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Abstract
Objectives: The splenial angle (SA), measured on axial DTI colour fractional anisotropy MRI, outperformed the callosal angle (CA) in predicting 
idiopathic normal pressure hydrocephalus (NPH) patients from those with Alzheimer’s dementia, Parkinson’s disease (PD), and healthy controls 
(HC). We investigated its reliability and classification performance on more commonly acquired T1 magnetization-prepared rapid gradient-echo 
(MPRAGE) and fluid-attenuated inversion-recovery (FLAIR) images.
Methods: Splenial angle was measured on axial MPRAGE and FLAIR images in 57 subjects (19 NPH, PD and HC each) by 2 raters and com
pared across groups. Receiver operating characteristics (ROC) analysis was used to assess its classification performance, differentiating NPH 
from non-NPH groups, in comparison to the CA.
Results: Inter-rater reliability for SA was excellent (intraclass correlation coefficients ≥ 0.91). Splenial angle was effective in differentiating NPH 
from non-NPH patients on MPRAGE and FLAIR images (P< .001). Its ROC curves showed excellent performance classifying NPH from HC 
(Area under the curve [AUC] 1) and PD (AUC > 0.93) groups and were highly comparable to those for CA (1; 0.947). Angles wider than 60� and 
narrower than 45� robustly (100%) excluded and predicted NPH from HC, respectively. The narrower 45� cutoff yielded better sensitivity 
(84.2%-89.5%) in differentiating NPH from PD patients.
Conclusions: The SA on MPRAGE/FLAIR images showed excellent inter-rater reliability and classification performance predicting NPH from 
non-NPH groups, rivalling those of the CA.
Advances in knowledge: The SA on MPRAGE and FLAIR images is reproducible and shows excellent diagnostic performance, differentiating 
NPH from non-NPH groups, with potential to replace the CA in NPH screening given its accessibility on routine axial neuroimaging.
Keywords: normal pressure hydrocephalus; neurodegeneration; reproducibility; sensitivity and specificity; ROC curve. 

Introduction
Idiopathic normal pressure hydrocephalus (NPH) is defined as 
a clinicopathological condition related to deranged cerebrospi
nal fluid (CSF) flow dynamics in the absence of secondary 
causes such as subarachnoid haemorrhage or meningitis.1,2 It 
remains one of the most controversial neurological diseases, 
largely because its pathophysiology remains poorly under
stood.2,3 Normal pressure hydrocephalus is widely believed to 
be underdiagnosed and under-reported. It is an entity of the 
elderly, and its prevalence increases with age, with 3.7% of 
people ≥65 years and up to 8.9% of those ≥80 years reported 
to be affected.4,5 Patients classically experience an insidious 
onset of symptoms, inclusive of the triad of gait disorder, cog
nitive disturbance, and urinary incontinence. Clinically, gait 
dysfunction and a second cardinal symptom suffice for 

diagnosis.6 These symptoms, however, are non-specific and of
ten overlap with other common neurodegenerative disorders 
seen in the elderly, such as parkinsonism and dementia. 
Making an early and accurate diagnosis of NPH is paramount 
because gait abnormalities, dementia, and incontinence may 
be ameliorated or even cured by shunt surgery if detected 
within 2 years of symptom onset in selected patients.6-8 On the 
other hand, symptoms may be irreversible if treatment 
is postponed.

Besides evaluation of gait, urodynamics and standardized 
neurocognitive tests as part of the NPH diagnostic workup, 
assessment of CSF drainage and flow also are useful for prog
nosticating patient response to surgical shunting.1 The CSF 
tap test and prolonged external lumbar drainage simulate a 
patient’s response to shunt surgery, while the CSF infusion 
test evaluates CSF outflow resistance, which is known to 
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increase in NPH.9 However, these tests are invasive and may 
require short hospitalization for monitoring of response, be
sides carrying attendant risks such as infection, bleeding, or 
nerve injury. Hence, non-invasive neuroimaging techniques 
are important supplementary diagnostic tools prior to more 
invasive clinical workup.

