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Abstract

Background/Objectives: Normal pressure hydrocephalus (NPH) is a neurodegenerative disease, a
type of communicating hydrocephalus, in which excess cerebrospinal fluid builds up in the
ventricles. It is a treatable cause of gait disturbance, cognitive decline and urinary incontinence in
older adults. Early recognition and shunt treatment may substantially improve patient outcomes, yet
data from Slovenia remain limited. This study aimed to analyze clinical characteristics, postoperative
outcomes, and complications in elderly NPH patients treated with ventriculoperitoneal shunt (VPS)
implantation at the University Medical Centre Ljubljana. Methods: A retrospective review was
conducted in 98 patients aged 265 years who underwent VPS implantation for NPH between 2015
and 2025. Demographic data, symptom duration, pre- and postoperative clinical status (including
Eide gait grading), comorbidities, and complications were collected from medical records and
electronic medical database. Descriptive statistics and Mann-Whitney U tests were used; p <0.05 was
considered significant. Results: Ninety-eight patients (mean age 73.84 + 5.59; 61.2% male, 38.8%
female) were included. Gait disturbance was present in 95.9%, cognitive impairment in 84.2%, and
urinary incontinence in 62.2%; 57.1% exhibited the complete Hakim triad. The mean symptom-to-
surgery interval was 6.51 months. Postoperatively, the proportion of patients in severe gait stages
(Eide 1-2) decreased from 38.3% to 12.0%, and 27.2% reached independent gait (grade 5). Cognitive
improvement occurred in 78.8%, and urinary incontinence improved in 61.8%, with the full triad
persisting in only 5.4%. Complications included shunt infection (2.0%) and intracerebral hemorrhage
(6.1%). Revision surgery was needed in 14.9%, primarily due to overdrainage. Conclusions: VPS
implantation led to significant improvement in gait, cognition, and continence in the majority of
elderly NPH patients, with a low complication rate. These findings confirm surgical treatment as an
effective and relatively safe option in this population and highlight the importance of timely
diagnosis and multidisciplinary management.

Keywords: normal pressure hydrocephalus; ventriculoperitoneal shunt; gait disturbance; cognitive
decline; elderly patients

1. Introduction

Normal pressure hydrocephalus (NPH) has been recognized as a treatable neurological disorder
that causes brain dysfunction mostly in the elderly population [1]. It represents one of the few
potentially reversible causes of gait disturbance, cognitive decline and urinary incontinence [2]. NPH
is classified as a form of communicating hydrocephalus and is characterized by an expansion of the
ventricles, while the intracranial pressure (ICP) stays within normal values (7-15 mmHg) [3].

The diagnosis of NPH, can be challenging, particularly due to the multiple comorbidities that
this population of elderly patients presents. The diagnosis of NPH is primarily based on the
combination of clinical presentation and radiological imaging findings obtained by magnetic
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resonance imaging (MRI) or computed tomography (CT). Typically seen with imaging technique is
ventriculomegaly disproportionate to cortical atrophy, enlargement of the lateral ventricles, and
associated signs such as narrowing of the high-convexity sulci or periventricular signal changes [4].
Lateral ventricle enlargement is quantified using the Evans index [4,5]. An Evans index greater than
0.30is considered indicative of ventriculomegaly [4]. It is calculated as the ratio of the maximal frontal
horn width to the maximum inner skull diameter [4,5]. The specific triad of symptoms, with which
NPH commonly presents is the Hakim-Adams triad, and includes gait disturbance, cognitive
disorders and urinary incontinence [2]. The complete triad of symptoms is only present in
approximately half of the cases, making the diagnosis challenging due to its varied presentation and
overlap with other neurodegenerative disorders common in the elderly [2]. The differential diagnosis
includes cortical dementias, such as Alzheimer’s disease and frontotemporal dementia, and
subcortical dementias - Lewy-body dementia, Parkinson’s disease and vascular parkinsonism [6].

The exact pathophysiologic pathway for NPH remains unclear [7]. The characteristic clinical
triad of NPH is thought to result from ventricular enlargement and altered cerebrospinal fluid
dynamics affecting vulnerable periventricular and frontal-subcortical pathways [8]. Gait
disturbance, often the earliest and most prominent symptom, is associated with involvement of
corticospinal fibers adjacent to the lateral ventricles, while cognitive impairment reflects disruption
of frontal-subcortical circuits [8]. Urinary incontinence is attributed to early involvement of
periventricular pathways responsible for supraspinal bladder control [8].

