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ABSTRACT
: Background and Aim: Diffusion Tensor Imaging (DTl)-based tractography can help us visualize the
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solutions to improve the procedure of fiber reconstruction adjacent to or inside brain lesions.
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Methods and Materials/Patients: The paper is a narrative review of methods that can improve
DTl-based fiber reconstruction in the area of brain tumors. To provide up-to-date information, we
briefly reviewed related articles extracted from Google Scholar, Medline, and PubMed.

Results: We proposed five techniques to improve fiber reconstruction. Technique 1 is a very low

Fractional Anisotropy (FA) application. Technique 2 includes resampling techniques, such as g-ball

and High Angular Resolution Diffusion Imaging (HARDI). Technique 3 is the reconstruction of

fiber tracts by defining the separated Region of Interest (ROIs). Technique 4 explains the selection

: of the ROIs according to functional Magnetic Resonance Imaging (fMRI) since the anatomical

Keywords: :  configuration is distorted by neoplasm. Technique 5 consists of using unprocessed images for
Neuroimaging, Diffusion preoperative planning and correlation with the clinical situation.

tensor imaging, Brain mapping, Conclusion: DTl tractography is highly sensitive to noise and artifacts. The application of

Brain neoplasm . tractography techniques can improve fiber imaging in the area of brain tumors and edema.
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* Diffusion Tensor Imaging (DTI) tractography is highly sensitive to noise and artifacts.

* Distortions may be caused by several reasons, including significant and real tract alteration.

¢ We proposed 5 techniques to improve fiber reconstruction at DTl in the presence of edema and tumors.

*These techniques include the application of very low Fractional Anisotropy (FA), resampling techniques, separated
Regions of Interest (ROIs), selection of ROI by functional Magnetic Resonance Imaging (fMRI), and unprocessed im-

ages.

Plain Language Summary

The current study is about applying techniques to improve DTI tractography, used widely in some neurosurgery
cases, such as edema or brain tumors. This type of imaging gives neurosurgeons a better sight to decrease surgery
complications by visualizing most of the crucial neuro-tracts around tumors. Several factors may interfere with DTI; in
addition, the presence of tumors or edema makes it more complicated. However, some techniques are proposed to
resolve these problems. We proposed some of these techniques by reviewing previous studies. Also, some illustrative

cases are presented.

1. Introduction

iffusion Tensor Imaging (DTI) tractography

is a valuable method used to determine the

course, extent, and connectivity of white

matter fiber tracts [1]. DTl-based tractog-
raphy calculates fiber orientation by analyzing the main
water diffusion trajectory or diffusion tensor [1]. There-
fore, reconstructed fiber tracts are post-processed areas
where a large portion of the nerve fibers are expected
to be parallel to each other [2]. This modality could also
help us visualize fiber tracts’ spatial relationship with
brain lesions [1-6].

Several factors may interfere with the procedure of dif-
fusion-based tractography, including a Signal-to-Noise
Ratio (SNR), the threshold of anisotropy, tractography
model and algorithm, the complexity of the fiber tract
(e.g. fan-shaped Corticospinal Tract [CST] or crossing fi-
bers), and selection of the Region of ilnterest (ROIs). All
the aforementioned variables become more complex
than others in the setting of edema and tumor infiltra-
tion [7].

Anisotropy alterations in the white matter adjacent to
the tumor can impact the visualization of trajectories,
which is a potential limitation of tractography [3]. Due
to the adjacent brain tumors, the accuracy and sensi-
tivity of DTI tractography of fiber tracts are decreased,

which can displace, infiltrate, or destroy the fiber tracts
[7]. This occurs due to edema or infiltration of tumors
[3]. The peritumoral edema can affect the local Frac-
tional Anisotropy (FA). Anisotropy changes affect the
arcuate fasciculus more than the corticospinal or optic
tracts.

The current study aims to discuss several solutions to
improve the procedure of fiber reconstruction adjacent
to or within brain lesions, whether tumors or edema.
Besides, illustrative cases are presented.

