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Abstract 
Objectives: The aim of the study is to assess volumetric Corticospinal Tract infiltration by Astro-
cytoma using Diffusion Tensor Tractography. Material and Methods: Preoperative, anatomic (T1- 
and T2-weighted) and diffusion tensor MRI were performed in 9 patients with supratentorial gli-
omas (WHO grade II and III). The tumors were manually segmented from the T1- and T2-weighted 
MRI, and their volume calculated. A three-dimensional tractography was performed in each case. 
A second segmentation and volume measurement was performed on the tumor regions intersect-
ing adjacent white matter fiber tracts. Results: We identified that white matter tracts were infil-
trated by 6 Astrocytoma tumors. The median tumor volume (±standard deviation) in our patient 
population was 33 ± 26.82 ml. The median tumor volume (±standard deviation) infiltrating white 
matter fiber tracts was 4.15 ± 9.23 ml. The median fraction of tumor volume infiltrating white 
matter fiber tracts was 26.3% ± 10.1%. Conclusions: Diffusion tensor MR Tractography is a relia-
ble preoperative assessment tool since it detects extensive white matter infiltration by Astrocy-
toma irrespective of brain tumors volume. Recommendations: Prospective large population stu-
dies are required to clarify how infiltration relates to tumor location. 
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1. Introduction 
The survival of patients harboring primary brain tumors appears to be influenced by a variety of factors, such as 
age, histologic tumor type, gender, preoperative Karnofsky performance score, epilepsy as presenting symptom, 
tumor involvement of the contralateral hemisphere, and extent of tumor resection [1]-[3]. Surgical resection 
plays an important role in the management of both low- and high-grade primary brain tumors. Although no 
prospective randomized outcome study has been conducted to date, retrospective data suggest an association 
between gross total tumor resection and increased overall survival [4]-[6]. 

The goal of surgical treatment is to remove as much tumor tissue as possible, while in the same time preserv-
ing the integrity of functionally eloquent gray and white matter structures, and thus avoids postoperative neuro-
logic deficits. However, tumor infiltration of eloquent cortical areas and/or white matter tracts may preclude safe 
gross total resection. Consequently, knowledge of the relationship between tumor and eloquent cortical and 
white matter regions might be helpful for preoperatively determining the extent to which a brain tumor can be 
surgically removed, and also for guiding the actual surgical procedure.  

Diffusion magnetic resonance (MR) imaging is evolving into a potent tool in the examination of the central 
nervous system. Although it is often used for the detection of acute ischemia, evaluation of directionality in a 
diffusion measurement can be useful in white matter, which demonstrates strong diffusion anisotropy. Tech-
niques such as diffusion-tensor imaging offer a glimpse into brain microstructure at a scale that is not easily ac-
cessible with other modalities, in some cases improving the detection and characterization of white matter ab-
normalities. Diffusion MR tractography offers an overall view of brain anatomy, including the degree of con-
nectivity between different regions of the brain. However, optimal utilization of the wide range of data provided 
with directional diffusion MR measurements requires careful attention to acquisition and post processing [7] [8]. 

Based on DTI findings, resulting from studies of brain tumor patients, the white matter involvement by a tu-
mor can be arranged into three different categories: 
■ Displaced: maintained normal anisotropy relative to the contralateral tract in the corresponding location, but 

situated in an abnormal T2-weighted signal intensity area or presented an abnormal orientation. 
■ Infiltrated: reduced anisotropy but remaining identifiable on orientation maps. 
■ Edematous: maintained normal anisotropy and normally oriented but located in an abnormal T2-weighted 

signal intensity area [9] [10]. 

2. Materials and Methods 
2.1. Patient Population 
The study was done between October 2012 and December 2013 where 33 patients with intracranial space-oc- 
cupying lesions underwent surgery. Patients were informed about study objectives and hazards and written con-
sent were obtained. Ethical committee approved the study. 

Among them, nine patients had lesions near the corticospinal tract, on the basis of conventional MR imaging 
findings, and these nine patients (five men, four women; mean age, 43 years; age range, 29 - 62 years) were in-
cluded in our study. Six patients were ASTROCYTOMA WHOII. All the patients were admitted to our institu-
tion for neurosurgery, and routine preoperative evaluations were performed, which included 1-T MR imaging. 
Full neurological examinations were performed (Table 1), and consequently all patients in this series underwent 
preoperative diffusion tensor MRI (DT-MRI) as part of surgical planning for image-guided tumor resection, in 
addition to preoperative anatomic T2-weighted fast spin echo (T2FSE), and volumetric T1-weighted MRI (3D- 
SPGR). All patients in this series underwent image-guided tumor resection. Histopathologic examination of the 
ressected tumor tissue confirmed the diagnosis of low- or high-grade glioma in each case.  