Surgical treatment of NPH is based on cerebrospinal fluid (CSF) diversion through the insertion
of a ventriculoperitoneal shunt (VPS) [9]. Although alternative CSF diversion techniques such as
ventriculoatrial and ventriculopleural shunting exist, their use in elderly patients is thus limited by
higher systemic complication risks [10]. Their use mainly stems from recurrent VPS failures [10]. VPS
remains the gold standard treatment option and represents the most effective intervention capable of
reversing or stabilizing symptoms in Hakim-Adams triad in appropriately selected patients [9]. In
Japan however, lumboperitoneal shunting has historically been used as the predominant surgical
treatment for NPH even more frequently than VPS in national practice patterns [11]. A nationwide
Japanese study reported that lumboperitoneal shunts constituted approximately 55% of all
procedures for NPH, compared with 43% for VPS [11]. This practice is based on the perception that
lumboperitoneal shunting is less invasive, as it does not require cranial entry [11]. However, VPS was
associated with a more stable profile regarding mechanical complications, as lumboperitoneal shunt-
treated patients required more frequent surgical revisions due to tube displacement or blockage, as
demonstrated in the SINPHONI-2 trial [11]. Because not all patients benefit from either surgical
treatment, preoperative predictive tests to assess the likelihood of shunt responsiveness are routinely
recommended [12]. The most commonly used predictive method is a large-volume lumbar puncture,
during which a sufficient amount of CSF is removed to evaluate short-term clinical improvement
[12]. Following shunt implantation, improvement in one or more components of the clinical triad has
been reported in approximately 60-90% of patients, although the degree and durability of symptom
relief vary across studies [13].

Despite the relative frequency of NPH in aging populations, data on surgical outcomes remain
limited, particularly in Slovenia. This lack of regional evidence prompted us to conduct a
retrospective analysis of elderly patients (aged 65 years and older) who underwent VPS implantation
for NPH at the University Medical Centre Ljubljana between 2015 and 2025. The aim of this study
was to evaluate pre- and postoperative clinical outcomes, associated comorbidities, and the incidence
of postoperative complications.

2. Materials and Methods

2.1. Study Design and Patient Selection

The study was designed as a single-center retrospective observational analysis and included all
elderly patients, aged 65 or older, who underwent VPS implantation for NPH at the University
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Medical Centre Ljubljana between January 2015 and December 2025. All eligible patients treated
during the study period were consecutively included to minimize selection bias and to reflect routine
clinical practice. Data were collected retrospectively from hospital medical records and electronic
databases. For each patient, we recorded demographic data (age, sex), time from symptom onset to
surgery, number and duration of hospitalizations, pre- and postoperative clinical status,
comorbidities, and postoperative complications. Patients with incomplete medical documentation,
patients in whom the shunt was inserted for other indications, patients who were not treated at
University Medical Centre Ljubljana, and patients who had their first procedure before reaching the
age of 65, were excluded from the study.

2.2. Diagnostic Criteria and Data Characteristics

The diagnosis of NPH was based on the clinical presentation and MRI/CT findings. Imaging
assessment focused on ventriculomegaly disproportionate to cortical atrophy and enlargement of the
lateral ventricles (Figure 1A).

Figure 1. A series of CT scans showing ventricular dilatation and transependymal edema (white arrow) before (A)

and after the insertion the VPS (B). Bilateral hygromas (black arrows) indicate an overdrainage condition (C).

The presence of components of the Hakim—Adams triad, including gait disturbance, cognitive
impairment, and/or urinary incontinence, was evaluated both preoperatively and postoperatively.
Gait disturbance was assessed using Eide’s revised clinical gait grading scale, which ranges from
grade 1 (severe gait impairment with inability to walk independently) to grade 5 (normal,
independent gait). Cognitive impairment was evaluated clinically based on neurological examination
and documented changes in memory, attention, and executive function, as reported in medical
records. Urinary incontinence was defined as the presence of involuntary urine leakage requiring
protective measures, reported during the clinical examination. Postoperative improvement in gait,
cognition, and urinary continence was determined through follow-up clinical evaluations and
categorized dichotomously as improved or not improved, based on documented physician
assessment and patient or caregiver reports. Comorbidities were categorized into vascular,
cardiovascular, neurological, and other subgroups. Postoperative complications and comorbidities
were recorded as present or absent. Postoperative complications were identified during a follow-up
postoperative clinical examination.

