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Abstract
Purpose: Synthetic magnetic resonance imaging (MRI) allows reconstruction of multiple contrast-weighted images 
from a single acquisition of multiple delay multiple echo (MDME) sequence with quantitative relaxometry (longi-
tudinal relaxation rate [R1], transverse relaxation rate [R2], and proton density [PD]) in a shorter acquisition time. We 
tried to explore synthetic MR-based relaxo metry to differentiate central nervous system (CNS) tuberculomas from 
primary CNS neoplasm like glioblastoma.

Material and methods: Ten cases of CNS tuberculoma and 14 cases of glioblastoma underwent pre- and post-contrast 
synthetic MRI. R1, R2, and PD values were calculated from lesion core, wall, and perilesional oedema using free-hand  
region of interest and compared across the 2 groups.

Results: Both pre- and post-contrast R1 and R2 relaxation rates from core were significantly higher in tuberculoma 
(mean pre-contrast R1 – 0.93, R2 – 15.02; post-contrast R1 – 1.51, R2 – 15.48) from glioblastoma (mean pre-contrast 
R1 – 0.36, R2 – 4.58; post-contrast R1 – 0.43, R2 – 4.78). The same values were higher in perilesional oedema of 
glioblastoma (mean pre-contrast R1 – 0.75, R2 – 9.9; post-contrast R1 – 0.78, R2 – 10.48) compared to tuberculoma 
(mean pre-contrast R1 – 0.68, R2 – 8.57; post-contrast R1 – 0.72, R2 – 8.67). No significant difference was seen 
between relaxometry parameters from the walls of lesions.

Conclusions: Synthetic MR-based relaxometry can be useful in distinguishing CNS tuberculomas from glioblastoma. 
R1 and R2 relaxation rates from core of the lesions are most important in differentiating the two with R1 value  
> 0.852 and R2 value > 11.565 from core strongly suggests tuberculoma over glioblastoma.
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Introduction
Synthetic magnetic resonance imaging (MRI) represents 
a recent breakthrough in the field of MRI that allows the 
reconstruction or synthesis of various contrast-weighted 
images from a single MRI scan. Its fundamental principle 
revolves around the quantitative measurement of multiple 
physical properties to generate multiple contrasts within 
a single scan. Unlike traditional MRI, where parameters 
like repetition time (TR), echo time (TE), and inversion 

time (TI) are predetermined, synthetic MRI enables the 
modification of these parameters through mathematical 
computations [1].

MR relaxometry measures the relaxation characteris-
tics of tissues (T1 and T2) in order to assess their physi-
cal qualities. Relaxometry-derived quantitative data can 
improve the way in which observed signal changes are 
characterised and make longitudinal comparisons more 
reliable. Since the T1 recovery and T2 decay curves are 
exponential, the predicted signal associated with T1 and 
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T2 can be found utilising obtained data and nonlinear 
curve-fitting techniques.

Synthetic MRI is based on a quantitative MR sequence 
that measures the longitudinal relaxation rate (R1), trans-
verse relaxation rate (R2), and proton density (PD); the 
most commonly employed sequence is multiple delay 
multiple echo (MDME). This specific sequence has a rela-
tively short scan time, typically lasting between 6 and  
7 minutes [2,3]. It employs a saturation recovery fast spin-
echo (FSE) sequence with various saturation delays, and 
each acquisition involves a multi-echo readout.

When working with relaxometry, the most commonly 
used parameters are the relaxation times T1 and T2. How-
ever, in the described sequence, the focus is on measur-
ing the relaxation rates, R1 and R2. The rationale behind 
this choice is that R1 and R2 exhibit a linear relationship 
with paramagnetism. This linearity enhances the robust-
ness of these measures when calculating tissue relaxation 
and considering the effects of gadolinium-based contrast 
agents.

