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ABSTRACT

Background: This study involves analysis of the relationship between variables obtained using diffusion tensor
imaging (DTI) and motor outcome in gliomas adjacent to the corticospinal tract (CST).

Methods: Histologically confirmed glioma patients who were to undergo surgery between January 2018 and
December 2019 were prospectively enrolled. All patients had a preoperative magnetic resonance imaging (MRI)
study that included DTI, a tumor 2 cm or less from the CST, and postsurgical control within 48 h. Patients
with MRI that was performed at other center, tumors with primary and premotor cortex invasion, postsurgical
complications directly affecting motor outcome and tumor progression <6 months were excluded in the study.
In pre- and post-surgical MRI, we measured the following DTI-derived metrics: fractional anisotropy (FA),
mean diffusivity, axial diffusivity, and radial diffusivity of the entire CST and peritumoral CST regions and in
the contralateral hemisphere. The motor outcome was assessed at 1, 3, and 6 months using the Medical Research
Council scale.

Results: Eleven patients were analyzed, and six corresponded to high-grade gliomas and five to low-grade gliomas.
Four patients had previous motor impairment and seven patients had postsurgical motor deficits (four transient
and three permanent). An FA ratio of 0.8 between peritumoral CST regions and the contralateral hemisphere was
found to be the cutoff, and lower values were obtained in patients with permanent motor deficits.

Conclusion: Quantitative analysis of DTT that was performed in the immediate postsurgery period can provide
valuable information about the motor prognosis after surgery for gliomas near the CST.

Keywords: Corticospinal tract, Diffusion tensor imaging, Fiber tracking, Glioma, Motor outcome

INTRODUCTION

Gliomas are neoplasms that are characterized by their ability to extend through white matter
(WM) tracts compromising structures that are involved in movement, language, and cognition.
Gliomaslocated near the corticospinal tract (CST) are a surgical challenge because of the proximity
between the borders of the resection and important structures that may lead to neurosurgical
deficits. Surgery on these tumors has reached a high level of technological complexity, using tools
such as intraoperative fluorescence, neuronavigation, and neurophysiological monitoring.**>*”!
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The motor cortex is divided into the primary motor cortex,
premotor cortex, cingulate motor area, and supplementary
motor area. The CST is the main pathway that is involved
in voluntary movement control. Pyramidal neurons of the
primary motor cortex form the CST, which also receives
fibers from the accessory motor areas, and from the parietal/
somatosensory cortex.!]

Diffusion tensor imaging (DTI) is a non-invasive
magnetic resonance imaging (MRI) technique that
measures the anisotropic diffusion of water molecules.
WM tractography, which is also known as fiber tracking,
allows a three-dimensional visualization of WM tracts.
In addition, the architecture and integrity of WM
fascicles can be assessed using a mathematical model
that is composed of eigenvalues (A) and eigenvectors ()
by which the displacement of the water molecule signal
within a voxel is characterized.?-5!52728321 [n addition,
quantitative information on DTI can be used to assess
the degree of invasion or infiltration of the WMl and
the CST.?**) The quantitative analysis of DTI through its
derived metrics may reflect the effects of the tumor on the
surrounding WM, allowing, for example, analysis of how
gliomas change the microstructural integrity of the main
WM tracts. In the WM, water molecules diffuse more
rapidly along the fibers and more slowly perpendicular
to them, which is called anisotropic diffusion.® The
following four coefficients or scalars can be extracted
from the DTI: axial diffusivity (AD), which represents the
diffusivity along the direction of dominant diffusion, radial
diffusivity (RD), which represents the average diffusivity
perpendicular to the first eigenvector, mean diffusivity
(MD), which describes the magnitude of the diffusion, and
fractional anisotropy (FA), which describes the degree of
anisotropy. These metrics provide information about the
state of the WM tracts and may also suggest specific types
of neuronal damage such as axonal injury, demyelination,
inflammation, or necrosis.[>1%132430.3]

Several publications have studied the acute diffusivity
changes in WM and selected regions of the CST in patients
early after a stroke. A relationship between decreased
anisotropic diffusivity and worse motor outcome has been
described.!'”!1#344