Radiologically, ventriculomegaly in the absence of anatom
ical obstruction within the ventricular system is a key feature 
in NPH. This can be quantified with some specificity using 
the callosal angle (CA), and cut-off values had been reported, 
which facilitated patient selection for surgical shunting.10

However, the CA is measured on coronal images and suffers 
from poor test-retest reproducibility.11,12 Recently, the sple
nial angle (SA) was coined as an alternative to the CA, mea
sured on the default axial plane and subtended at the 
posterior end of the corpus callosum. The SA was able to en
capsulate the vulnerability of the posterior elements of the 
corpus callosum to ventriculomegalic stresses in idiopathic 
NPH, in comparison to generic ex vacuo ventriculomegaly in 
pathological neurodegeneration and physiological ageing, 
and showed morphologic changes post-shunting.13,14 The 
test-retest reliability of the SA was excellent on DTI colour 
fractional anisotropy (FA) MRI when measured at the 
callosal-body level.13 However, on T1 magnetizationpre
pared rapid gradient-echo (MPRAGE) images and measured 
at the level of the splenium, it demonstrated worst inter-rater 
reliability compared to the axial angle at the genu and coro
nal CAs at the anterior and posterior commissures.14 The 
aim of this study was to evaluate the inter-rater reliability 
and classification performance of the SA for NPH, measured 
at the highest callosal-septal level on commonly acquired T1 
MPRAGE and fluid-attenuated inversion-recovery (FLAIR) 
sequences in the axial plane. Secondarily, these findings were 
compared against those of the traditional CA.

Methods
Clinical
A total of 57 subjects were included in this study. Written in
formed consent for human research approved by our institu
tional ethics review board was obtained from each study 
participant. A flow chart of the study design and detailed sub
ject inclusion and exclusion criteria are provided in Figure S1.

Nineteen NPH patients were recruited using a study proto
col adapted from international guidelines,6,15-17 as part of 
the NPH program at our tertiary referral center. Anonymized 
images of Parkinson’s disease (PD) and healthy control (HC) 
subjects from existing case-control PD cohort database, age-, 
and sex-matched to the NPH cohort were included for com
parison. The NPH patients were diagnosed with probable or 
possible NPH according to established criteria, based on clin
ical criteria (key symptoms, neuropsychological testing and 
CSF drainage) and ventriculomegaly (Evans index ≥ 0.30) 
not attributable to CSF obstruction or cerebral atrophy on 
neuroimaging.6,15 To ensure a high confidence of NPH diag
nosis, participants who did not meet these criteria were ex
cluded.16 The PD patients (including those with the postural 
instability and gait disorder subtype) were recruited from our 
movement disorder clinics,18,19 where clinical diagnosis was 
made based on established criteria defined by the Advisory 
Council of the United States National Institute of 
Neurological Disorders and Stroke.20 Patients with cognitive 
and/or musculoskeletal dysfunction, stroke, NPH, Parkinson- 

plus syndromes and secondary parkinsonism were excluded. 
The HC participants were healthy individuals from the popu
lation without neurological conditions. Background vascular 
risk factors and incidental mild cognitive impairment on ba
sic screening were non-exclusionary for study subjects in 
this database.

MRI acquisition
All brain MRI scans were performed on 3-Tesla scanners us
ing the following sequences: (1) three-dimensional (3D) T1- 
weighted high-resolution MPRAGE (coronal or sagittal 
acquisitions; 0.9 × 0.9 × 0.9 mm3; 1900/2.48) and (2) 2D 
FLAIR [axial acquisition parallel to the bi-commissural (AC- 
PC) line; voxel size 0.8 × 0.8 × 4 mm3; repetition time ms/ 
echo time ms, 7700/134].

