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Abstract 

Introduction: Idiopathic normal pressure hydrocephalus is characterized by gait disturbance, cognitive decline, and 

urinary dysfunction which may improve with ventriculo-peritoneal shunting. This study evaluated the role of conventional 

MRI features and the CSF tap test (CSF-TT) in predicting shunt responsiveness in iNPH. 

Methods: This is an Ambispective cohort study of 40 patients with probable iNPH evaluated between 2019 and 2024. 

Baseline MRI parameters, gait features, iNPH score, CSF opening pressure were analyzed. Functional outcome was 

assessed using the modified Rankin scale (mRS) at baseline, 24 hours after CSF-TT, and 24 weeks after VP shunt surgery. 

CSF-TT responders were defined as at least a 1-point improvement in mRS 24 hours after CSF-TT. The diagnostic 

performance of individual MRI parameters and composite diagnostic parameters were evaluated. 

Results: Forty patients underwent CSF-TT. There were no significant differences between CSF-TT responders and non-

responders in the baseline clinical gait parameters, the iNPH scale, and MRI findings. Turning disturbance, wide-based 

stride, and reduced foot clearance showed significant improvement after CSF-TT. Individual MRI parameters and CSF-

TT parameters showed limited value in predicting shunt responsiveness. Composite diagnostic criteria combining CSF-

TT and CSF opening pressure >18cm H20 showed sensitivity of 62.5 % and specificity of 71.4% with the highest Youden 

index indicating modest diagnostic accuracy in predicting shunt responsiveness. 
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Conclusion: Shunt surgery provided significant functional benefit in iNPH. Neither the CSF tap test nor conventional 

MRI markers alone reliably predicted shunt responsiveness. A multimodal assessment combining imaging, clinical 

evaluation, and CSF dynamics is required to optimize patient selection. 

Keywords: hydrocephalus; iNPH; ventriculo-peritoneal; CSF-TT; surgery 

Introduction 

Idiopathic Normal Pressure Hydrocephalus is a condition characterized by a 

triad of gait disturbance, urinary disturbance, and cognitive impairment, and 

is treated by ventriculoperitoneal shunting.1 iNPH is suspected in the right 

clinical setting, when imaging suggests ventriculomegaly characterized by 

an Evans ratio >0.32 or disproportionately enlarged subarachnoid space 

hydrocephalus (DESH), which are considered highly sensitive and specific 

for NPH.3 In the SINPHONI2 randomized trial, it was found that only 65% 

of patients with clinico-radiologic iNPH showed improvement following 

shunt surgery.4 Patients with imaging evidence of NPH often undergo CSF 

tap test before surgery, and several centers use the CSF-TT to select patients 

for VP shunt insertion.5 However, recent meta- analysis revealed that the 

diagnostic accuracy of CSF-TT was found to be suboptimal and not 

predictive of postoperative outcomes.6 It is not known which baseline 

parameter, score, or MRI finding correlates best with CSF-TT 

responsiveness. This suggests that currently available tools are not accurate 

enough to select patients who would benefit from surgery. In this paper, we 

analyzed the positive predictive values of specific imaging findings for CSF-

TT responsiveness and shunt responsiveness. We also studied the parameters 

of gait that were associated with CSF tap test responsiveness. The diagnostic 

accuracy of CSF-TT in predicting shunt responsiveness7 and the short- term 

outcomes of shunt surgery8 in this cohort have been reported elsewhere. In 

our previous publication from this cohort, we found that CSF opening 

pressures could be a predictor of tap test responsiveness.9 We also did an 

exploratory analysis of whether composite diagnostic models incorporating 

CSF-TT and CSF opening pressures would perform better in predicting shunt 

responsiveness. 