2. Methods and Materials/Patients

This article is a narrative review of methods that can
improve fiber reconstruction in diffusion-based tractog-
raphy in the area of brain tumors. To provide up-to-date
information, we have briefly reviewed related articles.
We retrieved the relevant articles from Google Scholar,
Medline, and PubMed using the keywords “diffusion
tensor imaging”, “brain mapping”, “brain neoplasms”,
“diffusion-based tractography”, “fiber reconstruction”,

”ou

“fractional anisotropy”, “probability density function”,

n o« ” o«

“region of interest”, “signal-to-noise ratio”, “corticospi-
nal tract”, “neuronavigation”, “g-ball” and “tractogra-
phy”. Finally, the extracted papers were reviewed and

critically analyzed.
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3. Results

Technique 1: Very low fractional anisotropy (FA) appli-
cation

The procedure of fiber tract reconstruction depends
on the DTl-based tractography algorithm [2, 7, 8]. In
the deterministic method, voxel fiber reconstruction
regarding FA threshold is performed. However, the FA
threshold is much lower than normal values in the tu-
mor area (Figures 1 and 2) [7]. To detect real anatom-
ic fibers around the tumor, it is necessary to alter the
tracking parameters (decrease in FA threshold, change
in fiber length range, and increase the angle threshold).

These changes lead to an almost real result of the tract
shape adjacent to the tumor. The probabilistic tech-
niques measure fiber probabilities via the distribution of
potential orientations by constructing PDFs (probability
density functions). Therefore, the fiber trajectory could
even be traced in the area of very low FA thresholds,
with undetectable diffusion directions [7]. However, this
method has less power to identify the fiber tracts in pa-
tients with a brain tumor [9].

While it has been proposed that DTI tractography with
an FA threshold of 0.2 to 0.3 can help prevent inappro-
priate inclusions (grey matter, cerebral spinal fluid), it
can also impair their accurate visualization by under-
estimating their existence and increasing the proximity
between them and the tumor [3].

Figure 1. Reconstruction of Corticospinal Tract (CST) adjacent to gioma
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Technique 2: Resampling techniques, Q-ball, and high
angular resolution diffusion imaging (HARDI)

New methods, such as bootstrap, a nonparametric
statistical technique of resampling, can estimate the
course of fiber tracts. This technique provides nonpara-
metric quantification of uncertainties; residual boot-
strap is more accurate than resampling with repetition
[7, 10]. To assess the uncertainty in multimodal g-ball
reconstructions, the suggested residual bootstrap ap-
proach uses a spherical harmonic representation for
High Angular Resolution Diffusion Imaging (HARDI) data
[11].

Q-ball modeling

The probabilistic method measures several uncertain-
ties and performs multiple estimations, which is more
sensitive than the deterministic single estimation ap-
proach. However, random fiber connections should be
detected and corrected with null fiber tracking [7].

The g-space imaging method quantifies diffusion func-
tion by applying the Fourier relationship in a model-in-
dependent method, which demands a large number of
gradient directions [12].

HARDI is utilized to provide more information when
reconstructing more complex areas, such as crossing
fibers. Q-ball imaging reconstructs HARDI data to gener-
ate an Orientation Distribution Function (ODF) that can
be utilized to detect the orientation of numerous fibers
in complex regions [11].

Splaying and infiltration of CST were reconstructed with low fractional anisotropy (FA) values. (Brain LAB iPlan cranial 3.0)
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Compression may cause delayed axonal transmission,
demyelination, and axonal loss. When a tumor com-
presses the fiber tracts, the diffusivity increases parallel
to the fiber tracts but decreases perpendicular to the
fibers, resulting in increased FA [13]. Changes in FA will
help detect fiber displacement or destruction.

While increased FA suggests compression and dis-
placement of fiber tracts, decreased FA may indicate
infiltration of fiber tracts and impaired tracking ability.
Displacement due to compression results in higher den-
sity and tension of fiber tracts, which explains increased
FA and reduced diffusivity. Besides, the tight fibers in a
bundle indicate more homogeneity [13].

