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Can Shunt Response in Patients with Idiopathic Normal
Pressure Hydrocephalus Be Predicted from Preoperative
Brain Imaging? A Retrospective Study of the Diagnostic Use
of the Normal Pressure Hydrocephalus Radscale in 119
Patients

J.F. Carlsen, ““ AD.L. Backlund, “’C.A. Mardal, “*'S. Taudorf, ““ A.V. Holst, " T.N. Munch, " AE. Hansen, and “©'S.G. Hasselbalch

ABSTRACT

BACKGROUND AND PURPOSE: The Normal Pressure Hydrocephalus Radscale is a combined scoring of 7 different structural imag-
ing markers on preoperative brain CT or MR imaging in patients with idiopathic normal pressure hydrocephalus: callosal angle,
Evans Index, Sylvian fissure dilation, apical sulcal narrowing, mean temporal horn diameter, periventricular WM lesions, and focal
sulcal dilation. The purpose of this retrospective study was to assess the performance of the Normal Pressure Hydrocephalus
Radscale in distinguishing idiopathic normal pressure hydrocephalus shunt responders from nonresponders.

MATERIALS AND METHODS: The preoperative MR imaging and CT scans of 119 patients with idiopathic normal pressure hydroceph-
alus were scored using the Normal Pressure Hydrocephalus Radscale. A summary shunt-response score assessed within 6 months
from ventriculoperitoneal shunt surgery, combining the effect on cognition, gait, and urinary incontinence, was used as a reference.
The difference between the mean Normal Pressure Hydrocephalus Radscale for responders and nonresponders was tested using
the Student t test. The area under the curve was calculated for the Normal Pressure Hydrocephalus Radscale to assess shunt
response. To ascertain reproducibility, we assessed the interobserver agreement between the 2 independent observers as intraclass
correlation coefficients for the Normal Pressure Hydrocephalus Radscale for 74 MR imaging scans and 19 CT scans.

RESULTS: Ninety-four (79%) of 119 patients were shunt responders. The mean Normal Pressure Hydrocephalus Radscale score for
shunt responders was 8.35 (SD, 1.53), and for nonresponders, 7.48 (SD, 153) (P=.02). The area under the curve for the Normal
Pressure Hydrocephalus Radscale was 0.66 (range, 0.54-0.78). The intraclass correlation coefficient for the Normal Pressure
Hydrocephalus Radscale was 0.86 for MR imaging and 0.82 for CT.

CONCLUSIONS: The Normal Pressure Hydrocephalus Radscale showed moderate discrimination for shunt response but cannot, on
its own, be used for selecting patients with idiopathic normal pressure hydrocephalus for shunt surgery.

ABBREVIATIONS: AUC = area under the curve; CA = callosal angle; DESH = disproportionately enlarged subarachnoid space hydrocephalus; EI = Evans
index; iNPH = idiopathic normal pressure hydrocephalus; MMSE = Mini-Mental State Examination; NPH = normal pressure hydrocephalus; PYWML = periven-
tricular WM lesions

he pathophysiology of idiopathic normal pressure hydrocepha-
lus (iNPH) remains largely enigmatic."”” Equally enigmatic are
the mechanisms of the only known effective treatment, shunting of
the CSE.” In light of these shortcomings in our understanding, the
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diagnosis of iNPH, as suggested by international guidelines, is based
on the combined evaluation of iNPH symptoms, brain imaging,
and CSF pressure dynamics.* Nevertheless, even after a thorough
clinical work-up, a substantial number of patients with iNPH do
not benefit from shunt surgery.”® Although generally considered a
minor and safe neurosurgical procedure, complications following
shunt surgery are not uncommon, including postoperative hema-
toma, shunt infection, and subdural hematomas arising from over-
drainage.”” Weighing the chance of shunt response against the risk
of complications is a prime challenge for attending neurologists and
neurosurgeons.

