge and may
resemble many other infectious and noninfectious conditions such as
metastasis, lymphoma, gliomas, abscess, demyelinating lesions, and
other infective granulomas. Metastatic lesions are usually multiple,
located near the gray-white matter junction and often with a known
background history of systemicmalignancy. Approximately 30% of meta-
static lesions can manifest as a single intracranial lesion and in some
cases as the initial clinical presentation of systemic malignancy.3 Both
tuberculomas and metastases are among the most common differential
diagnosis of ring enhancing lesions. It is essential to differentiate
between tuberculoma and metastasis to guide the proper management
and prognosis. On conventional magnetic resonance imaging (MRI), both
do have some specific imaging features, however none is found to be
unique in distinguishing these as both can present as single or multiple
ring or nodular-enhancing lesions with perilesional white matter edema.
Even onMagnetic resonance spectroscopy (MRS), both lesions show lipid
peaks and the spectra may not be useful in presence of small lesions,

http://crossmark.crossref.org/dialog/?doi=10.1067/j.cpradiol.2018.09.003&domain=pdf
mailto:neetu_soni06@yahoo.co.in
https://doi.org/10.1067/j.cpradiol.2018.09.003
https://doi.org/10.1067/j.cpradiol.2018.09.003
https://doi.org/10.1067/j.cpradiol.2018.09.003
http://www.cpdrjournal.com


548 N. Soni et al. / Current Problems in Diagnostic Radiology 48 (2019) 547�553
intralesional calcifications, and hemorrhage.4,5 Guided biopsy is done in a
few cases for the confirmation; however, in most of the cases, a trial of
anti tubercular treatment (ATT) is given which delays in management
for those who harbor metastasis. Recently, advanced MRI techniques
such as perfusion and diffusion tensor imaging have been investigated in
many conditions to assess their utility.

Arterial spin labeling (ASL) is a nonionizing and noninvasive MR
perfusion technique measures tissue perfusion (blood flow) by using
magnetically labeled arterial blood water protons as an endogenous
tracer. These benefits make ASL very suitable for perfusion studies in
healthy individuals, patients with renal insufficiency and for repeti-
tive follow-ups. In brain lesion evaluation, dynamic susceptibility
contrast (DSC) is favoured over ASL because of rapid data acquisition
and routine contrast use. However, cerebral blood flow (CBF) quanti-
fication in DSC is affected by T1 and T2 effects of blood-brain barrier
(BBB) disruption and susceptibility artifacts which are less common
with ASL. Multiple prior studies have shown a very strong correlation
between ASL and DSC-MRI derived perfusion parameters for evalua-
tion of brain tumours and support the possibility that ASL can be
used as an alternative to DSC-MRI.6,7 Two studies have shown perfu-
sion changes by measuring relative cerebral blood volume (CBV) and
CBF in lesion and perilesional edema using DSC MRI in differentiating
cerebral metastasis from tuberculoma.8,9 DTI (Diffusion Tensor Imag-
ing) provides tissue microstructural information by measuring the
average and directional water diffusivity for a given voxel in terms of
MD (mean diffusivity) and FA (fractional anisotropy). White matter
(WM) tracts show greater degrees of anisotropy and one of the main
roles of DTI is to give precise information about the involvement and
integrity of the white matter tracts in the immediate region
FIG 1. MRI images of a 48 years female with brain metastases from breast carcinoma: (A)
edema in right frontal region (B) T1WI postcontrast showing target like peripheral enhancem
(nCBFL = 5.64) in the lesion (1,2,3 ROIs placed over region showing highest perfusion) and lo
showing low FA in both lesion FAL = 0.05 and perilesional region Fractional anisotropy of per
surrounding tumors. FA is sensitive to microstructural integrity and
MD sensitive to cellularity, edema, and necrosis. Axial diffusivity (AD)
correlates to axonal density and decreases in axonal injury while
radial diffusivity (RD) increases in WM demyelination.10-12

Understanding the perfusion and diffusion characteristics of tuber-
culomas and metastasis using ASL and DTI techniques respectively,
may help in increase the degree of confidence of their diagnosis. In this
study, we hypothesized that a combination of ASL (CBF) and DTI
(FA, MD, AD and RD) parameters can assist in better differentiation of
brain metastases from tuberculomas. We also assessed the feasibility
of ASL as an alternative to DSC in differentiating bothwhen needed.

