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Introduction: Normal Pressure Hydrocephalus (NPH) is a common condition associated with a cognitive 

deterioration and possibly involving up to 9-14% of all the over 65 years old nursing home residents. The 

purpose of the present paper is to introduce an inclusive study protocol aimed at increasing the diagnostic 

precision and follow-up accuracy. 
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Methods: A total of 28 patients were operated on for NPH in our institution in the period ranging between 

January 2015 and December 2019. All the patients underwent a brain MRI scan with standard sequences, 

calculation of the Evans Index and Corpus Callosum Angle, evaluations by means of MOCA, MMSE and 

FAB neuropsychological tests preoperatively, at 1 and 6 months. A preoperative lumbar test infusion(LIT) 

with fine measurement of the intrathecal pressures at the beginning and at the end of the procedures was 

performed.  

Results: MOCA and FAB proved an overall improvement of the neurocognitive conditions at 1 month 

postoperatively. The mean pressure at the beginning of the LIT, was negatively associated to the 

neuropsychological outcome variables (MMSE, FAB and MOCA) in the three different evaluations, with 

FAB and MOCA at 6 months. We found a strong positive correlation between the Evans Index as measured 

on the first MRI scan both with the diastolic and systolic pressure at the beginning of the test. 

Conclusions: Neuropsychological assessment, combined with LIT with intrathecal pressure managements 

aids the diagnostic process in patients affected by NPH. It allows standardizing in a rigorous fashion the 

follow-up evaluation of patients undergoing surgery for VPS.  
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Global Neurocognitive and Frontal Functions analysiscombined with Precision Intrathecal 

Pressure Measurement to settle the diagnostic Dilemma of the Normal Pressure 

Hydrocephalus: Preliminary experience. 

Short Title: Neuropsychology and Lumbar infusion Test in NPH diagnosis 

Introduction 

Recent studies outline that approximately as high as 50 million individuals are affected by dementia 

worldwide. Nearly 10% of all patients suffering from cognitive deterioration symptoms are affected 

by Normal Pressure Hydrocephalus (NPH)1,2. This condition involves especially the elderly, over 65 

years. It could be the correct diagnosis in up to 9-14% of all the over 65 years old nursing home 

residents3-5. being often misdiagnosed with different clinical dementia related conditions1. Many 

radiological parameters have been investigated as connected with the diagnosis of NPH, such as the 

corpus callosum angle (CCA), Evan’s Index (EI), the presence of transventricular reabsorption sings 

(FE), and the dimension of the ventricles. Also, clinical parameters, and indexes of cognitive 

performance, such as Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment 

(MOCA)6,7. are frequently accounted for. All this multidimensional picture should be studied to 

achieve what is allegedly the most critical target in NPH surgery: an unquestionable diagnosis. The 

Lumbar Infusion Test (LIT), and the Lumbar Tap Test (LTT) based on an invasive intrathecal 

“infusion” and intrathecal pressure measurement stands as a completely separate chapter in the 

diagnosis of NPH, being reported to increase the diagnostic accuracy of NPH in some series8, while 

substantially inaccurate in others9. What the LIT offers is a direct barometric measurement of the 

intrathecal pressure, along with precise pressure values whose correlations with the 

neuropsychological and radiological parameters have yet to be explored andunderstood. 

The aim of this retrospective study was to analyze the long-term results, the prognostic impact of 

many radiological and clinical parameters, in patients operated on using a ventriculo-peritoneal shunt 
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(VPS). Primary targetwas to shed light over their ultimate and widely unexplored relationship with 

the intrathecal pressure measurements. 

 

 

Materials and Methods 

Study design and Setting 

In the period between January 2015 and December 2019, a total of 37 patients underwent VPS 

implantation for the management of a NPH in our institution. The design of the study is a retrospective 

observational cohort analysisin which the data were collected by two researchers (A.S. and G.P.), 

who were blinded to the objective and design of the study.  

Participants and Eligibility 

The enrollment in the study was performed according to the following criteria: 

1. Patients who underwent a preoperative LIT, whose results were coherent with a NPH 

diagnosis (in particular anElastance value ≥ 0.3 [1/ml]), 

2. Availability of all the values of pressure of the preoperative LIT, 

3. Patients who received at least a two-step follow-up at 1 and 6 months, with clinical and 

neuropsychological reevaluations. 

