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Integrating Clinical Judgment and Objective Measures in Normal
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ABSTRACT: Background: Idiopathic normal pressure hydrocephalus (iNPH) is a neurological disorder affecting older adults for which
symptomsmay improve following shunting; however, the criteria for surgical referral remain unclear. While most studies rely on fixed cut-off
scores for cognitive and gait tests, the present study examined decision-making based on clinical judgment to identify which factors influence
referral. A secondary objective was to compare pre- and post-CSF tap test (CSF-TT) changes between the shunt and no shunt groups.
Methods: This retrospective study included 175 patients assessed at CHU de Québec – Hôpital de l’Enfant-Jésus. Based on a combination of
objective test results and clinical judgment, patients were categorized as referred (n= 119) or not referred (n= 56) for shunt surgery. Logistic
regression identified the variables influencing referral decisions. Mixed-effects ANOVA models for repeated measures were conducted to
compare pre- and post-CSF-TT changes in gait and cognitive performance between shunt and no shunt groups. Results: Three change indices
significantly predicted referral: the 10-Meter Walk Test (normal pace), the Trail Making Test Condition 5 and the Berg Balance Scale. Higher
education positively influenced referral. While most gait and balance measures showed significant improvement following CSF-TT, cognitive
tests appeared less responsive to the procedure. Conclusion: Although this study employed a clinically grounded approach based on clinical
judgment rather than fixed thresholds, the findings align with prior literature identifying gait and balance as robust indicators. This study
reinforces the need to shift from rigid threshold-based criteria toward individualized, clinically grounded decision-making models that can
better capture the heterogeneity of iNPH presentations.

RÉSUMÉ : Intégration du jugement clinique et de mesures objectives dans l’hydrocéphalie à pression normale : les principaux facteurs
prédictifs de l’orientation vers une procédure chirurgicale de dérivation. Contexte : L’hydrocéphalie à pression normale idiopathique
(HPNI) est un trouble neurologique touchant les personnes âgées. Leurs symptômes peuvent s’améliorer après une procédure chirurgicale de
dérivation (shunt) ; cependant, les critères d’orientation vers une telle intervention restent flous. Alors que la plupart des études s’appuient sur
des points de coupure fixes (fixed cut-off scores) pour les tests cognitifs et les tests de marche, la présente étude entend examiner la prise de
décision basée sur le jugement clinique afin d’identifier les facteurs qui influencent l’orientation vers une procédure chirurgicale de dérivation.
Un objectif secondaire consistait aussi à comparer les changements avant et après un test de soustraction du liquide céphalo-rachidien
(TSLCR) entre les groupes avec procédure de dérivation et sans procédure de dérivation. Méthodes : Cette étude rétrospective a porté sur 175
patients évalués à l’Hôpital de l’Enfant-Jésus (CHU de Québec-Université Laval). Sur la base d’une combinaison de résultats issus de tests
objectifs et d’un jugement clinique, les patients ont été classés comme orientés (n = 119) ou non orientés (n = 56) vers une procédure
chirurgicale de dérivation. Une régression logistique a permis d’identifier les variables influençant les décisions d’orientation. Des modèles
ANOVA à effets mixtes pour mesures répétées ont été utilisés afin de comparer les changements pré et post-TSLCR dans la démarche et les
performances cognitives entre les groupes avec procédure de dérivation et sans procédure de dérivation. Résultats : Trois indices de
changement ont permis de prédire de manière significative l’orientation vers une procédure chirurgicale de dérivation : le test de marche de 10
mètres (rythme normal), le Trail Making Test Condition 5 et l’échelle d’évaluation de l’équilibre de Berg. Il est à noter qu’un niveau plus élevé
d’éducation a eu une influence positive sur l’orientation vers une procédure chirurgicale de dérivation. Alors que la plupart des mesures de la
démarche et de l’équilibre ont montré une amélioration significative après un TSLCR, les tests cognitifs semblaient moins sensibles à la
procédure. Conclusion : Bien que cette étude ait utilisé une approche cliniquement fondée sur le jugement clinique plutôt que des points de
coupure fixes, les résultats concordent avec la littérature antérieure identifiant la démarche et l’équilibre comme des indicateurs fiables. Cette
étude renforce donc la nécessité de passer de critères rigides basés sur des seuils minimaux à des modèles de prise de décision individualisés et
cliniquement fondés, capables de mieux saisir l’hétérogénéité des manifestations de l’HPNI.
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Introduction

The prevalence of cognitive disorders is increasing, which is a
significant public health concern as the global population
continues to age.1 Idiopathic normal pressure hydrocephalus
(iNPH) is one such condition, predominantly affecting older
adults. According to a systematic review, the prevalence of
probable iNPH ranges from 10 to 22 cases per 100,000 individuals
across all age groups, increasing to 5.9% among individuals aged 80
years and above.2 iNPH is characterized by ventricular enlarge-
ment in the presence of normal CSF pressure.3 Clinically, iNPH is
defined by a triad of symptoms: gait disturbance, cognitive decline
and urinary incontinence.4 Timely management of iNPH is
imperative, as patients may experience symptom improvement
following shunting. However, its clinical features lack specificity,
complicating the diagnostic process.5,6 Radiological signs such as
ventriculomegaly are frequently misattributed to brain atrophy
associated with normal aging,7,8 contributing to the under-
diagnosis of iNPH. It is estimated that up to 80% of iNPH cases
go unrecognized or remain untreated.9

A key diagnostic and prognostic tool for iNPH is the CSF tap
test (CSF-TT), which involves the removal of 30–50 mL of CSF via
lumbar puncture. This procedure is used to assess potential
symptom improvement and to estimate the likelihood of a positive
response to shunt surgery.10,11 Pre- and post-CSF-TT evaluations
generally focus on cognitive and gait performance, with post-CSF-
TT improvements being interpreted as indicators of surgical
benefit.12 Cognitive impairments in iNPH typically affect fronto-
subcortical functions,12–15 whereas gait disturbances commonly
involve slowed walking speed and impaired balance.16,17 As such,
CSF-TT protocols generally include targeted assessments of these
functions. However, no consensus currently exists regarding the
selection of tests or the definition of significant post-CSF-TT
improvement, resulting in marked heterogeneity in clinical
practice.6,12,18,19 In the absence of standardized criteria, a wide
array of tests is employed, some lacking specificity or posing
considerable demands on older adults, thereby increasing the
burden for both patients and clinicians.