For brain tumors, there are few studies that use DTI as a
prognostic tool for motor function.”®*! To the best of our
knowledge, this is the first study that aims to quantitatively
analyze the DTI information that was obtained in the
immediate postsurgical period (within 48 h). The objective
is to find a correlation with the motor outcome in surgical
excised gliomas. The secondary objective is to establish
a cutoff point based on the tensor metrics that allow
identification of patients who will develop a permanent
postsurgical motor deficit.
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MATERIALS AND METHODS

We prospectively enrolled histologically confirmed glioma
patients who were to undergo surgery in our department
between January 2018 and December 2019. All patients
had a preoperative MRI study that included DTI. We
included patients in whom the tumor was located 2 ¢cm or
less from the CST and who had postsurgical MRI control
within 48 h. The surgeries were performed in a standardized
manner using microsurgical techniques, neuronavigation,
neurophysiological monitoring, and intraoperative ultrasound.

We excluded patients with MRI that was performed at other
centers, tumors that invaded the primary motor cortex,
supplementary motor area, and premotor cortex, and patients
who had postsurgical complications with a direct impact
on motor outcome (hematomas or ischemia). Stereotactic
biopsies and patients with tumor progression for <6 months
that were demonstrated in control MRI studies were also
excluded from the study.

The clinical and radiological variables are summarized in
[Table 1]. Motor function was assessed using the Medical
Research Council (MRC) scale, with scores ranging from
0 to 5.1 Using this scale, the presence or absence of pre-
and post-surgical motor deficits was determined. In the
postsurgical period, patients were assessed in the 1% week,
at 1-3 and 6 months. A permanent deficit was defined as a
deficit that persisted for 3 months after surgery.

Image acquisition protocol

All subjects were scanned using a 1.5 T MRI scanner
(Signa HDxt; GE Healthcare, Milwaukee, WI, USA). DTI
data were acquired using a single shot echo-planar imaging
sequence (TE, 96 ms; TR, 13675 ms; field of view, 256 X
256 mm; matrix size, 128 x 128; voxel size, 1.015 x 1.015
x 3 mm). The diffusion-weighting gradient was applied
in 25 isotropically distributed directions using a b value
of 1000 s/mm?. Fifty gapless slices were obtained to cover
the whole brain, with a thickness of 3 mm. The total DTI
acquisition time was approximately 4 min. The b-table
was checked by an automatic quality control routine to
ensure its accuracy.’® Conventional MR sequences T1,
T2-weighted imaging, fluid attenuated inversion recovery
(FLAIR), and specific neuronavigation images were also
acquired.

Imaging analysis and fiber tracking

Fiber tracking was performed with a deterministic algorithm
using DSI Studio (dsi-studio.labsolver.org)."”’ We used a FA
threshold of 0.15, angulation threshold of 50°, and minimum
fiber length of 50 mm. Diffusion coefficient (FA, MD, AD,
and RD) maps were automatically obtained for each patient.
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CST was reconstructed using the regions of interest (ROIs)
that were located at the midbrain, posterior limb of internal
capsule, and primary motor cortex [Figure 1].1 Using
manual tools, fibers that were not anatomically related to the
tract were removed (contralateral hemisphere, cerebellum,

Table 1: Patient characteristics.

Variable n
Age 49.82+14.34
Sex
Female 5 (45.5 %)
Male 6 (55.5%)
Preoperative KPS (IQR) 80 (20)
Histopathology
High-grade gliomas
Glioblastoma 5 (45.5%)
Anaplastic astrocytoma Grade IIT 1(9.1%)
Low-grade gliomas
Astrocytoma Grade II 1(9.1%)
Oligodendroglioma Grade II 4 (36.4%)
Tumor location
Frontal 7 (63.6%)
Parietal 1(9.1%)
Temporal 1(9.1%)
Insular 2 (18.2%)
Initial volume (cm3) 43.32+33.01
Type o resection
PR 2 (18.2%)
STR 2 (18.2%)
GTR 7 (63.6%)
CST compromise
None 4 (36.4%)
Displaced 4 (36.4%)
Infiltrated/Disrupted 3(27.3%)
Days between preoperative MRI and surgery 1(6)
(IQR)
Preoperative motor score (MCR)
Upper limb
3 1(9.1%)
5 10 (90.9%)
Lower limb
4 3(27.3%)
5 8 (72.7%)
Postoperative motor score (MCR) at 6™ month
Upper limb
3 1(9.1%)
4 2 (18.2%)
5 8 (72.7%)
Lower limb
0 1(9.1%)
3 1(9.1%)
4 1(9.1%)
5 8(9.1%)

