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BACKGROUND:

When conventional MR techniques could not give information
regarding the involvement of separate white matter tracts and
its relation to tumors, Tractography emerged as a promising
tool that could visualize the white matter tracts (WM) in the
brain in three-dimensional format (1). Diffusion-tensor MR
imaging allows visualization of the anisotropy (directionality)
of water movement caused by the presence of axons, axonal
sheaths, glia cells, and vasculature. The alteration of the
anisotropy in the peritumoral white matter is governed by
multiple factors like cellularity, infiltration, vascular tortuosity,
etc. Tumors like metastasis and meningiomas are associated
with pure vasogenic edema whereas high-grade glial
neoplasms are associated with mixed edema which also
includes cellular infiltration by the malignant cells altering the
extracellular cellular environment(2)(3). By evaluating the
type of involvement of white matter tracts by tractography as
well as DTI metrics like mean diffusivity and fractional
anisotropy, we can attempt at differentiating the lesions, at
least in broader categories of benign and malignant groups.
Many previous studies using DTI metrics show conflicting
findings. The study aimed to delineate white matter tracts in
the brain using tractography to evaluate its relation to various
brain lesions and study the pattern of involvement of
peritumoral white matter tracts. The study also aimed at
measuring the DTI metrics in peritumoral white matter and
their role in differentiating the lesions into malignant and
benign groups (4)(5)

METHODS:

The study was conducted in a tertiary care center after
approval from the ethical committee from December 2015 to
October 2017. All patients who were diagnosed with
supratentorial brain tumors or found to have supratentorial
brain tumors during an MRI scan were included in the study.
Patients who had a prior history of intracranial surgery,
radiation, and contraindications for undergoing MRI were
excluded from the study. Non-cooperative patients were
imaged under sedation given by anaesthesiologists.

The study was performed on 1.5 Tesla Philips Achieva
scanner. In addition to routine brain tumor protocol sequences
including pre and post contrast multiplanar images, DTI
sequence was obtained with diffusion gradients applied
along 16 axes, using a b value of 0 and 1000s/mm2
(FOV=224mm, 60 slices, thickness 2mm, TR=8190,TE=0. 83
MATRIX 112/128r. Scantime =7 minutes )

The study was conducted in a sample size of 40 patients. Post-
processing was done on Philips's workstation using standard
DTI atlas as reference. Co-registration of the FA maps to

contrast Tl-weighted images was performed for accurate
placement of regions of interest (ROIs). Diffusion-tensor MR
imaging-based color maps were created from the FA values
and the three vector elements. The vector maps were assigned
as red (%, element, left-right), green (y, anterior-posterior), and
blue (z, superior-inferior) with a proportional intensity scale
according to the FA.

Algorithm for fiber tracking -Minimum FA value was taken as
0.15, maximum angle change =27, minimum fiberlength =10.
The following white matter tracts were studied in all the 40
cases — Corticospinal tract, corticopontine tract, corpus
callosum, superior longitudinal fasciculus, inferior
longitudinal fasciculus, thalamic radiation, fornix, and
Cingulum.

Involvement of fibers was categorized into (figure 1)
I- DISPLACED - spaced apart and the value of the anisotropy
in the tumor is normal or slightly reduced, on a colorful map FA
color fiberunchanged, only the brightness changed.
[I-EDEMA- fibers displaced, FA reduced, on a colorful FA map
fibers color partially changed.

[II-INFILTRATED, numerous crossing fibers, spurious fibers,
increased or decreased FA values.

IV-DESTROYED, anisotropy of about 0"

Figure l(original): Potential patterns of WM fiber tract
alteration by cerebral neoplasms. (a) Displaced but intact
white matter tracts resulting in a normal to slightly decreased
FA in tumor boundaries. (b) Normally located white matter
tracts in edematous white matter with decreased FA (c¢) Tumor-
infiltrated, but identifiable white matter tracts with decreased
FA in tumor boundaries (d) Disrupted non-identifiable white
matter tracts with decreased FA in tumor boundaries.
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Patients were divided into benign and malignant groups for
comparison with benign group comprising of low-grade
gliomas, meningiomas, and epidermoid. The malignant
group comprised of high-grade gliomas and lymphoma.

Data were subjected to statistical analysis using paired T-test
and chi-square test using STATA VERSION 14.0.

Method of tracking for different fibers (adapted from Role of
diffusion tensor imaging in characterization and preoperative
planning of brain neoplasms by Ibrahim et al). (6):

¢ Corticospinal tract: Three ROIs were placed on the
transverse color-coded DT images, the first was placed in the
pons anteriorly, the second in the posterior limb of the internal
capsule, and the third at the motor cortex.