Central nervous system (CNS) tuberculomas can be 
solitary or conglomerated lesions caused by Mycobacte-
rium tuberculosis often presenting with significant edema 
and mass effect. Conventional MRI may create confusion 
between CNS tuberculomas and primary CNS neoplasms 
particularly glioblastoma and may require additional se-
quences for differentiation including spectroscopy and 
perfusion. Relaxometry can add quantitative value to dif-
ferentiation of these two entities, however, conventional 
relaxometry techniques are often disregarded due to their 
long acquisition times. Synthetic MR-based relaxometry 
can overcome this limitation with short acquisition time 
and simultaneous recording of R1 and R2 relaxation rates 
as well as proton density.

The aim of our study was to explore the utility of syn-
thetic MR relaxometry (R1, R2 relaxation rates and PD) in 
differentiating tuberculoma from glioblastoma.

Material and methods
This prospective cohort study was performed over a peri-
od of one year at a tertiary care hospital. Ethical clearance 
was obtained from the institutional Ethics Committee. 
Written informed consent was taken from all participants. 
All patients with CNS tuberculomas and primary CNS 
neoplasms (glioblastoma) referred for MRI evaluation 
in this period were assessed and included in the study. 
Patients of all age groups with MR features of tubercu-
loma or glioblastoma with at least one lesion of 5 mm or 
more in size irrespective of the clinical symptoms of the 
patient were included. Patients excluded from the study 
were those with lesions too small to be charac terized, i.e. 
< 5 mm in size, completely calcified lesion as seen in sus-
ceptibility weighted imaging (SWI) or previous computed 
tomography (CT), where MRI is contraindicated (metallic 
implants, pacemaker, claustrophobia, cochlear implants, 

etc.), or there is any contraindication for gadolinium 
(chronic kidney disease stage 5 with estimated glomeru-
lar filtration rate < 30 ml/min/1.73 m2) and patients where 
a final diagnosis could not be ascertained (either lost to 
follow-up or the patient died without any further work 
up). A total of 24 patients were included in the final analy-
sis. Final diagnosis was ascertained in each case based on 
clinical, biochemical, and histopathological diagnosis as 
per the availability. Cases with primary CNS neoplasm 
were confirmed with histopathology (either with stereo-
tactic biopsy or excision biopsy) whereas subjects with 
tuberculomas were mostly confirmed with biochemical 
and clinical parameters. Out of 24 subjects, 10 belonged 
to tuberculoma and 14 belonged to glioblastoma.

Image acquisition and analysis

All subjects were scanned on a single MRI scanner, i.e. 
a 3-Tesla Siemens Somatom Vida (Siemens Healthcare, 
Erlangen, Germany) system with a 32-array head coil, 
in a supine position. Synthetic MR was acquired in each 
patient using a TSE_MDME sequence (multiple delay 
multiple echo) on the 3T Siemens scanner.  The order of 
sequences followed for each patient was T2 WI → FLAIR 
→ DWI → SWI → T1 MPRAGE/SPACE → TSE_MDME 
→ contrast injection → T1 MPRAGE/SPACE PC →  
TSE_MDME PC.

The parameters of this sequence were field of view  
230 mm, slice thickness 4 mm, number of slices 30 with in-
terleaved multi slice mode, matrix size 0.7 × 0.7 × 0.4 mm3, 
TR 4350 ms, TE multiple echoes with TE1 at 23 ms, flip 
angle 150°, phase encoding direction right to left, band-
width 150 Hz, echo spacing 11.26 ms, and turbo factor 5. 
No flow compensation was used. The total duration of 
the sequence was 4.25 min. The contrast agent used was 
any one of the standard gadolinium-based contrast agents 
with a dose of 0.1 mmol/kg. 

Synthetic MR processing and analysis

Synthetic MR data of each patient was transferred to a de-
dicated SyMRI workstation, and processing was done using 
SyMRI software. First the non-contrast MDME sequence 
was processed using SyMRI software followed by the post-
contrast sequence. This software generates the synthetic 
images of T1, T2, FLAIR, PD, DIR, and PSIR sequences 
along with relaxometry maps, i.e. quantitative maps of R1, 
R2, and PD. Additionally the software also generates myelin 
maps and volumetric ratios of brain parenchymal, grey and 
white matter volumes, as well as the myelin ratio.