Values are expressed as the mean+tstandard deviation or as the frequency
(%). KPS: Karnofsky Performance Score, MRC: Medical Research
Council, IQR: Interquartile range, CST: Corticospinal tract, PR: Partial

resection, STR: Subtotal resection, GTR: Gross total resection

or thalamus). Volumetric tools (Elements [Brainlab AG,
Feldkirchen, Germany]) were used to calculate tumor
volume based on preoperative MRI. The minimum distance
between the CST and the tumor was measured. In all cases,
the contralateral CST was reconstructed after ensuring that
there were no alterations in the hemisphere contralateral
to the lesion. Using the color map and coregistered T1 and
T2-FLAIR images, ROIs (diameter = 8 mm) were drawn
in the region of the CST that was closest to the tumor and
its mirror image in the healthy hemisphere [Figure 2]. The
different metrics derived from the tensor were obtained for
the entire CST and the peritumoral regions of the ipsilateral
and contralateral tract. We also calculated their ratio, as
follows: ipsilateral (affected)/contralateral (healthy).

Statistical analysis

A normality test was applied to the sample using the
Shapiro-Wilk test. Variables that were derived from the
tensor had a non-normal distribution. The DTI values were
compared with the presence of a preoperative deficit using
the Wilcoxon-Mann-Whitney test, calculating the U statistic
and the effect size with the r coefficient. The postsurgical
motor status that was represented by the categories “no
deficity “transient deficit, and “permanent deficit” was
compared with the tensor metrics using the Kruskal-Wallis
test, using the epsilon squared (€?) coeflicient as a measure of
the effect size. A post hoc study was also performed using the
Holm correction and the Wilcoxon rank-sum test.

The medians of the tensor values were also analyzed
according to the presence or absence of motor impairment,
comparing the ipsilateral to the contralateral values in both
pre- and post-operative MRI. Thus, we used the Wilcoxon
signed-rank test. All statistical analyses were performed in
R version 3.5.0 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

During the study period, 53 patients with histologically
confirmed glioma underwent surgical resection. Fourteen
patients met the criteria of proximity to the CST. Three
patients were excluded because of motor/premotor cortex
invasion, postsurgical primary motor cortex infarction, or
DTI performed at another center. Thus, 11 patients met the
selection criteria and were included in the analysis.

Six (55.5%) patients were men and five (45.5%) patients were
women. The mean age was 49.82 + 14.34 years, the median
presurgical Karnofsky performance scale (KPS) was 80 (20).
Six were high-grade and five were low-grade gliomas. The
mean initial volume was 43.32 + 33.1 cm’. Four patients
presented a presurgical motor deficit and the motor balance
is summarized in [Table 1]. Three patients who presented a
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Fig 1: Example of the methodology used for fiber tracking. (a) Three-dimensional visualization of CST tracts (ipsitumoral and healthy) along
with the tumor and regions of interest (ROIs) that were used. Axial slices of diffusion tensor imaging-based color map showing ROI for the
midbrain (b), posterior limb of internal capsule (c), and primary motor cortex (d).

