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Abstract
Purpose  We aimed to investigate whether low b value diffusion-weighted imaging (DWI) can show the change of cerebro-
spinal fluid (CSF) dynamics.
Materials and methods  The subjects of this retrospective study consisted of patients with ventricular dilatation (n = 50) and 
controls (n = 50). The CSF signal intensity on the b = 500 s/mm2 DWI was evaluated by a scoring method in the lateral, 3rd 
and 4th ventricles, the cerebral sulci and the Sylvian fissure. The signal void findings adjacent to the septum pellucidum 
were also evaluated.
Results  The CSF signal intensities were significantly less in lateral ventricle and 3rd ventricle of the ventricular dilatation 
subjects. In controls, the score for the signal void in the Sylvian fissure showed a significant positive correlation with age. 
However, other areas did not show a significant correlation with age. The appearance of the characteristic signal void adjacent 
to the septum pellucidum showed a significant correlation with ventricular dilatation.
Conclusion  Our current study suggests that the CSF signal intensity on the b = 500 s/mm2 DWI may show the changes in 
CSF dynamics and might be useful to evaluate the overlook of CSF dynamics.

Keywords  Diffusion-weighted image · Low b value · Ventricular dilatation · Cerebrospinal fluid dynamics · Septum 
pellucidum

Introduction

Following the development of diffusion imaging, various 
aspects of the central nervous system have been evaluated 
by MR-imaging techniques that assess diffusion [1–4]. In 
routine clinical practice, diffusion-weighted imaging (DWI) 
with a b value of 1000 s/mm2 is preferred. This is because 
acute infarction can be well visualized at this b value and 
the effect of T2 ‘shine through’ is sufficiently suppressed. 
DWI with b = 1000 s/mm2 is also useful for the evaluation of 
demyelinating disease or brain tumors [4–6]. The apparent 
diffusion coefficient (ADC) image is also useful to deline-
ate diffusion alterations by excluding the effect of T2 shine 

through. The ADC can be calculated by DWI with either 
b = 0 or b = 1000 s/mm2; however, DWI using multiple b 
values has been used to obtain accurate and stable ADC 
values that are insensitive to perfusion effects [7, 8]. For 
an accurate and stable ADC calculation, we use multiple b 
value DWI (b = 0, 500 and 1000 s/mm2) for daily clinical 
practice, and we generally utilize the b = 1000 s/mm2 image 
as well as the b = 0 image. In contrast, usually, we do not use 
the b = 500 s/mm2 image for the clinical diagnosis, because 
the contrast between acute infarction and normal tissue is 
not sufficient, and the interpretation of the signal intensity 
on the b = 500 s/mm2 image is complicated by a larger effect 
of T2 shine through. In addition, the signal intensity from 
the cerebrospinal fluid (CSF) is not fully suppressed on the 
b = 500 s/mm2 image and is not uniform, which makes clini-
cal reading a challenge. Although the lower b value DWI 
is important as a source image for intra-voxel incoherent 
motion (IVIM) measurement [9–11], the independent use 
of the lower b value DWI for diagnoses in the brain has not 
been discussed in the previous literature.
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While making daily clinical reading, we found that the 
signal distribution of CSF on b = 500 s/mm2 images differs 
by the cases and there were several interesting findings. We 
found that there were differences in the signal distribution 
between the cases with and without ventricular dilatation. 
We also found that there curious beads like low signal areas 
along the septum pellucidum especially in the cases with 
severe ventricular dilatation cases, which is the second-
ary investigation purpose for the current study. From these 
observations, we considered that the signal distribution due 
to incomplete signal suppression of the CSF might contain 
information regarding CSF dynamics, despite the disadvan-
tage of b = 500 s/mm2 images for clinical practice indicated 
above. Thus, the purpose for this study is to investigate if 
characteristics or alterations of CSF dynamics can be visual-
ized and evaluated by the signal distribution on the b = 500 s/
mm2 DWI.