Residual bootstrap estimate of uncertainty

Using a HARDI acquisition, the residual bootstrap ap-
proach was utilized to determine the ODF uncertainty
of a voxel. The main technique is to fit the HARDI acqui-
sition to a spherical harmonic model and then use the
model residuals to generate a large number of simulat-
ed HARDI data sets [10]. According to numerical simu-
lations, the residual bootstrap accurately assesses the
uncertainty in g-ball data.

In complex areas with more than one population of
fiber tracts in a voxel, DTI cannot depict the architec-
ture, and the FA is reduced to the level of gray matter
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and Cerebrospinal Fluid (CSF) [11, 13]. However, a high
number of directions, such as HARDI, will be helpful in
such situations but it increases the procedure time and
thereby increases motion artifacts.

Spherical deconvolution and the diffusion orientation
transform have been offered as alternatives to HARDI
data for g-ball imaging. The residual bootstrap of the g-
ball fiber tracking algorithm’s probabilistic nature allows
evaluation of the technique’s findings. Many stream-
lines pass through voxels that are more likely to be in
the white matter tract of interest [1].

The probabilistic g-ball fiber tracks revealed motor fi-
ber connections to the superior and lateral parts of the
motor cortex but not to the entire primary motor cor-
tex. It has been reported that DTl fiber tracking is unable
to show the motor tract in the lateral parts of the motor
tract regulates the voluntary movement of the head and
upper extremity [14].

As one example of clinical use, fiber tracking with the
g-ball ODF has the capacity to more thoroughly outline
the motor tract and assist in the preoperative planning
of insular tumors. DTI fiber tracking is confined to re-
gions with high anisotropy single fiber populations. Fi-
bers from the corticospinal tract, superior longitudinal
fasciculus, and interhemispheric callosal fibers connect
and cross in the centrum semiovale.

Figure 2. Reconstruction of Acuate Fasciculus (AF) and Corticospinal Tract (CST) adjacent to glioma D

/3

CST and AF were reconstructed with low Fractional Anisotropy (FA) values (Explore DTl 4.8.4_2)
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Figure 3. Separate estimation of Corticospinal Tract (CST) course with single ROI selection at each end (explore DT14.8.4_2)

D
INs
Figure 4. The preoperative Diffusion Tensor Imaging (DTI) tractography (right) did not indicate CST of the hand. Intraoperative DTI tractog-
raphy (left) detected CST of hand after tumor resection. A green boundary shows the motor cortex according to fMRI.
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Figure 5. Unprocessed preoperative images of depicted optic nerves

(a) Preoperative DTI; Optic nerves could not be depicted (Left), Correlated microscopic view indicating compression of optic chiasma and
optic nerves (Right)

(b) Postoperative DTI; Optic nerves are depicted (Left) Correlated microscopic view indicating decompressed optic chiasma and optic
nerves (Right)

Figure 6. Diffusion Tensor Imaging (DTI) tractography of the optic pathway
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Technique 3: Separate reconstruction of fiber tracts

To estimate the course of subcortical fiber tracts near
subcortical brain tumors, ROIs can be selected outside-
this area, such as ROIs defined at the motor cortex and
cerebral peduncle to reconstruct the corticospinal tract.
One strategy is to define ROIs separately at each end to
reconstruct fiber tracts separately at each end. Figure
3 shows a large glioma infiltrating CST. The subcortical
course of CST through brain neoplasm cannot be recon-
structed by selecting both ROIs; however, the remaining
part was reconstructed by selecting ROI at the cerebral
peduncle.

Technique 4: Functional magnetic resonance imaging
(fmri)-based ROI selection

Tumors can make it impossible to reconstruct fiber
tracts. Figure 4 shows the reappearance of the fiber
tracts in a patient with hemiparesis that improved dra-
matically in the postoperative period; the ROIs were
selected according to functional Magnetic Resonance
Imaging (fMRI).