Image analysis
Splenial angle measurements were performed by 2 blinded in
dependent raters: a neuroradiologist with more than 2 deca
des of experience and a radiology trainee with 1 year of 
experience. The 3D T1-weighted MPRAGE scans were refor
matted into 1 mm axial/coronal images parallel/perpendicular 
to the central inter-commissural line through the AC-PC. No 
further image reformatting was needed for the directly ac
quired axial FLAIR images. The callosal angle on coronal T1 
MPRAGE images was measured as previously described.10-13

For T1 MPRAGE and FLAIR images, the axial image con
taining the highest/most superior cut through the septum pel
lucidum, at or just below the callosal-septal interface 
landmark, is chosen for SA measurement (Figure 1). This slice 
is where the lateral ventricles last remain conjoined at the sep
tum, and before their roofs are separated by the corpus 
callosal-body. Splenial angle is measured between the poster
omedial margins of the lateral ventricles on this slice. In sub
jects with a patent cavum verghae, the 2 leaves of the septum 
pellucidum (cavum walls) are separated instead of being 
fused as one. The SA is still measured in the same man
ner (Figure 2).

Statistical analysis
Data analysis was performed using R 3.6.2 (https://www. 
r-project.org). Inter-rater reliability was assessed by the intra
class correlation coefficient (ICC) for all angle measurements. 
Further to the ICC results indicating excellent interrater reli
ability, angle measurements between raters were averaged for 
comparison across subject groups. Mean angles and 95% 
confidence intervals (CI) were reported. Analysis of Variance 
(ANOVA) was carried out to compare across NPH, PD, and 
HC groups. Receiver operating characteristic (ROC) curves 
were obtained to evaluate the sensitivity and specificity of the 
angles in predicting NPH from non-NPH groups.

Results
The NPH, PD, and HC participants were elderly (mean age 
73.7 ± 6.36, 73.6 ± 5.74, and 72.3 ± 5.38, respectively), with 
11 men and 8 women in each group. Inter-rater ICC for SA 
on T1 MPRAGE (0.96, 95% CI, 0.87-0.97) and FLAIR 
(0.91, 95% CI, 0.84-0.95) images were excellent and compa
rable to those for the CA (0.99, 95% CI, 0.98-0.99).

Mean SA on T1 MPRAGE and FLAIR images are detailed 
for NPH, PD, and HC groups in Table 1, in comparison to 
the CA. These were consistently widest in HC, followed by 
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PD, and narrowest in NPH groups. All angles were effective 
in differentiating NPH from non-NPH groups (P< .001).  
Figure 3 shows the SA spread between raters and across 
groups for T1 MPRAGE and FLAIR images, with good dis
tinction between NPH and HC groups. The majority of PD 
patients showed SA similar to those of HCs, albeit a minority 
had narrower SA overlapping those of NPH patients.

The ROC curves (Figure 4) showed that the SA was effica
cious (Area under the curve [AUC] > 0.9) in differentiating 
NPH from HC and PD groups on T1 MPRAGE and FLAIR 
images, using cut-off thresholds chosen by the closest to the 
top-left corner of the ROC plots. Detailed sensitivity, specif
icity, negative, and positive predictive values at more clini
cally practical cut-offs of 45� and 60� are also provided in  
Table 2. Both SA and the traditional CA were equally superb 
(AUC 1.0) in discriminating NPH patients from HC. 
Classification performance of the SA (AUC 0.964) was highly 
comparable to the CA (AUC 0.947) in classifying NPH from 
PD patients using the thin T1 MPRAGE images, and that of 
SA using 4 mm FLAIR images was not worse (AUC 
0.934) (Figure 4).