Materials and methods

Subjects

This retrospective study was approved by our institutional 
review board. The subjects were enrolled from the image 
report server of our institute. The subjects were scanned on 
a single 1.5 T clinical scanner with a fixed DWI sequence 
described in the next section. We performed a text search 
on the image report server for “ventricular dilatation”. 
From the text search results, we included the cases in which 
Evans’ index is larger than 30%. We excluded cases with 
space occupying lesions larger than 2 cm diameter, cases 
with cerebral infarction larger than one cerebral gyrus, and 
traumatic brain damage cases larger than one cerebral gyrus, 
which can result in brain deformation. Thus, we obtained 51 
consecutive cases, which were enrolled as the “ventricular 
dilatation group”. The ventricular dilatation group consisted 
of 26 males and 24 females, and a median age of 69 that 
ranged from 0 to 87 (1st decade: 5, 2nd decade: 6, 3rd dec-
ade: 1, 4th decade: 4, 5th decade: 3, 6th decade: 2, 7th dec-
ade: 8, 8th decade: 11, and 9th decade: 11). The underlying 
condition for the ventricular dilatation was as follows; brain 
atrophy: 23, aqueductal stenosis: 9, post chemotherapy: 4, 
hydrocephalus with unknown cause: 4, post-surgery: 3, Chi-
ari anomaly: 3, post intraventricular hemorrhage: 2, menin-
gitis: 2, achondroplasia: 1.

We also searched for reports, which do not contain “ven-
tricular dilatation”. We excluded cases with space occupying 
lesions larger than 2 cm diameter, cases with cerebral infarc-
tion larger than one cerebral gyrus, and traumatic brain dam-
age cases larger than one cerebral gyrus. Thus, we obtained 
51 consecutive cases, which were enrolled as the “control 
group”. The control group consisted of 25 males and 25 

females, and a median age of 53 that ranged from 4 to 90 
(1st decade: 3, 2nd decade: 3, 3rd decade: 7, 4th decade: 6, 
5th decade: 5, 6th decade: 4, 7th decade: 7, 8th decade: 5, 
9th decade: 10, and 10th decade: 1).

Imaging sequences

The cases we retrospectively evaluated were scanned on 
a 1.5 T clinical scanner (MAGNETOM Avanto, Siemens 
Healthcare GmbH, Erlangen, Germany with the operat-
ing system “syngo MR VB19”). Since the cases were 
enrolled from routine clinical studies, the image sets were 
the usual clinical protocols, which included axial fluid 
attenuated inversion recovery (FLAIR) images (TR/TE/
TI =9000  ms/102  ms/2500  ms), coronal T2-weighted 
images (TR/TE =3800 ms/95 ms) as well as DWIs (Fig. 1). 
The DWI was scanned with the following parameters: 
TR = 3500 ms, TE = 94 ms, EPI factor=192, echo spac-
ing = 1.01 ms, bandwidth =1132 Hx/Px, FOV = 200 mm, 
192 × 144, 20 slices with distant factor = 20%, slice thick-
ness = 6 mm, averages = 4, acceleration factor = 2, acquisi-
tion time  = 1 min 50 s, motion proving gradient: bipolar 
type, b value = 0, 500, 1000 s/mm2, 3-scan trace, fat sup-
pression, no flow compensation.

Image analysis

Evaluation of the signal intensity and signal void of CSF 
on the b = 500 s/mm2 DWI

All images were interpreted by a consensus of two neurolo-
gists (S.N. and T.T.). We evaluated the signal intensity of the 
CSF within the ventricle and on the surface of the cerebral 
sulci, on the b = 500 s/mm2 DWI (Figs. 2, 3). The signal 
intensity of the CSF within the ventricles was evaluated 
qualitatively in comparison with the white matter signal 
intensity in the lateral (anterior horn, body, atrium, and tem-
poral horn), 3rd and 4th ventricles. No signal intensity, sig-
nal intensity lower than that of white matter, signal intensity 
equal to white matter, and signal intensity higher than that 
of white matter were scored as 0, 1, 2, and 3, respectively.