*Thalamicradiation - The entire thalamus was defined as the
first ROI. The second ROI for the anterior and posterior
thalamic radiations was placed on coronal sections to define
the frontal lobe at the section level where the frontal and
temporal lobes were separated and to define the occipital
lobe at the section level of the posterior tip of the putamen,
respectively. For superior thalamic radiation, the second ROI
was defined on a transverse section above the corpus
callosum, and it occupied the entire hemisphere.

* Superior longitudinal fasciculus - ROIs were placed in the
cerebral deep white matter on a coronal directional color-
coded map. An anterior ROl was placed in the plane passing
through the reconstructed corticospinal tract, and a posterior
ROI was placed in the plane passing through the rostral
surface of the splenium of the corpus callosum.

* Corpus callosum - ROI was placed in the corpus callosum in
the midsagittal plane.

¢ Inferior longitudinal fasciculus - ROl at the parieto-occipital
sulcus, which was identified at the middle of the coronal
section along the superior-inferior axis. A second ROI was
defined on a coronal section at the mid temporal lobe at the
sectionlevel of the posterior tip of the putamen.

¢ Fornix -The body of the fornix was best found in the
midsagittal plane. Then, the full fornix can be delineated on
the corresponding coronal slice.

¢ The Cingulum was traced in the midsagittal plane using
single fiber tracking using color-coded maps.

¢ The fronto-pontine tract can be selected by placing a
relatively large ROI in the frontal lobe. The temporo-
parietooccipito-pontine tract can be selected by placing a
relatively large ROI in the parieto-occipital area. The second
ROIwas placed in the pons anteriorly.

Calculation of FA, ADC, and MD values were done using
region of interest placed in the peritumoral white matter.
Simultaneously ROl was placed on the contralateral white
matter for comparison with normal white matter.

RESULTS:

In the study, the majority of patients belonged to the age group
41-50 years with the mean age being 42.5 yrs. The mean age
for malignant tumors was found to be 44.3 and of benign was
40 years. On the correlation of the age distribution with the
type of tumor (i.e. Benign or malignant) using the chi-square
test, no statistical significance was found. In our study, the
majority of the patients were males (60%).

On the correlation of the sex distribution with the type of tumor
(i.e. Benign or malignant), out of 24 male patients, 14 had a
malignant tumor and ten patients had benign tumors and out
of the 16 female patients, six had a malignant tumor and ten
had benign tumors. Again, no statistical significance was
found for sex as well. The most common location of the tumor
was found to be in the frontal region (35%) followed by
parasagittal location (20 %). Out of 40 patients, 28 patients
had a lesion on the right side while eight patients had a left-
sided lesion, four patients had midline lesions.

High-grade gliomas were the most common type of tumor
encountered in the study with 18 patients having it, followed by
low-grade glioma which was present in eight patients.
Meningiomas comprised of ten cases in which four cases were
atypical meningiomas and six were classical meningiomas.

Destructed and displaced pattern was most commonly found
in the corticospinal, corticopontine, and thalamic radiation,
each found in 14 patients. Edema pattern was most
commonly found in the corticospinal, corticopontine, corpus
callosum, and thalamic radiation. Infiltration was most
frequently found in corticospinal, corticopontine tracts.

Out of 80 tracts, which were destructed, 66 tracts were involved
in malignant tumors, whereas 14 tracts were involved in
benign tumors. There was statistically proven significance
between the destruction of fibers and histology of tumors (p-
value <0.0001, HS). Hence, the destructive pattern was more
commonly seen in malignant tumors. (Figure 2)

Figure 2(original): In a case of high-grade butterfly glioma,
there is complete destruction of corticospinal tracts on right
side at tumor location and partial destruction with infiltration
onleftside.

In case of displacement, out of the 56 tracts that were
displaced, 44 were caused by benign tumors and 12 were
caused by malignant tumors. There was found to be a
statistically proven significance between the displacement of
fibers and the type of tumor (p-value <0.0001, HS). Hence,
displacement was a more common pattern in benign tumors.
(Figure 3)

Figure 3(original): In A Case Of Epidermoid , Corticospinal
Tracts Shows Displaced Pattern Without Any Change In
Colour.

The pattern of edema was observed in 16 malignant tumors
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and 24 benign tumors (Figure 4). Pattern of infiltration was
found in 18 malignant and 12 benign tumors(Figure 5). Both
these cases, we didn't find any statistically significant
association.

