
 
Figure 1 ROI location for MRS-BT in CO-poisoned patient. 

Figure 2 Relationship between MRS- and DWI-BT in 
CO-poisoned patients. 
Black and white diamonds: without and with showing 
the chronic symptom, respectively. 

 
Figire 3 CSF-based DWI-BT maps. 
Reduced BT is partly observed in a patient with showing 
the chronic symptom (right: 48 years old, arrows) 
comparing without any symptoms (left: 48 years old). 
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Target audience: Researchers and clinicians interested in DWI-thermometry and CO-poisoned patient. 
 
Purpose: Brain temperature (BT) are linked to impairment of cerebral blood flow and metabolism observed in chronic ischemia and Moyamoya disease1, 2. As BT 
reflects the imbalance between perfusion and metabolism in the brain, which is basically a ‘heat removal’ theory, its presence can be estimated by 1H-magnetic 
resonance spectroscopy (MRS) and diffusion-weighted imaging (DWI) 1, 2. MRS can estimate BT using the amount of chemical shift from water signal to the metabolite 
signal 1, however, it has the difficulty to avoid contamination of cerebrospinal fluid (CSF) in the measurement. Furthermore, MRS-BT can perform the measurement on 
only one slice, even if chemical shift imaging can be used as the two-dimensional map. As the other technique, CSF-based DWI-thermometry also have the ability to 
estimate BT, however, mean diffusivity (MD) of CSF in the lateral ventricle has been mainly used for the BT estimation and it may causes the measurement errors 
because of the drastic bulk flow in the region2, 3. Here, we investigate the potential of CSF-based DWI-thermometry measured in subarachnoid space, where the flow 
quietly changes comparing with the lateral ventricle, to estimate BT comparing with the conventional MRS thermometry in carbon monoxide (CO) poisoned patients 
who show the strong imbalance between perfusion and metabolism in the brain4.  
Methods: We performed MRS and DWI in 14 CO-poisoned patients (mean ± standard deviation: 
48.9±16.3 years) at the subacute phase (16.0±2.5 days). MRS and DWI was performed in all patients 
using a 3.0 T whole-body scanner (SIGNA EXCITE HD, GE Healthcare, US) and a quadrature head coil 
and an eight-channel phased-array coil. Magnetic resonance spectra for single-voxel MRS were acquired 
using point-resolved echo spectroscopy (PRESS) with the following parameters: TR/TE = 2000/144 ms; 
volume of interest (VOI) size = 1.5×1.5×1.5 cm3. The VOI was placed bilaterally over the centrum 
semiovale in the cerebral white matter on T2WI and it was carefully placed to avoid contamination of 
the signal from CSF in the lateral ventricle and sulci (Fig 1). All spectral data were automatically 
obtained from the probe sequence on the MR console. Raw data from MRS (apodization; 1 Hz and fast 
Fourier transform) were analyzed by the automatic curve fitting procedure and decomposed into 
Lorenzian peak components using our custom-made software on the MR console. BT for each voxel 
was calculated from the chemical shift difference between water and N-acetylaspartate (NAA) signals 
Δ(H2O-NAA) using calibration data from Cady et al: T [°C] = 286.9-94*Δ(H2O-NAA)5. BTs in white 
matter on the bilateral side were averaged and we defined the averaged value as MRS-BT in each patient. 
DWI acquisition was performed with the following parameters: field of view = 240×240 mm2; matrix = 
128×128; slice thickness = 4 mm with 1.5 mm gap; motion probing gradient = 6 directions. Mean 
diffusivity (MD) map was calculated on the MRI console and the CSF region was segmented by 
statistical parametric mapping 8 (SPM8) on the workstation. BT in the segmented CSF region was 
calculated from MD value pixel by pixel with T [°C] = 2256.74/ln[(4392.2×10-3)/MD]-273.152, 3. Finally, 
DWI-BT map was generated in custom-made software developed with C/C++. For quantitative 
assessment of DWI-BT, ROI in the CSF region was determined on the original MD map. The ROI was 
semi-manually located in the subarachnoid space after threshold procedure at the same slice for 
MRS-BT measurement. Then, the ROI was imported on DWI-BT map by MRIcro6 and the BT values of 
all pixels in the ROI were averaged. We defined the averaged BT as the DWI-BT in each patient. 
Relationship between MRS-BT and DWI-BT was statistically verified by Spearman’s coefficient. In 
addition, for qualitative assessment, DWI-BT color maps also were created from the original DWI-BT 
maps with smoothing by SPM8 and color-coding by MRIcro.  
Results: DWI-BT strongly correlated with MRS-BT (R2=0.971, p<0.0001, Fig 2), however, DWI-BT 
(39.9±0.63°C) is significantly higher than MRS-BT (39.5±0.49°C) in the subacute CO-poisoned patient 
(p=0.0001). DWI-BT maps qualitatively showed the difference in the patients between without showing 
any chronic symptoms and with the patients with showing the typical symptoms (Fig 3).  
Conclusion and Discussion: Those results suggest that DWI-BT may reflect abnormalities in cerebral 
perfusion and/or metabolism in the subacute CO-poisoned patients and the higher DWI-BT in CSF than 
MRS-BT in white matter may substantially reflect the brain metabolism because CSF directly lies on 
the cortex. Then, DWI-BT maps made us evaluate the BT distribution qualitatively. This study paves the 
way for the future development of in vivo biomarkers based on BT impairment in the patients with 
related neural metabolism disorders. 
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