Fig 2: Illustrative case showing the methodology that was used to
determine the peritumoral corticospinal tract (CST) region. (a)
Preoperative diffusion tensor imaging (DTI) color map (left) and
T1-weighted postcontrast (right) axial images showing a high grade
glioma adjacent to CST. ROl is placed over the area corresponding
to the CST, as determined by the color fiber direction. A second
ROI is placed in the contralateral hemisphere. (b) Postoperative
DTI color map (left) and T1-weighted postcontrast (right) axial
images. The ipsilateral ROI is placed in the CST region that is
adjacent to the postsurgical cavity; a second ROI is placed in the
contralateral CST region in the healthy hemisphere.

previous deficit showed worsening of their motor balance
postoperatively [Figure 3], and one of the patients with a
previous deficit improved after the intervention. In four
patients, new postsurgical deficits were observed, and all of
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them were transient motor deficits. Significant alterations
were observed during intraoperative neurophysiological
monitoring in three patients (27.7%), with a reduction in
MEP amplitude. Two of these patients had a permanent
motor deficit. The third patient with a permanent motor
deficit did not register alterations during neurophysiological
monitoring, presumably due to a technical failure.

The presence of a permanent motor deficit was not correlated
with the clinical or radiological variables including initial
tumor volume, extent of resection, and distance to the
CST. Although the three patients with a permanent deficit
corresponded to high-grade gliomas, this relationship did
not reach statistical significance. [Supplementary Table 1]
shows descriptive statistics for the pre- and post-operative
DTI values in the overall study sample.

Quantitative analysis of the tensor metrics is summarized in
[Supplementary Tables 2 and 3]. In patients without motor
impairment, there were no differences between the overall
CST values on the affected and contralateral sides in the
pre- and post-surgical studies. However, in the peritumoral
regions, the values of FA, MD, and RD were significantly
different in patients who had a motor deficit.

[Supplementary Table 4] shows the relationship between the
tensor values and the presence of a preoperative deficit. The
peritumoral regions and their ratio exhibited significantly
lower FA values in cases of deficit, while the MD and RD
values were higher.

The results of the postoperative DTI and motor outcome
analyses are shown in [Table 2] and [Figure 4]. There
were differences between the MD values of overall CST
between the groups (H= 6.96, df = 2, P = 0.031, €* = 0.70),
and the difference between the groups with non-deficit
and permanent deficit was statistically significant (Z =2.42,
P =0.047, r = 0.66). In the peritumoral regions, there were
differences between the values of FA, MD, and RD. For
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Figure 3: Illustrative cases of permanent motor deficits. From left to right: preoperative T1-weighted postcontrast and postoperative images:
T1-weighted postcontrast, diffusion-weighted imaging (DWI), and apparent diffusion coefficient (ADC) map. The location of the pyramidal
tract that was determined by fiber tracking is also shown (white asterisk). (a) A 53-year-old man with a parieto-temporal glioblastoma; (b) a
65-year-old man with a right frontal glioblastoma; and (c) a 54-year-old man with a right temporo-insular glioblastoma.

the ratios, only the rFA showed a significantly different
distribution (H = 7.48, df = 2, P = 0.24, €% = 0.75), and this
difference was statistically significant between the cohorts
with and without permanent deficit (Z = 2.65, P < 0.001,
r = 0.80). Although the median values for the FA ratio in
patients with permanent motor deficits were lower (0.77)
compared to patients with transient deficits (0.88), these
differences did not reach statistical significance (P = 0.331).

A cutoff based on the receiver operating characteristic curves
was calculated, establishing a threshold value of 0.8 for the
rFA, and thus, lower values are related to the presence of
a permanent motor deficit in our series [Supplementary
Table 5 and Figure 5].

DISCUSSION

In the present study, we implemented DTI quantitatively
to elucidate the relationship between the clinical outcome

and this radiological-derived information. Among the
main findings of this investigation, patients who presented
a postsurgical motor deficit had lower FA and higher MD
and RD values compared to patients who did not show any
deficit.

Among the strengths of our study, our results rely on DTI
studies that were performed within the first 48 postoperative
h. In addition, the analysis and image processing focus on
the CST regions that are adjacent to the tumor and surgical
cavity, and these areas are susceptible to postsurgical changes.
Qualitative representation of the variable of interest (motor
outcome) simplifies the analysis and its interpretation.

