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Purpose: To assess the diagnostic performance of the callosal angle 
(CA) and Evans index (EI) measures and to determine 
their role versus automated volumetric methods in clinical 
radiology.

Materials and 
Methods:

Magnetic resonance (MR) examinations performed before 
surgery (within 1–5 months of the MR examination) in 
36 shunt-responsive patients with normal-pressure hydro-
cephalus (NPH; mean age, 75 years; age range, 58–87 
years; 26 men, 10 women) and MR examinations of age- 
and sex-matched patients with Alzheimer disease (n = 
34) and healthy control volunteers (n = 36) were studied. 
Three blinded observers independently measured EI and 
CA for each patient. Volumetric segmentation of global 
gray matter, white matter, ventricles, and hippocampi was 
performed by using software. These measures were tested 
by using multivariable logistic regression models to deter-
mine which combination of metrics is most accurate in 
diagnosis.

Results: The model that used CA and EI demonstrated 89.6%–
93.4% accuracy and average area under the curve of 0.96 
in differentiating patients with NPH from patients without 
NPH (ie, Alzheimer disease and healthy control). The re-
gression model that used volumetric predictors of gray 
matter and white matter was 94.3% accurate.

Conclusion: CA and EI may serve as a screening tool to help the radi-
ologist differentiate patients with NPH from patients with-
out NPH, which would allow for designation of patients 
for further volumetric assessment.

q RSNA, 2017
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Portability and Accountability Act–
compliant. For each patient from the 
AD Neuroimaging Initiative (ADNI) 
database, informed consent approved 
by the institutional review board at 
each study site was obtained.

We selected patients with NPH 
from our adult hydrocephalus clinic. 
Participants in the ADNI were used as 
both patients with AD and HC volun-
teers (Table 1).

Clinical Tests
Functional ambulation performance 
is a quantitative, well-validated com-
posite gait measure on the basis of 
step length, symmetry, and velocity, 
and the scores range from 95 to 100  
in healthy adults (20,21). In our pa-
tients, functional ambulation perfor-
mance was determined by using the 
GaitRite system (CIR Systems, Haver-
town, Pa) (21).

NPH Group
Patients referred to our adult hydro-
cephalus clinic for symptoms of gait 
impairment (regardless of the presence 

research focused on improving diagno-
sis through noninvasive imaging tech-
niques (8,9). Many neurodegenerative 
diseases with overlapping symptoms 
affect elderly patients, which makes 
radiologic differentiation difficult 
(9,10). For example, when neuroradi-
ologists were asked to independently 
evaluate T1-weighted brain magnetic 
resonance (MR) images as either of 
patients with NPH, patients with AD, 
or elderly healthy control (HC) vol-
unteers, the diagnostic accuracy was 
68%–78%, and the agreement was 
only fair (intraclass correlation coef-
ficient [ICC], 0.51; 95% confidence 
interval: 0.34, 0.66) (11).

Imaging biomarkers of NPH in-
clude linear measures such as the Ev-
ans index (EI) (12,13), callosal angle 
(CA) (14), disproportionate sulci (15), 
and volumetric analysis (11,16). EI is 
a component of the NPH diagnostic 
criteria in both the United States (16) 
and Japan (14). Unfortunately, the di-
agnostic sensitivity and specificity of EI 
and CA are controversial (10,12,17–
19), and therefore their role has re-
mained limited.

Here we seek to assess the diagnos-
tic performance of CA and EI measures 
and to determine their role versus au-
tomated volumetric methods in clinical 
radiology.

Materials and Methods

Demographics and Clinical Data
This study was approved by the insti-
tutional research board with a waiver 
of consent and was Health Insurance 
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Advances in Knowledge

 n Callosal angle (CA) and Evans 
index (EI) combined provide 
good accuracy (average area 
under the curve, 0.96) to differ-
entiate patients with normal-
pressure hydrocephalus (NPH) 
from patients who do not have 
NPH (ie, patients with Alzheimer 
disease [AD] and healthy control 
[HC] volunteers) and may serve 
as an accurate screening tool for 
NPH.

 n The range for discrimination 
between patients with NPH and 
patients who do not have NPH 
on the basis of combination of 
CA and EI is 89.6%–93.4% 
depending on the reader, and it 
is comparable to 94.3% accuracy 
of volumetric assessment.

 n Volumetric assessment is supe-
rior to the combination of CA 
and EI in a three-way analysis 
that discriminates between NPH, 
AD, and HC (overall classification 
accuracy, 88.7% vs 71.7%).