4. Patients underwent a superimposable radiological protocol, at the same moment of the clinical 

reevaluations. 

5. Patients who experienced a major postoperative complication such as intracranial bleeding, 

intracranial or abdominal infection, or shunt misplacement or malfunction, practically whose 

intraventricular pressure could not be relieved as an effect of the shunt positioning were 

excluded from the study. 
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6. Patients whose clinical or surgical data were incomplete, missing, or incorrect were a priori 

excluded from the final cohort.  

7. We excluded all the patients who had previous history of condition possibly influencing the 

development of a hydrocephalus, namely, subarachnoid hemorrhage,  traumatic brain injury 

and intracranial infections, intracranial tumors and ventricular congenital malformations.  

Lumbar Infusion Test was performed according to a protocol, previously reported10 and we 

considered the test reliable if R2, the coefficient of determination, is > 0.8 

 

Radiological Protocol 

All the patients meeting inclusion criteria underwent a preoperative brain MRI scan (Fig 1) included 

in high field 1.5 Tesla volumetric study with the following sequences: T1w, T2w, FLAIR, isotropic 

volumetric T1-weighted magnetization-prepared rapid acquisition gradient echo (MPRAGE) 

anddiffusion tensor sequences (DTI). MRI was repeated, with the same sequences, at 1 and 6 months 

of follow-up, when reevaluating the patients from a clinical and neuropsychological perspective and 

when repeating the LIT. In all cases, on the ground of the MRI imaging the Evans Index (EI) and the 

Corpus Callosum Angle (CCA) were calculated, as reported elsewhere[7,20.] Moreover, the 

dimension of the ventricles was recorded, as a continuous variable in cm, on the ground of their Evans 

measurements, and the presence of transependymal reabsorption radiological signs as well as the 

enfacement of the parietal gyri were recorded as dichotomous variables (0/1 – No/Yes).All the 

patients underwent in any case an early control by means of a brain CT scan and an abdominal plain 

X-ray film to confirm, respectively, the proper positioning of the intracranial and peritoneal end of 

the shunting system. 

 

Clinical and Neuropsychological evaluation 
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All the patients were investigated from a neuropsychological and cognitive performance perspective. 

Among the different psychometric instruments, with the aid of a neuropsychologist, we selected a 

dedicated battery composed of Mini Mental Status Examination (MMSE), Montreal Cognitive 

Assessment (MOCA) and Frontal Assessment Battery (FAB), as descriptive of a global cognitive 

functioning. The psychometric, sensitivity and specificity issues are discussed elsewhere6,11-13. A 

subjective anamnestic report of improvement/not improvement of the preoperative urinary 

incontinence symptoms was considered. The cognitive function as well as the mobility and urinary 

symptoms were evaluated preoperatively, at 1 and 6 months. The results of the last two parameters 

was codified in a three-step ordinal variable as follows: 0/1/2 – “Worsened”/”Stable”/”Improved at 

least one”. 

 

Surgical Protocol, device and pressure selection  

All the patients were operated on with a standard total intravenous anesthesia protocol, in a standard 

VPS fashion. In all cases the implanted valve was an adjustable MiethkeproGAV 2.0 (B-Braun, 

Tuttlingen, Germany), with a soft reservoir for tactile feedback. The initial pressure was set on 140 

mmH20, and then possibly adjusted on the ground of the radiological and clinical findings. The 140 

mmH20 initial value is, according to our opinion, an optimal value for further up- and down-scaling, 

in case of need, considering that the appropriate value for each patient can vary also significantly over 

time. 

Statistical methods 

 

The sample was analyzed with SPSS version 18. Comparison between nominal variables have been 

made with Chi2 test. Means of continuous variables, as investigated per ordinal, nominal of 

dichotomous variables were compared with One Way and Multivariate ANOVA analysis along with 
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Contrast analysis and Post-Hoc Tests. Continuous variables correlations have been investigated with 

Pearson’s Bivariate correlation. Threshold of statistical significance was considered p<.05.R2 analysis 

was used to evaluate the reliability of each test. 

We addressed no missing data since incomplete records were an exclusion criteria. 