Preoperative brain imaging has long been used to establish dila-
tion of the brain ventricles in patients with iNPH.*® In addition,
preoperative imaging is used to rule out other types of degenerative
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FIG 1. MR imaging of a 79-year-old female shunt-responder with an NPH Radscale score of 11. A, Coronal FLAIR image shows marked bilateral
Sylvian fissure dilation (white arrows), apical narrowing of sulci (white elipse), a narrow CA (65°), and marked periventricular hyperintensities. B—
D, Axial T2 images at different levels show measurement of third ventricle diameter (white line), sulcal dilation (white arrow), and measurements
used for the Evans ratio calculation (black lines).

brain disease, vascular disease, and other types of hydrocephalus
before shunt surgery.” Several studies have tried to use anatomic
imaging markers for predicting shunt response, with varying
results.'”'* These imaging markers include measurements of the
callosal angle (CA), Evans index (EI), and temporal horn diameter
and evaluation of the presence of disproportionately enlarged subar-
achnoid space hydrocephalus (DESH), focal sulcal dilation, and focal
ventricle bulging. Recently, the Normal Pressure Hydrocephalus
(NPH) Radscale, a composite score based on evaluations of 7 differ-
ent anatomic imaging markers, has been proposed as a predictor of
shunt response.”” The NPH Radscale has been shown to have a
good correlation with the severity of iNPH symptoms in a randomly
selected group of 168 volunteers older than 65years of age.*
Furthermore, the NPH Radscale had a high area under the curve
(AUC) for discerning healthy, age-matched adults from iNPH shunt
responders.” No studies using the NPH Radscale to discern iNPH
shunt responders from nonresponders have been published.

In this retrospective study, we aimed to evaluate the usefulness
of the NPH Radscale performed on preoperative brain imaging to
predict shunt response assessed 6 months after the operation.

MATERIALS AND METHODS

Inclusion of Patients and Preoperative Evaluation

The patients included in this retrospective study underwent shunt
surgery for NPH at the Department of Neurosurgery, Copenhagen
University Hospital, from 2013 to 2020. Approval of retrospective
recording of patient data was given by the hospital direction board.
All data were recorded from the electronic patient journal and the
hospital radiology information system/PACS.

In the study inclusion period, 133 patients were consecutively
diagnosed with probable or possible NPH according to clinical
guidelines and, consequently, received a ventriculoperitoneal
shunt."® All patients were evaluated at an interdisciplinary confer-
ence between clinicians from the Memory Clinic at the Danish
Dementia Research Center and the Department of Neurosurgery,
Rigshospitalet, Copenhagen University Hospital, before referral to
surgery. The evaluation was based on the presence of iNPH symp-
toms, including gait disturbance, radiologic characteristics, and
results of CSF dynamic measurements obtained whenever possible.
These included a lumbar infusion test with measurement of
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resistance to outflow and, in some, supplemented by a lumbar tap
test with removal of 40 mL of CSF with prior and postobjective
evaluation of gait (CELDA System; Likvor). The infusion test and
the lumbar tap test were regarded as supportive, not imperative,
for decisions about shunting, especially in patients with possible
iNPH.'® Major urogenital, musculoskeletal, or neurologic comor-
bidities were recorded before the operation.

Excluded Patients

Brain imaging had been performed in different hospitals with dif-
fering protocols. Eleven patients without either an available brain
CT or MR imaging performed within 1 year before surgery were
excluded. The remaining 122 brain scans were assessed for eligi-
bility, and 3 MR imaging scans with no T2 or FLAIR sequences
were deemed insufficient and were excluded. Finally, 119
patients, 20 with CT scans and 99 with MR imaging scans were
included. Of these 119 patients, 114 patients had undergone a
preoperative lumbar infusion test and 55 had undergone a lum-
bar tap test as part of the clinical work-up.

Brain Image Assessment

All scans were assessed by 1 neuroradiologist with 10 years’ experi-
ence (J.F.C.). To ascertain reproducibility, 2 independent readers
(A.D.LB. and C.A.M,, respectively), also assessed 74 random MR
imaging scans and 19 CT scans. The 2 additional readers were ra-
diology residents in their last year of residency. All readings were
performed blinded to the other readers’ evaluations and shunt-
response evaluations.

The 7 imaging parameters that compose the NPH Radscale
were assessed in accordance with Kockum et al'* (Fig 1). For CA
measurements, a coronal plane perpendicular to the intercom-
missural plane was reconstructed for both MR imaging and CT
when not available.'” Periventricular white matter lesions
(PVWML) were assessed on T2 and/or FLAIR images for MR
imaging. All other assessments were performed on available
sequences and reconstructions.