Implications for Patient Care

 n Clinically useful simple cutoffs 
may be used as part of a 
screening tool for patients with 
NPH versus patients who do not 
have NPH at MR imaging.

 n Segmentation metrics may be 
used as a secondary tool after 
CA and EI in equivocal cases for 
more resource intensive but 
more accurate distinction of NPH 
from AD or HC.

Normal-pressure hydrocephalus 
(NPH) is characterized by often 
incapacitating gait dysfunction, 

cognitive impairment, and urinary 
incontinence, with the presence of 
enlarged ventricles despite normal 
intracranial pressure (1). Gait dis-
orders are the initial manifestations; 
other symptoms appear as the disease 
progresses (2). Similar to Alzheimer 
disease (AD), the prevalence of NPH 
increases with age, reaching about 
6% in those over 80 (3). Patients with 
NPH have variable ventriculomegaly, 
which may overlap with other popula-
tions. Ventricular volumes in NPH are 
on average well above 100 mL (4–6). 
There is a general agreement that 
NPH is complex and underdiagnosed, 
and a detailed characterization of its 
severity is lacking (2). The prevalence 
of NPH is estimated to be more than 
2 000 000 cases in Europe and 700 000 
cases in the United States (7). The 
mainstay of treatment is the place-
ment of a ventricular shunt. Because 
this disorder is potentially treatable, 
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was no overlap in remaining 70 ref-
erence patients (ie, patients without 
NPH). Overall, the overlap was 14.1% 
(15 of 106).

Patients with AD and HC Volunteers
Patients with AD and HC volunteers 
were selected from the ADNI database, 
which is a longitudinal, multicenter 
study designed to develop multimodal-
ity biomarkers for the early detection 
and tracking of AD. Extensive demo-
graphics, family history, and medi-
cal history are available for all ADNI 
participants.

We set the following three rejection 
criteria for both patients with AD and 
HC volunteers: (a) gait impairment, uri-
nary incontinence, or signs of Parkin-
sonism; (b) major depression or other 
psychiatric diagnosis likely to confound 
cognitive assessment; and (c) medical 
illnesses associated with cognitive im-
pairment, such as metabolic abnormal-
ities, or other structural brain changes. 
Criteria b and c are met by all ADNI 
participants. We examined the ADNI 
database to ensure all participants met 
the remaining requirement a. We then 
matched the AD and HC groups with 
the NPH group for sex and sample size.
For the groups, we obtained 34 patients 
with AD and 36 HC volunteers.

MR Image Acquisition
All participants had high-resolution T1-
weighted MR images acquired by using 
an MPRAGE sequence. All patients 
with NPH were imaged by using one 
of several local MR imaging systems 
(Siemens AG, Erlangen, Germany) 1–5 
months before shunt placement. We 
used local three-dimensional MPRAGE 
sequence for 3-T imaging (repetition 
time msec/echo time msec/inversion  
time msec, 2100–2200/2.3–4.0/1100; 
flip angle, 9°–12°; 256 3 256 3 192 
matrix; voxel size, 0.8–1.0 mm; and 
bandwidth, 200/260 Hz/pixel) and 1.5-
T imaging (2100–2200/3.8–4.0/1100; 
flip angle, 12°; 256 3 256 3 160 matrix; 
voxel size, 0.1–1.0 mm; and bandwidth, 
160/200 Hz/pixel).

Images of control patients (both 
HC patients and patients with AD 
from ADNI) were acquired with a 

(65 patients) excluded from the study 
failed to meet criteria mentioned in a.

Gait impairment is the principal 
symptom that affects older adults with 
NPH (22) and the parameter most likely 
to improve with shunt surgery (23,24); 
hence, we chose gait impairment as the 
primary criterion for verifying shunt 
and lumbar puncture response. In a 
review, Klinge et al (25) determined 
there is no consensus regarding the use 
of any standardized clinical scale for 
defining a positive response to shunt 
placement. We classified patients as 
having improved on the basis of an in-
crease in the functional ambulation per-
formance score, clinician judgement of 
gait improvement after comparing pre- 
and postsurgical video clips, and the 
opinion of the patient or his or her fam-
ily that a favorable response occurred. 
We excluded participants who did not 
meet these criteria to ensure high con-
fidence of accurate NPH diagnosis. We 
excluded participants who did not dem-
onstrate this positive response to shunt 
to minimize confounding of comorbid 
neurodegenerative disorders. All clin-
ical evaluations performed after shunt  
were performed on average 10 months 
after surgery (range, 6–18 months). Fif-
teen patients with NPH were previously 
reported (11) by using a voxel-based 
segmentation method rather than the 
subvoxel vertex-based tissue segmenta-
tion method used in this study. There 