The signal intensity of the CSF in the cerebral surface 
and ventricular connections was evaluated for the presence 
of a signal void. In the Sylvian fissure, no signal void, signal 
void limited to the Sylvian vallecula, signal void until the 
Sylvian stem, and signal void in the whole Sylvian fissure 
were scored as 0, 1, 2, and 3, respectively. In the fronto-
parietal cerebral sulci, no signal void, signal void in one 
sulcus, signal void in two sulci, and signal void in more than 
three sulci as 0 and 1, 2, and 3, respectively. For the fora-
men of Monroe and aqueduct, no signal void, signal void in 
1 slice, and signal void more than 2 slices were scored as 0, 
1, and 2, respectively.
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Evaluation of the signal void adjacent to the septum 
pellucidum on the b = 500 s/mm2 DWI

On the b = 500  s/mm2 DWI, we evaluated the pres-
ence and degree of signal void adjacent to the septum 

pellucidum. For the thickness of the signal void, no signal 
void, signal void with a thickness < 10 mm, and signal 
void with a thickness ≥ 10 mm were scored as 0, 1, and 2, 
respectively. For the length of the signal void, no signal 
void, signal void in part of the septum pellucidum, and 

Fig. 1   Diffusion-weighted image with b = 0 (a), 500 (b) and 1000 s/
mm2 (c). DWIs using multiple b values have been used to obtain 
accurate ADC values that are insensitive to perfusion effects. Gener-
ally, b = 1000 s/mm2 is used in clinical practice such as for the detec-

tion of acute infarction. On the b = 500 s/mm2 DWI, the signal sup-
pression of the CSF is incomplete, which may give  information on 
the dynamics of CSF

Fig. 2   Control case (60-year-old female) on the b = 500 s/mm2 DWI. 
In general, the CSF within the ventricle had a higher signal intensity 
compared to the Sylvian fissure. However, signal void from the fora-

men of Monroe (arrows) and aqueduct (arrowhead) is prominent. The 
low signal intensity within the Sylvian fissure is limited to the hori-
zontal, anterior ascending rami and lower area of the posterior rami
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signal void in the whole septum pellucidum were scored 
as 0, 1, and 2, respectively. For the shape of the signal 
void, no signal void, a thin band-like signal void, and a 
signal void with a bead-like shape were scored as 0, 1, 
and 2, respectively. The summation of the three scores 
was used as total score for signal void adjacent to the 
septum pellucidum.

Evaluation of the findings related to ventricular dilatation

On axial FLAIR and coronal T2-weighted images, we 
evaluated the degree and character of the ventricular 
dilatation. In addition to the Evans index, which is a 
simple and widely accepted index for ventricular dilata-
tion, we evaluated the findings related to iNPH accord-
ing to the methods proposed by Kockum et al. as follows 
[12].

(a)	 Evans’ index: the ratio between the maximum width 
of the frontal horns of the lateral ventricles and the 
maximum inner diameter of the cranium in the same 
transverse slice [13]. An Evans’ index ≤ 0.25, > 0.25 
to 0.3 and > 0.3 was scored as 0, 1, and 2, respectively.

(b)	 The narrow parietal high convexity and medial para-
falcine sulci were accessed on the coronal plane [14]. 
Normal, narrowing in the parafalcine area, and a 
narrowing in the vertices were scored as 0, 1, and 2, 
respectively.

(c)	 Dilation of the Sylvian fissures in the coronal plane was 
compared to the surrounding sulci [15]. Normal and 
enlarged were scored as 0 and 1.

(d)	 Focally enlarged sulci were defined by comparing them 
to the surrounding sulci [16]. Normal and enlarged 
sulci were scored as 0 and 1.

(e)	 The diameter of the temporal horns was measured in 
the transverse plane and the mean width of the right 
and left sides was calculated [17]. Diameter < 4 mm, 

Fig. 3   Ventricular dilatation case (76-year-old male) on the b = 500 s/
mm2 DWI. The CSF within the ventricle had a higher signal inten-
sity compared to the control (Fig. 2). The signal void at the foramen 
of Monroe and aqueduct is less prominent. The low signal intensity 

within the Sylvian fissure can be seen in a wide area. The CSF in the 
cortical sulci in the fronto-parietal area also has a low signal intensity. 
The characteristic bead-like signal void along the septum pellucidum 
is indicated (arrow)
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4 to < 6 mm and ≥ 6 mm were scored as 0, 1, and 2, 
respectively.