Efforts to define what constitutes a “meaningful improvement”
have yielded variable and sometimes arbitrary thresholds. For
instance, cognitive improvement has been defined as performance
gains of at least one standard deviation on 50% of tests,20,21 any
improvement on at least one cognitive measure22 or a 3-point
increase on the Mini-Mental State Examination.16,23 For gait,
various cut-off values have been proposed. In responders, average
post-CSF-TT improvements of 3.98 s on the Timed Up and Go
test, 0.08 m/s on the 10-Meter Walk Test (10MWT) and 5.29
points on the Berg Balance Scale have been reported.17 Other
studies have suggested that a 23% increase in walking speed may be
clinically relevant,24 although a threshold as low as 5% has been
used.25

Identifying patients most likely to benefit from shunt surgery
remains challenging. A systematic review highlighted that a
positive CSF-TT response is a strong predictor of shunt

responsiveness (positive predictive value: 92%; specificity: 75%)
and a negative response fails to reliably rule out potential benefit
(negative predictive value: 37%; sensitivity: 58%),18 underscoring
the need for more individualized and clinically nuanced
interpretation. A key limitation of previous studies is their reliance
on absolute score changes or predefined cut-offs, which often
overlook the broader clinical context and individual character-
istics, such as demographic factors.

The specialized Department of Neurological Sciences at Centre
Hospitalier Universitaire de Québec – Hôpital de l’Enfant-Jésus
(CHU-HEJ), recognized as a major neurological center in Canada,
serves as the reference clinic for neurology in Eastern Quebec,
covering the entire region for the assessment and management of
iNPH. At this center, a standardized CSF-TT protocol has been in
place for more than 15 years. This protocol includes cognitive and
gait assessments within a flexible framework that fosters clinical
judgment for evaluating patients with suspected iNPH. Rather than
relying on statistical thresholds to determine shunt eligibility, referral
decisions at CHU-HEJ are informed by a combination of objective
test results and clinician expertise, allowing for more individualized
and context-sensitive decisions.

The primary objective of this retrospective study was to identify
which pre- to post-CSF-TT change indices in cognitive and gait
variables, along with patient characteristics, were statistically
associated with the likelihood of being referred for shunt surgery
following the protocol at CHU-HEJ. Referral status (shunt or no
shunt) was determined based on clinical judgment, rather than
predefined improvement criteria. The aim was to better under-
stand the clinical variables that most influence decision-making
regarding surgery referral. A secondary objective was to compare
pre- and post-CSF-TT results in the shunt and no shunt groups.
This analysis aimed to identify which cognitive and gait variables
were most sensitive to change and whether these measures were
aligned with those that influenced referral decisions (Objective 1).
Both objectives were designed to be complementary, linking the
examination of pre- to post-CSF-TT sensitivity with the variables
influencing referral decisions. The analysis of pre- to post-CSF-TT
measures follows the framework used in prior iNPH studies, while
the investigation of which factors influence referral decisions
represents a novel aspect. Together, these complementary
objectives clarify the clinical utility of cognitive and gait measures
by highlighting their responsiveness and relevance within an
integrative clinical framework.

Methods

Study design

This study is a retrospective chart review of 175 patients diagnosed
with probable iNPH. Patients were evaluated by a neurologist at
CHU-HEJ between January 2010 and May 2022. Inclusion criteria
were: (i) meeting the diagnostic criteria for probable iNPH as
defined by the 2021 Japanese guidelines for normal pressure
hydrocephalus (NPH)12 (patient records were selected based on
their alignment with these updated diagnostic criteria); (ii) being
native French-speaking (as French is the predominant and official
language of Quebec); and (iii) having completed the CSF-TT
protocol at CHU-HEJ. Patients with known factors contributing to
secondary hydrocephalus, such as subarachnoid hemorrhage or
meningitis, as well as those with congenital NPH, were excluded
from the study. The data entry process was conducted in duplicate,
and discrepancies were cross-verified to ensure data quality.
Ethical approval for the study was obtained from the Comité

Highlights
• Integrating clinical judgment with objective measures can refine patient
selection for shunt surgery in idiopathic normal pressure hydrocephalus
(iNPH).

• A more individualized approach better captures patient heterogeneity
than rigid cut-offs in iNPH.

• Gait and balance remain robust predictors, with psychomotor speed
offering additional insight for clinical judgment in shunt referral.
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d’éthique de la recherche du Centre Hospitalier Universitaire de
Québec – Université Laval (Project #2021-5509).

All patients were initially evaluated by a neurologist through a
comprehensive medical examination, which included a brain MRI
procedure and a series of neurological and cognitive screening
tests. Brain images were examined for ventricular enlargement
indicated by an Evans ratio of 0.3 or higher26,27 and for
disproportionately enlarged subarachnoid space hydrocephalus.12

A clinical nurse administered the Montreal Cognitive Assessment
(MoCA), which has been validated as a screening tool for mild to
severe cognitive impairment.28 Based on clinical symptoms and
neuroimaging features, patients presenting a clinical profile
consistent with possible iNPH were referred to the CHU-HEJ
medical day unit for completion of the standardized CSF-TT
protocol. Following completion of the protocol, all patients
included in the study ultimately met the criteria for probable
iNPH according to the 2021 Japanese guidelines.12 Although
neurologists considered potential alternative diagnoses or co-
occurring conditions during the clinical evaluation, all patients
included in the present study were selected only if iNPH remained
the primary working hypothesis in their medical file. Thus, while
secondary co-pathologies may have been suspected, they did not
outweigh iNPH as the leading diagnostic consideration.