Materials and Methods

Subject

This study protocol was approved by the ethics committee of our
institution and all subjects provided written informed consent. In this
prospective study (July 2015 to Dec 2016), we consecutively collected
newly diagnosed 25 patients (age range of 18-65 years and
M: F-8:17) of single or multiple intracranial lesions with perilesional
edema detected primarily either on CT or MRI, referred for MRI to
plan the clinical management. Twelve of them were diagnosed as
intracranial tuberculomas (age range 18-30 years; M:F-3:9) and 13 as
metastases (age range 41-50 years; M:F-5:8). Patients with brain
metastases fulfilled the following conditions: (1) intracranial lesion(s)
with perilesional edema, (2) presence of primary cancer, (3) no sign
of tuberculosis, cryptococcosis, toxoplasmosis, or other infectious/
granulomatous diseases, and (4) higher serum tumor marker if the
T2-weighted imaging (T2WI) showing isointense lesion (red arrow) with perilesional
ent (green arrow) (C) ASL perfusion map axial image showing highest normalized CBF
wer CBF (nCBFPE = 0.76) in immediate perilesional edema (4,5,6 ROIs). (D) DTI-FA map
ilesional edema (FAPE) = 0.13. (Color version of figure is available online.)
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primary cancer secreted a specific tumor marker. Of the 13 metastatic
brain lesions, 8 cases had histopathologically proven primary carci-
noma breast, 4 cases of primary carcinoma lung and one rare case of
parathyroid carcinoma. Patients with intra-cranial tuberculosis satis-
fied the following diagnostic criteria: (1) elevated DNA of tuberculosis
in the CSF, (2) active tuberculosis proven from the lung imaging and
sputum, (3) no evidence of primary cancer, (4) no sign of cryptococ-
cosis, toxoplasmosis, or other infectious/granulomatous diseases in
the serum test or CSF test. We excluded patients with any form of
prior specific medical or surgical treatment, unknown disease, and
lesion less than 0.6 cm.
MRI Study

All patients underwent MR imaging on a 3T MR scanner (Signa
HDXT, General Electric, and Milwaukee), using a 12-channel head
coil. Following routine MR sequences were planned � Axial T2, T1/
T2FLAIR, Diffusion weighted imaging (b value = 1000 mm2/sec) and
postcontrast T1. In addition, whole brain three-dimensional pseudo-
continuous ASL (3D PCASL) sequence was acquired with the
hypothesis that one can differentiate between these two closely mim-
icking lesions without using contrast perfusion studies such as
DSC.8,9 3D PCASL was acquired using following parameters: labeling
FIG 2. MRI images of a 58 years male with brain metastases from primary lung carcinoma:
region (B) T1WI postcontrast showing peripheral and central enhancement (green arrow) (C
region) and lower (nCBFPE = 0.87) in perilesional edema. (D) DTI-FA map showing low FA in
of figure is available online.)
duration = 1.5 seconds, postlabeling delay = 1.5 seconds, TR = 4.4s,
TE = 9.2 milliseconds, acquisition matrix = 8 arms with 512 spiraling
points, NEX= 3, no. of slice = 32, FOV = 24, slice thickness = 6 mm,
bandwidth = 62.50, plane = axial, scan time = 4 min with background
suppression and pulse labeling plane placed just below the volume of
interest. DTI was performed with following parameters (b value =
1000, matrix = 128£ 128, TR = 12.4 seconds, TE = 86.4 milliseconds,
slice thickness = 3.0 mm, spacing = 0, FOV = 24, plane = axial, no. of
direction = 30, NEX = 1) using same planning as ASL to co-register the
DTI images with ASL images for accurate regions of interest (ROI)
placement.
Postprocessing and Data Analysis

