
Figure 1. Top: T2-weighted MR images of three neighbor slices included 
in the 2D-TSI slice for a patient with a glioblastoma tumor; bottom: the 
corresponding nosologic images. Colors: dark blue = gray matter; light 
blue = white matter; green = CSF; yellow = tumor; brown = 
necrosis+tumor (mixed tissue); gray-blue = normal+axonal damage; white 
= normal tissue on MRI, but tumor or necrosis on MRSI.  

 

Figure 2. Top: T2-weigthed MR images of three neighbor slices included 
in the 2D-TSI slice for a patient with a metastasis tumor; bottom: the 
corresponding nosologic images. Colors have the same meanings as in 
Figure 1. In contrast to the results for the glioblastoma patient in Figure 1, 
the nosologic images in Figure 2 do not show tumor infiltration.  
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Introduction – In spite of the significant progresses achieved in the field of MR imaging (MRI) in the last decades, the differentiation 
between brain metastasis and glioblastoma is still a challenge since conventional MRI alone cannot always differentiate the two tumor 
types, while they require a completely different therapeutic treatment. Recent studies have shown that, in contrast to metastases, the 
peritumoral region in glioblastomas contains infiltrating tumor cells. Since the choline level is altered in the presence of tumor tissue, 
spectroscopic imaging becomes an important tool to differentiate the aforementioned tumors [1]. Here, the infiltrative nature of 
glioblastoma has been further investigated, by exploring the combination of MRI and two-dimensional Turbo Spectroscopic Imaging 
(2D-TSI), and a semi-automatic algorithm has been developed to differentiate metastasis from glioblastoma lesions. The proposed 
algorithm is based on the nosologic imaging approach described in [2]. 
 
Materials and methods – Ten patients with a brain tumor, five affected by glioblastoma and five by metastasis, were considered in this 
study. The data were acquired at the Radiology Service of Clínica Quirón, and the Hospital La Ribera, Alzira, Valencia (Spain), as a part 
of the routine clinical preoperative MRI and spectroscopy protocol for the brain and using eTUMOUR FP6 project protocols [3]. High-
resolution MRI data were acquired prior to the 2D-TSI study. MRI data include T1-weighted (pre- and post-gadolinium injection) and T2-
weighted images. 2D-TSI using a 90o – 180o – 180o pulse sequence were acquired in 1.5 T Philips magnets (Philips Medical Systems, 
The Netherlands). The multivoxel spectroscopic images consist of a grid of 24x24 voxels, with a field of view of 230x230 mm and a slice 
thickness of 20 mm. Each volume unit dimension was 9.6x9.6x20 mm (1.8 ml). The acquired signals are long echo time signals with TE 
= 272 ms, and TR = 2000 ms. Each signal consists of 256 complex data points. Data processing included zero filling to 512 points, 
removal of the residual water resonance by using HLSVD-PRO and Fourier transformation. The MRI data were segmented by the 
nosologic imaging algorithm described in [4]. 2D-TSI data were classified using the canonical correlation analysis method [5]. Based on 
the output of the MRI segmentation and the 2D-TSI classification the novel approach produces a nosologic image that is able to 
visualize the infiltration region characteristic for glioblastoma tumors by comparing both MRI and 2D-TSI tumor contours. 
 
Results and conclusion – A leave-one-patient-out strategy was used to validate the proposed method. Figure 1 shows the resulting 
nosologic images for all the MRI slices, located inside the 2D-TSI slice, for a patient affected by a glioblastoma tumor. In these images, 
the novel method shows the tumor contours detected from both MRI and 2D-TSI. White areas indicate regions that are found to be 
abnormal on spectroscopic images, but normal on MRI, thus visualizing tumor infiltration due to glioblastoma. Figure 2 shows the 
results of the method on a patient with a metastasis tumor. In contrast to the results displayed in Figure 1, no infiltration is detected for 
this patient. Therefore, the proposed algorithm, by exploiting the infiltrative nature of glioblastoma tumors that has been suggested in 
the literature, allows a visual differentiation between the two tumor types. Future work should focus on validation studies to further verify 
the degree of reliability of the proposed approach. 
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