The standardized CSF-TT protocol followed a fixed weekly
schedule. On Tuesday morning (9 AM), patients completed the pre-
neuropsychological assessment, followed by the pre-physiotherapy
assessment on Tuesday afternoon (1 PM). The lumbar puncture was
performed the next morning onWednesday at 9 AM. Post-CSF-TT
assessments were then conducted the same day: the post-
physiotherapy at 11 AM and the post-neuropsychological at 1 PM.

Demographic and clinical data

Age, biological sex and the number of years of formal education
were obtained from patients’ medical records at the time of
admission. Years of formal education were treated as a continuous
variable, contextualized within the Quebec education system:
elementary school corresponds to 6 years; high school diploma,
11 years; college diploma, 13 years (14 for technical degrees);
bachelor’s degree, 16 years; master’s degree, 18 years; doctoral
degree, 21 years; and medical or postdoctoral fellowship, 23 years.
When patients held multiple degrees, the highest level was
considered. Additionally, the quantity of CSF withdrawn during
the CSF-TT protocol and the MoCA score from the initial medical
evaluation were obtained from the patient’s medical record.

Neuropsychological assessment

The tests were selected according to evidence-based principles,
focusing on psychomotor speed, information processing speed,
attention, short-term and working memory and executive
functions.15,22,29,30 The same battery of tests was administered in
a standardized order at both pre- and post-CSF-TT: Grooved
Pegboard test,31 Delis–Kaplan Executive Function System (D-
KEFS) (Trail Making test [TMT], Color-Word Interference),32

phonemic verbal fluency and categorical verbal fluency,32,33

Weschler Adult Intelligence Scale IV (Symbol Search, Coding,
Digit Span forward and backward)34 and Neuropsychological
Assessment Battery (Number and Letters subtests Part A).35 A total
of 18 neuropsychological variables (raw scores) were selected for
analysis. The administration of these instruments was carried out
by qualified neuropsychologists, who followed standard instruc-
tions for each test. The 18 variables that were retained, along with

the modifications made to the administration, are presented in
Supplementary Table 1.

Physiotherapy assessment

The tests were selected according to evidence-based principles,
focusing on deficits in gait and balance that are consistent with the
neurological characteristics associated with iNPH.10,16,17,36 The
same tests were administered at pre- and post-CSF-TT: 10-Meter
Walk Test – normal pace (10MWT-C),37 10-Meter Walk Test –
Dual Task (10MWT-DT),36 Timed Up and Go38 and Berg Balance
Scale.39 Four gait/balance variables (raw scores) were selected for
analysis (see Supplementary Table 1). The administration of these
tests was conducted by qualified physiotherapists, who followed
standardized instructions for each test.

Lumbar puncture

The day following pre-CSF-TT, a single lumbar puncture was
performed by a neurologist using a 20-gauge needle to remove 30–
50 mL of CSF. During the procedure, the neurologist ensured that
CSF pressure was within the normal range (≤200 mmH2O).
Patients were re-evaluated for gait and cognitive performance 2
hours and 4 hours after CSF removal, respectively.12

The neuropsychologist and the physiotherapist each com-
pared pre- and post-CSF-TT cognitive and gait performances
using raw or standardized scores. Based on these quantitative
data, they formulated a clinical judgment of the changes observed
in the patient’s functioning. This judgment was informed by the
number, magnitude and clinical relevance of the changes. The
neurologist then integrated these professional impressions with
the broader clinical profile of the patient to make the final
decision regarding referral for shunt surgery. Patients were
subsequently categorized into two groups: those referred for
surgery (shunt) and those not referred (no shunt). Patients in the
shunt group who ultimately decline surgery are still considered
part of this group in the study.

Statistical analysis

All analyses were performed using SAS® 9.4 software. Descriptive
statistics, includingmean and standard deviation, were calculated for
baseline demographic and clinical variables (age, number of years of
education, volume of CSF withdrawn during lumbar puncture,
MoCA screening test score). For group comparisons, normality of
data distribution was assessed with visual inspection and Shapiro–
Wilk tests. Homogeneity of variance was subsequently verified using

Table 1. Demographic and clinical data: descriptive statistics and comparison
between groups

Characteristics
Shunt
(n= 119)

No shunt
(n= 56) t† or U p value*

Age at CSF tap test, mean
years(SD)

73.0(6.2) 75.6(6.7) −2.490† 0.014

Education, mean years(SD) 12.1(3.9) 11.4(3.9) 3,052.5 0.369

Sex, n female(%) 54(45 %) 28(50 %) – 0.568‡

Volume of CSF withdrawn,
mean ml(SD)

42.1(7.7) 39.8(9.2) 2,784.5 0.077

*Significant differences (p< 0.05) are shown in bold.
† Parametric test used (Independent Students’ t-test).
‡ Pearson Chi-squared.
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Levene’s test. Two-tailed independent Student’s t-tests were applied
for variablesmeeting both normality and homogeneity assumptions;
otherwise, Mann–Whitney U tests were employed. Categorical
variables, such as biological sex, were analyzed using Pearson’s chi-
square tests. Statistical significance was defined as p < 0.05. The
specific statistical test applied to each variable is detailed in Table 1.