ASL and DTI raw data were transferred to the workstation
(ADW4.4, GE) for post- processing and images were analyzed using
a commercial software (Functool Brain stat Software, General Elec-
tric, and Milwaukee) with automated generation of quantitative
perfusion CBF maps from ASL and DTI parameters maps, such as
FA, MD, RD and AD. All cases were analyzed by two neuroradiolo-
gist (N.S. with 10 years, S.K. with 35 years of experience) in consen-
sus who were blinded to the final diagnosis. Conventional MR
sequence assessed for the lesion localization, characterization and
A) T2WI showing isointense lesion (red arrow) with perilesional edema in left frontal
) ASL perfusion map showing highest normalized CBF (nCBFL = 7.72) in the lesion (red
both lesion FAL = 0.06 (white arrow) and perilesional edema FAPE = 0.15. (Color version
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enhancement pattern. Lesion and perilesional edema was
defined on the T2 and FLAIR images. Three circular ROIs measuring
5-10 mm2 were placed in lesion (showing highest perfusion signal
on CBF map) and perilesional edema (within 1 cm from the lesion)
on CBF and DTI maps (Figs 1 and 2) with exclusion of necrotic, cys-
tic and haemorrhagic areas; and average of three measurements
was used for further evaluation. In case of multiple lesions, the
largest lesion with maximum perfusion value was targeted for
measurements. For normalization of CBF, 3 similar ROI were placed
on the normal contralateral white matter (CWM). We measured
the ratio of maximum CBF from lesion (nCBFL) and perilesional
edema (nCBFPE) relative to that of CWM to compensate for varia-
tions in each exam. The DTI parameters from lesion and perile-
sional edema were not normalized to CWM.

Statistical Analysis

A statistical analysis was performed using statistical package for
social sciences, version 23 (SPSS-23, IBM, Chicago). The normality of
continuous variable’s (ASL and DTI parameters) was tested using
Shaprio Wilk test. For normally distributed data, mean § SD, while
for non-normal data median, interquartiles range (IQR) was used as
descriptive statistics. To compare the means when data was normally
distributed, independent sample t test while for non-normal data
Mann-Whitney U test was used to compare median. For comparison
of ASL and DTI parameters between the metastases and tuberculosis,
we used Mann-Whitney U test. Receiver operating characteristic
(ROC) curve was drawn for the significant variables in the Mann-
Whitney U test, to identify the cut-off value for diagnosis of brain
FIG 3. MRI images of 22 years female with tuberculoma (A) T2WI showing hypointense ma
postcontrast showing conglomerate pattern of enhancement (green arrow) (C) ASL perfus
immediate perilesional edema (nCBFPE = 0.30) (D) DTI-FA map showing low FA in both lesio
is available online.)
metastasis from tuberculosis and p value < 0.05 was considered as
statistically significant.
Results

There was significant difference (p < 0.05) in median nCBFL and
FAL values between metastases (Figs 1 and 2) and tuberculosis (Figs 3
and 4) as shown in Table 1. However, there were no statistically sig-
nificant difference (p > 0.05) found in median of nCBFPE and means
of FAPE, Mean diffusivity of the lesion (MDL), Mean diffusivity of per-
ilesional edema (MDPE), Axial Diffusivity of lesion (ADL), Axial Diffu-
sivity of perilesional edema (ADPE), Radial diffusivity of lesion (RDL),
RAdial diffusivity of perilesional edema (RDPE) (Tables 1 and 2). Area
under the curve (AUC) was computed for nCBFL and FAL with corre-
sponding diagnostic accuracy at different cutoff values. ROC curves
showed the high diagnostic accuracies for nCBFL (AUC = 0.89, 95%
CI = 0.74-1.00, p = 0.001) and FAL (AUC = 0.75, 95% CI = 0.56-0.94,
p = 0.032). ROC curve method showed a cut-off value of nCBFL of
2.865 for metastasis (Sensitivity = 0.85, Specificity = 0.84, PPV = 0.85,
NPV = 0.83, OA = 0.84, LR += 5.08 and LR ¡= 0.18) (Figure 5) and cutoff
value of FAL of 0.073 (Sensitivity = 0.77, Specificity = 0.58, PPV = 0.67,
NPV = 0.70, OA = 0.68, LR += 1.85 and LR ¡= 0.40) (Figure 6). A good
AUC of nCBFL compared to the FAL (0.89 vs 0.75) indicated better test
to diffentiate the metastases from tuberculosis. Due to good sensitiv-
ity and specificity nCBFL (cut-off value of �2.865) and FAL (cut-off
value of �0.073) can be used to differentiate between tuberculomas
frommetastases.
ss lesion (red arrow) with perilesional edema in left temporo-parietal region (B) T1WI
ion map shows lower normalized CBF (nCBFL = 1.04) in both lesion (black arrow) and
n FAL = 0.08 (white arrow) and perilesional edema FAPE = 0.19. (Color version of figure