Methods 

In this Ambispective cohort study, Patients with at least one clinical feature 

of the triad, as per Relkin guidelines, underwent Magnetic resonance 

imaging of the brain and were subjected to a CSF tap test as per the 

Institutional protocol.7 Patients underwent assessment by evaluation of 

Boon's gait score, iNPH score, Modified Rankin score, TUG test, and MoCA 

scores before and 24 hours after 30- 50 ml of CSF-TT. Patients with at least 

1 point improvement in the modified Rankin score 24 hours after CSF tap 

test were considered as tap test responders. However, patients were referred 

for the insertion of a programmable Ventriculoperitoneal shunt, regardless 

of CSF TT results. Shunt responders are defined as patients who show at 

least 1 point improvement in mRS after VP shunt surgery. The study was 

designed and reported in accordance with the STROBE reporting guidelines 

and was approved by the Institutional Review Board. 

The case definitions of MRI findings applied in this study are summarized 

in Box 1 and representative images depicted in Figure 1. 

 

Figure 1: Axial T1-weighted image (A) shows ventriculomegaly out of proportion to cortical sulcal dilatation, with an Evans’ index of 0.39. 

Sagittal T1-weighted image (B) demonstrates the reference planes for callosal angle measurement: the horizontal line passing through the anterior 

and posterior commissures (AC–PC line) and the vertical line perpendicular to it, passing through the posterior commissure. Coronal T1-

weighted image (C), corresponding to the vertical reference plane, shows a narrowed callosal angle of 52°, flattened high-convexity sulci, 

periventricular hypointensities, and widened Sylvian fissures, suggestive of idiopathic normal pressure hydrocephalus (iNPH). Coronal T1 (D), T2 

(E), and FLAIR (F) images demonstrate periventricular T2/FLAIR hyperintensities, a narrow callosal angle, and flattened convexity sulci. 
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Increased CSF opening pressure 

Based on our previous analysis, we considered a cutoff of 18 cm of H2O to 

define higher CSF pressure within the NPH cohort. 

Statistical analysis 

Data were collected and managed using REDCap (Research Electronic Data 

Capture), a secure, web- based application designed to support data capture 

for research studies hosted by the All-India Institute of Medical Sciences 

(AIIMS), New Delhi, India. Data were exported and cleaned using Microsoft 

Excel (Microsoft Corp., Redmond, WA, USA). Descriptive statistics, 

including frequencies and percentages, were used to describe categorical 

variables. Mean and standard deviations were used for continuous variables 

with a normal distribution, while medians and interquartile ranges were used 

for non-parametric data. For comparisons between groups, an independent 

samples t- test was used for normally distributed data, and the Mann–

Whitney U test was used for non- normally distributed data. Dichotomous 

variables were compared using the Chi-squared test or Fisher's exact test. All 

statistical analyses were performed using Stata version 17 (StataCorp, 

College Station, TX, USA). A p-value of <0.05 was considered statistically 

significant. 

Results 

Patient Characteristics 

Of 48 screened patients, 40 met criteria for probable iNPH and underwent a 

CSF-TT; 18 (45%) were responders. Twenty-four patients proceeded to 

shunt surgery, of whom 15 (62.5%) improved postoperatively. The duration 

of symptoms was significantly shorter among responders compared to non-

responders (median, 25 vs. 31 months; p = 0.05). Baseline demographic and 

clinical characteristics were similar between CSF-TT responders and non-

responders (Table 1). The age and sex distributions, as well as the presence 

of Parkinsonism, falls, and urinary/cognitive symptoms, were comparable 

between groups. 

Gait and Functional Outcomes 

At baseline, responders and non-responders did not differ significantly in 

Boon's gait score, iNPH score, MoCA, TUG, or mRS (Supplementary Table 

1). Following the CSF-TT, responders showed significant improvements in 

select gait subcomponents, particularly in turning disturbance, wide- based 

stride, and reduced foot clearance. These subscores drove improvements in 

total walk score and over all Boon's gait score. MoCA and TUG also 

improved significantly in responders, while non- responders showed no 

comparable changes. 

Imaging Findings 

MRI parameters—including Evans' ratio, callosal angle, periventricular 

white matter changes, DESH, and bowing of the corpus callosum—did not 

differ significantly between responders and non- responders (Table 2). 