Stepwise logistic regression was employed to identify predictors
for shunt surgery referral, utilizing pre- to post-CSF-TT cognitive
and gait change indices calculated with raw scores as (post-pre)/
pre. The binary outcome was the referential status: shunt or no
shunt. A forward stepwise procedure (p < 0.05 for inclusion and
exclusion) was used, with sex, age and years of education entered as
covariates. Missing data were handled via multiple imputation
(100 datasets, predictive mean matching). The dataset was
partitioned into an 80% training set (n= 141, proportional
random selection) and a 20% test set (n= 34) for model validation.

Mixed-effects ANOVA models for repeated measures compared
pre- and post-CSF-TT cognitive and gait outcomes between the
shunt and no shunt groups. Thesemodels identified change-sensitive
variables and assessed their alignment with referral decisions. Fixed
effects included Group, Time and their interaction (Group × Time),
with random intercepts for participants nested within groups.
Models were estimated using restricted maximum likelihood, with
optimal covariance structures selected by the Akaike information
criterion and heterogeneous variance terms applied when necessary.
Degrees of freedomwere adjusted using theKenward–Rogermethod.
Model assumptions of normality and homogeneity were verified,
with robustness checks conducted if violations occurred; linearity of
effects was assumed. Significance was evaluated using Type III tests
(p < 0.05), with Bonferroni-adjusted post hoc comparisons. Partial
eta-squared was reported for significant interactions.40

Results

Demographic and clinical data of patients

A total of 175 patients underwent the iNPH-related cognition and
gait/balance assessments before and after CSF-TT. Of these, 119
patients (68%) underwent shunt surgery (shunt group), whereas 56
patients (32%) showed insufficient clinical improvement after
CSF-TT to warrant referral for surgery (no shunt group). Of the
patients referred for surgery, 114 underwent shunt placement,
while 5 declined the procedure. Postoperative follow-up data were
available for 94 patients, among whom 85 (90.4%) met the criteria
for definite iNPH, and consisted of a brief clinical evaluation by a
neurologist to assess overall postoperative improvement. In the
present study, analyses were restricted to pre- and post-CSF-TT,
independent of post-shunt outcomes. Post-shunt outcomes are
reported exclusively to document the final diagnostic classification.

Pre-CSF-TT MoCA scores did not significantly differ between
the shunt (n= 107; M= 21.4, SD= 3.7) and the no shunt (n= 45;
M= 20.2, SD= 4.1) groups; U = 1973.00, p= 0.078. However, as
reported in Table 1, the two groups statistically differed in terms of
mean age, with the shunt group being younger on average than the
no shunt group. The age range in the shunt group varied from 60 to
85 years old, while in the no shunt group, it ranged from 61 to 90
years. Both groups exhibited similar demographic and clinical
characteristics for other variables.

Logistic regression

The indices of the predictor variables used in the logistic regression
model (Objective 1) are presented in Table 2. A stepwise logistic

regression model was conducted to identify predictors of referral
for shunt surgery (see Table 3). The model selected the 10MWT-C,
TMT Condition 5 and Berg Balance Scale indices as significant
predictors. The number of years of education was a significant
covariate. Although age and biological sex did not reach statistical
significance, they were retained in the model as covariates due to
their documented theoretical relevance.30,41–43

A 10% improvement in walking speed, reflected by a 0.1 unit
increase in the relative change index for the 10MWT-C,
corresponds to a 55% greater likelihood of referral for shunt
surgery (OR= 1.55, 95% CI [1.19, 2.03]). Similarly, a 10%
reduction in completion time (reflecting improved performance)
on the TMT Condition 5, indicated by a 0.1 unit decrease in its
relative change index, is linked to a 32% higher chance of being
referred for surgery (OR= 1.32, 95% CI [1.07, 1.64]).
Improvements in balance, quantified as a 0.1 unit increase in
the Berg Balance Scale relative change index (10% gain from pre-
CSF-TT scores), increase the odds of referral by 60% (OR = 1.60,
95% CI [1.09, 2.36]). Each additional year of education is
associated with a 13% increase in the odds of being referred for
shunt surgery (OR= 1.13, 95% CI [1.00, 1.27]).

Due to the multiple imputations performed to address missing
data, a Wald statistical test could not be employed to evaluate the
overall model fit. Nevertheless, the model explained 35.0%
(Nagelkerke R2) of the variance in referral status for shunt surgery,
with a correct classification rate of 76.5%. The model revealed an
area under the Receiver Operating Characteristic curve of 0.798,
with a sensitivity and specificity of 95.7% and 36.4%, respectively.
A probability threshold of 0.378 represents the critical value for
decision-making. If the predicted probability exceeds the specified
threshold, the decision is made to refer the patient for shunt
surgery.

Mixed-effects ANOVA

Only significant interactions between group (shunt vs no shunt)
and time (pre- and post-CFT-TT) are reported to identify the most
change-sensitive variables and assess their concordance with those
influencing referral decisions. Significant Group × Time inter-
actions were observed for the Word Reading condition of the D-
KEFS Color-Word Interference Test, the 10MWT-C, 10MWT-DT
and the Berg Balance Scale. Overall, gait and balance improve-
ments post-CSF-TT were more pronounced in the shunt group,
whereas the no shunt group showed greater gains in information
processing speed. Both the 10MWT-C and the Berg Balance Scale
not only demonstrated sensitivity to change but also emerged as
key variables associated with referral decisions. The primary results
are detailed in Table 4. Supplementary Table 2 provides the sample
sizes and descriptive statistics for each test, as the number of
available data points varies due to missing data inherent to
retrospective clinical chart reviews.

