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Introduction 
    Cognitive impairment is common in individuals with end-stage renal disease, particularly those treated with dialysis1,2. Chronic kidney disease (CKD) is known as an 
independent risk factor for cognitive impairment3. Gray matter (GM) and white matter (WM) atrophy, cerebral blood flow (CBF) and are both effective biomarkers for 
detecting abnormalities in studies on various neurodegenerative diseases. In recent years, voxel-based analysis has been proved to be useful in neurology and 
neuropsychology. However, such applications were very rare in end-stage renal disease patients with hemodialysis. With pseudo-continuous arterial spin labeling 
(pCASL), the whole brain 3D CBF with high SNR could be acquired easily, independent of contrast agent, which made a great advantage for the patient with renal 
dysfunction. This study aimed to explore the brain changes of CKD patients with long term hemodialysis, using VBM and voxel-based analysis of CBF based on 
cognition assessment. 
Methods 

The MOCA (Montreal Cognitive Assessment) test were made in patients treated with hemodialysis, by a neurologist specified on cognitive impairment. Twenty 
patients with abnormal MOCA points (10 men and 10 women; age: 59.6±7.53 years; mean hemodialysis duration: 86.6 months; MOCA points adjusted by education: 
range 10-22, median 18) were recruited. Another 20 hemodialysis patients with normal MOCA points (10 men and 10 women; age: 57.9±6.06 years; mean 
hemodialysis duration: 86.3 months; MOCA points adjusted by education: range 26-29, median 27) were chosen to match the cognition impaired group. Informed 
content was obtained from each subject. 

This study was performed at a 3.0 T MR scanner with an 8-channel phase array head coil. Sagittal T1-weighted 3-dimensional fast spoiled gradient echo sequence 
(TR=8.2ms, TE=3.2ms, flip angle=12º, matrix=256×256, FOV=25.6×25.6cm, slice thickness=1.1mm, no slice gap) was applied to acquire structural images of whole 
brain. ASL (8 arms with 512 points in each spiral arm, bandwidth = ±62.5 kHz, slice thickness =4 mm, TR =4886ms, TE =11ms, flip angle =155°, postlabel delay 
=2025ms, image reconstruction matrix =128×128, FOV=24 cm, and number of excitations =2) was acquired, and fast axial T1 FLAIR with the same section as ASL 
was also performed. Besides, the conventional brain MRI examination, including T2WI, FLAIR, DWI, and 3D MRA with time-of-flight(TOF) were also performed to 
help exclude subject with brain abnormality. All images were reviewed to evaluate the quality. 

CBF maps were generated with the software provided by the scanner vender. With latest released SPM12, VBM was performed to show GM and WM changes using 
the DARTEL method. After standard procedure of segment, creating template, normalize to MNI and smooth, two-sample t tests were performed between two groups 
on gray matter and white matter respectively. Voxel-based analysis of CBF maps was performed with the procedure of coregister, 1st normalization, creating a 
customized CBF template, 2nd normalization and smooth. Then two-sample t tests were performed between two groups to compare CBF differences. 

Results 
One patient of the abnormal MOCA group was ruled out due to the artifact and low SNR of the ASL. There was no difference of gender, age, and mean hemodialysis 

duration between the two groups except MOCA points. Patients with abnormal MOCA showed significant GM, WM and CBF decrease than the normal MOCA group. 
GM loss was prominent located in superior temporal gyrus (Figure 1). WM loss in left temporal lobe was consistent with GM and furthermore showed larger area 
involvement of deep WM in left hemisphere (Figure 2). In terms of CBF, involvement of superior temporal gyrus was also significant. Besides, diffuse involvement of 
frontal, parietal, temporal, cerebellar and limbic system was demonstrated in bilateral hemispheres (Figure 3). No increase was found in the abnormal MOCA group. 
Discussion and Conclusions 
    As one of the most frequently used tests in studies on cognition and the only contrast factor of this study, MOCA revealed significant discrepancy between the two 
groups of CKD patients with hemodialysis. GM, WM and CBF showed excellent consistency in superior temporal gyrus involvement, which played an important role 
in social cognition processes, perception of emotions in facial stimuli, auditory processing, and developing a sense of language. Involvement of superior temporal gyrus 
was reported in studies on neuropsychology, and also a functional MRI study on CKD patients4,5. The large area of WM loss may help understanding the cognition 
changes of these patients, and DTI may be useful to reveal the microstructural changes. As a potential sensitive measurement, blood flow may revealed a general 
change of these patients in early stage. In summary, VBM and CBF showed significant brain changes in end-stage renal disease patients with long term hemodialysis. 
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Fig 1(left). GM decrease 
in abnormal MOCA. P 
value was set as 0.05 
(FWE corrected), and 
cluster threshold was set 
as 100 voxels. 
Fig 2(middle). WM 
decrease in abnormal 
MOCA. P value was set 
as 0.05(uncorrected), and 
cluster threshold was set 
as 100 voxels. 
Fig 3(right). CBF 
decrease in abnormal 
MOCA. P value was set 
as 0.05(FWE corrected), 
and cluster threshold was 
set as 100 voxels. 
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