Imaging features also failed to discriminate shunt responders from non- 

responders (Supplementary Table 2). Among imaging parameters, none 

achieved a satisfactory positive predictive value (PPV) for shunt 

responsiveness, with PPVs ranging from 41% to 69% (Table 3). 

Composite Diagnostic Accuracy 

We tested whether combining CSF-TT responsiveness with elevated CSF 

opening pressure (greater than 18 cm H₂O) improves the prediction of shunt 

response. The composite criterion achieved sensitivity of 62.5% (95% CI: 

24.5–91.5) and specificity of 71.4% (95% CI: 29–96), which was modestly 

higher than CSF-TT alone (sensitivity 53.3%, specificity 66.7%) or opening 

pressure alone (sensitivity 62.5%, specificity 57.1%) (Table 4). However, 

confidence intervals were wide, reflecting a limited sample size. 

Parameters  CSF TT 

Responders (n=18) 

Non- Responders 

(n=22) 

p value 

Age (years), mean± SD  67.3 ± 6.4 62 ± 10.1 0.06 

Male Sex, n (%)  16 (88.9%) 19 (86.4%) >0.99 

Gait Disturbance, n (%)  18 (100%) 21 (95.5%) >0.99 

Urinary Disturbance, n (%)  16 (88.9%) 20 (90.9%) >0.99 

Cognitive Impairment, n (%)  17 (94.4%) 20 (90.9%) >0.99 

Falls (n=11), n (%)  4(22.2%) 11(50%) 0.10 

Duration of Symptoms (months), 

median (IQR) 

 25 (12–36) 31 (24–48) 0.05 

Gait dysfunction duration 

(months), median (IQR) 

 25(14-36) 24 (12-48) 0.47 

Cognitive impairment 

duration (months), median 

 

 

18(8.5-33) 18(10-25) 0.47 
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(IQR) 

Urinary 

duration(months), (IQR) 

symptom 

median 

18.5(5-60) 12(1-78) 0.97 

MOCA score (n=19), median, 

IQR 

 19 (12-22.5) 11(7-21) 0.13 

TUG test (n=10), mean± SD  26.8±11.8 33.8±12.8 0.21 

iNPH Composite 

median (IQR) 

Score, 3 (3-7) 4.5 (3-7) 0.52 

Modified Rankin scale, mean 

±SD 

 3.1±0.9 2.9±1 0.62 

Table 1: Baseline Characteristics 

Imaging findings CSF TT 

responder (n=18) 

Non responder 

(n=22) 

P value 

Hydrocephalus, n (%) 18 (100%) 22 (100%) - 

Periventricular white matter changes, n (%) 14 (77.8%) 21 (95.5%) 0.16 

DESH, n (%) 15 (83.3%) 21(95.5%) 0.31 

Widened temporal horns, n (%) 17 (94.4%) 22 (100%) 0.45 

Dilatation of the third ventricle, n (%) 17 (94.4%) 22 (100%) 0.45 

Bowing of corpus callosum, n (%) 13 (72.2%) 17 (77.3%) 0.73 

Infarcts, n (%) 4 (22.2%) 3 (13.6%) 0.68 

Evans ratio, mean ± SD 0.36±0.02 0.36±0.02 0.51 

Callosal angle, mean ± SD 77.5±21.1 69.8±14.4 0.34 

Table 2: Comparison of imaging findings between CSF TT responders and non-responders 

Table 3: Positive predictive values of MRI findings in predicting CSF-TT responsiveness 

Sensitivity Specificity You den Index 

To detect shunt responsiveness as defined as at least one point improvement 

in mRS at 24 weeks post-shunting 

CSF-TT+ opening 62.5% (24.5%- 71.4% (29%-96.3%) 0.34 

pressure>18 cm (n=15) 91.5%)    

CST-TT 53.3% (26.6% - 66.7% (29.9% - 0.2 

(n=24) 78.7%)  92.5%)    