For the Word Reading condition of the Color-Word
Interference Test, a significant Group × Time interaction was
observed, F(1, 59.4) = 4.46, p= 0.039, partial η2= 0.070, indicating
a moderate effect size.44,45 Post hoc analyses revealed that at pre-
CSF-TT, the shunt group demonstrated significantly faster
execution times compared to the no shunt group (p= 0.028).
Between pre- and post-CSF-TT, only the no shunt group improved
significantly, with a notable reduction in execution time (p= 0.044),
while the shunt group showed no significant change (p= 0.598).
At post-CSF-TT, the difference between groups was no longer
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significant (p= 0.207), indicating that the performance gap observed
at baseline had diminished.

For the 10MWT-C, a significant Group × Time interaction was
observed, F(1, 172)= 25.61, p< 0.001, partial η2 = 0.130, indicat-
ing a moderate to large effect size.44,45 There was no significant
difference between groups at pre-CSF-TT (p= 0.697). The shunt
group improved significantly from pre- to post-CSF-TT (p<
0.001), whereas the no shunt group did not show a significant
change (p= 0.259). This resulted in higher post-CSF-TT scores for
the shunt group compared to the no shunt group, although this
difference was marginally significant (p= 0.060).

For the 10MWT-DT, a significant Group × Time interaction
was observed, F(1, 118)= 6.94, p= 0.010, partial η2= 0.056,
indicating a moderate effect size.44,45 No significant difference
was found between groups at pre-CSF-TT (p= 0.690). Both groups
improved significantly from pre- to post-CSF-TT (shunt: p<

0.0001; no shunt: p= 0.005). Post-test scores were higher in the
shunt group compared to the no shunt group, but this difference
was not statistically significant (p= 0.108).

For the Berg Balance Scale, a significant Group × Time
interaction was observed, F(1, 164)= 31.60, p< 0.001, partial
η2= 0.162, indicating a large effect size.44,45 At pre-CSF-TT, there
was no significant difference between groups (p= 0.408). Both
groups improved significantly from pre- to post-CSF-TT (p<
0.001), with the shunt group showing a notably greater increase,
resulting in higher post-CSF-TT scores compared to the no shunt
group (p= 0.001).

Discussion

The primary objective of this retrospective study was to identify
which pre- to post-CSF-TT change indices in cognitive and gait

Table 2. Descriptive statistics of indices used in the multivariate logistic regression model

Indices of predictive variables* n M SD Range [min; max]

Grooved Pegboard test, s

Dominant hand 170 −0.0451 0.1519 [−0.4393; 0.8616]

Non-dominant hand 161 −0.0178 0.1663 [−0.3822; 1.0056]

D-KEFS TMT, s

Condition 1 174 −0.0466 0.2634 [−0.5522; 1.0776]

Condition 2 172 −0.0641 0.3478 [−0.6500; 1.7778]

Condition 3 166 −0.0717 0.3069 [−0.6271; 1.2464]

Condition 4 147 −0.0518 0.1859 [−0.5390; 0.5385]

Condition 5 171 −0.0692 0.2214 [−0.5200; 0.8630]

D-KEFS Color-Word Interference

Color naming, s 135 −0.0040 0.1396 [−0.4273; 0.6000]

Word reading, s 139 −0.0068 0.1357 [−0.4819; 0.9482]

Inhibition, s 124 −0.0525 0.1551 [−0.5091; 0.5158]

Errors inhibition, n 122 0.0964 0.8841 [−1.0000; 4.2500]

Verbal fluency Test, n

Phonemic (F-A-S or T-N-P) 156 0.0970 0.3220 [−0.6154; 1.8333]

Semantic (animals) 119 0.0887 0.3494 [−1.0000; 1.7500]

WAIS-IV

Symbol search, n 147 0.1151 0.3924 [−1.6000; 2.0000]

Coding, n 168 0.0597 0.1663 [−0.6429; 0.6154]

Forward digit span, n 165 0.0385 0.2126 [−0.3750; 1.0000]

Backward digit span, n 164 0.0737 0.3596 [−1.0000; 2.0000]

NAB Numbers and Letters – Part A

Efficiency† 173 0.0656 0.1146 [−0.1871; 0.7012]

10MWT, (m/s)

Normal pace 174 0.2064 0.3773 [−0.6875; 3.1250]

Dual task 154 0.2437 0.3923 [−1.0000; 2.3333]

Timed Up and Go, s 173 −0.1440 0.1704 [−0.5778; 0.5940]

Berg Balance Scale (0–56) 166 0.1494 0.2507 [−0.2105; 2.6667]

Note: iNPH = idiopathic normal pressure hydrocephalus; M=mean; SD= standard deviation; D-KEFS= Delis–Kaplan Executive Functions System; TMT= Trail Making Test; WAIS-IV=Wechsler
Adult Intelligence Scale – Fourth Edition; NAB= Neuropsychological Assessment Battery; 10MWT= 10-Meter Walk Test.
*Indices calculated using this formula: (Post–Pre)/Pre.
† Efficiency is calculated with the formula ((236 – Numbers and Letters Part A errors raw score)/Numbers and Letters Part A speed raw score).
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variables, along with patient characteristics, were statistically
associated with the likelihood of being referred for shunt surgery.
The logistic regressionmodel identified three significant predictors
using performance change indices derived from pre- to post-CSF-
TT assessments: the 10MWT-C, the TMT Condition 5 and the
Berg Balance Scale. These findings suggest that improvements in
gait speed, psychomotor speed and balance were most influential
in clinical referral decisions. Years of education also emerged as a
significant covariate, with higher education associated with an
increased likelihood of referral. The second objective of this study
was to compare the shunt and no shunt groups to identify the
cognitive and gait tests most sensitive to change following the CSF-
TT. The findings indicated that the Berg Balance Scale, the
10MWT-C, the 10MWT-DT and the Word Reading condition of
the Color-Word Interference test exhibited significant group
differences in response to the CSF-TT. This overlap with results
from Objective 1 underscores the key role of balance and gait
variables in referral decision-making.

