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Optimal Diagnostic Indices for Idiopathic Normal Pressure
Hydrocephalus Based on the 3D Quantitative Volumetric
Analysis for the Cerebral Ventricle and Subarachnoid Space

ABSTRACT

S. Yamada, M. Ishikawa, and “*K. Yamamoto

l—

BACKGROUND AND PURPOSE: Despite the remarkable progress of 3D graphics technology, the Evans index has been the most popular
index for ventricular enlargement. We investigated a novel reliable index for the MR imaging features specified in idiopathic normal
pressure hydrocephalus, rather than the Evans index.

MATERIALS AND METHODS: The patients with suspected idiopathic normal pressure hydrocephalus on the basis of the ventriculo-
megaly and a triad of symptoms underwent the CSF tap test. CSF volumes were extracted from a T2-weighted 3D spin-echo sequence
named “sampling perfection with application-optimized contrasts by using different flip angle evolutions (SPACE)” on 3T MR imaging and
were quantified semiautomatically. Subarachnoid spaces were divided as follows: upper and lower parts and 4 compartments of frontal
convexity, parietal convexity, Sylvian fissure and basal cistern, and posterior fossa. The maximum length of 3 axial directions in the bilateral
ventricles and their frontal horns was measured. The “z-Evans Index” was defined as the maximum z-axial length of the frontal horns to the
maximum cranial z-axial length. These parameters were evaluated for the predictive accuracy for the tap-positive groups compared with
the tap-negative groups and age-adjusted odds ratios at the optimal thresholds.

RESULTS: In this study, 24 patients with tap-positive idiopathic normal pressure hydrocephalus, 25 patients without response to the tap
test, and 23 age-matched controls were included. The frontal horns of the bilateral ventricles were expanded, with the most excessive
expansion being toward the z-direction. The CSF volume of the parietal convexity had the highest area under the receiver operating
characteristic curve (0.768), the z-Evans Index was the second (0.758), and the upper-to-lower subarachnoid space ratio index was the third
(0.723), to discriminate the tap-test response.

CONCLUSIONS: The CSF volume of the parietal convexity of <38 mL, upper-to-lower subarachnoid space ratio of <<0.33, and the z-Evans
Index of >0.42 were newly proposed useful indices for the idiopathic normal pressure hydrocephalus diagnosis, an alternative to the Evans Index.

ABBREVIATIONS: AUC = area under the receiver operating characteristic curve; DESH = disproportionately enlarged subarachnoid space; iNPH = idiopathic

normal pressure hydrocephalus; SPACE = sampling perfection with application-optimized contrasts by using different flip angle evolutions

diopathic normal pressure hydrocephalus (iNPH) has been di-
agnosed since the evidence-based guidelines for diagnosis and
management of iNPH were announced in Japan, the United
States, and Europe.' > Frequently, patients with iNPH have short-
stepped gaits at first, followed by cognitive impairment and uri-
nary incontinence. The Study of iNPH on Neurologic Improve-
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ment (SINPHONI) showed that narrow sulci at the high
convexity and an enlarged Sylvian fissure with ventricular di-
lation, which was designated as “disproportionately enlarged
subarachnoid-space hydrocephalus (DESH),” were important
MR imaging features for iNPH diagnosis.® The SINPHONI
also confirmed that a lumbar CSF tap test was a necessary
diagnostic test for probable iNPH and predicted a favorable
response to a ventriculoperitoneal shunt surgery.”

Despite the remarkable progress of 3D graphics technology,
the Evans Index proposed by William Evans in 1942 has been the
most popular index of ventricular enlargement,® and an Evans
Index of >0.3 has been adopted as a criterion for ventriculo-
megaly in the Japanese and international iNPH guidelines.'
However, some studies using volumetric analysis suggested that it
was not a sufficient linear index for evaluating ventricular en-
largement.”'® In recent years, a T2-weighted 3D spin-echo se-
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quence with sampling perfection with application-optimized
contrasts by using different flip angle evolutions (SPACE se-
quence; Siemens, Erlangen, Germany) has been developed.'''*
This volumetric sequence enables the decrease of specific absorp-
tion rate limits and a scan of the whole brain in a single slab and a
true isotropic 3D data record with high resolution (voxel size = 1
mm® without interpolation). Taking advantage of the high sensi-
tivity to detect CSF on the T2-weighted 3D-SPACE sequence, a
new automated segmentation technique by using a simple thresh-
old algorithm has been developed.'> The aim of the present study
was to investigate the association between several 1D and 3D pa-
rameters of the ventricles and subarachnoid space and the re-
sponse to the CSF tap test in patients with suspected iNPH in a
systematic manner.