Brain edema and neoplasm infiltration may distort the
normal anatomy of grey and white matter, especially
the eloquent area and subcortical fiber tracts. One help-
ful strategy in the presence of a tumor is the selection of
ROIs according to fMRI since the anatomical configura-
tion is distorted by the neoplasm [13]. The selection of
ROls is critical in the corticospinal tract, while fanning
of the fiber tracts necessitates the selection of at least
two ROIs [8, 13]. Furthermore, fibers, such as Superior
Longitudinal Fasciculus (SLF) are directionally heteroge-
neous even in the normal brain, and brain tumors pre-
vent accurate ROl selection. The method, as mentioned
above, defines functionally relevant fiber tracts.

Selection of ROIs in cases with brain lesions should be
performed according to fMRI besides anatomic infor-
mation. Furthermore, different algorithms may result in
various trajectories, the probabilistic tractography algo-
rithm reveals fiber connectivity that progresses into the
gray matter [15].

Technique 5: Unprocessed images

Visualization of crossing fibers, such as optic chiasma
is challenging, especially in the area of tumor involve-
ment. Figure 5 shows a large pituitary adenoma with
undetectable optic nerves; however, optic tracts could
be visualized. Therefore, unprocessed images were
used to reconstruct optic nerves. Processing includes

2022, Special Issue

several data corrections and deletions. Such informa-
tion assists preoperative planning and correlates with
the clinical situation.

In voxels containing multiple fiber orientations, such
as the optic chiasma, the tensor estimation model does
not support identifying real connections [16]. Con-
strained Spherical Deconvolution (CSD) is the method
that can overcome the problem with the diffusion ten-
sor model in the crossing fibers. This model can also be
applied to peri-tumoral fibers in the peri-tumoral edem-
atous area [17].

As shown in Figure 6, In the setting of intraoperative
MR, debulking tumor and decompression of chiasma
result in optic nerve depiction. This confirms preopera-
tive data regarding compressed optic nerves.

4. Discussion

The effect of edema is less detectable in low-grade tu-
mors. Associated edema may affect local anisotropy in
the presence of a brain tumor, and the bulk flow results
in false fiber tracking. However, such effects can be visu-
alized with fMRI [15]. However, successful tractography
of such tracts has been reported.

Vasogenic edema causes increased diffusion as well
as swelling of neural fibers in both the longitudinal and
transverse directions. Anisotropy should be reduced as
a result of these adjustments. Despite the presence of
intact axonal structures in this location, if the anisotropy
reduction was significant enough, it may no longer be
able to detect sufficient diffusion directionality to re-
construct a fiber pathway [18].

Crossing fibers is a major limitation of fiber tracking. At
the level of the centrum semiovale, the motor tracts of
the brain should be fan-shaped. On the other hand, the
fiber-tracking technique can only show fibers heading to
the brain’s vertex.

The following conditions are deemed “discontinuous”
(vs. “continuous”) for a tract’s trajectory:

1. They do not connect anatomically related sites.

2. Anisotropy-weighted directional color maps show
any part of the tract discontinuously.

3. Despite a significant reduction of stopping criteria,
fiber-tracking terminates at discontinuity [1].
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DTI tractography is highly sensitive to noise and arti-
facts. Distortions may be caused by several reasons,
including significant and real tract alteration (such as
actual tract injury from the lesion or surgery or acute
tract deviations caused by the lesion), errors in the ten-
sor field from image noise or artifacts, or partial volume
averaging between intersecting and neighboring fiber
tracts [1, 6].

Overall, DTI tractography has low sensitivity for esti-
mating the extent of the corticospinal tract near tu-
mors; however, it can accurately estimate the course of
the fiber tract [7, 8, 14].

Several variables affect diffusion tractography, involv-
ing diffusion modeling techniques (DTI, g-ball, diffu-
sion spectrum imaging, and spherical deconvolution)
and algorithm/approach (deterministic and stochastic
streamlines, non-streamline, and global tracking) [7].

5. Conclusion

The application of tractography techniques, including
very low FA, resampling techniques, separated ROls,
selection of ROI by fMRI, and unprocessed images can
improve fiber reconstruction in the presence of brain
tumor or edema.
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