The two groups were relatively homogeneous in terms of
demographic and clinical characteristics. Age emerged as the sole
variable that exhibited a statistically significant difference, with
younger patients being more frequently referred for shunt surgery.
This pattern likely reflects a clinical tendency to prioritize younger
individuals, given their greater potential for functional recovery
and lower risk of postoperative complications.46–48 No significant
group differences were observed on the MoCA total score.
However, in both groups, the mean score was below the widely
accepted clinical cut-off for probable cognitive impairment (i.e.,
scores < 26),28 reinforcing the relevance of the MoCA as a
screening tool for cognitive deficits in iNPH populations.49

Furthermore, there was no significant difference in the volume
of CSF removed during the tap test between groups, consistent
with previous studies indicating that variations within the
standardized range (30–50 mL) have no measurable effect.50

Logistic regression is a widely used method for developing
predictive tools. However, the principal objective of the present
model was not prediction per se but to provide greater insight into
the clinical decision-making process at CHU-HEJ. As such,
performance metrics are reported here descriptively to facilitate
interpretation; they are not used as a basis for diagnostic
classification. While the model demonstrated relatively high
sensitivity (95.65%) and low specificity (36.36%), reflecting clinical
priorities to avoid under-referral, it also underscores the need to
improve decision precision. The model explained 35.0% of the
variance in referral status, suggesting that important elements of the
decision-making process lie outside the variables included in the
model. Despite controlling for known influences such as age,

biological sex and education,42,43,51 a substantial proportion of
relevant factors remains unaccounted for. Clinician’s experience, for
instance, may influence the interpretation of symptoms and the
probability of referral. Experienced professionals may draw on tacit
knowledge and subtle clinical cues, which could influence their
decisions. Similarly, broader clinical considerations including
vascular52,53 and neurological comorbidities54 as well as patient
functionality, often influence referral decisions in ways that are
difficult to quantify. This highlights the necessity for models that
incorporate both quantifiable outcomes and experiential clinical
expertise.

Nevertheless, the findings of this study suggest that specific
domains, particularly gait speed and balance, play a central role in
guiding surgical referrals. Both the 10MWT-C and the Berg
Balance Scale have been shown to serve as predictors and as
variables sensitive to change, consistent with current guidelines12,55

and previous studies.17,56 Notably, post-CSF-TT gait-related
improvements have demonstrated a predictive value greater than
90% for shunt responsiveness,57 establishing gait and balance as
core clinical indicators. The present findings reinforce this
evidence: referral decisions at CHU-HEJ appear to rely heavily
on these measures. While the 10MWT-DT also showed sensitivity
to change, it was not retained in the predictive model. This may
reflect the fact that only walking speed was analyzed, without
consideration of cognitive performance during the dual task. The
cognitive dimension may have been incorporated into the
judgment process by clinicians, and the model may have failed
to capture this nuance. The two groups demonstrated improve-
ments on the 10MWT-DT, with the shunt group exhibiting more
substantial post-CSF-TT gains. This pattern aligns with previous
studies emphasizing the utility of dual-task paradigms for
identifying responders to CSF drainage,58,59 particularly when
assessments are conducted several days post-procedure.60

As for cognition, only one variable (TMT Condition 5), a
measure of psychomotor speed, emerged as a significant predictor
in the logistic regression model. Interestingly, this task did not
show significant between-group differences in response to CSF-
TT, indicating that its inclusion in the predictive model may reflect
its influence on clinician judgment rather than overt performance-
based change. This finding suggests that while TMT Condition 5
may influence clinical impressions, it may lack sensitivity in
detecting improvements through objective, performance-based
evaluation. Prior research has emphasized the utility of psychomotor
speed tasks in detecting CSF-TT responsiveness, particularly those
involving upper limbmotor function.61–64 For instance, performance
on the Line Tracing Test, a task similar to TMT Condition 5,
improved by 12% following CSF-TT among responders, offering a

Table 3. Multivariate logistic regression analysis results

Variable Estimate Standard error 95 % CI t (∞) p value*

Age −0.0583 0.0331 −0.12; 0.01 −1.76 0.078

Biological sex 0.2009 0.4309 −0.64; 1.05 0.47 0.641

Number of years of education 0.1201 0.0595 0.00; 0.24 2.02 0.044

10MWT-C index 4.3961 1.3777 1.70; 7.10 3.19 0.001

TMT Condition 5 index −2.8058 1.0552 −4.87; -0.74 −2.66 0.008

Berg Balance Scale index 4.7185 1.9836 0.83; 8.61 2.38 0.017

Note: CI= confidence interval; 10MWT-C= 10-Meter Walk Test – normal pace; TMT= Trail Making Test.
*Significant p values< 0.05 are in bold.
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useful benchmark for interpreting change.63 The incorporation of
alternative speed tasks such as the Line Tracing Test could facilitate
the refinement of the assessment protocol and enhance the
predictive validity of clinical decision tools.

In contrast, the Word Reading condition of the Color-Word
Interference test, a measure of information processing speed
involving visuo-oral integration, was the only cognitive measure to
demonstrate significant group differences following the CSF-TT.
Specifically, the shunt group outperformed the no shunt group at
baseline. However, only the no shunt group exhibited a significant

improvement post-CSF-TT, resulting in a loss of between-group
difference at follow-up. While this pattern is statistically
significant, it is clinically unexpected. It may reflect a ceiling effect
in the shunt group, limiting their potential for measurable gains,
whereas the no shunt group, with slower baseline performance,
had more room for improvement.