FIG 4. MRI images of 20 years male with tuberculoma (A) T2WI showing multiple hypointense lesions (red arrow) with perilesional edema in the basifrontal region (B) T1WI postcontrast
showing conglomerate ring enhancing pattern (green arrow) (C) ASL perfusion map shows no raised CBF (nCBFL = 1.04) in both lesion (black arrow) and immediate perilesional edema
(nCBFPE = 0.67) (D) DTI-FA map showing low FA in both lesion FAL = 0.08 (white arrow) and perilesional edema FAPE = 0.17. (Color version of figure is available online.)

TABLE 1
nCBF and FA values in tuberculoma and metastases

Parameters Groups Number Median (IQR) p value

nCBFL TB 12 1.78 (1.27-2.52) 0.001*
Mets 13 5.95 (3.90-9.34)

nCBFPE TB 12 0.71 (0.59-0.96) 0.174*
Mets 13 0.81 (0.70-1.08)

FAL TB 12 0.08 (0.06-0.11) 0.031*
Mets 13 0.06 (0.05-0.08)

L, lesional; PE, perilesional edema.
The values are given as median (interquartile range).
*Mann-Whitney U test.

TABLE 2
FA, MD, RD and AD values in tuberculoma and metastases

Parameters Groups Number Mean § SD p value

FAPE TB 12 0.16 0.05 0.587**
Mets 13 0.15 0.07

MDL TB 12 4.67 0.15 0.689**
Mets 13 4.64 0.30

MDPE TB 12 5.07 0.29 0.566**
Mets 13 5.01 0.21

ADL TB 12 4.52 0.16 0.605**
Mets 13 4.57 0.27

ADPE TB 12 4.86 0.29 0.986**
Mets 13 4.86 0.17

RDL TB 12 4.67 0.20 0.917**
Mets 13 4.66 0.29

RDPE TB 12 5.17 0.30 0.684**
Mets 13 5.13 0.21

L, lesional; PE, perilesional edema.
The values are given as mean § SD.
MD, AD, RD are in Units of 10¡3 mm2/sec.
**Independent sample t test.
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Discussion

In this study, the two common closely simulating intra-axial
lesions, metastases, and tuberculomas were differentiated by using a
combination of ASL perfusion and DTI MRI techniques based on CBF,
FA, MD, AD and RD from the lesion and perilesional white matter
edema. Capillary architecture in metastatic lesion resemble the organ
of origin and do not possess the unique blood-brain barrier which
makes them highly leaky resulting in vasogenic edema.13 CNS tuber-
culosis can manifest as diffuse exudative leptomeningitis and focal
tubercular lesions which can show variable T2 appearances and
enhancement such as nodular or ring enhancement1,8,14 and may
mimic metastases, lymphomas, gliomas, and other infective granulo-
mas. On DWI, both metastatic and tubercular lesions show variable
signal intensity with noncontributing ADC values.8



FIG 5. ROC curve showing AUC for normalized CBF from the enhancing portion of
metastases.