We established an objective definition of the tumor’s
proximity to the CST based on previous publications.?**! We
discarded cases that may bias the analysis of the results, such
as tumors that had invaded the motor and premotor cortex,
because the damage in these areas could lead to motor
impairments that do not directly involve the CST.

Surgical Neurology International « 2021 « 12(51) | 5



Cepeda, et al.: Diffusion tensor imaging and gliomas near coricospical tract

S/;UIW ¢ 0T UT PassaIdxa are sanfeA [, JUSISULI], ;SN ], TUaueurad :JAAd 0.1 [eurdsoonio) ;18D “(sSuex amrenbisjur) YOI pue uerpaw o) se passardxa are sanfep

160-81°0 9S50 - 0900 €96 (ST0)6ST  (F€0) 8T (sT°0) T
98°0-600 9¢0 - S9T'0 19¢ (ST0)SOT  (0T0)ITT (ST0)660
98°0-200 €€0 - T6T0 €€ (€T0)6T'T  (920)8TT (¥1°0) 6670
1€€°0 SNVY.L- W¥dd
6€1°0 SNVIL-ON
080 1000> S9T  ¥T00 NYHd-ON T6'0-17'0 SL0 T %200 8FL (9T°0)2L0 (£1°0)880  (01) 20T
60-200 €T0 - TTe0 LTT (£00)860  (€T)OT'T  (£00)SO'T
¥80-%¥00 S€0 - 8410 S¥e  (€00)€0T  ($0°0)86°0 (£0°0) 20T
98'0-100 ST0 - 99%0 ¢€ST (100) 10T  (£00)¥0'T  (¥0°0) SO'T
T6'0-ST'0 €50 - 000 1TS (S00)T0T  (£00)26'0 (£0°0) 8670
L18°0 SNVI.L- W¥dd
890 6200 ¥TT LE00 SNVI.L-ON
€900 WYHId-ON T6'0-0€0 120 T 6200 TZ (€20).90 (910)89°0 (20°0)€F0
98°0-200 10 - 1s€0 1T (600)%ST (2F0)T9T  (60°0) 8€'T
1960 SNVI.L- W¥dd
SL0°0 SNVI.L-ON
790  L¥00 A%4 €00 INYAd-ON 680-9C0 S90 T 800 ¥S9 (810)960 (ST0)66'0 (£0°0) SL0
1 SNVI.L- W¥dd
L50°0 SNVI.L-ON
90 LF00 L1T S0°0 WYHdd-ON 160-220 0.0 T 000 Z (ST0) 670  (10°0) 670 (£0°0) £9°0
160-6T0 650 T €500 985S (100)%90 (£0'0) 790 (€0°0)¥S0
8/°0-100 TI'0 - 1S50 6I'T (¥00)0ST (S00)0S'T (S0°0) S¥'1
509°0 SNVI.L- W¥dd
080°0 SNVI.L-ON
990  6%0°0 W LV0°0 INYAd-ON 6'0-9¢0 L0 T T€00 969 (T00)€60 (€0°0) 060 (TO0)F80
G68'0-800 9¢0 - 6910 SS€  (200)sS0  (900) LS50  (#0°0) 09°0
(e=u) (F=u)
AE—OEV Aumum«o@ .:UHOE .«.u U—:QGNEHOQ aﬁumwﬁa.ﬂﬁ
4 d Z d Pdfuosuedwo)d [D%S6e 3 d X s9X (F=1) oN
3$9) wins MG&H GONOU: 3 3189} GESQ ub& uwanw 389} mm=d>?|—ﬁv_m=hv~ umu@m@ 0>ﬁm.~u&0umom

ayr
avi
dNI

VdI
ayt
avi

Nt

VdI

ad
av

an

Vi
ad
av

an
vd

RJRIELIS

ILd

uor3a1 1§D [eIOWNILID
[e10ye[RIIU0)) /[eraYerisd]

oney

LSO [e1eA0
[eIa)e[en)U0D
/Texayeqisdr oryey

uo13a1 1§D [eIoWNILId

LSO [[B1eA0

s[qerrep

“Joyap J0j0w dAneIadojsod pue soLoW paALIOpP-IT,( dAneIuenb usamiaq sisA[eue ajerreArun g dqeL,