Analysis of relaxometry parameters in lesions

Using a free-hand method, the region of interest (ROI) 
was placed over the lesion at the following places: in the 
wall, in the core, and in the perilesional oedema in the 
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quantitative relaxometry maps. The ROI was first placed 
in the wall of lesions in such a manner as to maximally 
cover the entire thickness of the wall with no inclusion 
of areas other than the wall. A free-hand ROI of the same 
size was then placed in the core of the lesion as well as in 
the contralateral normal white matter. For each of these 
locations, a minimum of 2 ROIs were placed and values 
averaged for greater accuracy of data. The following pa-
rameters were recorded: R1 and R2 relaxation rates and 
proton density. The same lesions were then analysed in 
the post-contrast relaxation maps, a same-sized ROI was 
placed in identical locations in the post-contrast maps, 
and the parameters were recorded.

Statistical analysis

Quantitative relaxometry parameters (R1, R2, PD from 
core, wall, and perilesional oedema) were recorded, 
and normality of data was tested across groups and 
subgroups using the Kolmogorov-Smirnov test. Be-
cause the data were not normally distributed across 
subgroups nonparametric tests were used for statisti-
cal analysis. The Kruskal-Wallis test was used for group 
comparisons across various subgroups for each pa-
rameter. Statistical significance across pairwise sub-
groups was analysed by using post-hoc pairwise tests 
for the Kruskal-Wallis test performed using the Dunn 
test method with Sidak correction. The Wilcoxon 
signed-rank test was used for changes in parameters 
across time points (pre- to post-contrast changes). ROC 
analysis was used in statistically significant parameters 
to obtain cut-off values between sub groups. The data 
were entered in an MS EXCEL spreadsheet, and analy-
sis was done using Statistical Package for the Social Sci-
ences (SPSS) version 26.0. A 2-tailed p-value of <0.05 with  
95% CI was considered statistically significant.

Results

Demographic details

The mean age of the participants in our study was 39.48  
± 17.76 years, range 2-79 years. Out of the 24 participants, 
10 were of tuberculoma and 14 were of glioblastoma.  
In the tuberculoma group 3 were females (30%), and in 
the glioblastoma group 6 were females (42%). The mean 
age in tuberculoma group was 33 years and mean age in 
the glioblastoma group was 44 years. 

Analysis of relaxometry parameters from the core  
of the lesions (Figure 1, Table 1)

There was a significant difference between tuberculoma 
and glioblastoma in terms of R1 and R2 values of the core 
in pre- and post-contrast with the median R1, R2 being 
high in tuberculoma compared to glioblastoma. There was 
no significant difference between the groups in terms of 
PD values from core in pre- and post-contrast. Change 
in R1, R2, or PD values from core (post–pre) were not 
significantly different across the subgroups.

Analysis of relaxometry parameters from the wall  
of the lesions (Figure 1, Table 2)

There was no statistically significant difference between the 
relaxometry parameters from the wall of tuberculoma and 
glioblastoma in both pre- and post-contrast acquisitions. 

Analysis of relaxometry parameters from the perilesional 
oedema of the lesions (Figure 1, Table 3)

R1 and R2 relaxation rates were found to be higher in 
perilesional oedema of glioblastoma compared to tuber-

Figure 1. Bar diagrams showing comparison of pre-contrast (A) and post-contrast (B) R1 and R2 relaxation rates between tuberculoma and glioblastoma 
across core, wall, and perilesional oedema
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Table 1. Comparison of relaxometry parameters across core of lesions between tuberculoma and glioblastoma

Parameters Subgroup Kruskal-Wallis test
p-valueTuberculoma Glioblastoma

Pre-contrast R1 Mean (SD) 0.93 (0.39) 0.36 (0.12) 0.048

Median (IQR) 0.98 (0.88-1.09) 0.32 (0.28-0.40)

Min-Max 0.24-1.42 0.23-0.66

R2 Mean (SD) 15.02 (7.58) 4.58 (2.62) 0.045

Median (IQR) 14.68 (12.47-19.91) 5.55 (2.56-5.79)

Min-Max 2.90-24.47 1.14-10.27

PD Mean (SD) 84.87 (14.38) 97.60 (4.01) 0.992

Median (IQR) 81.70 (72.53-97.55) 97.80 (96.35-100.50)