Discussion
The lateral ventricular ballooning in NPH deforms the corpus 
callosum, thinning and stretching it against the rigid interhe
mispheric dural falx. There is greater vulnerability of the pos
terior, splenial end of the commissural white matter tract to 
the mechanical compression. This is manifest in worse super
omedial angular displacement of the corpus callosum, as 
quantified by the CA on a coronal section centred at the pos
terior commissure. The morphologically worse compression 
and distortion at the splenial/posterior end of the corpus cal
losum, compared to the genu/anterior end is most obvious on 
directionally-encoded colour FA images on DTI (Figure 5). 
Significantly greater colour distortion of the normally red- 
encoded transversally directed commissural corpus callosal fi
bre tracts is often seen in NPH patients, and worse affecting 
the splenial/posterior compared to the genu/anterior end at 
the callosal-body level. Hence, the SA was originally pro
posed for measurement on the axial slice though the corpus 
callosal-body, as this section optimally demonstrated the dif
ferential commissural fibre tract compression revealed on 

Figure 1. Splenial angle (SA) measurement on axial magnetization-prepared rapid gradient-echo (MPRAGE) and fluid-attenuated inversion-recovery 
(FLAIR) images. Schematic flow diagram (first row) and consecutive caudocranial (left to right) axial 1 mm MPRAGE (second row) and 4 mm FLAIR (fourth 
row) images in an 81-year-old female normal pressure hydrocephalus patient demonstrating slice selection (boxed in white) for splenial angle 
measurement (in blue) on the highest/most superior slice containing the septum pellucidum (callosal-septal level), as referenced by yellow dotted lines 
parallel to the anterior-posterior commissural line in the third row (upper inset) sagittal images. This axial slice is where the lateral ventricles are last 
conjoined at the septum before their roofs are separated by the corpus callosal-body as demonstrated on the third row (lower inset) coronal images. Note 
how angular narrowing between the posteromedial ventricular margins (SA in blue, right-most images) at the callosal-septal level effectively captures the 
greater compression on the posterior (splenial end) commissural fibres, compared to those at the genu (anterior end),13 even on 4 mm-thick 
FLAIR images.

940                                                                                                                                                                                        BJR, 2025, Volume 98, Issue 1170 



DTI colour FA images.13 In this study, we reconfigured the 
SA for measurement on T1 MPRAGE and FLAIR images on 
a section close to this anatomical level of interest (Figure 1). 
While directional connectivity information of the white mat
ter tracts is not available on T1 MPRAGE and FLAIR images, 
the ependymal-CSF interfaces are crisp and sharp on these 
images. The angular differences between the limbs of the for
ceps minor (genu/anterior end) compared to that of the for
ceps major (splenial/posterior end) in NPH patients are 
harnessed, the latter as the SA (Figure 5). This is measured 
between the posteromedial lateral ventricular walls on these 
images at the callosal-septal level.

The SA measured on T1 MPRAGE and FLAIR images was 
effective in differentiating NPH from non-NPH groups 
(Table 1) and highly comparable to diagnostic performance 
of the traditional CA. A clinically practical SA cut-off of 
≥60� excluded HC from NPH groups (sensitivity 100%, neg
ative predictive value 100%), while an SA cut of ≤45�

robustly predicted NPH from HC groups (specificity 100%, 
positive predictive value 100%) for both T1 MPRAGE and 
FLAIR images (partial volume effects on the 4 mm FLAIR 
notwithstanding). Differentiating NPH and PD groups was 
more challenging, and a narrower SA cut-off of ≤45� yielded 
better sensitivity (84.2%-89.5%) as a screening tool on both 
T1 MPRAGE and FLAIR images than an angle of 60�. 
Interestingly, our results and those from prior studies show 
that the SA that effectively discriminates NPH from non- 
NPH groups gets smaller as the section chosen for its mea
surement ascends from the splenium (71.1�),14 through the 
callosal-septal (42�-59.5�) to the callosal-body (33.7�- 
43.9�)13 levels. This progressively narrowing SA cutoff value 
suggests that the mechanical stresses on the corpus callosum 
worsen closer to the superior free edge of the interhemi
spheric falx.