The CA and the mean temporal horn diameter were meas-
ured in degrees and millimeters, respectively. The presence of
focally enlarged sulci was noted as either present or not.
Narrowing of the apical sulci was assessed as 0 = normal or wider
than normal, 1=slight compression/parafalcine compression,



NPH RADSCALE

only approximately 80% of the patients.
In the remaining patients, scores were
obtained by interviewing patients and/
or caregivers.

Complications within 1 year from the
operation in the form of shunt revision
due to shunt malfunction or displace-
ment, shunt revision due to overdrain-
age, overdrainage without shunt revision,
as well as infection, stroke, or death due
to shunt surgery were recorded.

Statistics

Statistics were performed using SPSS,
Version 25.0 (IBM). Means are pre-
sented as mean (SD); medians are pre-
sented as median (range). The Student

Nonresponders

FIG 2. A boxplot of NPH Radscale values (y-axis) for responders and nonresponders, respec-
tively. The thick black line is the median; and box upper and lower margins are 75th and 25th

percentiles, respectively. Whiskers represent upper and lower ranges.

and 2 = definite compression. Sylvian fissure dilation was rated
as present or not. PVWML were evaluated as either 0 = normal,
including capping and pencil-thin lining, 1 = increased PVWML,
and 2 = confluent areas of PVWML.

In addition to the imaging parameters used for NPH Radscale
scoring, readers measured third ventricle diameter in millimeters
and assessed ventricular focal bulging.'® Furthermore, readers
assessed the presence of DESH if apical sulci were disproportion-
ately narrow compared with Sylvian fissure dilation.

Shunt-Response Evaluation
Shunt-response evaluation was performed at outpatient follow-
up visits at the Memory Clinic at the Danish Dementia Research
Center approximately 6 months after shunt surgery. Gait and cog-
nition were evaluated by using a 10-m gait test and the Mini-
Mental State Examination (MMSE)."” Urinary continence was
evaluated by interviewing patients and/or caregivers. Gait and con-
tinence were scored by 8- and 6-point scales, respectively.*’
Changes in gait and continence were evaluated as the following: 1)
worsening = increase of the score by 1 or more, 2) no effect = no
change in scores, 3) moderate effect = a decrease in score by 1,
and 4) substantial effect = a decrease in the score by =2. Changes
in cognition were evaluated as the following: 1) worsening = a
decrease in the MMSE score by 2 or more, 2) no effect = change
by —1 to +one, 3) moderate effect = an increase in the score by 2,
and 4) substantial effect = an increase in the score by =3. The
evaluations for gait, continence, and MMSE were then each scored
on a scale from —1 to 2: worsening = —1, no change = 0, moder-
ate effect= 1, and substantial effect= 2. A summary shunt
response score from —3 to 6 was accordingly obtained.

Shunt response was defined as a summary shunt response
score of =1. Due to the retrospective design of the study, postop-
erative objective measures for gait and cognition were available in

Responders

t test with nonequal variances assumed
was used to test distributions among
continuous data. Distributions of binary
variables were tested using the y? test.
For ranked data, a Wilcoxon rank test
was performed. Logistic regression was
used to test among patient age, sex,
comorbidities, CA, EI, narrowing of apical sulci, Sylvian fissure
dilation, DESH, third ventricle diameter, mean temporal horn di-
ameter, ventricular focal bulging, focally enlarged sulci, and
PVWML; shunt response was the outcome. To test the robustness
of the logistic regression, we performed the same analyses for the
entire patient cohort and then twice more on patients randomly
assigned to 2 groups with 60 and 59 patients in each group.

Receiver operating characteristic curves were performed for
continuous data, and the AUCs were calculated. For the CA, the
AUC was calculated for 180 degrees —CA, because the CA is
inversely proportional to the likelihood of shunt response shunt
response. The Youden index was calculated for the NPH
Radscale to find the optimal cutoff.

To assess interrater variability, we calculated intraclass coeffi-
cients, k values, and Spearman rank coefficients for continuous,
binary, and ranked data, respectively, and evaluated them accord-
ing to Landis and Koch.*!

RESULTS

Of the 119 patients included in the study, 78 (65.5%) were men
and 41 (34.5%) were women. The median age was 77 years
(range, 55-90 years). The mean MMSE score was 25.25 (SD,
4.17). The mean time from preoperative imaging to the operation
was 190 (SD, 89) days.