(f)	 The callosal angle was measured between the lateral 
ventricles in the coronal plane, through the posterior 
commissure perpendicular to the anterior–posterior 
commissural plane [18]. Callosal angles > 90°, 90–60°, 
and ≤ 60° were scored as 0, 1, and 2, respectively.

(g)	 The periventricular white matter hyperintensity along 
the lateral ventricles was graded according to Fazekas’ 
scale [19]. An absence of hyperintensity, “caps”, or 
pencil-thin lining, a smooth “halo”, and an irregular 
PVH extending into the deep white matter, was scored 
as 0, 1, 2, and 3, respectively.

The total score for the likelihood of iNPH was calculated 
as a summation of the seven scores with a correction for the 
total number of scores. Thus, the total score was “score a”/3 
+ “score b”/3 + “score c”/2 + “score d”/2 + “score e”/3 + 
“score f”/3 + “score g”/4.

Statistical analysis

Analysis of the signal intensity of CSF on the b = 500 s/mm2 
DWI

Scores for the CSF signal intensity on the b = 500 s/mm2 
DWI were compared between the ventricular dilatation 
group and controls using a Pearson’s Chi-square test. Com-
parisons were made of the scores for CSF signal intensity 
in (1) anterior horn of the lateral ventricle, (2) body of the 
lateral ventricle, (3) atrium of the lateral ventricle, (4) tem-
poral horn of the lateral ventricle, (5) 3rd ventricle, and (5) 
4th ventricle. In addition, (6) scores for the signal void in 
the Sylvian fissure and (7) scores for the signal void in the 
fronto-parietal cerebral sulci were also compared between 
groups. We also evaluated the correlation between age and 
the score listed above within the ventricular dilatation and 
control groups using a Spearman’s correlation coefficient. 
The calculations were performed with “R” (ver. 3.4.3) (R 
Development Core Team) [20].

Analysis of the signal void adjacent to the septum 
pellucidum on the b = 500 s/mm2 DWI

Scores for the signal void adjacent to the septum pelluci-
dum on the b = 500 s/mm2 DWI were compared between the 
ventricular dilatation and control groups using a Pearson’s 
Chi-square test. Comparisons were made for: (1) thickness 
of the signal void; (2) length of the signal void; and (3) shape 
of the signal void. We also evaluated the correlation between 
age and the scores listed above within the two groups using 
a Spearman’s correlation coefficient.

Comparisons of the findings related to ventricular 
dilatation and the signal void adjacent to the septum 
pellucidum on the b = 500 s/mm2 DWI

We compared the findings related to ventricular dilatation 
and the signal void adjacent to the septum pellucidum on the 
b = 500 s/mm2 DWIs of the two groups using a Spearman’s 
correlation coefficient. Following comparisons were made: 
(1) We compared the total score related to ventricular dilata-
tion, which included findings related to iNPH and the total 
score for the signal void adjacent to the septum pellucidum 
on the b = 500 s/mm2 DWIs. (2) We compared the Evans’ 
index and the total score for the signal void adjacent to the 
septum pellucidum on the b = 500 s/mm2 DWIs, to evaluate 
if the findings were related to iNPH or just to ventricular 
dilatation.

Results

Analysis of the signal intensity of CSF 
on the b = 500 s/mm2 DWI

Table 1 shows the comparisons of CSF signal intensity on 
the b = 500 s/mm2 DWI between the ventricle dilatation and 
control groups by the Pearson’s Chi-square test. The scores 
for CSF signal intensity were significantly higher in the ven-
tricular dilatation group in the anterior horn of the lateral 
ventricle, the body of the lateral ventricle, the atrium of the 
lateral ventricle, the temporal horn of the lateral ventricle, 
and in the 3rd ventricle. However, there was no significant 
difference in the 4th ventricle. The scores for the signal 
void in the Sylvian fissure were significantly higher in the 
ventricular dilatation group, indicating that the signal void 
occupied a larger area. There were no significant differences 
for the signal void in the fronto-parietal cerebral sulci. In the 
ventricular connections including foramen of Monroe and 
aqueduct, the scores were significantly difference between 
ventricular dilatation group and control.