6

Surgical Neurology International « 2021 « 12(51)



Cepeda, et al.: Diffusion tensor imaging and gliomas near coricospical tract

1.3
0.61 ‘ 1.1 ‘
£ o5 =1.0
0.9
0.41 o5 }
0.31 07 J
a no transient  permanent no transient  permanent
Postoperative motor deficit b ] Postoperative motor deficit
1.21
018
o] —
2 T
06 | 0.81
0.61
ok #
no transient permanent no transient permanent
Postoperative motor deficit [d| Postoperative motor deficit

Figure 4: Box plots showing differences in the peritumoral diffusion tensor imaging-derived metrics according to the type of postoperative
motor deficit. (a) Peritumoral fractional anisotropy (FA); (b) peritumoral mean diffusivity; (c) peritumoral radial diffusivity; and (d)p FA

ratio (rFA; affected/unaffected).
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Figure 5: Graphic output of cutoff determination using the Youden index. (a) Metric values by the optimal criterion. (b) Cutoff point for
peritumoral FA ratio (rFA; affected/unaffected). AUC: Area under the curve.

We emphasize the importance of standardizing MRI
acquisition and postprocessing imaging, especially the time
at which the postoperative control study is performed. Other
studies that correlated MRI data with the motor outcome are
based on preoperative studies®!**4 that provide limited
prognostic information. In our series, we also distinguished
patients with transient postoperative motor deficits from
those with permanent deficits.

The robustness of our methodology relies on the addition
of a quantitative, comparative analysis based on data that
were derived from pre and postoperative DTI. Most of
previous studies had methodologies that often disregarded
this important information. In a study by Laundre et al.,
in which qualitative analysis of DTT was performed using late
postsurgical images, the author found an association between
normalization of the position and anisotropy of the CST with

Surgical Neurology International 2021 « 12(51) | 7
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a clinical improvement of postoperative motor function. In a
study by Yuanzheng’s et al.,*”) intraoperative tractography was
used, establishing the distance from the postsurgical cavity to
the CST as a risk factor for the appearance of postoperative
deficits, and the author did not use any quantitative
parameters. Roberts et al.’ used the fiber density index as
a measure of the number of fibers (NFs) that are measured
in a transverse ROI of the tract, which provides a semi-
quantitative study parameter, although it is not an absolute
measure. Similarly, Tus et al.'! assessed the NF index, and
they found significant differences between the ipsilesional
and contralateral NF. In that series, a NF value <0.22 in the
preoperative DTT study was correlated with a low probability
of developing a transient postsurgical deficit. Yao et al.[*l
sought to determine the prognostic value of DT in brainstem
surgery using FA and ADC values and a laterality index.
The consistency of those study methods can be improved
because only seven of 14 patients had a postsurgical DTI, and
none of them presented deficits postoperatively. Similarly,
Abhinav et al.V studied the relationship between the degree
of muscular strength and the presurgical DTI metrics, and in
his series of deep intracranial cavernous malformations, only
nine of 18 patients underwent postoperative study.

In a study by Gao et al.,'¥! based on the preoperative DT, the
author performed his measurement on the posterior limb of
the internal capsule, he used the absolute value of FA and the
tumoral-to-healthy FA ratio, as well as the FDI and the FDI
ratios. In this study, the authors found a positive correlation
between muscular strength and rFA and between FDI and
rFDI. However, it seems that the most important differences
occur in the regions of the tract near the tumor. As shown
by D’Souza et al.®! and Stadlbauer et al.,'"*! these changes
mainly consist of a decrease in FA and an increase in MD
with respect to the contralateral hemisphere. Other research
in the field of stroke corroborates these trends.[17222%3)

In our series, the tensor metrics of the preoperative studies
in which the entire CST is measured are similar for both
the ipsilesional and contralateral healthy hemisphere. The
values are similar to the series described by Cosottini et al.,”
Roberts et al.,’ and Stadlbauer et al.”! For the postoperative
study, the only value of the entire CST that is significantly
different between patients who do not have postoperative
deficits and those with permanent deficits was the increase in
MD (0.84 vs. 0.93 x 10° mm?/s, P =0.047, Z = 2.42, r = 0.66).