Opening pressure >18 cm 62.5% (24.5% - 57.1% (18.45-90.15) 0.2 

H2O 91.5%)    

(n=15)     

Table 4: Diagnostic accuracy of composite diagnostic criteria 

Discussion 

In this Ambispective cohort of patients with probable idiopathic normal 

pressure hydrocephalus (iNPH), we found that a shorter duration of 

symptoms was associated with a positive CSF tap test (CSF-TT) response, 

while other demographic or clinical features did not reliably discriminate 

responders from non-responders. As anticipated, conventional MRI 

markers—including DESH, callosal angle, Evans' ratio, and periventricular 

changes—did not differ between groups. This is likely because patients were 

enrolled only if they had imaging features strongly suggestive of iNPH, 

which limits the discriminative ability of these parameters. 

Although ventriculoperitoneal shunt surgery resulted in functional 

improvement in a substantial proportion of patients7, none of the baseline 

gait features reliably predicted response to CSF-TT or to the surgery. With 

respect to gait, only three components of Boon's gait score (turning 

disturbance, wide-based stride, and reduced foot clearance) showed 

significant improvement among CSF-TT responders. These subcomponents 

may therefore be more sensitive indicators of early response than the overall 

gait scale. 

Studies have shown that tight high convexity and medial subarachnoid 

spaces, as well as enlarged sylvian fissures with ventriculomegaly, defined 

as DESH, are useful for diagnosing iNPH.11 A systematic review reported 

that only callosal angle and periventricular white matter changes were 

associated with shunt response, albeit with low diagnostic odds ratios.12 

Interestingly, while most literature suggests that smaller callosal angles are 

associated with shunt response, we observed higher angles among shunt 

responders. This discrepancy may reflect cohort differences or limited 

sample size. Similar to our study, the study by Alessandra Griffa et al showed 

that short-term symptom reversal cannot be predicted by either single gait 

assessment or MRI parameters such as brain morphology, periventricular 

white matter microstructure, cortical and subcortical perfusion, and white 

matter lesion load.13 DESH, which has been highlighted in Japanese 

 PPV for CSF-TT (N=24) PPV for shunt responsiveness (N=40) 

Periventricular white matter changes 40% (23.9%-57.9%) 70% (45.7% - 88.1%) 

DESH 41.7% (25.5%-59.2%) 60% (36.1%-80.9%) 

Bowing of the corpus callosum 43.3% (25.5%-62.6%) 68.8% (41.3% - 89%) 

Callosal angle <=90 42.4% (25.5%-60.8%) 57.9% (33.5%-79.7%) 

Any of the above parameters is present 45% (30%-61%) 62.5% (41%- 80%) 
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guidelines3 as a supportive imaging feature of iNPH, showed a poor positive 

predictive value of 41.7% in our cohort, while bowing of the corpus callosum 

demonstrated a PPV of 43%. Our findings align with prior studies that 

questioned the utility of individual markers. 

A multicenter study by Gao et al. showed that combining imaging 

biomarkers with CSF-TT substantially improved the prediction of shunt 

responsiveness (AUC 0.72), supporting a multimodal approach.14 We also 

explored composite diagnostic testing by combining CSF-TT responsiveness 

with elevated CSF opening pressure (>18 cm H₂O). In this cohort, neither 

CSF-TT nor opening pressure alone provided high diagnostic accuracy. 

However, when combined, the sensitivity (62.5%) and specificity (71.4%) 

improved modestly, suggesting that composite testing may enhance 

predictive value for shunt responsiveness. These findings should be 

interpreted with caution, given the wide confidence intervals. Larger studies 

are needed to validate this approach and to evaluate the role of a composite 

of modalities such as diffusion tractography, perfusion imaging, CSF 

biomarkers, and the CSF tap test. 