Overall, these findings highlight the need to refine the cognitive
assessment protocols in the context of CSF-TT to improve their
sensitivity for detecting cognitive changes. The timing of assess-
ments, 4 hours post-lumbar puncture in the present study, may be

Table 4. Results of repeated-measures ANOVA for neuropsychological and gait/balance variables

Shunt No shunt

Pre-CSF-TT
M(SE)

Post-CSF-TT
M(SE)

Pre-CSF-TT
M(SE)

Post-CSF-TT
M(SE)

Time(T)
F(1, df2)

Group(G)
F(1, df2)

T × G
F(1,df2)

ηp2
for T×G

Neuropsychological variables

Grooved Pegboard test, s

Dominant hand 126.24(5.00) 117.57(4.57) 140.09(7.01) 136.65(7.41) 6.38(1, 88.5) * 3.91(1, 171) * 1.19(1, 88.5) 0.013

Non-dominant hand 151.18(5.90) 149.61(7.97) 160.15(11.87) 157.23(11.79) 0.53(1, 121) 0.38(1, 79.7) 0.05(1, 121) < 0.001

D-KEFS TMT, s

Condition 1 36.65(1.35) 33.01(1.14) 41.40(1.86) 40.10(2.20) 5.35(1, 83.4) * 7.65(1, 181) ** 1.21(1, 83.4) 0.014

Condition 2 75.74(2.99) 66.41(2.99) 86.80(4.78) 84.13(4.78) 6.79(1, 81.7) * 7.81(1, 178) ** 2.10(1, 81.7) 0.025

Condition 3 88.18(3.54) 78.61(3.55) 101.37(5.26) 91.44(5.26) 19.25(1, 164) *** 4.79(1, 165) * 0.01(1,164) < 0.001

Condition 4 188.89(5.02) 176.33(5.58) 210.33(7.97) 206.64(8.89) 7.31(1, 145) ** 7.41(1, 146) ** 2.18(1, 145) 0.015

Condition 5 52.96(2.49) 46.09(2.10) 58.98(3.66) 57.34(3.38) 9.02(1, 87) ** 4.74(1, 200) * 3.40(1, 87) 0.038

D-KEFS Color-Word Interference

Color naming, s 42.61(1.20) 41.74(1.21) 44.60(1.80) 45.10(1.80) 0.10(1,133) 1.64(1, 137) 1.40(1, 133) 0.010

Word reading, s 29.06(0.90) 29.30(1.02) 33.72(1.87) 31.53(1.43) 2.87(1, 59.4) 3.53(1, 74.4) 4.46(1, 59.4) * 0.070

Inhibition, s 111.62(3.77) 104.69(3.79) 115.17(6.15) 108.64(6.18) 11.72(1, 123) *** 0.29(1, 126) 0.01(1, 123) < 0.001

Inhibition – errors, n 8.11(0.89) 7.54(0.89) 11.09(1.56) 10.48(1.57) 0.92(1, 42.8) 3.06(1, 131) 0.00(1, 42.8) 0

Verbal fluency test, n

Phonemic
(F-A-S or T-N-P)

21.77(0.93) 23.13(0.93) 19.56(1.08) 20.41(1.09) 7.39(1, 91.5) ** 3.23(1, 117) 0.39(1, 91.5) 0.004

Semantic (animal) 11.22(0.49) 11.73(0.49) 10.03(0.62) 10.86(0.62) 6.50(1, 113) * 1.92(1, 119) 0.34 (1, 113) 0.003

WAIS-IV symbol search, n 15.26(0.65) 16.62(0.69) 13.25(1.00) 13.92(1.07) 8.32(1, 144) ** 3.96(1, 147) * 0.96(1, 144) 0.007

WAIS-IV coding, n 31.00(1.10) 32.89(1.17) 25.95(1.60) 26.98(1.70) 19.00(1, 166) *** 7.70(1, 179) ** 1.60(1, 166) 0.010

WAIS-IV forward digit
span, n

7.64(0.17) 7.87(0.17) 7.60(0.26) 7.46(0.26) 0.13(1, 164) 0.60(1, 166) 2.31(1, 164) 0.014

WAIS-IV backward digit
span, n

5.67(0.19) 5.97(0.22) 5.30(0.29) 5.65(0.34) 6.67(1, 163) * 0.94(1, 166) 0.04(1, 163) < 0.001

NAB Numbers and Letters –
Part A efficiency†

59.26(1.48) 63.04(1.57) 54.79(2.18) 57.41(2.31) 45.52(1, 171) *** 3.58(1, 172) 1.50(1, 171) 0.009

Gait/balance variables

10MWT (m/s)

Normal pace 0.71(0.03) 0.83(0.03) 0.73(0.04) 0.75(0.04) 48.08(1, 172) *** 0.53(1, 172) 25.61(1, 172) *** 0.130

Dual task 0.57(0.03) 0.69(0.03) 0.55(0.04) 0.61(0.04) 48.06(1, 118) *** 1.11(1, 148) 6.94(1, 118) ** 0.056

Timed Up and Go, s 21.78(0.96) 17.22(0.65) 26.19(2.85) 24.31(3.06) 17.40(1, 69.9) *** 3.75(1, 61.2) 3.01(1, 69.9) 0.041

Berg Balance Scale (0–56) 39.33(0.86) 44.87(0.79) 38.04(1.30) 40.12(1.19) 153.09(1, 164) *** 4.27(1, 179) * 31.60(1, 164) *** 0.162