MATERIALS AND METHODS

Study Population

The study design and protocol were approved by the ethics com-
mittee for human research at our hospital. We prospectively col-
lected the patients for 3T MR imaging beginning in November
2013, when the best protocols of imaging acquisition and extrac-
tion of ventricular and subarachnoid CSF were determined. Pa-
tients 60 years of age or older who had ventriculomegaly and
symptoms of short-stepped gait and/or cognitive impairment
were referred to our iNPH center as having suspected iNPH by
neurologists and neurosurgeons around Kyoto. The comorbidi-
ties, including Alzheimer disease and cerebrovascular diseases,
were diagnosed by the neurologists before referral to our iNPH
center and were confirmed on MR imaging and '*’I-N-isopropyl-
p-iodoamphetamine-SPECT in our center. Forty-nine consecu-
tive patients with suspected iNPH underwent CSF removal of 30
mL via a lumbar tap (CSF tap test) concurrently with a T2-
weighted 3D-SPACE sequence on 3T MR imaging and '*’I-N-
isopropyl-p-iodoamphetamine-SPECT. According to the Japa-
nese iNPH guidelines,* improvements of symptoms were assessed
by the iNPH grading scale and the quantitative examination of
gait and cognition before and at 1 day and 4 days after the CSF tap
test. Gait was assessed with a 3-m Timed Up and Go Test and a
10-m straight walk (time in seconds and number of steps). Cog-
nition was assessed by the Mini-Mental State Examination, the
Frontal Assessment Battery, and the Trail-Making Test. Clinical
improvement was defined as =10% improvement of the best
changes in any of the quantitative examinations or =1 point of
improvement of the iNPH grading scale. On the basis of the re-
sponse to the CSF tap test, 49 patients with suspected iNPH were
divided into 24 patients with positive response to the tap test and
25 with negative response to the tap test. Additionally, 23 age-
matched controls consisting of the healthy volunteers or patients
who were 60 years of age or older who did not have ventriculo-
megaly, the classic triad of iNPH, a massive intracranial lesion, or
a fluid collection such as subdural hematoma underwent a T2-
weighted 3D-SPACE sequence with informed written consent.
Patients diagnosed with secondary normal pressure hydrocepha-
lus or congenital/developmental etiology normal pressure hydro-
cephalus were excluded from this study. Seventy-two patients
(mean age, 76.8 = 6.8 years; range, 61-89 years; 46 men, 26
women) were included in this study.

Image Acquisition

All MR imaging examinations were performed with a 64-channel
3T MR imaging system (Magnetom Skyra; Siemens). We prelim-
inarily examined the most adequate TR and TE of the T2-
weighted 3D-SPACE sequence for CSF discrimination. The pa-
rameters of the T2-weighted 3D-SPACE sequence were set at TR,
2800 ms; TE, 286 ms; section thickness, 0.9 mm with 192 sections
in a single slab; FOV, 230 mm; bandwidth, 789 Hz/Px; matrix
(pixel size), 192 X 192; voxel size, 0.6 X 0.6 X 0.9 mm. Image
acquisition time was 4 minutes 16 seconds.