2.3. Preoperative Evaluation

As part of the standard preoperative evaluation, all patients underwent a cerebrospinal fluid tap
test to support the diagnosis and assess the likelihood of responsiveness to shunt surgery. The
procedure consisted of a standard lumbar puncture with removal of a large volume of cerebrospinal
fluid, typically ranging between 30 and 50 mL [14]. Clinical reassessment focused primarily on gait
performance, cognitive status, and urinary symptoms and was conducted within hours to days
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following the procedure. In patients with inconclusive or borderline responses, repeat or extended
lumbar drainage was performed at the discretion of the treating physician.

2.4. Surgical Technique and Perioperative Management

All patients underwent VPS implantation under general anesthesia. A medium-pressure fixed
differential valve was used in all cases to ensure procedural standardization. The ventricular catheter
was inserted into either the frontal or occipital horn of the lateral ventricle (Figure 1B) based on
surgeon preference and patient-specific anatomical considerations. The distal catheter was tunneled
subcutaneously and placed into the peritoneal cavity. Standard perioperative antibiotic prophylaxis
was administered according to institutional protocol. Postoperative cranial imaging was routinely
performed to verify the catheter position and to assess for early complications.

2.5. Data Analysis

Descriptive statistics (mean, median, standard deviation, proportions, frequency distribution)
were used to analyze the data. Gender-related differences were assessed using the Mann-Whitney U
test. A p-value of less than 0.05 was considered statistically significant. Missing data were not
imputed and were excluded from analyses involving the affected variables.

3. Results

3.1. Patient Characteristics

From 2015 to 2025, 124 patients with the diagnosis of NPH were hospitalized at the University
Medical Centre Ljubljana. Of these, 98 patients (79.0%) were aged 65 years or older and were therefore
eligible for inclusion in our study. Male patients were 60/98 (61.2%) and females were 38/98 (38.8%).
The mean age was 73.84 + 5.59 years. Data on the interval from symptom onset to surgery were
available for 54/98 (55.1%) patients. This interval ranged from 3 months to several years, with most
patients undergoing surgery within the first 12 months from the onset of symptoms. The mean time
from the onset of symptoms to surgery was 6.51 months.

Nearly all patients, 94/98 (95.9%), presented with gait disturbances, classified according to Eide’s
grading scale from 1 to 5 (Figure 2).

319

24.5

Frequency distribution (%)

>

=

1 2 3 4 5
Gait disorder (Eide's classification)

m Preoperative Postoperative

Figure 2. Gait disorder (Eide’s classification) — gender-combined frequency distribution. Comparing
preoperative and postoperative assessments.
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The frequency distribution of patients by Eide gait grade was as follows: grade 1 (13.8%), grade
2 (24.5%), grade 3 (29.8%), grade 4 (31.9%), and grade 5 (0.0%). No statistically significant difference
in gait disturbance was observed between genders (men: n =57, female: n =37, U =972.00, p = 0.5091)

(Figure 3).
Female (preoperative)
m Female (postoperative)
Male (precperative)
ij = Male (postoperative)
1 2 8 4 5

Gait disorder (Eide's classification)

Frequency distribution (%)

Figure 3. Gait disorder (Eide’s classification) — frequency distribution by gender. Comparing preoperative and
postoperative assessments. Joint distribution can be seen in the previous graph.

Cognitive impairment was present in 80/98 (81.6%) patients, and urinary incontinence in 61/98
(62.2%). The complete Hakim triad was observed in 56/98 (57.1%) patients.

3.2. Surgical Procedure

All patients underwent VPS placement using a medium-pressure differential valve.

The ventricular catheter was placed in the frontal or occipital horn (Figure 1B), based on the
preference of each surgeon, or on the specific anatomical conditions of each patient. The average
length of hospital stay was 10.81.