 

Ethics 

The study was approved by the Institutional Review Board. Before surgical procedure, all the patients 

gave informed written explicit consent after appropriate information. Data reported in the study have 

been completely anonymized. No treatment randomization has been performed. This study is 

consistent with Helsinki declaration of Human Rights. 

 

Results 

A total of 28 patients were selected according to the aforementioned inclusion and exclusion criteria, 

11 males and 17 females whose average age at the time of the diagnosis was 74.14±4.96.The average 

Rout, Intracranial Elastance, R2 (coefficient of determination of the Intracranial Elastance) and 

Diastolic/Systolic pressure at the beginning and at the end of the LIT are reported in detail in Table 

1. The values of means of pressure parameters at the beginning and at the end of the LIT, showed, as 

expected, a statistically significant difference (p= 0.0001).  

Considering the dimension of the cohort and the rigorousness of the experimental protocol, and 

consistently with our previous evidence of better outcomes associated to an Elastancevalue of ≥ 0.3, 

all the included patients suggestedsubjective improvement of their clinical conditions. The Paired 

Samples T-Tests confirmed, from a neuropsychological perspective this impression (Fig 2), beyond 

the threshold of statistical significance for both MOCA and FAB. Interestingly MMSE, which was 

included in the protocol as descriptive of the neurocognitive functioning, reported to be a simple and 

reliable instrument for other conditions implying a global cognitive decline such as Alzheimer and 
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Neurovascular Dementia, failed to reach the threshold of statistical significance (p between 0.140 and 

0.193). 

All of the patients enrolled had a LIT proven Elastancevalue over 0.3 (Mean 0.63 1/mL, Range 0.3-

1.3 CI95% 0.54-072), whereas Rout parameters were on average16.8±10.20 (CI 95% 14.29-21.47). 

Interestingly, Elastance did not show an association as predictor of better neuropsychological 

outcomes, while notably, Rout was also positively associated to the dimension of the ventricles after 

shunting (r=.682 with p=.021), and negatively associated to the total variation of the dimension of 

the ventricles between the pre- and post-shunting MRI scans (r=-.552 with p=.123).  

All the investigated “end” and “beginning” LIT pressure values (diastolic, systolic, mean) had 

statistical associations between each other (r between .354 and .993 with p between 038. and .001). 

However,the mean pressure demonstrated a trend towards a negative associationwith the 

neuropsychological outcome variables (MMSE, FAB and MOCA). For FAB and MOCA at 6 months, 

this association reached the statistical significance in the case of FAB (respectively r =-.849 and r =-

.550 with p=.008 and p=.150). Diastolic and systolic pressure failed to reach the statistical 

significance in predicting the neurocognitive performance scores. Nevertheless, they demonstrated 

interesting correlations with the radiological findings. We found a strong positive correlation between 

the Evans Index as measured on the first MRI scan both with the diastolic and systolic pressure at the 

beginning of the test (r respectively r=.615 and .620 both p=.001 – Fig 3). The same association was 

present at the end of the LIT, with no statistical significance (respectively r=.286 and .235 with p=.136 

and p=.094). This finding confirmsEI as predictor of a correct NPH diagnosis, demonstrating a direct 

association between the intraventricular pressure and the EI itself.  

Univariate and Repeated measures ANOVA analyses completed the test panel. Univariate ANOVA 

analysis showed an interesting strong statistical correlation between the absence of Flow Void signal 

in the preoperative and follow up MRI and the ventricular dimension.It possibly highlights the 

multifactorial pathogenesis of the NPH, notonly a functional reduction of the CSF outflow but a 
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concurrent structural problem of the ventricular walls and their Elastance (p=.013 – Fig 4). 

Moreover,it showsa univariate trend towards association between the visualization of the lower CCA 

and the visualization of the sylvian fissure (p=.058). 

A Repeated measure ANOVA analysis outlined a role of the presence/absence of the Flow Void 

signal and the sylvian fissure visualization and the better neuropsychological scores (Fig 5). In 

particular, it reached the statistical significance for what MOCA scores, over the follow-up period are 

concerned (p=.004) whereas it was a non-significant trend in respect to the FAB and MMSE 

(respectively p=.076 and .094). 

According to previously mentioned reasons we regarded the complications as an exclusion criteria. 