of cognitive or urologic dysfunction) 
and enlarged ventricles were examined 
by a neurologist (J.G., with 25 years 
of adult clinical neurology experience). 
The clinical diagnosis of probable NPH 
was performed on the basis of enlarged 
ventricles, a characteristic dyspraxic 
disorder, and exclusion of other con-
founding diagnoses (eg, neurodegener-
ative diseases and myelopathy). From 
the initial chart review of patients from 
the adult hydrocephalus clinic from 
January 2003 through December 2014 
(n = 624), we selected patients who 
(a) completed a high-volume lumbar 
puncture or lumbar drain that resulted 
in a significant clinical improvement 
(ie, improvement in functional ambula-
tion performance score, and clinician 
[J.G.] and family’s subjective impres-
sion of gait improvement) (n = 101); 
(b) had available preoperative 1.5-T or 
3-T MR examination performed locally 
that included high-resolution magne-
tization-prepared rapid gradient-echo 
(MPRAGE) sequence (n = 60); (c) suc-
cessfully completed ventricular shunt 
placement procedure at our institu-
tion and subsequently demonstrated 
significant clinical improvement (n = 
54); and (d) were free of comorbidi-
ties such as cerebrovascular disease, 
coexisting intracranial mass lesion, or 
previous craniectomy identified by a 
neuroradiologist (A.G.). The final sam-
ple size was 36 patients. The majority 

Table 1

Demographic Characteristics and Brain Measures 

Characteristic Patients with NPH Patients with AD HC Volunteers

No. of patients 36 34 36
Age (y) 75 6 5.9 76 6 7.5 75 6 6.3
Age range (y) 58–87 57–90 60–87
No. of men 26 24 26
No. of women 10 10 10
EI 0.35 6 0.04 0.29 6 0.04 0.27 6 0.04
CA (°) 74 6 19 110 6 17 122 6 11
GM (cm3) 576 6 48 525 6 55 581 6 49
WM (cm3) 465 6 70 444 6 58 468 6 66
VNT (cm3) 140 6 44 61 6 25 45 6 20
HP (cm3) 6.6 6 0.8 5.7 6 1.1 7.5 6 1.0

Note.—Data are mean 6 standard deviation unless otherwise indicated. The brain measures are traditional linear and 
automated. GM = gray matter, WM = white matter, VNT = ventricular volume, HP = hippocampal volume.
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intersected the anterior and posterior 
commissure (Fig 1). The reformatted 
images were directly provided to the 
observers. CA was determined by using 
the methods of Ishii et al (14) as the 
angle between the medial superior bor-
ders of the left and right lateral ventri-
cles (Fig 1). EI was determined by the 
maximum transverse frontal horn ven-
tricular width divided by the maximum 
transverse internal skull diameter (26) 
(Fig 1). A Picture Archiving and Com-
munications in Medicine multiplanar 
reconstruction tool (Intellispace PACS 
Enterprise v4.4.516; Philips Health-
care, Amsterdam, the Netherlands) 
was used for three-dimensional refor-
matting. This combined process took 
an average of 4 minutes per case.

Volumetric Tissue Segmentation
Segmentation of global gray matter, 
white matter, ventricle, and hippocam-
pus (left and right) was performed by 
using software (FreeSurfer version 5.1; 
http://surfer.nmr.mgh.harvard.edu). 
These measures for both AD and HC 
groups were obtained directly from the 
ADNI database, which used the same 
software (FreeSurfer 5.1) to perform 
these segmentations. Demonstration 
of the obtained regions of interest is 
shown in Figure 2. This process took 
approximately 8 hours per case.

was obtained) from the adult hydro-
cephalus clinic scheduled for diagnos-
tic MR imaging during September 2016 
were chosen at random and imaged 
twice, first by using ADNI MPRAGE 
protocol and then by using the local 
MPRAGE protocol on the same 1.5-T 
imager (Avanto; Siemens) in consecu-
tive examinations.