Min-Max 70.9-102.6 90.4-102.9

Post-contrast R1 Mean (SD) 1.51 (0.74) 0.43 (0.16) 0.047

Median (IQR) 1.77 (1.24-1.96) 0.44 (0.29-0.54)

Min-Max 0.23-2.21 0.25-0.68

R2 Mean (SD) 15.48 (7.94) 4.78 (2.72) 0.043

Median (IQR) 15.39 (13.33-18.8) 5.3 (2.35-5.97)

Min-Max 2.79-26.73 1.92-10.35

PD Mean (SD) 97.10 (18.36) 94.55 (7.05) 1.000

Median (IQR) 101.60 (84.88-105.72) 96.30 (88.20-101.35)

Min-Max 71.5-121.5 84.0-101.9

Post–pre 
contrast

R1 Mean (SD) 0.58 (0.51) 0.07 (0.13) 0.946

Median (IQR) 0.63 (0.12-1.04) 0.02 (0-0.07)

Min-Max –0.01 to 1.1 –0.03 to 0.4

R2 Mean (SD) 0.46 (3.18) 0.21 (0.84) 1.000

Median (IQR) 0.28 (–0.11 to 1.31) –0.05 (–0.27 to 0.4)

Min-Max –4.55 to 5.33 –0.91 to 1.77

PD Mean (SD) 12.23 (10.96) –3.05 (4.67) 0.027

Median (IQR) 11.30 (3.55-17.63) –1.70 (–5.45 to 0.10)

Min-Max 0.6-29.5 –13.8 to 2.0

culoma, more in the post-contrast R1, R2 values, but the 
difference was not statistically significant. No significant 
difference was found in the proton density values from 
perilesional oedema of the 2 groups.

Table 1, 2, and 3 summarises the findings across core, 
wall, and perilesional oedema of tuberculoma and glio-
blastoma. 

ROC analysis

ROC analysis was performed to find cut-offs in the rela-
xometry parameters found to be most significant in dif-
ferentiating tuberculoma and glioblastoma, i.e. R1 and R2 
relaxation rates from the core of the lesions in pre- and 
post-contrast acquisitions.

These results show perfect discrimination (100% sen-
sitivity and specificity) with the following cutoff values:

•	 R1 Pre-contrast (Core): 0.852,
•	 R2 Pre-contrast (Core): 11.565,
•	 R1 Post-contrast (Core): 0.926,
•	 R2 Post-contrast (Core): 11.890.

Values above these cutoffs indicate tuberculoma, while 
values below suggest glioblastoma. This indicates that these 
parameters could be highly reliable diagnostic markers for 
distinguishing between tuberculoma and glioma.

Discussion
Tuberculomas and primary CNS neoplasms like glioblas-
toma often present a diagnostic challenge especially when 
lesions are solitary and in endemic countries like India 
where tuberculosis is a very common disease entity. Many 
radiological features have been described in CNS tuber-
culomas that aid in diagnosis such as conglomeration of 
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rings and T2 low signal intensity in the centre, particularly 
for caseating tuberculomas. Classical imaging features of 
the same are T1 iso- to hypointense with hyperintense rim 
and T2 hypointense centre [4]. However, this is subjective 
and lacks objective criteria. Relaxometry adds a quantita-
tive value to this and helps in differentiating tuberculomas 
from other entities with higher diagnostic confidence.

We evaluated the relaxometry parameters such as R1 
and R2 relaxation rates and proton density values derived 
from synthetic MRI in 10 subjects of intracranial tuber-
culomas and 14 subjects of glioblastoma, which were 
histopathologically proven. Parameters were analysed 
from lesion core, wall, and perilesional oedema both pre-  
and post-contrast administration. A previous study by Kang 
et al. [5] showed that the relaxation times post-gadolinium 
administration were time dependent, and they proposed 
that values increase 10 minutes after injection compared 

to immediately after injection of the contrast. In our study, 
we did not perform a time-based measurement; however, 
all participants in our study followed a fixed scanning 
protocol in which sequences were acquired in a particular 
order in all patients; thus, post-contrast MDME sequence 
was acquired nearly at the same time point after contrast 
injection in all the patients. A variation across patients 
due to variable time points of acquisition after contrast 
injection was thus avoided. 