The most important differences have been found when
studying the CST regions that are adjacent to the tumor and
the postsurgical cavity. We showed that in these areas, patients
who presented with a postsurgical motor deficit had lower
FA and higher values of MD and RD compared to patients
who did not show any deficit. Doughty et al."? showed that
reduced FA is found in the first 3-4 days after a stroke only
when the ROI was very close to the ischemic lesion, but not

Surgical Neurology International » 2021« 12(51) | 8

when the ROI was further away, and because of Wallerian
degeneration, it took time to become established.!'!

For the ratio between peritumoral CST areas and the
contralateral hemisphere, rFA was significantly lower in
patients with permanent deficits. Through ROC curve
analysis, the threshold we set in our series of 0.8 was related to
a permanent postoperative motor deficit, and this threshold
value was similar to that described in papers that assessed
motor outcome in patients after a stroke,?**! although the
pathophysiological mechanisms could be different.

These regional variations of the CST can represent irreversible
damage to the tract, which is also found in patients with
transient deficits but with a different magnitude. Among
the three patients with a permanent deficit in our series,
all had a preoperative motor deficit, while the four patients
with a new postoperative deficit presented peritumoral CST
alterations. However, these values did not become significant
for the group that did not present deficits. This suggests that
alterations of the tensor metrics in this group may be related
to surgical manipulation and displacement or decompression
of the CST instead of structural damage, as would occur in
patients with an irreversible deficit.

The study of early postsurgical DTT suggests that the presence
of artifacts in the acquisition, the presence of blood, small
areas of ischemia, or patient movements can make it difficult
to reconstruct the pyramidal tract as well as the values that
are derived from its analysis.

Our study has some limitations. These include a small study
sample size; images acquired using a 1.5 T scanner, and
the absence of long-term DTI controls that would allow us
a longitudinal analysis of the tensor values and the motor
outcomes.

Future studies should focus on validation of the present
methodology and results with a larger prospective series. We
believe that DTI can provide valuable prognostic information
in glioma surgery near eloquent areas. Efforts should be
directed toward the creation of predictive models based on
DTI and clinical variables that allow identification of patients
who have a high risk of permanent motor sequelae. However,
if we can differentiate postsurgical alterations based on CST
metrics, we can provide patients with transient deficits valuable
information about its functional prognosis, potential recovery,
and rehabilitation strategies. These image processing tools
should evolve into user friendly software, and improvements
in spatial resolution and tensor reconstruction techniques
should help to overcome the current technical difficulties.

CONCLUSION

Quantitative DTI analysis that was performed in the
immediate postsurgical period revealed changes in the CST
area values near the tumor, which were consistently related
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to the motor outcome in our series. Our results showed
that the peritumor-to-healthy FA ratio in the CST allows
discrimination between patients who will and will not
develop a permanent postoperative deficit.
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SUPPLEMENTARY TABLES

Supplementary Table 1: Descriptive statistics of quantitative DTI-derived metrics.