For comparison between 1.5-T ver-
sus 3-T magnetic field strength, we ran-
domly selected five individuals from the 
ADNI database who underwent two MR 
examinations within 6 months: one ex-
amination with a 1.5-T imager (Avanto; 
Siemens) and the second with a 3-T im-
ager (Prisma; Siemens).

Traditional Measures
Three observers, blinded to clinical data 
and imager information, independently 
measured EI and CA. The observers 
were two resident physicians (H.P. and 
N.M., with 1 and 2 years of experience, 
respectively) and one neuroradiologist 
(A.G., with 45 years of experience). 
The structures involved in this study 
are part of fundamental neuroanatomy 
expected during medical school train-
ing. By using T1-weighted MPRAGE 
sequences at the midsagittal plane, a 
reformatted coronal section was gener-
ated at the level of the posterior com-
missure, perpendicular to a plane that 

variety of 1.5-T and 3-T MR imag-
ing systems that used the same T1-
weighted MPRAGE sequence. Each 
ADNI MR imaging examination had to 
pass screening for blurring, ghosting, 
and flow artifacts; image homogene-
ity; signal-to-noise ratio; susceptibility 
artifacts; and gray-white cerebrospi-
nal fluid contrast. For patients from 
ADNI, we used T1-weighted MPRAGE 
sequences performed with a 3-T im-
ager (2300/2.98/853; flip angle, 9°; 
256 3 256 3 192 matrix; nonisotropic 
1.0 3 1.0 3 1.2 mm voxels; and band-
width, 240 Hz/pixel) and a 1.5-T im-
ager (2400/3.5/1000; flip angle, 8°; 
192 3 192 3 160 matrix; 1.2 3 1.2 3 
1.25 mm voxels; and bandwidth, 180 
Hz/pixel).

Effect of MPRAGE Protocol on Automated 
Segmentation
We performed two prospective analyses 
for an additional 13 patients (seven 
men, six women; age range, 39–94 
years) to examine the within-patient 
effects of different MPRAGE protocols. 
We assessed the systematic bias and 
the discrepancy for gray matter, white 
matter, ventricular, and hippocampal 
volumes.

For comparisons between the 
ADNI and the local MPRAGE, eight 
patients (for whom informed consent 

Figure 1

Figure 1: By using MPRAGE sequences, a coronal plane was obtained at the level of the posterior commissure from each observer’s best 
approximation (blue and red lines, left), with plane oriented 90° to anterior-posterior commissure line. By using the plane at this level, CA was 
determined (red arrows, middle) as the angle between the superior borders of the lateral ventricles. EI was determined on transaxial view by 
measuring the largest left-to-right width of the frontal horns divided by the largest left-to-right extent the skull (red arrows, right).
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variance; F = 0.33; P = .72) or sex (x2 = 
0.03; P = .98).

The quantitative functional ambula-
tion performance gait score showed a 
significant (P = .02) improvement from 
71.1 6 16.3 (standard deviation) be-
fore shunt to 80.3 6 14.5 after shunt.

Estimated tissue volume bias (V3T 
2 V1.5T) because of differences in mag-
netic field strength was 25.0 mL for gray 
matter, 234.3 mL for white matter, 
2.0 mL for ventricle, and 0.10 mL for 
hippocampus. Relative to mean value, 
the bias was 4.20% for gray matter, 
27.4% for white matter, 4.8% for ven-
tricle, and 3.2% for hippocampus. The 
systematic bias (Vlocal 2 VADNI) because 
of the use of different T1-weighted 

The Akaike information criterion 
was used as a measure of the relative 
quality of a model that included a pen-
alty for increasing the number of free 
variables to discourage overfitting.

Analysis of variance was used to 
compare mean values of individual var-
iables across study groups. All statisti-
cal analyses were performed by using 
statistical software (SPSS version 23; 
IBM, Armonk, NY).

Results

Demographics of the three patient 
groups are listed in Table 1. There was 
no significant difference among the 
three groups regarding age (analysis of 

Data Analysis
ICC was used to assess interobserver 
variability. Multivariable logistic re-
gression models were used to pre-
dict NPH (27). One of the outcomes 
of the logistic regression model is the 
estimated probability of NPH for each 
patient. We used the cutoff of 0.5 to 
predict the outcome. We then com-
puted the model’s accuracy, sensitivity, 
and specificity. The diagnostic accuracy 
was also reported by using the area un-
der the operating characteristic curve 
estimated from probability of NPH. A 
formula (Excel; Microsoft, Redmond, 
Wash) to calculate probability of NPH 
was directly derived from the regres-
sion model.