3.3. Postoperative Outcomes

Postoperative gait data were available for 92/98 (93.8%) patients. The frequency distribution
according to Eide grading was: grade 1 (2.2%), grade 2 (9.8%), grade 3 (30.4%), grade 4 (30.4%), and
grade 5 (27.2%) (Figure 2). The proportion of patients in Eide’s stages 1 and 2 (those who were unable
to walk independently), decreased from 38.3% to 12.0%. At the same time, 27.2% of patients improved
to stage 5 (meaning they were able to walk completely independently). No statistically significant
difference in gait disturbance was observed between genders (men: n =57, female: n =37, U = 842.50,
p = 0.1480) (Figure 3).

Postoperative cognitive outcomes were available for 80/98 patients (81.6%), among whom 63/80
(78.8%) demonstrated cognitive improvement. Postoperative urinary incontinence data were
available for 55/98 patients (56.1%), and improvement in urinary incontinence was observed in 34/55
patients (61.8%). Following surgery, the complete Hakim triad persisted in only 5.4% of patients.

3.4. Complications

Postoperative shunt infections occurred in 2/98 (2.0%) patients. An intracerebral bleeding
occurred in 6/98 (6.1%) patients. Revision surgery was required in 14/98 (14.3%) patients and it was
most commonly due to overdrainage, which manifested as headache in 9/14 (64.3%) patients,
dizziness in 3/14 (21.4%), and bilateral hygromas (Figure 1C) in 5/14 (35.7%). Rare complications
following VPS placement included hearing loss, wound dehiscence, and gastrointestinal issues, each
occurring in a single patient. A postoperative prophylactic antiepileptic treatment with Levetiracetam
was given to 9/98 (9.2%) patients and no seizures were reported in any patient after surgery.
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3.5. Comorbidities

Comorbidities were documented in 94/98 (95.9%) patients across several organ systems (Table 1).
Multiple comorbidities (more than two) were present simultaneously in 52/98 (53.1%) patients.

Table 1. Summary of patient comorbidities (n=98).

Category Prevalence (n/98) Key Specific Conditions Most Prevalent within
Category
Vascular 54 (55.1%) AH, T2DM, HLP, AH (47/54; 87.0%)
Hypercholesterolemia,

Orthostatic hypotension

Neurological 43 (43.9%) Dementias, Dementias (12/43; 27.9%)
Strokes/Hemorrhages, Tumors,
Spinal pathology
Urogenital 19 (19.4%) BPF, prostatitis, prostate cancer BPF (12/19; 63.2%)
Heart-related 14 (14.3%) AF, ischemic heart disease, valve AF (4/14; 28.6%)

disease, heart failure, HLP

4. Discussion

The demographic characteristics of our cohort are consistent with large epidemiological studies
of normal pressure hydrocephalus, which consistently report a predominance of elderly patients with
a slight male preponderance. Previous population-based studies from Scandinavia and Japan have
reported mean ages ranging from 72 to 76 years, closely matching the mean age of 73.84 years
observed in our cohort [11,15,16]. This demographic alignment supports the external validity of our
findings and confirms that the Slovenian NPH population does not differ substantially from those
reported in larger international series.

The high prevalence of gait disturbance (95.9%) and the fact that 38.3% of patients presented
with severe ambulation impairment (Eide Grades 1 and 2) underscores the disease's impact on
mobility [14,17]. Gait disturbance was the most prevalent presenting symptom in our study,
consistent with the literature identifying gait impairment as the earliest and most sensitive clinical
marker of NPH [15,17,18].

Furthermore, the short mean time from symptom onset to surgery (6.51 months) suggests that a
shorter symptom duration correlates with improved post-operative outcomes [19-21]. In contrast,
several large observational studies describe diagnostic delays ranging from 12 to 36 months, largely
attributable to symptom overlap with Alzheimer’s disease, Parkinsonian syndromes, and vascular
dementia [19-22]. Andrén et al. demonstrated that prolonged symptom duration prior to shunting is
a significant negative predictor of postoperative improvement, particularly for gait and cognition
[23]. Similarly, Toma et al. emphasized that earlier surgical intervention is associated with superior
functional recovery and sustained benefit over time [19]. The comparatively prompt diagnosis and
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referral observed in our cohort may therefore explain the high postoperative response rates across all
components of the Hakim—-Adams triad.

The surgical management of NPH through VPS remains the most effective intervention for
reversing the symptoms of the Hakim triad [11,24]. Data from our cohort robustly support this
therapeutic efficacy, particularly in the context of standardized fixed-pressure shunting.