The mean summary shunt response score was 2.06 (SD, 1.68).
Of 119 patients, 94 (79.0%) were shunt responders. Comorbidities
were registered for 77 (65%) patients. There was no significant dif-
ference in the distribution of comorbidities between responders, 61
of 94 (65%), and nonresponders, 16 of 25 (64%) (P =.93).

The median NPH Radscale score for the entire cohort was 8
(range, 4-12). The median score for shunt responders was 8
(range, 4-12), and the median score for nonresponders was also
8 (range, 5-11) (Fig 2). Complications were seen in 39 (33%)
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Table 1: Distribution of different imaging parameters for the entire population for responders and nonresponders

Score Total Responders Nonresponders P Value
Patients (No.) 19 94 25
EI° 0.39 (0.046) 0.39 (0.046) 0.38 (0.046) 28°
cA® 73.0 (17.4) 719 (16.7) 77.2(19.7) 23°
Third ventricle diameter® 14.2 (3.14) 14.3 (3.00) 141(3.72) 75¢
Mean temporal horn diameter® 8.14 (2.40) 8.38 (2.40) 7.26 (2.22) 03¢
NPH Radscale® 8 17 (1,56) 835 (1.53) 7.48 (153) 02°
DESH® Present 60 (50.4%) 49 (521%) 1 (44%) 474
Not present 59 (49.6%) 45 (47.9%) 14 (56%)
Focal bulging Present 14 (11.8%) 12 (12.8%) 2 (8.0%) 73¢
Not present 105 (88.2%) 82 (87.2%) 23 (92.0%)
Focally enlarged sulci® Present 22 (18.5%) 17 (18.1%) 5 (20.0%) 78°¢
Not present 97 (81.5%) 77 (81.9%) 20 (80.0%)
Sylvian fissure dilation® Present 101 (84.9%) 83 (88.3%) 18 (72.0% 05°
Not present 18 (15.1%) 1 (M.7%) 7 (28%)
Narrow sulci® 2 47 (39.5%) 29 (30.9%) 4 (16.0%) 19
1 39 (32.8%) 30 (31.9%) 9 (36.0%)
0 33 (27.7%) 35 (37.2%) 12 (48.0%)
PYWML® 2 55 (46.2%) 47 (50.0%) 8 (32.0%) 16f
1 47 (39.5%) 34 (36.2%) 13 (52.0%)
0 17 (14.3%) 13 (13.8%) 4 (16.0%)
® Continuous data are presented as means (SD).
® Categoric and ordinal data are presented as No. (%).
Student t test.
d )(2 test.
€Fisher exact test.
fMann—Whitney U test.
Table 2: Interrater correlations for continuous evaluations for MR imaging and CT
MR Imaging (n = 74) CT (n=19)
ICC LB UB ICC LB UB
El 0.914 0.863 0.946 0.974 0.932 0.990
CA 0.934 0.895 0.958 0.856 0.626 0.945
Mean temporal horn diameter 0.943 0.909 0.964 0.917 0.784 0.968
Third ventricle diameter 0.918 0.869 0.948 0.966 0.9M 0.987
NPH Radscale 0.858 0.774 0.910 0.819 0.531 0.930

Note:—LB indicates lower bound; UB, upper bound; ICC, intraclass correlation coefficient.

patients. More nonresponders, 16 of 25 (64%), than responders,
23 of 94 (24%), experienced complications (P < .001).

Preoperative Imaging Findings and Shunt Response

All patients had an EI of =0.3. Means and SDs for all imaging
parameters are presented in Table 1. The NPH Radscale, mean
temporal horn diameter, and Sylvian fissure dilation were signifi-
cantly different between responders and nonresponders.

In the logistic regression analysis, only Sylvian fissure dilation
and mean temporal horn diameter were significantly correlated
with shunt response (P=.017 and P=.028). All other covariates
were not significantly correlated with shunt response. For the logis-
tic regression performed in the 2 groups of evenly and randomly
distributed patients, Sylvian fissure dilation and the Evans index
were significantly correlated with shunt response in the first group
(P=.018 and P=.038), while mean temporal horn diameter was
the last remaining variable in the second group, though it was not
significantly associated with shunt response (P =.068).