The 1 mm-thin reformatted images of the 3D MPRAGE ac
quisition produced sharper lateral ventricular margins com
pared to the 4 mm thick FLAIR images, which produced mild 
blurring of the ventricular margins secondary to partial vol
ume averaging of the curves of the convex ventricular roofs. 
However, this did not impede calliper placement for SA 
measurements (Figures 1 and 5). Instead, the thicker FLAIR 
sections helped remove potential between-rater variability in 
slice selection for measurement since there are limited FLAIR 
slices to choose from at the callosal-septal level compared to 
T1 MPRAGE images. Notably, inter-rater reliability of the 
SA on FLAIR remained excellent (ICC 0.91) and superior to 
that reported by Hattori et al,14 using T1 MPRAGE images 
(0.86). The straight posteromedial ventricular walls directly 
abut at the callosal-septal level (Figure 1). At the splenium, 
they are separated by a curved “tip area,”14 potentially con
tributing to inter-rater variability. These findings support the 

Figure 2. Patent cavum verghae and splenial angle (SA). Consecutive caudocranial (left to right) axial T1 magnetization-prepared rapid gradient-echo 
images (top row) from a 75-year-old male normal pressure hydrocephalus patient demonstrating a patent cavum verghae (asterisks). The slice (middle, 
boxed in white) just below the highest point of the callosal-septal interface, as depicted in yellow lines on reference coronal and sagittal images (bottom 
row, left, and right images, respectively), is selected for SA measurement. The vertex of the SA, subtended along the posteromedial margins of the 
lateral ventricles (bottom row, blue lines in middle image), projects into the cavum (asterisks).

Table 1. Mean splenial angle in HC, PD and NPH subjects measured at 
the highest callosal-septal junction on axial T1 MPRAGE and FLAIR 
images parallel to the AC-PC line, in comparison to the callosal angle.

Measurements HC PD NPH P value

Splenial angle (�)
- T1 MPRAGE 
(callosal-septal) 

75.34 ± 11.26 66.74 ± 16.35 30.37 ± 9.58 <.0001

- FLAIR 
(callosal-septal) 

78.55 ± 10.17 65.61 ± 13.24 38.16 ± 8.73 <.0001

Callosal angle (�) 112.5 ± 8.28 105.2 ± 19.9 57.9 ± 15.3 <.0001

Abbreviations: AC, anterior commissure; FA, fractional anisotropy; FLAIR, 
fluid-attenuated inversion-recovery; HC, healthy control; MPRAGE, 
magnetization-prepared rapid gradient-echo; NPH, idiopathic normal 
pressure hydrocephalus; PC, posterior commissure; PD, 
Parkinson’s disease.

BJR, 2025, Volume 98, Issue 1170                                                                                                                                                                                        941 



callosal-septal SA on T1 MPRAGE/FLAIR images as a viable 
alternative to the CA and SA at the callosal-body/splenium.

Numerous qualitative and quantitative measurements and 
radiologic scales have been proposed to aid in the detection 
and diagnosis of NPH. Many require multiplanar image 
reformatting and/or offline volumetric evaluation, ranging 
from the “simplified” callosal angle on a defined coronal 
plane,21 to the z-Evans index,22 multiparametric Radscale,23

and volumetric assessment of subarachnoid and ventricular 

spaces.24 Many suffer from high test-retest variability, need 
for tedious multiplanar assessments, or the inconvenience of 
further image (eg, volumetric) postprocessing, hindering uni
form incorporation in the clinics and across sites. Table 3 lists 
some of the classic cross-sectional NPH imaging features, re
lated diagnostic biomarkers and their potential clini
cal utility.

Amongst these, the Evans index and CA25 are the more ac
cessible and familiar quantitative imaging biomarkers in 

Figure 3. Scatterplots of splenial angles measured by raters 1 and 2 on T1 magnetization-prepared rapid gradient-echo and fluid-attenuated inversion- 
recovery images in patients with idiopathic normal pressure hydrocephalus, Parkinson’s disease, and healthy controls.