Figure 4(original): In a case of low grade glioma, there is
decreased brightness of corpus callosum on right side with
maintained primary colour coding s/o oedema.

Comparing ADC values in benign and malignant tumors, the
mean value in malignant was found to be 1.61 and in benign it
was found to be 1.2, on applying t-test, there was a significant
statistical difference between the two groups (p-value 0.0016).
Comparing the FA values in malignant and benign tumors, the
mean FA value in malignant tumors was found to be 0.18 and
in benign tumors was 0.29, again there was a statistically
significant difference(p value=0.0033). Comparing the MD,
the mean MD value in malignant tumors was found to be 1.58
and in benign tumors, it was found to be 1.35, a marginal level
of significance was found here. (p-value 0.0419).

A sensitivity of 90 % and a specificity of 70% obtained for ADC
when the cut-off value of 1.37 is used (area under the ROC
curve=0.75; 95% CI=0.58t0 0.91) . A sensitivity of 90 % and a
specificity of 50% obtained for FA when cut-off value 0f 0.17 is
used (area under the ROC curve=0.72; 95% CI=0.56 to 0.88).
A sensitivity of 70 % and a specificity of 60% obtained for MD
when the cut-off value of 1.41 is used (area under the ROC
curve=0.68; 95% CI=0.51-0.85)

DISCUSSION:

MR Tractography is one of the analytical methods used in
diffusion tensor imaging that is gaining popularity in
everyday reporting because of its varied applications. In the
evaluation of brain tumors, tractography is an indispensable
tool for preoperative surgical planning as it can help in
assessing the involvement of the major white matter tracts and
their salvageability(7)(8). In this study, the involvement of
white matter tracts was categorized into four categories, i.e.
displacement, edema, infiliration, and destruction(6). We
have found that benign tumors like meningioma tend to
displace the tracts and high-grade neoplasms cause more
destruction of the adjacent tracts. Differentiating between
edema and infiltration is more difficult and in this scenario,
the DTl metrics come to the rescue.

There are numerous studies which prove the role of
tractography in preoperative planning and how it had helped
in the prediction of clinical improvement post-surgery,
especially in lesions involving eloquent fibers (9)(10)(5)(8)
(11)(12). In our study, we had categorized the cases into two
groups, i.e. Benign (low-grade gliomas, meningiomas,
epidermoid) and malignant (high-grade glioma, lymphoma)
similar to another study by Ahmed S. Ibrahim et al(6). Similar

to his study, our study showed a significant association
between the destructive pattern and malignant tumors (p-
value <0.0001, HS). Also, there was found to be a significant
association that displacement of the white matter tracts is
more commonly seen in benign lesions(p-value <0.0001, HS).
Even though edema of white matter tracts was seen more in
benign tumors and infiltration was found more commonly in
malignant tumors, no statistical significance was found in
these categories. This result was also similar to what was
observed in the study by Ahmed S. Ibrahim et al(6).

We had also compared the pattern of white matter
involvement in high grade and low-grade gliomas, where a
association of high-grade gliomas to cause destruction of the
fibers as compared to low-grade counterparts was found (p-
value <0.0001). Displacement, edema, and infiliration did not
show any statistically significant difference between the high
grade and low-grade gliomas.

Another study with similar observations was by Corie W. Wei,
Gang Guo et al (2007) which had shown that tumor disruption
of WM tracts was observed in glioblastoma multiforme and
site of origin of anaplastic astrocytoma, whereas in
meningioma, tractography illustrated bulk displacement of
the tract. They had concluded that fiber tracking results
correlated with the clinical and histopathological features of
the tumor (4).

Considering the use of DTI metrics for differentiating
vasogenic edema and infiltration, studies show mixed results.
The two types of edema have commonly increased water
accumulation in the extracellular spaces. In pure vasogenic
edema, as seen with low-grade gliomas, metastases, or
meningiomas, water accumulates in spaces in the intact
extracellular matrix. In mixed vasogenic edema, the edema
associated with high-grade gliomas, the breakdown of the
extracellular matrix by infiltrating tumor cells occurs. This
results in higher diffusivity of mixed vasogenic edema that is
associated with high-grade glioma(13).