The R1 and R2 relaxation rates were significantly 
high in the core of tuberculoma compared to glioblas-
toma. This aligns with the classical description of T2 
hypo intensity at the centre of caseous tuberculomas. 
Pathologically, tuberculoma consists of granuloma with 
epithelioid cells, Langhans giant cells, and peripheral rim  
of lymphocytes. A combination of factors including  
fibrosis, gliosis, and macrophage products such as free 

Table 2. Comparison of relaxometry parameters across wall of lesions between tuberculoma and glioblastoma

Parameters Subgroup Kruskal-Wallis test
p-valueTuberculoma Glioblastoma

Pre-contrast R1 Mean (SD) 0.79 (0.31) 0.62 (0.11) 1.00

Median (IQR) 0.69 (0.61-0.94) 0.63 (0.55-0.68)

Min-Max 0.45-1.29 0.44-0.78

R2 Mean (SD) 12.44 (3.60) 8.70 (1.71) 0.463

Median (IQR) 11.53 (10.17-14.06) 9.72 (7.65-9.97)

Min-Max 8.55-18.41 5.12-10.31

PD Mean (SD) 85.22 (11.36) 87.96 (4.88) 1.00

Median (IQR) 83.05 (79.03-93.22) 88.40 (84.35-91.40)

Min-Max 70.3-100.6 79.1-95.3

Post-contrast R1 Mean (SD) 1.44 (0.29) 1.23 (0.24) 0.989

Median (IQR) 1.39 (1.19-1.68) 1.19 (1.09-1.28)

Min-Max 1.16-1.81 0.93-1.84

R2 Mean (SD) 13.91 (3.19) 9.45 (2.00) 1.00

Median (IQR) 14.28 (11.40-14.88) 9.70 (7.86-10.75)

Min-Max 10.40-19.00 6.66-12.67

PD Mean (SD) 94.00 (10.63) 99.13 (8.90) 1.00

Median (IQR) 95.50 (86.33-99.13) 97.90 (94.65-99.10)

Min-Max 80.3-109.1 88.2-120.6

Post–pre contrast R1 Mean (SD) 0.65 (0.33) 0.61 (0.28) 1.00

Median (IQR) 0.55 (0.53-0.87) 0.54 (0.49-0.63)

Min-Max 0.22-1.10 0.31-1.38

R2 Mean (SD) 1.47 (2.06) 0.75 (1.08) 1.00

Median (IQR) 0.46 (0.18-1.92) 0.78 (0.28-1.50)

Min-Max 0.10-5.31 –1.67 to 2.37

PD Mean (SD) 8.78 (9.05) 11.16 (8.17) 1.00

Median (IQR) 9.25 (1.90-13.53) 9.90 (6.45-15.35)

Min-Max –2.1 to 21.9 –0.8 to 28.3
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Table 3. Comparison of relaxometry parameters across perilesional oedema of lesions between tuberculoma and glioblastoma

Parameters Subgroup Kruskal-Wallis test
p-valueTuberculoma Glioblastoma

Pre-contrast R1 Mean (SD) 0.68 (0.31) 0.75 (0.17) 1.000

Median (IQR) 0.58 (0.50-0.88) 0.74 (0.67-0.82)

Min-Max 0.34-1.15 0.48-1.10

R2 Mean (SD) 8.57 (4.29) 9.90 (2.83) 1.00

Median (IQR) 7.34 (5.67-12.10) 11.57 (7.48-12.26)

Min-Max 3.86-14.11 5.15-12.54

PD Mean (SD) 88.60 (7.35) 82.63 (4.64) 0.995

Median (IQR) 90.00 (84.12-92.95) 82.20 (81.55-85.60)

Min-Max 77.7-97.8 72.0-89.3

Post-contrast R1 Mean (SD) 0.62 (0.26) 0.78 (0.11) 0.606

Median (IQR) 0.53 (0.49-0.76) 0.80 (0.68-0.84)