Note: Refer to the supplementary table for the exact number of observations (n) used for each variable and the corresponding descriptive results.
CSF-TT= CSF tap test; D-KEFS= Delis–Kaplan Executive Function System; TMT= Trail Making Test; WAIS-IV=Wechsler Adult Intelligence Scale – Fourth Edition; NAB= Neuropsychological
Assessment Battery; 10MWT= 10-Meter Walk Test.
† Efficiency is calculated with the formula ((236 – Numbers and Letters Part A errors raw score)/Numbers and Letters Part A speed raw score).
dfs vary due to missing values on some indicators.
*p< 0.05.
** p< 0.01.
*** p< 0.001.
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a contributing factor, as emerging evidence indicates that cognitive
improvements often require more time to manifest. For instance,
previous studies have demonstrated significant cognitive gains up
to one week post-lumbar puncture using the Mini-Mental State
Examination and the Frontal Assessment Battery.65 Similarly,
other findings reported notable improvements in executive
function after two lumbar punctures conducted 24 hours apart.66

These findings imply that extending follow-up intervals or
implementing repeated assessments may enhance the detection
of cognitive change. In this study, this represents a limitation, as
some patients who might have benefited from shunt surgery could
have been missed. Moreover, this approach may also increase the
sensitivity of dual-task testing, as previously stated, which often
relies on subtle cognitive shifts over time.60 In our clinical context,
CHU-HEJ serves the entire eastern region of the province of
Quebec, and logistical constraints make it difficult to extend
assessments beyond the current schedule without robust scientific
evidence. Therefore, longer or repeated follow-ups would be more
feasible in a research setting to better determine the optimal timing
for post-CSF-TT assessments.

Education level emerged as a significant covariate in the
logistic regression model, highlighting its potential influence in
the clinical decision-making process. In the present study, the
direct assessment of years of education on test scores was not a
primary objective. Instead, the focus was on the evaluation of
education in relation to its predictive value for referral
decisions. The impact of education on predicting referral status
suggests a potential influence on clinical judgment, possibly
through enhanced test performance or cognitive reserve
mechanisms.67 A meta-analysis68 demonstrated that patients
with Alzheimer’s disease exhibited minimal practice effects on
cognitive tests; however, higher education slightly stabilized
performance across repeated administrations. Although
patients with iNPH generally show limited practice effects
due to cognitive impairments,43 education may nevertheless
impact cognitive and gait test performance, thereby affecting
referral decisions. This finding is significant for the optimiza-
tion of pre- and post-CSF-TT protocols. Moreover, higher
education has been associated with less functional decline 36
months post-shunt,69 suggesting a possible protective effect.
Thus, further research is warranted to clarify the impact of
education on short- and long-term outcomes in iNPH.

Overall, the present study highlights a key point: clinical decision-
making for iNPH is not limited to rigid thresholds or absolute
performance gains. Rather, it reflects a more integrative process,
where changes are interpreted in the broader context of each patient’s
clinical portrait. This judgment-based approach, as currently applied
at CHU-HEJ, may be more reflective of real-world complexity than
approaches relying solely on cut-offs. In this sense, the findings
provide empirical support for a flexible model of care that integrates
both quantitative findings and clinician expertise.

Strengths and limitations

This study has several strengths. First, it adopts a novel yet
practice-oriented approach by examining a long-standing protocol
in a real-world clinical setting to gain a deeper understanding of the
decision-making process underlying referrals for shunt surgery.
Grounded in the realities of patient care, this work helps identify
the factors that guide judgment and provides a valuable foundation
for improving current practices. Second, the study contributes to
the development of more individualized clinical decision-making

by using performance indices that account for each patient’s
baseline functioning, rather than relying solely on absolute change
scores. The inclusion of demographic factors further enhances the
ability to tailor interpretations to individual patient profiles.

This study also has limitations. The retrospective design limited
control over the completeness and consistency of the data, which
were extracted from clinical records. This real-world context
supports ecological validity and demonstrates the feasibility of
implementing a structured CSF-TT protocol in clinical practice,
but it may have introduced variability in documentation and
reduced standardization across cases. Additionally, applying the
most recent diagnostic criteria (2021) to older cases dating back to
2010 may have introduced classification bias. Although neurol-
ogists considered potential alternative medical explanations and
comorbid neurological conditions when establishing the working
diagnosis, these conditions were not systematically assessed or
recorded in a standardized manner in the clinical files. As a result,
some comorbidities ormedical conditionsmay have contributed to
cognitive deficits unrelated to iNPH, which could influence the
interpretation of our findings. Missing data also posed another
challenge, particularly for executive function tests, which were
often unavailable due to task difficulty in more severely impaired
patients (e.g., TMT Condition 4, Color-Word Interference –
Inhibition). This highlights the need for assessment protocols that
are better adapted to the full range of cognitive severity observed in
iNPH. To address this limitation, multiple imputation using
predictive mean matching was employed to provide unbiased and
plausible estimates. Finally, the absence of post-shunt outcome
data precludes direct validation of referral decisions, underscoring
the importance of prospective studies with long-term follow-up.

Conclusion

Taken together, these findings lay the groundwork for developing
individualized predictive models to support decision-making in
iNPH. Instead of relying on fixed cut-off scores, logistic regression
approaches that incorporate the most informative measures, such
as the 10MWT-C, the Berg Balance Scale and either the TMT
Condition 5 or the Line Tracing test, may offer a more flexible and
clinically relevant alternative. To enhance model accuracy and
clinical applicability, current assessment protocols must first be
refined, particularly for cognition, where improvements may take
longer to manifest. Extending the interval between pre- and post-
CSF-TT assessments beyond the standard 4-hour window could
help better capture these changes and improve the sensitivity of
certain measures. While this study did not aim to create a
predictive tool per se, its methodology provides a valuable
foundation. Future prospective studies integrating pre- and
post-CSF-TT data, along with post-shunt outcomes, are critical
for building robust predictive models. Incorporating clinical and
demographic variables, such as age, education, sex and vascular
comorbidities, would further support a personalized approach by
better accounting for patient heterogeneity and guiding more
tailored surgical decisions.
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