2.2. Image Acquisition 
All imaging studies were performed on Philips open MRI-scanner, with field strength of 1 Tesla (Philips Pano-
rama). Between 2 and 7 days before surgery, DT imaging and anatomic T1-weighted volume imaging were per-
formed with a 40-mT/m gradient. DT imaging was performed by using a single-shot spin-echo echo-planar MR 
sequence with the following parameters: 5200/79 (repetition time msec/echo time msec), with a motion-probing 
gradient in 12 noncolinear directions; b value, 700 sec/mm2; matrix, 128 × 128; voxel size, 1.7 × 1.7 × 3 mm; no 
intersection gap; and four signals acquired. The generalized auto calibrating partial parallel acquisition algorithm  
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Table 1. Patient population and tumor characteristics.                                                           

Case 
No. 

Sex, Age 
(yrs.) Tumor location Histopathology Eloquent cortical and white matter areas 

affected 

1 M 32 L frontal Astrocytoma WHO II SMA, motor strip, motor pathway 

2 F 34 R temporal Oligodendroglioma WHO II Wernicke’s area, optic radiation 

3 F 41 L Tempro-parietal Astrocytoma WHO II SMA, motor pathway 

4 M 61 R frontal medial Anaplasic Astrocytoma Motor strip, motor pathway 

5 M 38 L fronto-temporal Astrocytoma WHO II Motor strip, motor pathway 

6 F 45 L frontal Anaplastic strocytoma Motor and sensory strip, motor pathway,  
arcuate (superior longitudinal) fasciculus 

7 F 46 R occipital Oligodendroglioma WHO II Optic radiation 

8 M 34 L insular Ganglioglioma Motor pathway, uncinate fasciculus 

9 M 28 R frontal Anaplastic Astrocytoma (WHO III) Motor strip, motor pathway 

Careful analysis of the table showed that 66.6% (4/6) Astrocytoma tumors are Frontal in position and one case is frontotemporal and the last one is 
tempro-parietal. 
 
was applied for parallel imaging, with a reduction factor of two, an additional 24 autocalibrating phase-encoding 
lines in the center of k-space, and a 75% partial Fourier technique in the phase-encoding direction. A total of 40 
transverse sections were obtained to cover the whole brain. Imaging time was 7 minutes 20 seconds. A magne-
tization-prepared rapid acquisition gradient-echo sequence was applied for anatomic T1-weighted volume MR 
data acquisition by using the following parameters: 2000/4.4/990 (repetition time msec/echo time msec/inversion 
time msec); matrix, 256 × 240; voxel size, 0.9 × 0.9 × 1 mm; and two signals acquired. The generalized auto ca-
librating partial parallel acquisition algorithm was also applied with a reduction factor of two for the magnetiza-
tion-prepared rapid acquisition gradient-echo sequence. A total of 208 transverse sections were obtained to cov-
er the whole brain without intersection gaps. Field center was equivalent between the two sequences in each pa-
tient. Diffusion tensor imaging: axial and coronal line scan diffusion images (TE = 64 msec, TR = 2592 msec, 
slice thickness 4 mm) were acquired, covering the entire tumor and adjacent healthy brain parenchyma, as well 
as the brainstem and basal ganglia regions. Each section from the DT-MRI sequence was acquired from six 
non-colinear gradient directions. In addition, a baseline T2-weighted slice was acquired for each section. 

2.3. Image Analysis 
The 3D-Slicer software package [11]-[15] was used for image registration and processing. This is a modular 
software package with image registration, segmentation and DT-MRI processing capabilities. 

First, the anatomic (3D-SPGR and T2-FSE) and the DT-MRI scans were rigidly registered, using a maximi-
zation of mutual information (MI) algorithm.  

This algorithm is fully implemented in the 3D-Slicer software package, and it is known to provide robust and 
accurate results [16] [17]. Manual adjustments were made where necessary, using as reference anatomic land-
marks such as the anterior and posterior commissures, lateral ventricles, and corpus callosum. 

Each tumor was manually segmented (outlined) from the anatomic T2-FSE scans using the 3D-Slicer and a 
computer mouse. According to the literature, among anatomic MRI modalities, T2-weighted images appear to 
reflect the tumor extent more closely, although occult tumor can be found even beyond the region of increased 
T2-signal in some gliomas [18]-[22]. The tumor volume was computed from the segmented area and voxel size, 
using the 3D-Slicer software. 

In the next step, the white matter structure from DT-MRI was visualized. First, fractional anisotropy maps 
were generated in each case, using the 3D-Slicer software. Next, we obtained both a 2D-visualization [23] and a 
3D-tractography in each patient. For the 3D-tractography, we used the algorithm described by Westin et al. [24], 
which is fully implemented in the 3D-Slicer package. In order to calculate the trajectory of fiber tracts, this al-
gorithm takes into account fractional anisotropy, as well as the angle between the primary eigenvector within a 
voxel and the equivalent vector in the neighboring voxels. In order to selectively visualize each fiber tract ex-
pected to be in close spatial relationship with the tumor (based on anatomic MRI), we defined seed points, from 
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which the tractography was initialized: ventral brainstem for reconstructing the corticospinal tract, the white 
matter region adjacent to the lateral geniculate body for the optic radiation, the temporal lobe stem for tracking 
the uncinate fasciculus, etc. The 3D-tractography results were compared with the corresponding 2D-visualiza- 
tion maps and manually corrected, in order to insure that artifacts were removed. 

