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A ventriculoperitoneal(VP) shunt is the most widely used application for the 

management of hydrocephalus as such a shunt can divert cerebrospinal fluid into the peritoneal 

cavity through a catheter[1,2]. Previous studies have reported on the reduction of cognitive 

impairment after VP shunt placement for hydrocephalus, and the mechanisms associated with 

the improvement in cognition following VP shunt have been mainly ascribed to decompression 

of the pressure on the periventricular white matter following VP shunt placement[3,4]. Several 

studies have reported that Papez circuit injury is related to cognitive impairment[5-7]. Several 

studies have used diffusion tensor tractography(DTT) to describe changes in white matter or in 

several neural tracts, such as the cingulum and corticoreticular pathway, following VP shunt 

placement for hydrocephalus management[3,4,8,9]. By contrast, no study on changes to the 

Papez circuit following VP shunt placement for hydrocephalus has been reported. 

diffusion tensor imaging(DTI) was performed twice, two days before and six days after 

VP shunt placement, on a 1.5 T Philips Gyroscan Intera (Philips, Ltd., Best, Netherlands) with 

a 6-channel head coil and using single-shot echo-planar imaging. For each of the 32 non-

collinear diffusion-sensitizing gradients, we acquired contiguous slices parallel to the anterior 

commissure–posterior commissure line. Imaging parameters were as follows: acquisition 

matrix = 96 × 96; reconstructed to matrix = 192 × 192 matrix; field of view = 240 mm × 240 

mm; TR = 10,398 ms; TE = 72 ms; parallel imaging reduction factor (SENSE factor) = 2; EPI 

factor = 59; b = 1000 s/mm2; NEX = 1; and slice thickness = 2.5 mm.  

Diffusion-weighted imaging data were analyzed by using tools within the Oxford 

Centre for Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library 

(FSL; www.fmrib.ox.ac.uk/fsl). Affine multi-scale two-dimensional registration was used for 

correction of head motion effects and image distortion due to eddy currents. Fiber tracking was 

performed using a probabilistic tractography method based on a multifiber model and was 

applied in the present study by utilizing tractography routines implemented in FMRIB 

Diffusion software (5000 streamline samples, 0.5 mm step lengths, curvature thresholds = 0.2; 

corresponding to a minimum angle of 80°)[10]. Each neural tract within the Papez circuit was 

determined by selecting fibers passing through seed and target regions of interest(ROI) as 

follows: thalamocingulate tract—the cingulate gyrus on the axial image(seed ROI), anterior 

limb of the internal capsule on the axial image(target ROI-1) and the anterior thalamic nuclei 

on the coronal image(target ROI-2); fornix—the mammillary body on the axial image(seed ROI) 

and the crus of the fornix(target ROI); mammillothalamic tract(MTT)—the anterior thalamic 

http://www.fmrib.ox.ac.uk/fsl


nuclei on the axial image(seed ROI), the isolated MTT(target ROI-1), and the mammillary 

body on the axial image(target ROI-2); cingulum—the middle(seed ROI) and posterior(target 

ROI-1) of the cingulum on the coronal images and the hippocampal cortex on the axial image 

(target ROI-2)[11-13]. Out of 5000 samples generated from the seed voxel, contact results were 

visualized for analysis at a threshold of a minimum of two streamlines through each voxel. The 

FA and TV values of the patient’s DTT-reconstructed Papez circuit were obtained. 

 Since the introduction of DTT, several studies have reported changes in white matter 

or neural tracts in adult patients with hydrocephalus after stroke that were treated with a VP 

shunt[3,4,8,9]. In 2016, Lee and Jang reported on a patient with hydrocephalus after 

intracerebral and intraventricular hemorrhages who showed reconnection of the compressed 

left anterior cingulum to the basal forebrain and a reduction in cognitive impairment following 

VP shunt placement[3]. In 2017, Jang et al. demonstrated increased the neural connectivity of 

the caudate nucleus to the medial prefrontal cortex on both hemispheres in a patient with 

hydrocephalus following an aneurysmal subarachnoid hemorrhage who also showed recovery 

of akinetic mutism after VP shunt placement[4]. Subsequently, Jang et al. [2018] reported on a 

patient with hydrocephalus after intraventricular hemorrhage who presented restoration of the 

discontinued corticoreticular pathways in both hemispheres and reduction of gait disturbance 

following VP shunt placement[8]. Recently, Jang and Lee [2019] reported increased the neural 

connectivity of the thalamic intralaminar nuclei to the prefrontal cortex in both hemispheres 

after VP shunt placement in a patient with hydrocephalus after subarachnoid and 

intraventricular hemorrhages who also showed restored consciousness[9]. Restoration of 

neural tracts by decompression of the ventricles after VP shunt placement that has been 

reported in previous studies appears consistent with the results of the present case study. 
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