Figure 2

Figure 2: Sample sagittal (left), posterior coronal (middle), and midtransaxial (right) segmentation masks overlaid on T1-weighted MR 
images of shunt-responsive NPH, definitive AD, and HC volunteers. These images show gray matter (in red), white matter (in yellow), 
ventricular (in blue), and hippocampal (in green) regions.
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significant difference test, P , .01); 
however, there was only a trend (P = 
.072) for ventricular volume to differ be-
tween AD and HC groups. Differences 

Average ventricular volume in patients 
with NPH was greater than the average 
ventricular volume in both patients with 
AD and HC volunteers (Tukey honest 

MPRAGE sequences was estimated to 
be 5.9 mL for gray matter, 21.6 mL for 
white matter, 0 mL for ventricle, and 
0.24 mL for hippocampus. Relative to 
mean value, the bias was 1.0% for gray 
matter, 20.4% for white matter, 0% 
for ventricle, and 1.3% for hippocam-
pus. For each of these four measures, 
the effect of the MPRAGE protocol was 
also less than 0.1 of the standard devi-
ation of that measure.

ICCs showed very good interob-
server agreement for CA (ICC, 0.92; 
95% confidence interval: 0.89, 0.95) and 
good agreement for EI (ICC, 0.81; 95% 
confidence interval: 0.73, 0.87).

Clinically useful cutoffs were ob-
tained to identify and distinguish NPH 
from the non-NPH patient groups of AD 
and HC (Fig 3). These cutoffs were ob-
tained by combining the measurements 
from three observers and systematically 
varying the cutoff levels to maximize di-
agnostic accuracy. For CA, a cutoff of 
100° was 88.7% (282 318) accurate for 
identification of patients with NPH, and 
measurements below the cutoff suggest-
ed NPH. The sensitivity and specificity 
for this cutoff were 87.0% (94 of 108) 
and 89.5% (188 of 210), respectively. 
For EI, a cutoff of 0.32 was 81.4% (259 
of 318) accurate for identification of 
patients with NPH, and measurements 
above the cutoff suggested NPH. The 
sensitivity and specificity of this cutoff 
were 71.3% (77 of 108) and 86.7% 
(182 of 210), respectively. The range of 
areas under the curve was 0.96–0.97, 
depending on the observer.

Table 1 and Figure 4 show group 
distribution of gray matter, white mat-
ter, ventricular, and hippocampal vol-
umes. Gray matter volumes differed 
across the patient groups (F = 13.1; P 
, .0001). Average gray matter volume 
in AD was significantly lower than in 
NPH or HC volunteers (Tukey honest 
significant difference test, P , .01). 
Notably, there was no significant dif-
ference in mean gray matter volumes 
between NPH and HC groups. There 
was no difference in mean white mat-
ter volume between groups (F = 1.5; P 
= .239). Ventricular volume differences 
across the three groups were statisti-
cally significant (F = 93.7; P , .0001). 

Figure 3

Figure 3: Scatterplot demonstrates the cutoff values of CA and EI that sepa-
rate patients with NPH from patients who do not have NPH (ie, patients with AD 
and HC volunteers).

Figure 4

Figure 4: Box-and-whisker plots of segmentation parameters across the three patient groups. The plots 
show, A, gray matter, B, white matter, C, ventricles, and, D, hippocampi.
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are clinically relevant, and research 
showed that visual assessment alone 
exhibits poor diagnostic accuracy for 
NPH (12,27). We also demonstrated 

for CA and EI (100° and 0.32, re-
spectively). Patients who meet one of 
the criteria should be categorized as 
probable NPH. These objective cutoffs 

in the hippocampus across the three 
groups were significant (F = 28.49; P , 
.0001). Mean volume of the hippocam-
pus in patients with AD was less than 
mean volume of the hippocampus in HC 
and NPH groups (Tukey honest signifi-
cant difference test, P , .01). In addi-
tion, the mean volume of hippocampus 
in the HC group was greater than that 
of the NPH group (Tukey honest signifi-
cant difference test, P , .01).