Segmentation and Quantification of the Ventricular and
Subarachnoid Space

The sagittal source images of T2-weighted 3D-SPACE were auto-
matically processed to create 3D volume-rendering reconstruc-
tion and MPR images by using an independent 3D volume-ana-
lyzer workstation (SYNAPSE 3D; Japanese local name, SYNAPSE
VINCENT; Fujifilm Medical Systems, Tokyo, Japan). The intra-
cranial volume was segmented by the use of the combined tech-
niques of the edge-guided nonlinear interpolation and user-
steered live-wire segmentation.'®'” After that, the CSF spaces
were automatically segmented from brain parenchyma by using a
simple threshold algorithm (Fig 1)."” The threshold range for the
signal intensity of CSF on the T2-weighted 3D-SPACE sequence
of 3T MR imaging was extremely stable at 650—700 of the lower
limit threshold and no upper limit threshold. The bilateral, third,
and fourth ventricles were manually segmented, respectively, and
they were subsequently combined as a total ventricle.

Subarachnoid spaces were automatically segmented as the to-
tal intracranial CSF space minus a total ventricle. Furthermore,
subarachnoid spaces were divided into the upper and lower parts
in a horizontal section on the anterior/posterior commissure
plane at the level of the junction point of the vein of Galen and the
straight sinus. The upper-to-lower subarachnoid space ratio was
defined as the upper part to the lower part of the subarachnoid
spaces (Fig 2). In addition, the subarachnoid space was divided
into 4 parts, frontal convexity, parietal convexity, Sylvian fissure
and basal cistern, and posterior fossa, by using the manual seg-
mentation technique, as shown in Fig 3. The parietal convexity
was defined as the posterior part from the central sulcus.

The labeling of the segmented volumes was measured by
counting the number of voxels automatically. The volume ratios
of the ventricles and subarachnoid spaces (%) were calculated as
ratios of the ventricle volumes to the intracranial volume. To eval-
uate the validity of the measured volumes, we segmented and
measured the ventricles and subarachnoid spaces in the first 11
consecutive patients by using the SYNAPSE 3D workstation and
the open-source 3D Slicer software package (www.slicer.org)."®
The Pearson correlation coefficients among the 2 software pack-
ages were 0.838 for a total intracranial CSF space and 0.989 for the
total ventricular volumes.

3D Coordinates of the Bilateral Ventricle

Three axes for the spatial coordinates of the head position were
used as follows: x is the left/right dimension, y is the posterior/
anterior dimension, and z is the ventral/dorsal or inferior/supe-
rior dimension. The x and z dimensions were perpendicular, and
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FIG 1. Automatic extraction of CSF space. The figures in the top row show the MIP images on the T2-weighted 3D-SPACE sequence in the
representative iNPH case. Light green indicates the subarachnoid space segmented automatically at a threshold intensity of >700 on the
SYNAPSE 3D workstation. The other figures show the 3D volume-rendering reconstruction images of the subarachnoid space on the second line,
total CSF on the third line, and ventricles on the last line. The left, middle, and right column figures show axial, coronal, and sagittal dimensional
views, respectively.
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the y dimension was parallel to the anterior/posterior commissure  length of the frontal horn, which was between the roof and bot-

line. The Evans Index was measured as the maximal width of the ~ tom of the larger lateral ventricle to the maximum cranial z-axial

frontal horns of the bilateral ventricles to the maximal width of  length at the base of the posterior end of the foramen of Monro

the internal diameter of the cranium on the basis of the x dimen-  (Fig 4). In the same procedure, the y-Evans Index was defined as

sion.”'” The z-Evans Index was defined as the maximum z-axial ~ the maximum y-axial length between the posterior end of the

FIG 2. Division of the subarachnoid space into the upper and lower parts. The subarachnoid
space was divided into the upper and lower parts in a horizontal section on the anterior/posterior
commissure plane at the level of the junction point of the vein of Galen and the straight sinus. The
left and right figures show coronal and sagittal views. The Sylvian fissure is typically included in the
lower part of the subarachnoid space. The upper-to-lower subarachnoid space ratio was defined
as the upper part to the lower part of the subarachnoid space.

foramen of Monro and the anterior end
of the frontal horns to the maximum
cranial y-axial length. Additionally, x-,
y-, and z-Maximum Indices were mea-
sured as the maximum width of the bi-
lateral ventricles to the maximum inter-
nal cranium width on each of 3
dimensions, as shown in Fig 4.