A total of two patients were excluded from the present cohort because of surgical complications, both 

requiring a second surgery. The first patient experienced a VPS infection, and underwent a second 

surgery to remove the entire implant. The second patient underwent a second surgery of a hemispheric 

craniectomy for the management of an acute subdural hematoma.  

 

 

Discussion 

Infusion test represents the gold standard exam to predict the outcome in patients affected by NPH14. 

It can be performed in two anatomic areas: directly inside the ventricular system or through the lumbar 

subarachnoid space. There are several differences between the two techniques, such as: ventricular 

procedure is more invasive and must be carried out in the operating room; on the other hand, the 

registration is more accurate and, if the test turns out positive, it is possible to perform immediately 

the VPS by using the same ventricular entry point chosen for the exam15. In both procedures basal 

pressure is registered for around 10 minutes at steady state, then the infusion of saline solution is 

performed at 1 ml per minute for about 30 minutes. The test can be interrupted if the patient refers 
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intracranial hypertension symptoms such as headache or nausea, or if pressure values exceed 40 

mmHg. LIT, similarly to the ventricular infusion test, allows to register different parameters related 

to CSF circulation and pressure, such as: mean, systolic, diastolic and pulsatile ICP before, during 

and after the infusion of saline solution; ICP pulse wave morphology during and after the procedure; 

Rout and elasticity16,17. It should be regarded as less a less invasive test method in respect to its 

ventricular counterpart. Among those pressure measurements, Elasticity should be considered the 

most determinant factor in predicting surgical outcome in NPH patients: values higher than 0.3 might 

represent a strong positive predicting element of shunting favorable outcome16. 

Regarding the role of Rout in predicting surgical outcome of VPS, it has been described in several 

studies that for values ranging from 12 to 18 mmHg, Rout is not that much reliable parameter16,18. 

Conversely, values of Rout lower than 12 mmHg are associated with an higher probability of lack of 

clinical improvement after VP shunting, while for values higher than 18 mmHg it has been shown 

the good probability of favorable surgical outcome19,20. However, the results retrieved from our data 

analysis highlight that patient with higher values of Rout showed poorer neuropsychological outcome 

at follow-up. Moreover, it is noteworthy the positive correlation between high values of Rout and the 

dimension of the ventricles after shunting and the negative one with the total variation of the 

dimension of the ventricles between the pre- and post-shunting MRI scans. In fact, these data suggest 

that the ventricular walls of the patients presenting higher Rout had a lesser tendency to reduce their 

diameter after the positioning of the VPS, which might be confirmed by radiological findings. In the 

specific case of Rout, the message derived from our experience is that it should not be regarded as an 

unquestionably reliable parameter neither concerning the diagnosis nor the prognosis of NPH 

patients.   

Several studies outlined the correlation between reduction of EI and outcome. More specifically, it 

has been described that EI usually does not change in unimproved patients, while in the 40% of 

improved patients, EI decreases16. Therefore, decrease of ventricular diameter is not associated 
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necessarily to favorable outcome 21,22. There are two main hypothesis that could explain the non-

linear association between EI decrease and outcome: discrepancy between current shunting devices 

efficiency and pathological mechanisms that cause hydrocephalus; irreversible structural changes in 

brain parenchyma that not do correlate with neurological recovery after shunting. However, on the 

base of the association between EI and values of diastolic and systolic pressure outlined in the Results 

section, it could be interesting to explore how structural changes affect not only post-operative 

decrease of ventricular diameters, but ICP as well. 

In normal subjects the radiological phenomenon of flow void is usually located in the sylvian 

aqueduct. However, it is well-known that in patients affected by NPH, the flow void signal is extended 

through the third and the fourth ventricles, often with the coexisting presence of CSF reflux23,24. These 

particular findings outline that in NPH ventricular circulation is hyperdynamic and it has been 

reported that greater extension of the CSF flow void could most likely be related to increased 

ventricular volumes25. Therefore, the presence of flow void has been studied as a possible predicting 

factor for VPS surgical outcome, without reaching satisfying results25. More specifically, the most 

relevant pitfall is represented by the fact that the absence of flow void signal cannot exclude the 

presence of NPH26. In fact, as stated before, the present study outlines those bigger ventricular 

volumes and worse neuropsychological outcome have been detected in patients without CSF flow 

void at pre- and post-operative MRI, confirming this feature regarding the radiological study of 

ventricular circulation in NHP. 