Table  2 shows the correlation between age and the 
scores of the ventricular dilatation and control groups using 
a Spearman’s correlation coefficient. In the control group, 
the score for the signal void in the Sylvian fissure had a sig-
nificantly positive correlation with age (p < 0.05). However, 
other scores were not significantly correlated with age.

Analysis of the signal void adjacent to the septum 
pellucidum on the b = 500 s/mm2 DWI

Table 3 indicates the comparison of scores for the signal 
void adjacent to the septum pellucidum on the b = 500 s/mm2 
DWIs between the ventricular dilatation and control groups 
using a Pearson’s Chi-square test. The ventricular dilatation 
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Table 1   Comparison of scores 
for CSF signal intensity 
or signal void between the 
ventricle dilatation group and 
controls

Score 0 1 2 3 Significance p value

Anterior horn of lateral ventricle Control 4 42 5 0 p < 0.01 4.17 × 10−3

Dilatation 0 32 18 1
Body of lateral ventricle Control 0 46 5 0 p < 0.05 1.07 × 10−2

Dilatation 0 32 17 2
Atrium of lateral ventricle Control 1 45 5 0 p < 0.01 9.01 × 10−3

Dilatation 0 31 18 2
Temporal horn of lateral ventricle Control 28 23 0 0 p < 0.001 1.94 × 10−6

Dilatation 4 44 3 0
3rd ventricle Control 40 11 0 0 p < 0.001 8.41 × 10−4

Dilatation 20 31 0 0
4th ventricle Control 29 22 0 0 NS 4.60 × 10−1

Dilatation 28 21 2 0
Signal void in the Sylvian fissure Control 0 0 32 19 p < 0.05 3.05 × 10−2

Dilatation 0 6 25 20
Signal void in the fronto-parietal cerebral sulci Control 38 1 5 7 NS 3.62 × 10−1

Dilatation 41 2 6 2
Signal void in the foramen of Monroe Control 0 51 0 p < 0.001 7.28 × 10−6

Dilatation 7 35 9
Signal void in the aqueduct Control 0 46 5 p < 0.001 1.42 × 10−4

Dilatation 11 32 8

Table 2   Correlation between 
age and CSF signal intensity in 
the ventricle dilatation group 
and controls

Spearman’s rank correlation 
coefficient

Significance

Anterior horn of lateral ventricle Control 0.36 NS
Dilatation − 0.07 NS

Body of lateral ventricle Control 0.09 NS
Dilatation − 0.14 NS

Atrium of lateral ventricle Control 0.09 NS
Dilatation − 0.09 NS

Temporal horn of lateral ventricle Control − 0.05 NS
Dilatation 0.05 NS

3rd ventricle Control 0.16 NS
Dilatation 0.20 NS

4th ventricle Control 0.04 NS
Dilatation − 0.05 NS

Signal void in the Sylvian fissure Control 0.68 p < 0.05
Dilatation 0.56 NS

Signal void in the fronto-parietal cerebral 
sulci

Control 0.55 NS
Dilatation 0.37 NS

Table 3   Signal void adjacent to 
the septum pellucidum on the 
b = 500 s/mm2 DWI

Score 0 1 2 Significance p value

Width Control 40 11 0 p < 0.001 6.72 × 10−15

Dilatation 3 38 10
Length Control 40 11 0 p < 0.001 4.51 × 10−17

Dilatation 3 23 25
Shape Control 40 10 1 p < 0.001 9.25 × 10−18

Dilatation 3 12 36
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group had significantly higher scores compared to controls 
in the thickness (p < 0.001), the length (p < 0.001), and the 
shape of the signal void (p < 0.001).

Table 4 shows the correlation between age and the scores 
of the ventricular dilatation and control groups using a 
Spearman’s correlation coefficient. There were no signifi-
cant correlations with age.