Figure 4. Performance metrics on receiver operating characteristics curves of the splenial angle on T1 magnetization-prepared rapid gradient-echo and 
fluid-attenuated inversion-recovery images and the callosal angle in differentiating between idiopathic normal pressure hydrocephalus, Parkinson’s 
disease (PD), and healthy control groups.
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routine clinical practice. The Evans index, measured directly 
off axial images, is simple to calculate and able to quickly es
timate the degree of ventriculomegaly. However, it is highly 
non-specific and can be abnormal in both neurodegenerative 
brain atrophy and non-neurodegenerative ventriculome
galy.10,13,21 The CA is more specific than the Evans Index for 
diagnosing NPH,10,25 and is suited for neuroradiological 
evaluation of patients with suspected NPH. However, the CA 
is known to produce significant variations if care is not 
undertaken to align the coronal image orthogonal to the 
bi-commissural plane before measurement.11-13

Differing coronal planes needed for radiological assessment 
of NPH and related neurological disorders hinder clinical im
plementation and radiological reporting. Alzheimer’s disease 
may be a differential diagnosis for a patient suspected of 
NPH or even co-exist with NPH.26 In this instance, assess
ment of medial temporal and entorhinal atrophy is performed 
on a coronal plane perpendicular to the long axis of the hip
pocampus or parallel to the posterior brainstem margin.27,28

However, the tilt of this coronal plane differs from that for 
CA measurement (orthogonal to the AC-PC line). The high- 
resolution 3D T1 MPRAGE sequence has inherent multipla
nar reconstruction capability and allows tweaking of the cor
onal reformats on the fly for standardized assessment at the 
clinical reporting workstation. Nonetheless, the need for 2 
differentially angled coronal planes to accommodate quanti
tative evaluation for both NPH and Alzheimer’s disease 
requires time for accurate image reformatting, exacerbates 
imaging archival needs, impedes reporting efficiency, and 
hampers accurate assessment of disease progression in longi
tudinal studies.12 Besides, a 3D isotropic MPRAGE acquisi
tion is non-standard in some radiology departments, 
compared to the more routine 2D axial images.

The SA combines the ease of the Evans index directly mea
sured off an axial image with the specificity of the CA mea
sured off the orthogonal coronal plane. This has wide 
scoping potential for convenient radiological implementation 
because the axial plane is the most commonly acquired in 
cross-sectional imaging and most familiar to the multidisci
plinary team in the care of NPH patients. Hence, even if axial 
reformatting is needed from a non-axial 3D T1 MPRAGE ac
quisition, less time is expended training technologists, and 
the additional step to perform accurate coronal reformatting 

Table 2. Performance of SA in classification of NPH from HC and PD subjects using axial T1 MPRAGE and FLAIR Images.

Differentiating 
NPH from

SA (�) threshold Specificity (%) Sensitivity (%) NPV (%) PPV (%)

HC Using T1 MPRAGE images (callosal-septal)
45 100.0 90.0 90.5 100.0
60 89.5 100.0 100.0 90.9

Using FLAIR images (callosal-septal)
45 100.0 75.0 79.2 100.0
60 94.7 100.0 100.0 95.2

PD Using T1 MPRAGE images (callosal-septal)
45 90.0 84.2 85.7 88.9
60 100.0 73.7 80.0 100.0

Using FLAIR images (callosal-septal)
45 70.0 89.5 87.5 73.9
60 100.0 78.9 83.3 100.0

Abbreviations: FLAIR, fluid-attenuated inversion-recovery; HC, healthy control; MPRAGE, magnetization-prepared rapid gradient-echo; NPH, idiopathic 
normal pressure hydrocephalus; NPV, negative predictive value; PD, Parkinson’s disease; PPV, positive predictive value; SA, splenial angle.