Statistical Analysis

The prevalence ratios of high-convexity
tightness, enlarged Sylvian fissure, and
comorbidities such as Alzheimer disease
or dementia with Lewy bodies, Parkin-
sonism, cerebrovascular diseases, nar-
row spinal canal, and disuse muscle at-
rophy were compared among the 3
groups by the x” test. Mean values and
SDs for age and 3D and 1D indices
among the tap-positive, tap-negative,

FIG 3. Division of the subarachnoid space into the 4 parts. The subarachnoid space was divided into the following 4 parts: frontal convexity
(yellow), parietal convexity (magenta), Sylvian fissure and basal cistern (sky blue), and posterior fossa (light green) in the 3D segmentation. The
left, middle, right upper 3D volume-rendering reconstruction images show the axial, coronal, and sagittal dimensional views, respectively. Light
green in the left lower axial MIP image indicates the segmented region of the parietal convexity of the subarachnoid space, and that in the
middle and right lower MIP images indicates axial and coronal views of the Sylvian fissure and basal cistern.
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FIG 4. Three-directional linear indicators for evaluating the size of bilateral ventricles. The figures are the 3-directional MPR reconstruction
images of the T2-weighted 3D SPACE. On the basis of the anterior/posterior commissure line, x-, y-, and z-axes for spatial coordinates of head
position were defined. The green lines show the maximum length of 3-axial directions of the bilateral ventricles. The yellow lines show the
maximum 3-axial length of the frontal horn of the bilateral ventricles. The red lines show the maximum intracranial 3-axial width. In addition to
the original Evans Index, the y- and z-Evans Indices were defined as the maximum length from the foramen of Monro to the anterior and superior
extremities of the frontal horns (yellow lines)/the maximum intracranial y- and z-axial length (red lines), respectively. The x-, y-, and z-Maximum
Indices were defined as the maximum width of the bilateral ventricles (green lines)/the maximum intracranial width on the each of the 3

dimensions (red lines).

Table 1: Clinical characteristics of the study population

No. (%) No. (%) No. (%) No. (%)
(72 Total) (24 Tap-Positive) P Value™ P Value® (25 Tap-Negative) P Value* (23 Controls)

Male sex 46 (64%) 15 (62%) 1.000 917 17 (68%) 831 14 (61%)
Evans Index >0.3 42 (58%) 19 (79%) .005¢ 252 15 (60%) 145 8 (35%)
Callosal angle <90° 46 (64%) 21(88%) <.001¢ 962 23(92%) <.001¢ 2(9%)
High-convexity tightness 35(49%) 19 (79%) <.001® 154 14 (56%) .002¢ 2(9%)
Enlarged Sylvian fissure 33 (46%) 19 (79%) <.001¢ 154 14 (56%) <.001¢ 0
Alzheimer disease 22 (31%) 4(17%) 666 0424 12 (48%) 205 6(26%)
Parkinsonism 5 (7%) 2(8%) 489 1.000 3(12%) 263 0
Cerebrovascular diseases 15 (21%) 1(4%) .022¢ ns 6 (24%) 615 8 (35%)
Narrow spinal canal 7 (10%) 3(13%) 248 1.000 4(16%) 139 0
Muscle atrophy of lower leg 12 (17%) 5(21%) .065 .802 7(28%) .019¢ 0
Mean age (* SD) (yr) 76.8(+6.8) 76.2(*7.5) 741 541 77.3(+54) 893 76.8(+7.8)

2P value": probability value for the x? test between the tap-positive group and controls.
© P value? probability value for the x? test between the tap-positive and tap-negative groups.

<P value® probability value for the x* test between tap-negative group and controls.