The AUC was 0.66 for the NPH Radscale, range 0.54-0.78,
(P=.02), 0.60 for the CA, range 0.47-0.72, (P =.06), 0.59 for the

EI, range 0.46-0.73, (P=.07), 0.64 for mean temporal horn
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diameter, range 0.53-0.76, (P=.06), and 0.54 for third ventricle
diameter, range 0.40-0.67, (P=.07). The Youden index for the
NPH Radscale was 0.239, yielding a sensitivity and specificity of
0.48 and 0.76, respectively, at a cutoff for shunt response of =9.
The AUC for the NPH Radscale for the 80 patients without com-
plications was 0.59, range 0.36-0.83, (P =.35).

Interobserver Agreement

Interoperator variability was assessed for both MR imaging and
CT (Tables 2-4). For all continuous assessments, agreement was
either excellent or good for both MR imaging and CT. For all cat-
egoric assessments, agreement was good or fair, except for focal
bulging, which showed no agreement, and PVWML, which
showed excellent agreement for CT scans.

DISCUSSION

This is the first study to evaluate the ability of the NPH Radscale
to discern iNPH shunt responders from nonresponders.
Although the average NPH Radscale score for shunt responders
was significantly higher than for nonresponders, there was only
moderate discrimination between the 2 groups, with an AUC =



Table 3: Kappa statistics for binary categorical evaluations for MR imaging and CT

MR Imaging (n = 74) CT (n=19)
K UB LB K UB LB
DESH 0.569 0.402 0.736 0.607 0.247 0.967
Focal bulging 0.354 0.090 0.617 —-0.145 —-0.282 —-0.006
Focally enlarged sulci 0.617 0.393 0.841 0.650 0.292 1.008
Sylvian fissure dilation 0.617 0.393 0.841 0.477 0.025 0.979
Note:—« Indicates Kappa statistics; LB, lower bound; UB, upper bound; DESH, disproportionately enlarged subarchmoid space hydroceplaus.
Table 4: Spearman rank statistics for non-binary categorical evaluations for MR imaging and CT
MR Imaging (n = 74) CT (n =19)
Spearman Rank UB LB Spearman Rank UB LB
Narrow sulci 0.626 0.464 0.747 0.787 0.518 0.914
PVWML 0.691 0.550 0.794 0.826 0.596 0.930

Note:—LB indicates lower bound; UB, upper bound; pyWML, periventricular white matter hyperintensities.

0.66. Interoperator agreement for the NPH Radscale was excel-
lent for MR imaging and good for CT.

The NPH Radscale was proposed by Kockum et al,"* in 2018.
It is a composite score based on quantitative and qualitative
structural brain image assessments. Although originally evaluated
on brain CT, all the imaging parameters have frequently been
assessed separately on brain MR imaging in other studies.'®*>**
Indeed, interobserver and intraobserver variability has been
reported for MR imaging and CT previously by the same group,
showing good agreement for both.**

The NPH Radscale has shown good discrimination between
shunt responders and a healthy population of individuals older
than 65 years of age."” In this study, brain CT was performed no
more than 8 days before the operation, and the median NPH
Radscale score for shunt responders was 10, compared with 8 in
our study. Because no data on nonresponders are presented, it can
only be guessed whether the difference lies in the timing and quality
of preoperative imaging and the resulting NPH Radscale assess-
ment, in different quantifications of shunt response, or in a genuine
difference among the studied populations. A very recent study of
100 possible or probable patients with iNPH undergoing a lumbar
tap test showed that the NPH Radscale could not satisfactorily dis-
criminate between patients responding to the tap test and those
who did not.” Although the lumbar tap test is only a surrogate
measure of actual shunt response, this finding is in line with the
data presented here.

There is no consensus or guidelines concerning the definition
of shunt response or when it should be assessed. We found a
shunt response in 80% of patients, which is in line with findings
in most larger studies.'®***

Our findings suggest that the structural changes traditionally
described in patients with iNPH cannot, on their own, account for
the reversibility of iNPH symptoms. Both nonresponders with high
NPH Radscale scores and responders with low NPH Radscale
scores were observed. The moderate AUC was not attributable to a
skewed distribution of complications between responders and non-
responders because the AUC for patients without complications
was similar to that for the whole group. Previous studies have tried
to predict shunt response from preoperative anatomic brain imag-
ing, but the results are heterogeneous.'®'* One study investigating

a similar, composite anatomic score in 50 patients with iNPH
showed a difference between shunt responders and nonresponders
on a group level but did not report on diagnostic accuracy.”® In
concordance with our data, this finding may suggest that other
pathophysiologic mechanisms not visible on structural brain imag-
ing may underlie the response to shunting observed in some
patients with iNPH.* Furthermore, the response to shunting is
associated with compliance to physical training after the operation,
which was not accounted for in this study.*