Figure 5. Greater vulnerability of the commissural fibres at the splenial/ 
posterior end of the corpus callosum in idiopathic normal pressure 
hydrocephalus (NPH) depicted on T1 magnetization-prepared rapid 
gradient-echo (MPRAGE), fluid-attenuated inversion-recovery (FLAIR) and 
DTI colour fractional anisotropy (FA) images, and in contrast to 
Parkinson’s disease (PD) and elderly healthy control (HC). More severe 
thinning and stretching of the splenial/posterior (double yellow 
arrowheads) corpus callosal fibres are seen against the ballooning 
ventriculomegaly compared to that anteriorly (open yellow arrowhead) in 
NPH (left column). This is most obvious on the DTI colour FA images 
(third row), where the normally red-encoded commissural fibres (see HC, 
right column) reveal significant discolouration (double white arrowheads) 
in the NPH.13 This indicates their superomedial angular displacement and 
compression by the high rising ventricular roofs (fourth row, coronal 
images) in contrast to their more horizontal orientation in the HC (right 
column) and PD) (middle column). Note the narrower splenial angle in 
NPH (double arrowheads) subtended between the posteromedial 
ventricular walls, in comparison to that (single arrowheads) in PD and HC.
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for CA measurement is effectively obviated. The axial 
callosal-body SA on DTI colour FA images has been shown 
to outperform the Evans index and CA in differentiating 
NPH from non-NPH groups.13 In our study, we demon
strated its effective translation into the callosal-septal SA on 
axial FLAIR/T1 MPRAGE with excellent inter-rater reliabil
ity and diagnostic performance discriminating NPH from 
non-NPH groups. More importantly, these results are highly 
comparable to those of the CA, suggesting that the SA could 
potentially replace/supplement the latter in NPH evaluation.

We did not include a dementia group for callosal-septal SA 
measurement on T1 MPRAGE and FLAIR images because 
previous studies already showed that SAs in patients with 
Alzheimer’s disease lie within the angular ranges of HC and 
PD groups, and these groups were already included in the 
current evaluation.13,14 In addition, the thrust of this study 
was to refashion the axial SA for consistent measurement on 
FLAIR and T1 MPRAGE images, so omission of the 
Alzheimer’s disease group is unlikely to impact our findings. 
Hattori et al14 made angular measurements between the post
eromedial ventricular margins at the splenium level in 
patients with a wide range of clinical neurological diagnoses. 
They also found a wider range of angles in PD patients with/ 
without cognitive dysfunction compared to Alzheimer’s dis
ease patients. In their study, PD patients with dementia had 
the narrowest angles after the NPH group, compared to 
wider angles similar to HC in PD patients without dementia. 
In addition, the authors showed that only axial angular mea
surement at the splenium showed a correlation with gait and 
cognitive scores compared to a host of hydrocephalus param
eters, including the CA. Notably, the simplified CA21 is tech
nically measured at the same level as our callosal-septal SA 
(Table 3). These further point to the potential clinical value 
of an axial SA measured at this level.

Further multi-center evaluation of the SA on axial images 
at the callosal-body, highest callosal-septal, or callosal- 
splenium levels and in diverse neurological clinical condi
tions, with correlation to clinical markers, will help validate 
its clinical robustness. Similarly, further evaluation of SA 
changes in bigger cohorts of NPH patients before and after 
surgical intervention on axial FLAIR, T1 MPRAGE and DTI 
colour FA images will be useful in assessing their utility in 
predicting and monitoring response to surgical shunt
ing.13,14,29 Future studies could evaluate the SA on axial head 
CT images since this is the most prevalent and accessible neu
roimaging screening modality in radiology and would make 
the SA more widely applicable in MRI-scarce centres.

In conclusion, we showed that the SA measured on axial 
T1 MPRAGE and FLAIR images is reproducible and effective 
in differentiating NPH ventriculomegaly from PD and nor
mal aging. Callosal-septal SA >60� and <45� robustly ex
cluded and predicted NPH from HC, respectively, while a 
narrower 45� cutoff yielded better sensitivity in the differenti
ating NPH from the more heterogenous PD group. 
Accessibility of the SA on axial routine neuroimaging would 
aid convenient identification and triaging of NPH patients 
for more invasive diagnostic investigations and suitability 
evaluation for symptom-reversing shunt surgery.
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