9 Significant.

and control groups were calculated and compared in each group
by the Mann-Whitney-Wilcoxon test. The volumes and volume
ratios of the total ventricles, bilateral ventricles and total sub-
arachnoid space, the 4 segmented parts of the subarachnoid
spaces, upper-to-lower subarachnoid space ratio, 3-directional
linear 1D indices of the bilateral ventricles, and the callosal angle
were calculated as the area under the receiver operating charac-
teristic curves (AUC) to evaluate the optimal thresholds to max-
imize the sum of sensitivities and specificities for differentiation
between the tap-positive and the tap-negative groups. Using the
optimal thresholds from AUC analyses, we calculated age-ad-
justed ORs and 95% CIs for comparing the tap-positive group
with the tap-negative group in a multivariate logistic regression
model. Additionally, 14 patients with shunt-effective iNPH were
evaluated, and their 3D and 1D indices were compared to 25 pa-
tients without response to the tap test. The relationships between
the 2 indices were compared by using the Pearson correlation
coefficient (r). Age was treated as a continuous variable for all
statistical analyses. All missing data were treated as deficit data
that did not affect other variables. Statistical significance was as-
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sumed at P <.05. Statistical analysis was performed by using R
software (Version 3.0.1; http://www.R-project.org).

RESULTS

Clinical Characteristics

An Evans Index of >0.3, callosal angle of <90°, narrow sulci at the
high convexity, and an enlarged Sylvian fissure, which were con-
ventional morphologic indices for iINPH diagnosis, were signifi-
cantly different between the tap-positive group and the controls,
but there was not any statistical significance between the tap-
positive and tap-negative groups (Table 1). The tap-negative
group had a higher frequency of Alzheimer disease (48%) and
cerebrovascular diseases (26%) compared with the tap-positive

group.

Parameters Associated with CSF Tap-Test Responses
Table 2 shows the result of the mean values of the 3D and 1D

indices. Among the 3D indices, volume ratios of the total ventricle
or bilateral ventricles, CSF volume of the total subarachnoid space
or parietal convexity, and upper-to-lower subarachnoid space ra-



Table 2: Parameters among the tap-positive, tap-negative, and control groups

Mean Mean (24 Tap- P P Mean (25 Tap- P Mean
(72 Total)  Positive)  Value™ Value?® Negative) Value** (23 Controls)
Total ventricle volume (mL) 123 157 <.001 .060 135 <.001¢ 754
Total ventricle volume ratio (%) 81 10.5 <o01 ¢ o1 8.8 <.001¢ 5
Bilateral ventricle volume (mL) 14 147 <00 060 125 <.001 66.9
Bilateral ventricle volume ratio (%) 75 9.8 <.001¢ .013¢ 82 <.001¢ 44
Total subarachnoid space volume (mL) 270 251 678 .010¢ 294 127 264
Total subarachnoid space volume ratio (%) 18.0 16.8 .587 .030¢ 19.3 223 17.8
CSF volume of frontal convexity (mL) 511 41.0 .003¢ 0164 521 218 511
CSF volume of parietal convexity (mL) 424 284 <.o001? <001 441 162 424
CSF volume of Sylvian fissure and basal cistern (mL) 119 121 .030¢ .077 136 <.001¢ 19
CSF volume of posterior fossa (mL) 57.1 59.1 232 1.000 58.9 226 57.1
Upper-to-lower subarachnoid space ratio 0.55 0.37 <.001¢ 0084 0.49 <.001¢ 0.79
Evans Index 031 0.34 <.o0¢  .028° 0.32 .004¢ 0.29
Y-Evans Index 0.22 0.23 001 .053 0.22 .095 0.21
Z-Evans Index 038 043 <o0r®  .002¢ 039 <001 031
X-Max Index 0.63 0.65 <00 073 0.64 <.001¢ 0.60
Y-Max Index 0.63 0.67 <00 .048° 0.64 .00 0.58
Z-Max Index 070 074 <o0® 613 074 <.001® 0.62
Callosal angle (degree) 80.9 662 <ood a7 734 <.001¢ 104

Note:—Max indicates maximum.

2 P value": probability value for the Mann-Whitney-Wilcoxon test between the tap-positive group and controls.
© P value? probability value for the Mann-Whitney-Wilcoxon test between the tap-positive and tap-negative groups.
< P value®: probability value for the Mann-Whitney-Wilcoxon test between the tap-negative group and controls.

d Significant.