Our study has several strengths. To our knowledge, it is one of the few 

studies to systematically evaluate the combined role of CSF opening pressure 

and CSF-TT responsiveness in predicting shunt outcome in iNPH. The 

ambispective design enabled us to leverage a relatively large cohort from a 

single tertiary care center with standardized evaluation and follow-up 

protocols. All patients underwent rigorous clinical, radiological, and CSF 

assessments based on internationally accepted diagnostic criteria, which 

strengthens internal validity. The uniform application of MRI parameters and 

structured gait assessment minimized inter-observer variability. Importantly, 

the exploration of composite diagnostic markers, rather than single 

predictors, reflects real-world clinical decision- making and provides a 

framework for future studies. 

Our study has several limitations. First, it was exploratory in nature with a 

relatively small sample size, and thus not adequately powered to estimate 

diagnostic accuracy measures with precision. Missing data on CSF opening 

pressure in the retrospective arm further limited the effective sample size. 

Second, we relied on single-time-point measurements of both CSF opening 

pressure and CSF-TT responsiveness. This may have reduced sensitivity and 

failed to capture fluctuations or delayed improvements that might occur with 

serial assessments. Third, the ambispective design may have introduced 

recall bias in the retrospective assessment of postoperative outcomes, which 

were primarily measured by the modified Rankin Scale; this scale may not 

fully capture subtler cognitive or urinary changes. Fourth, as a tertiary 

referral center, our patient population likely represents a more severe 

spectrum of disease, limiting generalizability. Fifth, we did not include 

advanced imaging markers such as diffusion tensor imaging, perfusion 

studies, or CSF biomarker analysis, which could have added diagnostic 

granularity. Finally, although we explored a composite diagnostic approach, 

the wide confidence intervals around sensitivity and specificity highlight the 

need for validation in larger, prospective, multicenter cohorts. 

Future research should focus on validating composite diagnostic models that 

integrate CSF opening pressure, CSF-TT responsiveness, and MRI 

parameters in larger, prospective, multicenter cohorts. Serial measurements 

of CSF pressure and repeated assessments of tap-test responsiveness over 

multiple time points may help capture delayed improvements and refine 

diagnostic thresholds. Incorporating advanced imaging modalities such as 

diffusion tensor imaging, tractography, or perfusion studies, along with CSF 

and blood-based biomarkers, could provide additional pathophysiological 

insights and improve predictive accuracy. Longitudinal follow-up of patients 

with "borderline" features, such as those with imaging consistent with iNPH 

but elevated opening pressures, may help define new clinical subgroups and 

clarify prognostic differences. Finally, future studies should assess the 

impact of standardized diagnostic algorithms on surgical decision-making 

and patient-centered outcomes. 

Conclusion 

Shunt surgery remains effective in improving outcomes for carefully selected 

patients with idiopathic normal pressure hydrocephalus (iNPH). In our study, 

conventional MRI parameters alone had limited predictive value, while 

adding CSF opening pressure and CSF tap test responsiveness provided 

better discriminatory ability to identify shunt responders. These results 

emphasize the potential of using combined diagnostic methods, although 

larger prospective studies are necessary to confirm their accuracy and 

clinical usefulness. 

Funding sources and conflict of interest: No specific funding was received 

for this work. The authors declare that there are no conflicts of interest 

relevant to this work. 

Financial Disclosures for the previous 12 months: The authors declare that 

there are no additional disclosures to report. 

Ethical Compliance Statement: The study was reviewed and approved by 

the Institute Ethics Committee at the All-India Institute of Medical Sciences, 

New Delhi (No. IECPG-222/20.4.23, RT- 14/07.06.23). Informed consent to 

participate in this study was provided by the participants and their legal 

guardians. We confirm that we have read the Journal's position on issues 

involved in ethical publication and affirm that this work is consistent with 

those guidelines. 

References 

1. Adams RD, Fisher CM, Hakim S, Ojemann RG, Sweet WH. 

Symptomatic Occult Hydrocephalus with Normal 

Cerebrospinal-Fluid Pressure: A Treatable Syndrome. N Engl J 

Med. 1965;273(3):117-126. 