Min-Max 0.33-1.04 0.63-1.01

R2 Mean (SD) 8.27 (4.96) 10.42 (2.60) 0.974

Median (IQR) 6.15 (5.30-11.79) 11.08 (8.71-12.17)

Min-Max 3.16-15.44 6.25-13.77

PD Mean (SD) 87.55 (9.97) 82.21 (5.43) 0.908

Median (IQR) 90.35 (88.62-92.37) 82.60 (78.90-86.35)

Min-Max 67.9-95.6 72.1-89.4

Post–pre contrast R1 Mean (SD) –0.06 (0.06) 0.03 (0.13) 0.899

Median (IQR) –0.05 (–0.10 to –0.02) 0.02 (–0.04 to 0.07)

Min-Max –0.14 to 0.01 –0.1 to 0.33

R2 Mean (SD) –0.31 (0.98) 0.52 (1.48) 0.996

Median (IQR) –0.42 (–0.77 to –0.01) 0.69 (–0.28 to 1.33)

Min-Max –1.57 to 1.33 –1.97 to 2.7

PD Mean (SD) –1.05 (5.14) –0.42 (3.15) 1.00

Median (IQR) –0.55 (–2.08 to 0.9) –0.2 (–2.7 to 0.95)

Min-Max –9.8 to 5.8 –5.5 to 5.5

radicals are responsible for the T2 hypointensity of  
the caseous part of tuberculomas [6]. A previous study  
by Jayakumar et al. [7] showed the utility of T2 relax-
ometry in differentiating cerebral ring enhancing le-
sions. They suggested a mean T2 relaxation time of 161 
ms was seen in tuberculomas, which is significantly low 
compared to other ring enhancing lesions of the brain. 
Our results are in agreement with their findings, which 
suggest a high R2 relaxation rate (inverse of T2 relaxa-
tion time) in tuberculomas. Primary neoplasms such 
as glioblastomas often contain central necrosis, and the 
core is composed of necrotic tumour cells. The relative 
difference in the composition of core is reflected in the 
difference in the relaxation parameters in them between 
tuberculomas and glio blastomas. 

Primary neoplastic lesions like glioblastoma are cha-
racterised by their infiltrative nature. The perilesional  

oedema may not be free of tumour cells and may repre-
sent microscopic invasion by the tumour cells [8]. This is 
reflected by the fact that most gliomas recur at the resec-
tion margin [9]. Due to infiltration of peritumoral oede-
ma by the tumour cells, the relaxation parameters behave 
differently in the peritumoral oedema in glioblastomas 
compared to tuberculomas where the perilesional oedema 
is purely composed of vasogenic oedema. This observa-
tion supports the many previous studies in glioma litera-
ture exploring the peritumoral oedema characters using 
perfusion or diffusion imaging [10-13].

Relaxometry of the peritumoral area in gliomas show-
ed shorter T2 values compared to non-glial tumours in 
a study by Oh et al. [14]. Our study shows similar changes 
with higher R1 and R2 values (and thus a lower T2 rela-
xation time) in the perilesional oedema of primary neo-
plasms. 
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Because of neo angiogenesis in high-grade gliomas 
the perilesional oedema may show leakage of contrast and 
thus may show significant changes in relaxation values 
post-contrast administration. In our study we found a sig-
nificant increase in R1 and R2 and a decrease in PD after 
contrast administration in perilesional oedema in glioblas-
toma compared to tuberculomas. This was keeping with 
previous study by Blystad et al. [15] who demonstrated 
using relaxometry maps the peritumoral oedema in ma-
lignant gliomas show significant contrast enhancement as 
detected by post-contrast R1 maps, which they attributed 
to infiltrative nature of the tumour. Muller et al. [16] also 
showed similar changes and used the cloudy contrast en-
hancement in peritumoral oedema of glioblastoma using 
quantitative T1 mapping for prognostication. 

Post-contrast administration, however, was not very use-
ful in the core, where post-pre contrast values did not show 
significant change between the 2 groups. There was no sig-
nificant difference in the relaxometry parameters from the 
wall of the lesions between tuberculoma and glioblastoma. 