Comparison between ventricular dilatation 
and the signal void adjacent to the septum 
pellucidum on the b = 500 s/mm2 DWI

Table 5 shows correlation between ventricular dilatation and 
the signal void adjacent to the septum pellucidum. The total 
score for ventricular dilatation, which included the findings 
related to iNPH, was significantly correlated with the total 
score for the signal void adjacent to the septum pellucidum. 
In particular, the correlation between the Evans’ index and 
the total score for the signal void adjacent to the septum pel-
lucidum was of greater significance compared to the other 
scores related to iNPH.

Discussion

The dynamics of cerebrospinal fluid have long been dis-
cussed. In classical theory, the CSF is produced actively in 
the choroid plexus within the ventricle and flows out to be 
absorbed via the arachnoid villi on the surface of the cra-
nium. The choroid plexus is considered to act as a pump sys-
tem for the CSF. However, the mechanism for CSF dynamics 

is not fully understood and there are controversies. Although 
it has been believed that CSF is mainly produced in the cho-
roid plexus for a long time, recent studies show negative 
evidence for this theory and indicate that the choroid plexus 
may not be the main site of CSF production. Various pro-
cesses including parenchymal capillaries and arterial hydro-
static pressure differences may play a role in CSF production 
[21–23]. For absorption of CSF, the arachnoid villi were 
believed to be the predominant outflow route of CSF in the 
classical theory. However, recent evidence indicates that the 
arachnoid villi may not be the primary site of absorption. 
Instead, other processes including lymphatic outflow and 
venous osmotic pressure differences have been shown to 
be more dominant for CSF absorption [22, 24]. To explore 
CSF dynamics, a variety of methods have been applied [25, 
26]. Myelography using iodine contrast media as an extrin-
sic tracer is one classic method. However, extrinsic tracers 
such as iodine contrast media have a large molecular weight 
and their behavior may be different from that of CSF. To 
investigate CSF dynamics without the use of an extrinsic 
tracer, a technique called Time-Spatial Labeling Inversion 
Pulse (Time-SLIP) was developed, which uses spin labeling 
of CSF itself to visualize motion [27]. Another technique 
recently applied to evaluate CSF dynamics is four-dimen-
sional velocity mapping (4D-VM or 4D-flow) which is based 
on a phase contrast technique and provides a quantitative 
spatiotemporal velocity distribution of CSF motion during 
a cardiac cycle as vector cine images [28]. In this study, 
we investigated the use of low b value diffusion-weighted 
images to evaluate CSF dynamics in a retrospectively 
selected population with and without ventricular dilatation.

The findings of the current study indicate that CSF within 
the lateral ventricle on the b = 500 s/mm2 DWI had a higher 
signal intensity in the ventricle dilatation group compared 
to controls. It is well known that diffusion-weighted images 
visualize the microscopic motion of water, which includes 
water molecular diffusion in tissue and microcirculation in 
the capillary network of tissues [29]. The signal intensity of 
a diffusion-weighted image depends mainly on the relaxa-
tion time, proton density, intra-voxel diffusion, and perfu-
sion. In CSF, the perfusion fraction may correspond to CSF 
flow. While static protons increase the signal intensity on 
a diffusion-weighted image, moving protons such as those 
found in CSF, result in a signal decrease, which is greater 

Table 4   Correlation between age and the signal void adjacent to the 
septum pellucidum in the ventricle dilatation and control groups

Spearman’s rank cor-
relation coefficient

Significance

Width Control 0.49 NS
Dilatation 0.10 NS

Length Control 0.49 NS
Dilatation 0.14 NS

Shape Control 0.49 NS
Dilatation 0.12 NS

Table 5   Correlation between 
the findings related to 
ventricular dilatation and the 
signal void adjacent to the 
septum pellucidum on the 
b  = 500 s/mm2 DWIs

Spearman’s rank correlation 
coefficient

Significance p value

Total score for the findings related to 
ventricular dilatation

0.76 p < 0.001 2.24 × 10−14

Score for Evans index 0.77 p < 0.001 4.88 × 10−15

Scores other than Evans index 0.75 p < 0.001 4.31 × 10−14
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when the flow is faster or when the b value is larger. When 
the b = 1000 s/mm2 MPG is used, the signal intensity of the 
CSF on a DWI is suppressed significantly. However, when 
the MPG is lower such as b = 500 s/mm2, the signal of the 
CSF is not suppressed completely, in particular the portion 
of the signal from static protons in the CSF, that is the basis 
of the “T2 shine through” phenomenon. Therefore, our find-
ing that the signal intensity of the CSF within the ventricle 
was higher in the cases with ventricular dilatation means 
that the motion of the water molecules is slower compared 
to that of controls.