2. Damasceno BP. Neuroimaging in normal pressure 

hydrocephalus. Dement Neuropsychol. 2015;9(4):350-355. 

3. Nakajima M, Yamada S, Miyajima M, et al. Guidelines for 

Management of Idiopathic Normal Pressure Hydrocephalus 

(Third Edition): Endorsed by the Japanese Society of Normal 

Pressure Hydrocephalus. Neurol Med Chir (Tokyo). 

2021;61(2):63-97. 

4. Kazui H, Miyajima M, Mori E, Ishikawa M. Lumboperitoneal 

shunt surgery for idiopathic normal pressure hydrocephalus 

(SINPHONI-2): an open-label randomised trial. Lancet Neurol. 

2015;14(6):585-594. 

5. Elavarasi A, Poudel S, Dash D, et al. Current Practice Patterns 

Among Indian Neurologists in the Evaluation and Management 

of Normal Pressure Hydrocephalus: A Nationwide Cross-

Sectional Survey. Social Science Research Network. Preprint 

posted online July 10, 2025. 

6. Aliyar A, Dash D, Fasano A, et al. Accuracy of CSF Tap Test 

and Lumbar Infusion Test in Predicting Shunt Response in 

Idiopathic Normal Pressure Hydrocephalus: A Systematic 

Review and Meta- Analysis. SSRN. Preprint posted online 2025. 

7. Poudel S, Dash D, Fasano A, et al. Diagnostic Accuracy of CSF 

Tap-Test Parameters in Predicting Shunt Responsiveness in 

Normal Pressure Hydrocephalus: A Cohort Study. SSRN. 

Preprint posted online 2025. 

8. Poudel S, Dash D, Garg A, et al. CSF Tap Test Parameters and 

Short-Term Outcomes in operated and non-operated patients 

with idiopathic Normal Pressure Hydrocephalus: A Cohort 

Study. Neurology. Preprint posted online September 2, 2025. 

9. Poudel S, Saggu S, Fasano A, et al. Cerebrospinal fluid findings 

in patients with idiopathic Normal pressure hydrocephalus -

findings from a cohort study. medRxiv. Preprint posted online 

November 15, 2025:2025.11.14.25340207. 

10. Kockum K, Lilja-Lund O, Larsson E -M., et al. The idiopathic 

normal-pressure hydrocephalus Radscale: a radiological scale 

for structured evaluation. Eur J Neurol. 2018;25(3):569-576. 

11. The study of INPH on neurological improvement (SINPHONI), 

Hashimoto M, Ishikawa M, Mori E, Kuwana N. Diagnosis of 

idiopathic normal pressure hydrocephalus is supported by MRI- 

based scheme: a prospective cohort study. Cerebrospinal Fluid 

Res. 2010;7(1):18. 

12. Thavarajasingam SG, El-Khatib M, Vemulapalli K, et al. 

Radiological predictors of shunt response in the diagnosis and 



International Journal of Clinical Surgery                                                                                                                                                                                            Page 6 of 6 

treatment of idiopathic normal pressure hydrocephalus: a 

systematic review and meta-analysis. Acta Neurochir (Wien). 

2022;165(2):369-419. 

13. Griffa A, Bommarito G, Assal F, et al. CSF tap test in idiopathic 

normal pressure hydrocephalus: still a necessary prognostic test? 

J Neurol. 2022;269(9):5114-5126. 

14. Gao W, Liu W, Ying Y, et al. Preoperative imaging biomarkers 

combined with tap test for predicting shunt surgery outcome in 

idiopathic normal pressure hydrocephalus: a multicenter 

retrospective study. Front Aging Neurosci. 2025; 17:1509493. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more  http://clinicsearchonline.org/journals/international-journal-of-

clinical-surgery    

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://clinicsearchonline.org/journals/international-journal-of-clinical-surgery
http://clinicsearchonline.org/journals/international-journal-of-clinical-surgery