Thus, the core is the most important to distinguish 
between these 2 entities followed by perilesional oedema, 
which showed a difference in relaxometry values between 
tuberculoma and glioblastoma. A pre-contrast R1 value of 
> 0.852 and R2 value of > 11.565 in the core strongly sug-
gest tuberculoma over glioblastoma.  

In our previous work we established the usefulness of 
synthetic MRI-derived relaxometry parameters in char-
acterising various cerebral ring-enhancing lesions into 
infective, primary neoplastic and secondary neoplastic 

Figure 2. A 65-year-old male presented with low-grade fever, headache, and vomiting followed by altered sensorium for 2 days. Synthetic magnetic 
resonance images: axial T2 W (A) and T1 PC (B) showing conglomerated ring enhancing lesions which are T2 hypointense in left temporal lobe (yellow 
arrows on all images) with perilesional oedema s/o tuberculomas. Quantitative relaxometry maps of the same case. Post-contrast R1 (C) and R2 (D) maps 
showing the same lesions with better conspicuity with higher R1, R2 relaxation rates from the core of the lesions with low values in perilesional oedema 
(insight zoomed in image)

A B

C D
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Figure 3. A 56-year-old male presented with headache and sudden loss of consciousness. Synthetic T2W axial image (A), T1 PC axial image (B) and its 
corresponding post-contrast R1 and R2 relaxometry map (C and D) showing heterogenous lesion with irregular margins in right temporal lobe (red arrows 
on all images) with perilesional oedema and mass effect s/o high-grade glioma. Postoperative biopsy turned out to be glioblastoma. Magnified inset image 
of post-contrast R2 relaxometry map clearly demonstrates the infiltrative margins, heterogeneity of wall, and enhancement in perilesional oedema with 
low R2 values in the core (red arrows in zoomed image)

A B

C D

(metastatic) lesions [17]. This research is further deepen-
ing and detailing the topic, which suggests the utility of 
synthetic relaxometry in distinguishing 2 important enti-
ties, i.e. tuberculoma and glioblastoma based on pre- and 
post-contrast R1 and R2 cut-offs. However, relaxometry 
values should not be considered in isolation for definitive 
diagnosis of these entities and should always be interpret-
ed in correlation with other morphological and functional 
inputs from a radiologist. A major limitation of this study 
is the limited sample size and lack of correlation of relax-

ometry data with other structural and functional imaging 
findings. 

Conclusions
Synthetic MR-based relaxometry parameters can be useful 
in distinguishing tuberculomas from primary neoplastic le-
sions such as glioblastoma. R1 and R2 relaxation rates from 
the core of the lesions are most important in distinguish-
ing the 2, with an R1 value of > 0.852 and an R2 value of  
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> 11.565 from the core strongly suggesting tuberculoma 
over glioblastoma. Similarly, high R1 and R2 relaxation 
rates can be seen in perilesional oedema of glioblastoma 
due to the infiltrative nature of the lesions. This was a pre-
liminary study with limited sample size. Given the promis-
ing results, future work in this regard may be directed with 
larger sample size and correlation of the relaxometry pa-
rameters with other structural and functional neuroimag-
ing findings. 

Disclosures
1.  Institutional review board statement: The study was ap-

proved by the Ethics Committee of Postgraduate Insti-
tution of Medical Education and Research (PGIMER), 
Chandigarh (approval number: IEC-INT/2023/DM-
1278). 

2.  Assistance with the article: We acknowledge the help from 
all the senior radiographers in the MRI section of our  
Department.

3. Financial support and sponsorship: None. 
4. Conflicts of interest: None.

References

1. Krauss W, Gunnarsson M, Andersson T, Thunberg P. Accuracy 
and reproducibility of a quantitative magnetic resonance imaging 
method for concurrent measurements of tissue relaxation times and 
proton density. Magn Reson Imaging 2015; 33: 584-591.

2. Warntjes JB, Leinhard OD, West J, Lundberg P. Rapid magnetic  
resonance quantification on the brain: Optimization for clinical us-
age. Magn Reson Med 2008; 60: 320-329.

3. Warntjes JB, Dahlqvist O, Lundberg P. Novel method for rapid, si-
multaneous T1, T*2, and proton density quantification. Magn Reson 
Med 2007; 57: 528-537.