We did not find a significant correlation between the age 
and the signal intensity of the CSF on the b = 500 s/mm2 
DWI other than in the signal void in the Sylvian fissure. 
However, within the control group, four cases had a very 
low signal intensity (grade 0) in the anterior horn of the lat-
eral ventricle, and all four cases were younger than 15 years. 
There were no cases higher than grade 0 in that age range. 
Conversely, there were five cases that had a signal intensity 
equal to white matter (grade 2) in the body of the lateral 
ventricle, and all five were older than 70 years. These find-
ings, although not statistically significant, suggest that the 
motion of the water molecules within the ventricles also 
tends to decrease with age.

The most interesting or curious finding in the current 
study may be the characteristic signal void along the sep-
tum pellucidum that was found mainly in the ventricular 
dilatation cases. This finding was significantly correlated 
with both the Evans’ index and the score for the likelihood of 
iNPH. There were two patterns of the signal void along the 
septum pellucidum. One was a rather thin band-like pattern 
and the other was thicker and bead-like. The thin band-like 
pattern seemed to appear in the cases with less severe ven-
tricular dilatation and the bead-like pattern in the cases with 
greater ventricular dilatation. It is interesting to note that in 
the cases with fenestration in the septum pellucidum due 
to severe hydrocephalus, the signal void along the septum 

pellucidum was not observed near the fenestration (Fig. 4). 
The total scores of the signal void along the septum pellu-
cidum were significantly correlated with the total score for 
ventricular dilatation, the score for the Evans’ index, and 
the other scores related to iNPH. The score for the Evans’ 
index was more significant compared to the other scores 
related to iNPH. Thus, the finding may be more likely to be 
correlated with ventricular dilatation itself than the finding 
related to iNPH.

We could not determine the source of the signal void 
along the septum pellucidum in the current study. One spec-
ulation is that it is due to flow or jet. However, as mentioned 
above, in the cases with perforation of the septum pelluci-
dum, the signal void could be seen in the area of the septum, 
and could not be seen in the area of the septal defect (Fig. 4). 
In addition, the bead-like signal void was more frequently 
seen in the cases with a greater degree of ventricular dila-
tation. With ventricular dilatation, the septum pellucidum 
becomes thinner [30] and may behave as a drum membrane, 
where exposure to vibration may cause standing waves. A 
source of the vibration could be arterial pulsation; how-
ever, the septum pellucidum does not contain a large artery. 
We speculated the vibration of the table of MR scanner, 
while scanning may be a source, and performed a phantom 
experiment with a plastic membrane which does not make 
vibration or pulsation itself. Figure 5 shows images of the 
phantom experiment with the same imaging sequence as 
applied in the current study. On the DWI (Figure 5b), there 
is a bead-like signal void along the plastic membrane from 
which the vibration was only due to the scanning of the DWI 
sequence. Of course, this phenomenon may not be identical 
to the signal void along the septum pellucidum. The stand-
ing wave produced by mechanical vibration of the bed from 
scanning sequence may be one of the causes of the bead-like 
signal void. 