This was also seen in our study with the mean MD value in
malignant tumors was significantly higher than benign
tumors. This result is in agreement with most of the previous
similar studies differentiating infiltrative high-grade glioma
with tumors associated with vasogenic perilesional edema
like metastasis and meningiomas. However, there are other
studies which have found increased MD in the peritumoral
white matter of metastasis as compared to HGG, which may
be attributed to different degrees of vasogenic edema
(14)(15)(16) (17)In a similar study comparing neoplastic and
non-neoplastic lesions, the mean MD values were
significantly higher in the non-neoplastic group (P = 0.015)
compared to the neoplastic group(l8). A meta-analysis
revealed a moderate diagnostic performance in 6 studies that
used perienhancing ADC or MD as a parameter to determine
optimal cutoff values, with a pooled sensitivity of 84.7% (95%
CI, 73.6%-91.6%) and a pooled specificity of 84.0% (95% CI,
71.8%-91.6%).(19)

Our study showed a significantly lower mean FA value in
malignant tumors as compared to benign tumors (p
value=0.0033). Studies comparing the FA values in HGG and
metastasis were done by many authors but again with
conflicting findings. A disruption of the glial structure of the
white matter fibre will increase the anisotropy and hence
decrease FA compared to normal white matter. But in case of
infiltrative edema other factors come into play. Glioma cells
tend to produce large amounts of extracellular matrix
components(20). This extracellular matrix serves as a
substrate for adhesion and subsequent migration of the tumor
cells along the enlarged extracellular space. These molecules
are concentrated and are oriented in the extracellular matrix,
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which results in high FA(21) Also another postulation is that
increased cellularity in the infiltrated edema may result
restriction of movement of extracellular water molecules and
result in increased FA(22). 3 studies demonstrated that high-
grade glioma showed higher FA values in enhancing tumor
than brain metastases with a statistically significant
difference in 2 of these studies (9)(19)(24) (15) (25). A recent
systematic review also documented no significant changes in
the FA of enhancing tumor between high-grade glioma and
brain metastasis(26)(16). However, few other studies
decreased FA in high grade gliomas compared to metastasis
and meningiomas (27)(28). The fact that metastatic lesions
show high expression of vascular endothelial growth factor,
may be responsible for the increased vasogenic edema
comparable to high grade glioma(29)

In one study which aimed at differentiating IDH -1 mutant and
IDH-1 wild type counterpart, even though did not find any
significant correlation between the grade of glioma and DTI
metrics, found that DTI metrics can be used to differentiate
IDH 1 wild type and IDH 1 mutants, with significantly higher FA
values and significant lower MD values in IDH 1 wildtype
patients(30).

Peri tumoral ADC values were significantly found to be higher
in our study in the malignant group compared to the benign
group. Two studies reported that the mean minimum
perienhancing ADC values in high-grade glioma were
significantly higher than those in brain metastases(31)
(32)whereas 1 study reported lower mean minimum
perienhancing ADC values in high-grade glioma.(33) (19)

The mixed results in different studies reflect the limitations of
DTI metrics in differentiation vasogenic edema from mixed
infiltrative edema. The infiltration in high-grade tumors
essentially is not an all or none phenomenon but a continuous
spectrum with variable degrees of infiltration and numerous
other factors influencing the diffusivity. It also depends on the
temporal progression of the disease and whether the tumor
was primary or secondary glioblastoma, as primary
Glioblastoma Multiforme (GBM) shows minimal infiltration.
(21)One of the main limitation in the study and numerous other
studies is the subjective nature of placemnet of ROIs and
interpretaion of the color map of tractography. This is a
problem that could benefit from upcoming advances
especially Al bases techniques. Further studies with more
objective analysis and involvement of A.I could help in
overcoming these discrepancies in the future.

CONCLUSION:

Incorporating MR tractography in the preoperative
assessment of patients with brain tumors may provide
additional information on the course of important white matter
tracts and their relationship to the tumor. Though tractography
could give a wide perspective about the aggressiveness of the
lesion differentiating between pure vasogenic edema and
mixed edema is still a challenge and needs more objective
techniques.

ABBREVIATIONS

DTI- Diffusion tensor imaging
WM- white matter

TR- repetition time
TE-Echotime

FLAIR - Fluid attenuated inversion recovery
FFE-Fastfield echo

TSE- Turbo spin echo

EPI- Echo Planar Imaging
FOV -Field of view

FA - Fractional anisotropy
ROI-Region of interest

HS- Highly significant
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ADC - Apparent diffusion coefficient

MD- Mean Diffusivity

ROC- Reciever operating characteristic curve
CC- Corpus Callosum

PT-Pyramidal Tract

Figure5(original):Corpus callosum shows decreased
brightness of tract with abnormal hues, s/o infiltrative pattern.
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