Limitations 

The preoperative and postoperative study protocol was rigorous and is extremely homogeneous for 

all the patients included nevertheless, several limitations need to be considered in the experimental 

design. First, the retrospective nature of the study. In addition, we mention the variability in the final 

positioning of the valve, minimal parenchymal bleeding or adhesion phenomena which could cause 

occlusion of a part of the holes of the proximal shunt, resulting in different shunting volumes, or 
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abdominal noxae partially and subclinical impairing the distal shunt, which could have jeopardized 

the results. Although a major effort was paid in homogeneously studying and following up the 

patients, and although the presented protocol appears to be promising, some of the reported results 

could suffer from the relative exiguity of the statistical sample. 

Conclusions 

A fine neuropsychological assessment, combined with LIT significantly aids the diagnostic process 

in patients affected by NPH. Moreover, such an approach can possibly standardize in an extremely 

rigorous fashion the follow-up evaluation of patients undergoing surgery for VPS. Elastance values 

≥ 0.3 (1/ml), are associated with better functional and clinical outcomes, and could be regarded as 

key values to elect a patient to a VPS surgery. 
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Figure and Table legends 

 

Table 1 – Descriptive statistics of measured variables 

Figure 1 – An MRI scan demonstrating the typical NPH. A. Evans index, B. Corpus Callosum Angle 

Figure 2 –Paired samples T Tests demonstrating the neuropsychological scores of A. MMSE, B. 

FAB and C. MOCA over the 6 months of follow-up. In B (FAB) and C (MOCA) it is possible to 

appreciate a statistically significant improvement when comparing the preoperative and 6 months 

follow-up evaluations.  

Figure 3 – Pearson’s bivariate correlation demonstrating the systolic and diastolic average pressures 

and their correlation with the Evans Index 

Figure 4 – Univariate ANOVA analysis demonstrating the relationship between the presence of Flow 

Void and the Ventricular Diameters. The absence of the flow void sign is associated to a greater 

ventricular size. 

Figure 5 – Repeated Measures ANOVA analysis demonstrating the role of the presence absence of 

Flow Void and Sylvian Fissure signs’ in respect to the neuropsychological outcome variables in 

particular in A and B with FAB, in C and D with MOCA and in D and E with MMSE. There was a 

statistical significant favorable progression of the MOCA scores, over the follow-up period (p=.004), 
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Table 1 – Descriptive statistics of measured variables 

 

 Mean Minimum Maximum Std. Deviation 

R2 (1/mL) 

 

,8868 ,63 ,98 ,09560 

Elasticity (1/mL) 

 

,6315 ,28 1,30 ,23841 

Rout 

[mmHg/(ml/min)] 

 

16,8067 ,00 54,39 10,20843 

Mean Pressure at 

the Beginning of the 

LIT (mmHg) 

11,0277 1,53 21,30 4,94107 

Systolic at the 

Beginning of the 

LIT (mmHg) 

12,2412 2,59 23,07 5,13192 

Diastolic at the 

Beginning of the 

LIT (mmHg) 

 

9,9442 ,65 19,50 4,86050 

Mean at the End of 

the LIT (mmHg) 

28,4808 13,30 64,10 10,67918 

Systolic at the End 

of the LIT (mmHg) 

34,4692 14,35 95,82 15,48159 

Diastolic at the End 

of the LIT (mmHg) 

22,8038 11,61 42,24 7,25759 
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Abbreviations:  

Normal Pressure Hydrocephalus (NPH); Corpus Callosum Angle (CCA), Evan’s Index (EI), 

Transventricular Reabsorption signs – Fisher’s Edema (FE); Mini-Mental State Examination (MMSE), 

Montreal Cognitive Assessment (MOCA), Lumbar Infusion Test (LIT), Lumbar Tap Test (LTT), 

cerebrospinal fluid (CSF), ventriculo-peritoneal shunt (VPS), magnetization-prepared rapid acquisition 

gradient echo (MPRAGE); diffusion tensor sequences (DTI), Intracranial Pressure (ICP). 
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