Table 3: At the maximum AUC, thresholds, sensitivity, specificity, and age-adjusted OR (95% ClI) for the tap-positive compared with the

tap-negative group

Optimal
Tap-Positive vs Tap-Negative AUC  Threshold  Sensitivity  Specificity OR (95% ClI) P Value®

Total ventricle volume (mL) 0.657 155 58.3 80.0 1.49 (1.13-1.96) .004
Total ventricle volume ratio (%) 0.700 8.6 79.2 56.0 149 (113-1.96) .005
Bilateral ventricle volume (mL) 0.657 147 54.2 84 1.52 (1.15-2.07) .003
Bilateral ventricle volume ratio (%)° 0.705 7.9 833 56.0 140 (1.06-1.84) 019
Total subarachnoid space volume (mL)° 0.714 312 875 48.0 0.66 (0.49-0.89) .006
Total subarachnoid space volume ratio (%) 0.682 7.9 75.0 72.0 0.63(0.48-0.82) <.001

CSF volume of frontal convexity (mL)° 0.701 459 79.2 76.0 0.58(045-0.74)  <.001

CSF volume of parietal convexity (mL)® 0.768 379 917 52.0 0.60 (0.45-0.79) <.001

CSF volume of Sylvian fissure and basal cistern (mL)  0.648 137 75.0 56.0 0.71(0.52-0.96) .028

CSF volume of posterior fossa (mL) 0.500 787 167 96.0 141(0.89-2.25) 146
Upper-to-lower subarachnoid space ratio® 0.723 0.33 45.8 92.0 0.62(0.46-0.83) .002
Evans Index 0.683 0.33 58.3 80.0 1.37 (1.04-1.80) .026
Y-Evans Index 0.662 0.24 417 92.0 142 (0.99-2.03) .057
Z-Evans Index® 0.758 0.42 66.7 88.0 174 (1.35-2.24) <.001
X-Max Index 0.640 0.62 70.8 60.0 1.55 (1.12-2.16) .009
Y-Max Index 0.665 0.69 45.8 92.0 1.69 (1.26-2.27) <.001
Z-Max Index 0.543 0.74 58.3 60.0 113 (0.85-1.52) 401
Callosal angle (degree) 0.632 773 87.5 48.0 1.51(113-2.02) .005

? Probability value for the age-adjusted ORs in a logistic regression model.
®Rows in which the AUC > 0.7 and P <. 05 are at the optimal threshold.

tio were significantly different between the tap-positive and tap-
negative groups. The bilateral ventricular volume ratio seemed to
be robust and representative of the ventriculomegaly. The ranges
of the 3-directional expanding ratios for the bilateral ventricles
were 0.55-0.70 at the x-Maximum Index, 0.49-0.71 at the y-
Maximum Index, and 0.36—0.81 at the z-Maximum Index; and
those for the frontal horns were 0.22—0.39 at the Evans Index,
0.17-0.26 at the y-Evans Index, and 0.17-0.48 at the z-Evans
Index. The bilateral ventricles and their frontal horns were most
expanded toward to the z-axial direction in the tap-positive group
with iNPH. The Evans Index, z-Evans Index, and y-Maximum
Index were statistically significant between the tap-positive and
tap-negative groups. For discriminating the tap-test response, the
CSF volume of the parietal convexity was the highest index (AUC,

0.768; sensitivity, 91.7%; specificity, 52.0%), the z-Evans Index
was the second (AUC, 0.758; sensitivity, 66.7%; specificity,
88.0%), and the upper-to-lower subarachnoid space ratio index
was the third (AUC, 0.723; sensitivity, 45.8%; specificity, 92.0%),
as shown in Table 3 and Fig 5. These 3 indices remained statisti-
cally significant for discriminating the shunt-effective iNPH
group from the tap-negative group (On-line Table). There was a
significant relationship between the upper-to-lower subarach-
noid space ratio and CSF volume of the parietal convexity (r,
0.680; 95% CI, —0.533 to —0.788; P < .001). Furthermore, the
z-Evans Index was significantly associated with the upper-to-
lower subarachnoid space ratio (r, —0.527; 95% CI, —0.676 to
—0.336; P <.001) or the CSF volume of the parietal convexity (r,
—0.238;95% CI, —0.445 to —0.007; P = .004). If the patients with
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FIG 5. Receiver operating characteristic curves for discriminating tap-positive from the tap-negative group. The ROC graphs show specificity on
the x-axis and sensitivity on the y-axis. The left graph shows the ROC curve of the parietal convexity of the subarachnoid space, the middle one
shows that of the z-Evans Index, and the right one shows that of the upper-to-lower subarachnoid space ratio. The black circle points indicate

the optimal cutoff points of the maximum area under the ROC curve.