Variable DTI metric Preoperative Postoperative
Median IQR CI95% Median IQR CI 95%
Overall CST Ipsilateral FA 0.56 0.04 0.53-0.58 0.57 0.04 0.54-0.6
MD 0.88 0.12 0.82-0.96 0.9 0.06 0.84-0.93
AD 1.47 0.14 1.39-1.58 1.49 0.07 1.44-1.52
RD 0.6 0.11 0.54-0.65 0.59 0.09 0.54-0.64
Overall CST contralateral FA 0.56 0.03 0.55-0.58 0.58 0.07 0.55-0.63
MD 0.88 0.07 0.85-0.92 0.87 0.08 0.83-0.93
AD 1.47 0.09 1.43-1.54 1.48 0.1 1.41-1.51
RD 0.59 0.09 0.58-0.64 0.58 0.1 0.51-0.62
Peritumoral FA 0.44 0.28 0.33-0.65 0.58 0.16 0.46-0.64
MD 0.95 0.37 0.68-1.16 0.81 0.25 0.75-1.07
AD 1.47 0.24 1.33-1.71 1.44 0.22 1.37-1.61
RD 0.73 0.44 0.39-0.87 0.51 0.25 0.43-0.71
Healthy CST region FA 0.64 0.20 0.51-0.74 0.61 0.12 0.56-0.69
MD 0.72 0.06 0.70-0.76 0.77 0.05 0.74-0.80
AD 1.31 0.29 1.11-1.46 1.39 0.13 1.31-1.46
RD 0.44 0.17 0.34-0.53 0.44 0.08 0.41-0.51
Ratio ipsilateral/contralateral rFA 0.97 0.06 0.95-1.04 0.98 0.07 0.94-1.02
Overall CST rMD 1.01 0.05 0.95-1.02 1.03 0.05 1-1.05
rAD 1 0.02 0.99-1.01 1.01 0.05 0.97-1.03
rRD 1.02 0.09 0.9-1.03 1.08 0.12 0.97-1.09
Ratio rFA 0.92 0.27 0.71-0.99 0.93 0.22 0.77-1.01
Ipsilateral/Contralateral rMD 1.34 0.51 1-1.59 1.19 0.29 1.01-1.34
Peritumoral CST region rAD 1.12 0.29 0.96-1.34 1.05 0.02 0.94-1.24
rRD 1.45 0.64 1.08-1.78 1.37 0.58 0.98-1.59

IQR: Interquartile range, CST: Corticospinal tract. DTI values are expressed in 10~ mm?/s
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Supplementary Table 4: Univariate analysis between quantitative DTI-derived metrics and preoperative motor deficit.

Variable DTI metric Preoperative deficit Wilcoxon-Mann-Whitney Test
No (n=7) Yes (n=4) U Z p r
Overall CST FA 0.56 (0.03) 0.53 (0.01) 5 1.36 0.212 0.41
MD 0.92 (0.11) 0.88 (0.05) 13 0.29 0.833 0.09
AD 1.48 (0.12) 1.43 (0.07) 11 0.57 0.618 0.17
RD 0.64 (0.11) 0.6 (0.04) 12 0.29 0.830 0.09
Peritumoral CST region FA 0.64 (0.25) 0.34 (0.11) 3 2.08 0.042 0.63
MD 0.81 (0.27) 1.18 (0.23) 26 228 0.018 0.69
AD 1.43 (0.18) 1.62 (0.2) 23 1.7 0.109 0.51
RD 0.46 (0.36) 0.96 (0.42) 26 2.27 0.02 0.68
Ratio Ipsilateral/Contralateral rFA 0.98 (0.04) 0.95 (0.06) 6 1.43 0.179 0.43
Overall CST tMD 1(0.04) 1.02 (0.09) 21 1.34 0.215 0.4
rAD 1(0.03) 1 (0.04) 16 0.48 0.673 0.15
rRD 1(0.09) 1.03 (0.15) 19 0.97 0.364 0.29
Ratio Ipsilateral/Contralateral rFA 0.97 (0.07) 0.56 (0.33) 1 2.46 0.012 0.74
Peritumoral CST region rMD 1.08 (0.03) 1.6 (0.26) 26 2.27 0.024 0.68
rAD 1.06 (0.3) 1.21 (0.12) 19 0.95 0.412 0.28
rRD 1.16 (0.31) 2.44 (1.61) 28 2.65 0.006 0.8

Values are expressed as the median and IQR (interquartile range). CST: Corticospinal tract. DTI values are expressed in 10~* mm?/s

Supplementary Table 5: Optimal cut-off based on DTI for permanent motor deficit.

Variable Cut-off Sensitivity Specificity Optimal criterion AUC
rFA Ipsilateral/Contralateral Peritumoral CST region 0.8 1 0.875 0.875 0.917

rFA: Fractional anisotropy ratio, AUC: Area under the curve
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