Following VPS placement, the clinical results demonstrated significant functional recovery. The
proportion of patients unable to walk independently (Eide Grades 1 and 2) decreased from 38.3% to
12.0%. Moreover, the attainment of completely independent gait (Eide grade 5) in 27.2% of patients
exceeds rates reported in several earlier cohorts, where full gait normalization was observed in
approximately 15-25% of cases [17]. This marked improvement, coupled with high rates of cognitive
(78.8%) and urinary (61.8%) improvement, resulted in the complete Hakim triad persisting after
surgery in only 5.4% of patients. These outcomes are at the upper range of reported success rates in
the literature, which typically cites overall improvement between 60% and 90% [15,25,26].
Importantly, cognitive response to shunting has been shown to correlate inversely with the presence
of concomitant neurodegenerative pathology, particularly Alzheimer’s disease [27-29]. Despite a
high burden of neurological comorbidities in our cohort, the observed cognitive benefit suggests that
careful preoperative selection, including CSF tap testing, remains effective even in clinically complex
elderly populations. The relatively lower responsiveness of urinary symptoms compared to gait and
cognition has been attributed to irreversible damage to supraspinal bladder control pathways in
advanced disease stages.

All patients in this cohort were treated with a standardized medium-pressure differential valve.
The rationale for this fixed-pressure approach lies in its mechanical simplicity and inherent reliability,
which may contribute to the low incidence of hardware failure, though it contrasts sharply with
current practices that favor programmable valves, for their capacity to regulate CSF drainage non-
invasively [30-32]. The limitations of the fixed-pressure system might be reflected by the
complication profile. While the shunt infection rate of 2.0% (2/98) is comparable to the rate of 2-5%
often cited in major series, the revision rate of 14.3% (mainly due to overdrainage) is noteworthy [20].
Overdrainage is a recognized consequence of a differential pressure valve and by means of adjustable
valves these complications might be managed by adjusting the valve resistance, potentially lowering
the need for revision surgery. Anzai et al., a SRMA publication of four comparative studies, failed to
demonstrate clear superiority of programmable over fixed-pressure valves in terms of long-term
clinical outcomes, despite lower revision rates in some series [32-34].

The proactive postoperative use of Levetiracetam in 9.2% of patients is a point of specific interest.
The absence of reported seizures in the entire cohort suggests the efficacy of this prophylactic
measure, although further investigation is required to establish whether routine anti-epileptic
prophylaxis is universally warranted in NPH shunting.

The high prevalence of comorbidities in this cohort reflects the clinical reality of NPH in the
elderly. More than half of patients had multiple comorbid conditions, with vascular and neurological
disorders being particularly common. Vascular risk factors such as arterial hypertension and diabetes
mellitus have been implicated in the pathophysiology of NPH through mechanisms involving
reduced cerebrovascular compliance and impaired CSF absorption [35-37]. Nevertheless, several
studies have demonstrated that the presence of comorbidities does not preclude meaningful
improvement after shunt surgery, provided that NPH is correctly diagnosed and appropriately
treated [37].

5. Conclusions

This retrospective analysis strongly confirms that normal pressure hydrocephalus is a quite
common diagnosis in the elderly, yet it is often overlooked. We analyzed the medical documentation
of 98 patients in the period of 10 years that were hospitalized and treated for NPH. The data indicate
that most patients underwent treatment fairly quickly - within a year of symptom onset, with
satisfactory outcomes reflected in the postoperative absence of the Hakim's triad. A low complication
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frequency was noted as well as a low incidence of re-operations. Apart from the overall
predominance of males among patients, no significant gender differences were observed in symptom
presentation, treatment or postoperative outcome. Almost all patients had previously known
comorbidities, mostly vascular and neurological, highlighting the complexity of treating these
patients and emphasizing the importance of a multidisciplinary approach. Due to the lack of a
conservative approach that can successfully manage this condition, our data hereby aligns with
foreign study findings, confirming that surgical intervention is both essential and relatively safe and
effective, even in this fragile patient population.
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Abbreviations

NPH Normal pressure hydrocephalus
VPS Ventriculoperioneal shunt

CSF Cerebrospinal fluid

MRI Magnetic resonance imaging

CT Computed tomography

AH Arterial hypertension

T2DM Type 2 diabetes mellitus

HLP Hyperlipidemia

AF Atrial fibrilation

BPH Benign prostate hyperplasia
SRMA Systematic review and meta-analysis
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