The low b value DWI in the current study is not spe-
cially designed for evaluating CSF dynamics. Therefore, 

Fig. 4   A case with perforation 
in the septum pellucidum. A 
case with ventricular dilatation 
and perforation in the posterior 
part of the septum pellucidum 
(arrow in a: T2-weighted 
image). The bead-like signal 
void can be seen in the area 
where the septum present. In 
contrast, the signal void is not 
seen in the area of the septal 
defect (arrow in b: b = 500 s/
mm2 DWI)
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this imaging sequence cannot evaluate the direction of the 
flow and cannot provide quantitative information on the 
CSF dynamics. Thus, the findings on low b value DWI 
is a kind of indirect information compared to specially 
designed methods such as Time-SLIP or 4D-flow. How-
ever, the current study showed that it may reflect changes 
of CSF dynamics in the cases with ventricular dilatation. 
Although the information provided by the low b value 
DWI in the current study is not optimal for the evalua-
tion of CSF dynamics, there would be several advantages 
for this imaging. The short acquisition time of the low 
b value DWI is one advantage. The acquisition time of 
the sequence we used was 1 min and 50 s including the 
b = 1000 image. Since the 4D-flow method uses cardiac 
gating, the acquisition time tends to be long for coverage 
of the whole brain. Whole brain coverage is also an advan-
tage of our method. The Time-SLIP method can sample 
only one region of the brain in a single scan. Thus, the 

low b value DWI might be used as a quick and convenient 
technique to get gross information on CSF dynamics. The 
major disadvantage of this technique is the lack of spatial 
and temporal quantification. It may be possible to calcu-
late a perfusion-related diffusion coefficient (D*) from 
the signal of the b = 0 and b = 500 s/mm2 images [31]. 
However, the signal intensity varies by the design of the 
MPG or other imaging parameters. It has been reported 
that CSF pulsation artifacts on ADC maps can be affected 
by the number of readout segments [32]. We used a scor-
ing method instead of signal value measurement to evalu-
ate the signal characteristics in this retrospective study to 
avoid influence from the above-mentioned factors.

This study has several limitations. First, the study was 
designed as a retrospective study using clinically obtained 
images, which were not designed specifically for the evalu-
ation of hydrocephalus. Case selection in the current study 
is based on the description of the clinical reports thus not 
optimally randomized ones. Second limitation is lack of 
optimization of the sequence especially in the b value. The 
b value of 500 s/mm2 is not optimized for the evaluation of 
CSF dynamics but just for the calculation of ADC values. 
Therefore, optimization of the b value will be needed in 
the further study. Another limitation is the lack of clinical 
evidence for the cause of the hydrocephalus. Although we 
classified cases into ventricular dilatation and controls, 
both groups contained various underlying conditions. To 
compensate for this limitation, we evaluated factors relat-
ing to ventricular dilatation including the Evans’ index, 
narrowed parietal high convexity, dilation of the Sylvian 
fissures, focally enlarged sulci, callosal angle or perive-
ntricular white matter hyperintensity to characterize the 
ventricular dilatation. A lack of follow up may be another 
limitation of this study and may be explored in a future 
investigation.

In conclusion, we retrospectively evaluated the b = 500 s/
mm2 diffusion image obtained in routine clinical practice 
for correlation to CSF dynamics and found that the signal 
intensity of the b = 500 s/mm2 diffusion image may reflect 
changes in CSF dynamics. Although this method cannot 
quantify the absolute flow speed, it might be possible to 
evaluate the distribution of altered CSF dynamics within the 
cranium in the cases of ventricular dilatation. A characteris-
tic bead-like signal void along the septum pellucidum could 
be seen in the cases with ventricular dilatation, which was 
speculated to be due to a standing wave in a thinned septum 
pellucidum. However, the current study is a retrospectively 
designed preliminary study, and further studies including 
optimization of the sequence, comparison with other method 
such as Time-SLIP or 4D-flow method, and the study with 
case randomization will be needed.

Fig. 5   Phantom study (for reference). We created a phantom in which 
plastic membranes (0.08 mm thickness) were mounted within water. 
A half-Fourier single-shot turbo spin echo (HASTE) image (a) shows 
the structure of the phantom and indicates the location of the plas-
tic membranes (arrows). A low b value DWI identical to the clinical 
scan was applied to this phantom (b), which showed like a signal void 
along the plastic membrane. Of course, this phenomenon may not be 
identical to the signal void along the septum pellucidum. We specu-
late that the standing wave produced by vibration of the scanner bed 
from the DWI scanning may account for the observed signal void on 
the low b value DWI
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