suspected iNPH had any of the MR imaging findings—that is, the
CSF volume of the parietal convexity of <38 mL, upper-to-lower
subarachnoid space ratio of <0.33, and/or z-Evans Index of
>(0.42—they had the possibility of a >1.5-times higher effective-
ness of the CSF tap test. No useful combination of parameters
obviously increased the AUC compared with the single
parameter.

DISCUSSION

Our quantitative volumetric analyses determined that volume ex-
pansion of the bilateral ventricles, especially at the frontal horns,
was toward the z-axial direction, rather than the x-axial direction,
in the patients with iNPH. Therefore, we newly proposed the z-
Evans Index, which was a representative index for z-axial direc-
tional expansion of the frontal horns of the bilateral ventricles. We
found that the z-Evans Index had the most significant relationship
with the patients with iNPH responded to the tap test among the
parameters of the ventricles. Because DESH or high-convexity
tightness has been recognized as a highly sensitive radiologic find-
ing for iNPH diagnosis,”'? a coronal MR imaging section has
been recommended for this diagnosis.>** A coronal MR imaging
section is also suitable for the measurement of the z-Evans Index,
the same as the DESH and callosal angle. As quantitative indices
representing high-convexity tightness and the enlarged Sylvian
fissure, the upper-to-lower subarachnoid space ratio and the CSF
volume of the 4 segmented parts of the subarachnoid spaces were
newly proposed in this study. These 2 parameters were confirmed
to have a significant correlation with each other, and there was a
significantly inverse correlation between the upper-to-lower sub-
arachnoid space ratio and the z-Evans Index. These findings sup-
port the view that high-convexity tightness in iNPH is caused by
outside compression from the z-directional expansion of the bi-
lateral ventricles.

Our study had some limitations. First, the highest AUC for
discriminating the tap-test response was 0.768, which was rela-
tively low. Although differentiating the tap-positive iNPH group
from the controls was simple by using the z-Evans Index (AUC of
0.91), the same as the Evans Index (AUC of 0.84), or the callosal
angle (AUC of 0.93), the Evans Index and callosal angle were not
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sufficiently able to estimate the tap-test response in this study.
These reasons would mainly complicate iNPH diagnosis only by
radiologic findings, and we emphasize that the CSF tap test is
important for the diagnosis of iNPH, though the CSF tap test has
high specificity (73-100%), its sensitivity is low (26—61%) for
diagnosing shunt-responsive iNPH.”*"** The other limitation
was that the signal-intensity-based CSF segmentation method
based on the T2-weighted 3D-SPACE sequence had not yet been
used in the field of neuroradiology, compared with the atlas-based
automatic segmentation method. However, this simple segmen-
tation method by using high-contrast CSF on a T2-weighted se-
quence will spread throughout the field of neuroradiology with
the progression of high-field MR imaging scanners.

CONCLUSIONS

This study provides novel morphologic evidence that volume ex-
pansion of the bilateral ventricle is toward the z-axial direction,
rather than the x-axial direction, in patients with iNPH responded
to the tap test. In particular, the z-directional expansion of the
frontal horn of the bilateral ventricles, named the z-Evans Index,
was found to be a useful index for predicting the response to the
CSF tap test. Cases of z-directional ventriculomegaly concurrent
with decreased CSF volume at the parietal convexity subarach-
noid space or a decreased upper-to-lower subarachnoid space ra-
tio are thought to constitute a pivotal morphologic finding for
iNPH diagnosis. These novel morphologic findings may contrib-
ute to future studies concerning the pathogenesis of iNPH under-
lying simultaneous enlargement of the ventricles, basal cistern,
and Sylvian fissure and narrowing of the sulci at high convexity.
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