Finally, the tumor regions intersecting white matter tracts were manually segmented and their volume calcu-
lated in the same manner as the total tumor volume. 

3. Results 
From the 9 cases of tumors in relation to corticospinal tract, we identified that white matter tracts were infil-
trated by 6 Astrocytoma tumors. With respect to Table 2 the median tumor volume (±standard deviation) in our 
patient population was 33 ± 26.82 ml. The median tumor volume (±standard deviation) infiltrating white matter 
fiber tracts were 4.15 ± 9.23 ml. The median fraction of tumor volume infiltrating white matter fiber tracts was 
26.3% ± 10.1%.  

Careful analysis of the table showed that the there is difference in tumor behaviour apart from its gross vo-
lume. As in case number 4 where Tumor volume is 9.3 ml however 28% of its volume is infiltrating the tract 
(Figure 1) and if compared to case number 9 where tumor volume is 91.8 ml (larger than case 4) yet only 24.6% 
are infiltrating the tract. Also case number 6 has highest fraction of tumor volume infiltrating the corticospinal  
 
Table 2. Volumetric assessment of white matter infiltration.                                                      

Case 
No. 

Tumor volume  
(ml) 

Tumor volume infiltrating fiber tracts  
(ml) 

Fraction of Tumor volume infiltrating fiber tracts  
(% of total tumor volume) 

1 33.7 4.8 14.2 

2 51.3 13.7 26.7 

3 32.3 2.4 7.4 

4 9.3 2.6 28.0 

5 28.3 3.5 12.4 

6 62.6 23.1 36.9 

7 9.2 2.6 28.3 

8 13.0 2.0 15.4 

9 91.8 22.6 24.6 

 

 
Figure 1. Left Insular Astrocytoma in a 33 years old male. Tractography shows infiltration of the CST.              
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tract. So the fraction of tumor volume infiltration is not directly proportional to the tumor size. This is an inter-
esting point needs further study. 

4. Discussion 
Intracranial space-occupying lesions located in the eloquent brain area remain a challenge from the perspective 
of surgical removal with preservation of brain function. Image-guided neurosurgery is a tool that can help to 
prevent damage to the eloquent cortical and white matter areas [25] [26]. 

In the pre-DT-MRI era, some intraoperative white matter stimulation studies suggested that preserved white 
matter tracts may be present within some gliomas [27]. The advent of DT-MRI has enabled in vivo, non-invasive 
studies of tumor-induced white matter changes [10]-[13], and patterns of tumor invasion [14]. Furthermore, DT- 
MRI is being increasingly used for guiding surgical procedures [28]. We have shown that, by combining the in-
formation provided by anatomic and diffusion tensor MRI, it is possible to quantify the extent of tumor infiltra-
tion of adjacent white matter. Such a quantitative measure may help improve the accuracy of currently available 
predictive models for brain tumor resectability [29]. 

The information provided by DT-MRI can potentially help to further improve surgical outcomes of brain tu-
mor patients, and we illustrated this point at the example of two cases from our series. 

Results of our study: As regard, Astrocytoma showed that the median tumor volume (±standard deviation) in 
our patient population was 33 ± 26.82 ml. The median tumor volume (±standard deviation) infiltrating white 
matter fiber tracts was 4.15 ± 9.23 ml. The median fraction of tumor volume infiltrating white matter fiber tracts 
was 26.3% ± 10.1%. This is slightly different than a study done by Florin and his colleagues 2007 [30] where 
his study showed that the median tumor volume (±standard deviation) in our patient population was 42.5 ± 28.9 
ml. The median tumor volume (±standard deviation) infiltrating white matter fiber tract was 5.2 ± 9.9 ml. The 
median percentage of tumor volume infiltrating white matter fiber tracts was 21.4% ± 9.7%. This slight differ-
ence could be related to sample size difference between the 2 studies. During our study we noticed mismatch 
between total tumor volume and Fraction of Tumor volume infiltrating fiber tracts (% of total tumor volume) 
some tumors have larger volume (case 9) however less fraction of tumor volume infiltrating fiber. This suggests 
that tumors have unpredicted infiltrating behaviour power and Tractography can help in early detection of infil-
tration. 

5. Limitations 
Our study is limited by the relatively small sample size. 

6. Recommendations 
Prospective, large population studies are required in order to definitively clarify this issue. In addition, studies 
correlating the imaging findings with histology are necessary, in order to validate our results. 
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