Several studies on advanced MR imaging and iNPH have
been published. Some studies have focused on aqueductal flow to
predict shunt response. Discouragingly, most studies found no
discrimination for shunt response with aqueductal flow, though
it was reduced after the operation.”"** Perfusion imaging has
been applied to predict shunt response, suggesting either no dis-
crimination or lowered medial frontal cortex or cingulate gyrus
blood flow.*®™** The studies were, however, too small to warrant
any firm conclusions. The findings for both aqueductal flow and
brain perfusion imaging emphasize that although some physio-
logic parameters may be skewed in patients with iNPH, their re-
versibility following shunt surgery does not correlate with the
clinical shunt response.

Another aspect to consider in patients with iNPH is the timing
of both symptom onset and the advent of structural changes and
how the reversibility of symptoms relates to these time points.

In a small study of brain imaging in patients with iNPH, both
the EI of >0.3 and third ventricle diameter were shown to be
enlarged and increasingly enlarged in the years before symptom
onset.” In another study, some patients with asymptomatic ventri-
culomegaly developed symptoms of iNPH during a follow-up pe-
riod of 3 years, while another study found clinical and structural
progression after 1 year in patients with asymptomatic ventriculo-
megaly.””*® Nonshunted patients with slight iNPH symptoms have,
however, shown little progression in an earlier study.*® These find-
ings support the notion that even though structural brain changes
are correlated with and may precede iINPH symptomatology, they
cannot, on their own, predict the reversibility of iNPH symptom:s.

Recently artificial intelligence has been used to measure vol-
umes of different anatomic brain regions in shunt responders
versus nonshunted patients, with good results.*” Also, a support-
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vector machine-based algorithm has been shown to reliably pre-
dict an anatomic NPH pattern on brain imaging as defined by a
consensus of 4 neuroradiologists, and a deep learning network
has been trained to discern patients with NPH from those with
Alzheimer disease and healthy controls in a small study popula-
tion.*"** No studies have examined whether artificial intelligence
can be used to separate iNPH shunt responders from nonres-
ponders, but this could be a method to extend the utility of struc-
tural brain imaging beyond the interpretative skills of
neuroradiologists.

Strengths and Limitations

This study was performed in a single center with a standard setup
and long experience in iNPH evaluation. All radiologic evalua-
tions were performed by the same experienced neuroradiologist.
The major limitation is the retrospective design of the study, with
missing data on objective measurement of outcomes for a subset
of patients. However, these data were obtained by interviews of
the next of kin and caregivers, ensuring no loss to follow-up.
Furthermore, brain imaging was performed in different hospitals,
with varying times from shunt surgery and scan protocols. This
feature may have hampered the diagnostic potential of the
images. However, predefined inclusion criteria for the sequences
included in MR images were used, and we found that a consistent
image evaluation was feasible. Therefore, the interrater agreement
for most parameters, including the NPH Radscale, was good and
comparable with that in earlier studies.”* For logistic regression
analyses, there is a risk of collinearity when assessing multiple
imaging parameters to diagnose the same pathophysiology on the
same brain scan. To test the robustness of the analyses, we per-
formed them first on the entire cohort and then on all patients
randomized to 2 groups. The variables that came out significant
for the whole group, came out as significant in the first of the split
groups and as the last, insignificant parameter before exclusion in
the second split group, indicating that the findings were robust to
some extent. Collinearity should, however, still be considered for
these kinds of analyses.

It is well-known that MR imaging is better for assessing WM
vascular disease, but because PVWML are part of the NPH
Radscale evaluation, we chose to classify them uniformly for this
analysis.

Also, the limited follow-up time of 6 months does not allow
us to associate imaging findings with long-term outcomes.
Possibly, better outcome measures, including cognitive tests and
gait or balance measures, could have been obtained with prospec-
tive evaluation.

CONCLUSIONS

In this study, the use of the NPH Radscale on preoperative imag-
ing yielded moderate discrimination for shunt response. We con-
clude that currently, the NPH Radscale cannot, on its own, be
used to select patients for shunt surgery. Further prospective eval-
uations should be performed to ascertain the usefulness of the
NPH Radscale.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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