4. Khatri GD, Krishnan V, Antil N, Saigal G. Magnetic resonance im-
aging spectrum of intracranial tubercular lesions: one disease, many 
faces. Pol J Radiol 2018; 83: e54-65. DOI: 10.5114/pjr.2018.81408.

5. Kang KM, Choi SH, Hwang M, Yoo RE, Yun TJ, Kim JH, Sohn CH. 
Application of synthetic MRI for direct measurement of magnetic 
resonance relaxation time and tumor volume at multiple time points 
after contrast administration: preliminary results in patients with 
brain metastasis. Korean J Radiol 2018; 19: 783-791.

6. Gupta RK, Kumar S. Central nervous system tuberculosis. Neuro-
imaging Clin N Am 2011; 21: 795-814.

7. Jayakumar PN, Srikanth SG, Chandrashekar HS, Subbakrishna DK.  
T2 relaxometry of ring lesions of the brain. Clin Radiol 2007; 62: 
370-375.

8. Barajas Jr RF, Phillips JJ, Parvataneni R, Molinaro A, Essock-Burns E, 
et al. Regional variation in histopathologic features of tumor spec-
imens from treatment-naive glioblastoma correlates with anatomic 
and physiologic MR Imaging. Neuro Oncol 2012; 14: 942-954.

9. Petrecca K, Guiot MC, Panet-Raymond V, Souhami L. Failure pat-
tern following complete resection plus radiotherapy and temozolo-
mide is at the resection margin in patients with glioblastoma. J Neu-
rooncol 2013; 111: 19-23.

10. Tsougos I, Svolos P, Kousi E, Fountas K, Theodorou K, Fezoulidis I, 
Kapsalaki E. Differentiation of glioblastoma multiforme from met-

astatic brain tumor using proton magnetic resonance spectroscopy, 
diffusion and perfusion metrics at 3 T. Cancer Imaging 2012; 12: 
423-436.

11. Lemercier P, Paz Maya S, Patrie JT, Flors L, Leiva-Salinas C. Gra-
dient of apparent diffusion coefficient values in peritumoral edema 
helps in differentiation of glioblastoma from solitary metastatic le-
sions. American J Roentgenol 2014; 203: 163-169.

12. Price SJ, Young AMH, Scotton WJ, Ching J, Mohsen LA, Boon- 
zaier NR, et al. Multimodal MRI can identify perfusion and meta-
bolic changes in the invasive margin of glioblastomas. J Magn Reson 
Imaging 2016; 43: 487-494.

13. Price SJ, Jena R, Burnet NG, Hutchinson PJ, Dean AF, Peña A, et al. 
Improved delineation of glioma margins and regions of infiltration 
with the use of diffusion tensor imaging: an image-guided biopsy 
study. Am J Neuroradiol 2006; 27: 1969-1974.

14. Oh J, Cha S, Aiken AH, Han ET, Crane JC, Stainsby JA, et al. Quan-
titative apparent diffusion coefficients and T2 relaxation times in 
characterizing contrast enhancing brain tumors and regions of per-
itumoral edema. J Magn Reson Imaging 2005; 21: 701-708.

15. Blystad I, Warntjes JB, Smedby Ö, Lundberg P, Larsson EM, Tisell A. 
Quantitative MRI using relaxometry in malignant gliomas detects 
contrast enhancement in peritumoral oedema. Sci Rep 2020; 10: 
17986. DOI: 10.1038/s41598-020-75105-6.

16. Müller A, Jurcoane A, Kebir S, Ditter P, Schrader F, Herrlinger U, 
et al. Quantitative T1-mapping detects cloudy-enhancing tumor 
compartments predicting outcome of patients with glioblastoma. 
Cancer Med 2017; 6: 89-99.

17. Dash S, Vyas S, Bhardwaj N, Ahuja CK, Modi M, Chhabra R, et al. 
Synthetic MRI derived relaxometry parameters: a new insight into 
characterization of ring enhancing lesions of brain. Neuroradiology 
2024. DOI: 10.1007/s00234-024-03533-6.


