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Introduction: Diffusion kurtosis imaging (DKI) is highlighted as a new technique based on the non-Gaussian water diffusion analysis. Because water diffusion in the 
brain is restricted (non-Gaussian), DKI provides more precise diffusional information derived from the tissue microstructure in than conventional diffusion analysis such 
as diffusion tensor imaging (DTI, assuming Gaussian). We investigated the diffusion characteristics of the brain in patients with idiopathic normal pressure 
hydrocephalus (iNPH) before drainage of cerebrospinal fluid and in age-matched controls. The purpose of this study was to compare several diffusion metrics between 
the iNPH and controls within the corticospinal tract(CST) volume. Our tract-specific analysis (TSA) for CST covers fractional anisotropy (FA), apparent diffusion 
coefficient (ADC), axial eigenvalue (λ1), radial diffusivity (RD), mean diffusion kurtosis (MDK), axial diffusion kurtosis (ADK) and radial diffusion kurtosis (RDK). 
 
Materials and Methods: DKI data were acquired on a clinical 3T-MRI scanner (Philips Medical Systems) as follows: TR/TE 3000/80ms; slice thickness 5mm; 20 
sections; field of view 256×256 mm; matrix 128×128; imaging time approximately 13 min; 6 b values (0, 500, 1000, 1500, 2000, and 2500 s/mm 2 ) with diffusion 
encoding in 32 directions for every b value. Gradient length (δ) and the time between the two leading edges of diffusion gradient (Δ) were 27.7 and 39.2 ms, respectively. 
Nine iNPH patients (age ranged 65-84, mean 72.2) and five controls (age ranged 60-75, mean 69.2) participated in the study. Diffusion metric maps were calculated by 
using the free software dTV.α.FZR(Image Computing and Analysis Laboratory, Department of Radiology, The University of Tokyo Hospital Japan). The values of FA, 
ADC, λ1, RD, MDK, ADK and RDK were measured from the uppermost part of the superior longitudinal fasciculus to the posterior limb of the internal capsule (Figure 
1). Statistical evaluations were performed by IBM SPSS Statistics software (version 19.0; SPSS, Chicago, IL) using Mann Whitney U-test. 
 
Results and Discussion: Diffusion metrics in the CST are summarized in Table 1. TSA of CST showed that the values of FA (p < 0.05), ADC,and λ1  significantly 
increased (p < 0.005) in iNPH patients compared with controls, while the RD was not significantly altered. The MDK values showed the significant decrease (p < 0.005). 
Although the significant differences of ADK and RDK were not detected, their decreasing and increasing trends were recognized. The results of FA and λ1 indicate that 
the CST shows the tendency to align in the direction of stretch by ventricular enlargement. The increased ADC indicated that the CST contained a lot of water by the 
transependymal edema in iNPH patients compared with controls. In addition to those DTI metric, decreased MDK and ADK implies that the CST microstructure of 
iNPH may become simpler than that of the normal controls. In summary, DKI-based TSA can provide us additional diagnostic information for iNPH patients beyond 
DTI-based TSA.  
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Table 1.Diffusion metrics (mean±SD) 

 CONTROLS iNPH 
FA 0.589±0.022* 0.652±0.061* 

ADC 0.652±0.013** 0.799±0.082** 
λ 1 1.157±0.030** 1.508±0.129** 
RD 0.400±0.020 0.447±0.083 

MDK 0.933±0.029** 0.786±0.080** 
ADK 0.696±0.025 0.474±0.231 
RDK 1.151±0.218 1.423±0.310 

* p < 0.05, ** p < 0.005 

 

Figure 1. Representative images of the CST in the control (a) and 

iNPH(b) subjects. The tractographic colors were visualized by 

diffusion anisotropy coded from yellow (low anisotropy) to 

orange (higher anisotropy). 
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