Table 2 shows the results of mul-
tivariate binary logistic regression 
models constructed for each reader 
separately to diagnose NPH (ie, a pos-
itive finding). For each reader, CA and 
EI significantly contributed to diagnos-
tic prediction, which suggested an inde-
pendent, synergistic contribution of the 
two values. Also included is the per-
formance of volumetric model by using 
two predictors: gray matter volume and  
ventricle volume. Measures of white 
matter and hippocampus were not sta-
tistically significant predictors.

Table 3 demonstrates the per-
formance of multinomial regression 
models to distinguish patients with 
NPH versus AD versus HC volunteers 
(ie, for simultaneous diagnosis of one of 
the three outcomes). Unlike the model 
based on the volumetric measures, the 
model based on CA and EI performs 
poorly in classifying both patients with 
AD and HC volunteers. Finally, Table 4  
demonstrates that as we progressively 
excluded cases with the largest ventric-
ular volumes, the diagnostic accuracy of 
the volumetric model remained above 
90%. The sensitivity and diagnostic 
accuracy of these groups overlapped, 
indicating no statistically significant dif-
ference in this subgroup analysis.

An online tool (NPH Calculator; 
http://cai2r.net/sites/default/files/soft-
ware/NPH_calculator.xlsx) derived from 
this multivariate regression model was 
created to quantify probability of NPH 
on the basis of input CA and EI values.

Discussion

This study compared the accuracy of 
traditional measures of NPH, namely 
CA and EI, with segmentation metrics 
for diagnosis. Our results yielded cutoffs 

Table 2

Results from Two Types of Multivariate Logistic Regression Models to Distinguish NPH 
from Non-NPH Patients

Parameter Accuracy (%) Sensitivity (%) Specificity (%) AUC* Model Fit R 2 P Value P Value

Reader 1  
(EI and CA)

91.5 (97/106) 86.1 (31/36) 94.3 (66/70) 0.96 (0.94, 0.99) 0.812 ,.001† .002‡

Reader 2  
(EI and CA)

93.4 (99/106) 88.9 32/36 95.7 67/70 0.97 (0.95, 1.00) 0.912 .007† .028‡

Reader 3  
(EI and CA)

89.6 (95/106) 80.6 (29/36) 94.3 (66/70) 0.96 (0.93, 0.99) 0.764 ,.001† ,.001‡

Volume (GM  
and VNT)

94.3 (100/106) 88.9 (32/36) 97.1 (68/70) 0.99 (0.97, 1.00) 0.872 .032§ ,.001||

Note—Data in parentheses are numerator and denominator unless otherwise indicated. NPH was considered to be a positive 
finding; non-NPH (ie, patients with AD and HC patients) was considered to be a negative finding. AUC = area under the curve, 
GM = gray matter volume, VNT = ventricular volume.

* Data in parentheses are 95% confidence interval.
† P value corresponds to CA.

‡ P value corresponds to EI.

§ P value corresponds to gray matter.
|| P value corresponds to ventricular volume.

Table 3

Performance of Three-Way Diagnostic Classification Models

Diagnostic Accuracy

Parameter AIC Value x2 Value R 2 Value* Overall Value (%)
Patients with  
NPH (%)

HC Volunteers 
(%)

Patients with  
AD (%)

CA and EI model† 139.2 105.6 0.71 71.7 (76/106) 88.9 (32/36) 75.0 (27/36) 50.0 (17/34)
Volumetric model 111.8 133.1 0.81 88.7 (94/106) 91.7 (33/36) 88.9 (32/36) 85.3 (29/34)

Note.—Data in parentheses are numerator and denominator. AIC = Akaike information criterion.

* Generalized R2.
† On the basis of observer with median accuracy.

Table 4

Simulated Exclusion of Patients with NPH with Largest Ventricular Volume

NPH group
No. of Patients  
with NPH*

VNT  
Minimum(cm3)

VNT  
Maximum(cm3)

VNT  
Average (cm3)†

Diagnostic 
Accuracy (%)

All 36 62.3 309.6 135.9 6 42.2 93.40 (99/106)
VNT , 200 cm3 33 62.3 163.2 126.0 6 22.9 93.20 (96/103)
VNT , 150 cm3 30 62.3 148.8 122.7 6 21.4 93.00 (93/100)
VNT , 125 cm3 14 62.3 123.3 104.8 6 17.9 91.70 (77/84)

Note.—Data in parentheses are numerator and denominator. VNT = ventricular volume. All volumes are in cubic centimeters.

* Number of patients with NPH who remain in the analysis.
† Data are 6 standard deviation.
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