FIG 6. ROC curve showing AUC for FAL from the enhancing portion of tuberculosis.
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ASL and DSC perfusion MRI studies have shown significantly lower
perfusion values in the perilesional edema surrounding metastases
than surrounding glioblastoma multiforme (GBM).15,16 Several DSC
perfusion studies have shown promising results in differentiating
neoplastic from non-neoplastic lesions with very few studies on
tubercular and metastases differentiation.8,9,17,18 We have used
ASL-perfusion MRI technique, because of its noninvasiveness and no
contrast requirement which makes ASL safer to use in children, preg-
nant women, in patients with deranged renal function and for studies
requiring regular follow-ups.

In this study, the comparison between metastases and tubercu-
loma showed statistically significant higher median nCBFL in meta-
static lesions compared to tuberculoma while nCBF from perilesional
edema comparison was statistically insignificant (Table 1).
Angiogenesis occurs in both neoplastic and non-neoplastic lesions,
and the differences in the CBF is due to variable expression of vasoac-
tive endothelial growth factor (VEGF), cytokines, and microvascular
density which is more persistent in neoplastic lesions compared to
non-neoplastic. In comparison to normal CWM, CBF values were
more from lesion than perilesional edema. The low nCBF value in the
perilesional edema is due to vasoconstriction secondary to the raised
interstitial pressure.15,19,20

Our study results agree with a retrospective DSC perfusion study in
ring enhancing 34 tuberculomas and 10 metastases, which revealed
peripheral hyperperfusion in tuberculomas (rCBV = 2.04 + 0.61) and
metastases (rCBV = 5.43 + 2.1) while hypoperfused perilesional edema
in both cases. Analysis of the values by ROC curve method revealed a
cut-off value of �3.745 for differentiating ring-enhancing metastases
from ring-enhancing tuberculomas.9 A retrospective study in 22
patients of tuberculomas and metastases revealed significantly high
rCBV in metastatic lesions (5.06 § 2.13) and no significant difference in
ADC (apparent diffusion coefficient).8 We found higher median FAL in
tuberculoma lesions than metastases (p = 0.031) which points more
toward the white matter microstructural destruction in metastases.
The FA value is mainly affected by white matter fiber's diameter, den-
sity and contours and higher FA value indicates the more structured
and regular orientation. No statistically significant difference was found
in other DTI parameters. A DTI study in 24 subjects of metastases and
high-grade gliomas showed no statistically significant difference in
peritumoral FA measurement.21

A recent DTI study in 22 subjects of brain tuberculosis and toxoplas-
mosis revealed statistically significant difference in intralesional FA val-
ues while no significant difference in perilesional edema FA values.22

No related study on DTI differentiating the tuberculomas from metasta-
ses has been found while searching the literature. Analysis of ROC
curve of metastases showed higher AUC of nCBFL than that of FAL.
These results suggest that addition of ASL compared to DTI may help in
improved differentiation among these two closely mimicking lesions
especially in the presence of contrast administration contraindication.

Limitations

Our current study results are although encouraging, however,
there were few limitations. (1) A small sample size. (2) No histopath-
ological confirmation of brain lesions. However, histopathological
confirmation in non-neoplastic lesions may be practically difficult
and we suggest utility of more noninvasive imaging methods (ASL) to
improve the reliability of our current findings. (3) Manual ROI place-
ment. Study results might be biased due to manual ROI placement
which usually affects all the ROI-based studies. (4) Inherent limita-
tions of ASL technique. Echo planar imaging (EPI)-based ASL tech-
nique is associated with of low signal to noise ratio (SNR), lower
temporal and spatial resolution and greater susceptibility artifacts.
However, 3D PCASL (3T GE HDXT) is fast spin echo (FSE) based read-
out and gives better SNR, fewer susceptibility artifacts and better
labeling efficiency.23,24

Conclusions

Despite these limitations, our study results suggest that a com-
bined analysis of noninvasive ASL and DTI techniques can help in the
differentiation of metastasis from tuberculomas which may have
treatment implications. Our prior experience to ASL suggests that it
can be useful in different pathologies at the expense of few minutes
and being a noncontrast, it can be performed in any patient who is
undergoing MR exam.7,23,25
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