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ABSTRACT

Introduction and purpose

Normal pressure hydrocephalus (NPH) is a chronic and progressive neurological disorder that
affects the accumulation of cerebrospinal fluid (CSF) in the brain's ventricles. The disease is
not limited by age, but it is more prevalent in older adults. The accumulation of excess CSF in
the brain's ventricles is caused by the obstruction of normal CSF flow, leading to an
enlargement of the ventricles and pressure on brain structures. NPH manifests as cognitive
disorders, gait disorders, and urinary incontinence. NPH is considered a potentially reversible
cause of dementia. This study aims to discuss the etiology, symptoms, differential diagnosis,

and treatment methods associated with normotensive hydrocephalus.

Materials and methods

A comprehensive literature review was conducted through an extensive bibliographic search,
with a primary focus on original research articles obtained from reputable databases such as
PubMed, BioMed Central, Polish Medical Platform, and Google Scholar. The search was
specifically targeted towards articles pertaining to Normal Pressure Hydrocephalus (NPH).

Conclusions

Normotensive hydrocephalus (NPH) is a complex neurological condition that is characterized
by an imbalance between the production and absorption of cerebrospinal fluid (CSF). NPH is
classified into idiopathic and secondary types, which helps to determine the possible
underlying causes and mechanisms that contribute to the development of the condition. The
clinical manifestations of NPH are highly variable, and the diagnostic process can be
complicated due to the need to differentiate it from other neurodegenerative disorders.
Underdiagnosis or misdiagnosis is common, leading to a decrease in patients' quality of life
and, in many cases, disability.

The prevalence of NPH is increasing, highlighting the need for further research and the

development of novel therapeutic approaches to improve patient outcomes.
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INTRODUCTION

Normotensive hydrocephalus is a clinical syndrome that is characterized by the classic triad
of symptoms, also known as Adams' triad or Hakim's triad [1,2]. This triad consists of gait
disturbances, cognitive disturbances, and urinary incontinence or frequent urination. This
form of hydrocephalus is a type of communicating hydrocephalus, where excess cerebrospinal
fluid accumulates in the ventricles, leading to an enlargement of the chambers and an increase
in pressure inside the skull. This, in turn, compresses surrounding tissues, resulting in
neurological complications [2,4].

It is important to note that communicating hydrocephalus is distinguished from obstructive or
non-communicating hydrocephalus by the lack of structural obstruction to the flow of
cerebrospinal fluid, such as stenosis of the aqueduct of Sylvius. Normotensive hydrocephalus
can occur idiopathically (known as iNPH) or can be caused by a disturbance in the circulation
of cerebrospinal fluid due to the presence of scars caused by previous haemorrhage or trauma,

as well as after meningitis or infection [3].

History

Normotensive hydrocephalus, a condition first described by the Colombian neurosurgeon
Salomon Hakim in 1956, is often characterized by the classic triad of symptoms: gait
disturbance, cognitive impairment, and urinary incontinence. The syndrome was initially
identified in a 16-year-old male patient who had suffered a severe head injury in a car
accident. Following surgical treatment for subdural hematoma, the patient remained semi-
comatose, prompting tests that revealed ventricular enlargement and intracranial pressure
within the upper normal range. A ventricular-atrial shunt implantation procedure was then
performed, resulting in significant improvement. This case was subsequently documented in
The New England Journal of Medicine in 1964. Since then, Hakim's work has been
instrumental in furthering our understanding of normotensive hydrocephalus and its clinical

manifestations [4,5].



Epidemiology

The incidence of normotensive hydrocephalus is a phenomenon that has been studied
extensively with varying results. The prevalence ranges from 2 to 20 million on an annual
basis, depending on the source. Of these cases, approximately 50% are classified as primary
or idiopathic NPH, while secondary NPH may occur across all age groups. The incidence of
idiopathic NPH is estimated to be 0.3-3% in patients over the age of 60 and increases with age.
The risk of NPH does not seem to differ significantly between genders or ethnic groups.
However, in individuals diagnosed with dementia, the incidence of normotensive
hydrocephalus ranges from 2-6%. The highest risk of this disease is typically observed in
individuals in their 70s and 80s, as reported in the literature [5,6].

Pathophysiology

Hydrocephalus is a medical condition that arises from an imbalance between the production
and absorption of cerebrospinal fluid (CSF) in the brain. This results in an accumulation of
CSF in the ventricles, causing an increase in intracranial pressure (ICP) [7]. The enlarged
ventricles exert significant pressure on the adjacent cortical tissue, causing various effects on
the patient, including distortion of fibers in the radial coronary artery (corona radiata). Normal
production of CSF in the body is around 600-700 ml, which is then absorbed into the
bloodstream [7,8]. However, in the case of hydrocephalus, an abnormality arises in the
balance between the production and absorption of CSF. This abnormality can lead to the

development of two types of the disorder: idiopathic and secondary [8].

The exact pathogenesis of idiopathic normal pressure hydrocephalus (iNPH) has not been
determined in detail, but there are some consistent mechanisms of the disorder. These
mechanisms include a disturbed balance of production and reabsorption of CSF, increased
resistance to the outflow of CSF, no overproduction of CSF, and an undisturbed flow of CSF
in the ventricles. Studies have shown that patients with hypertension or coronary heart disease
have a higher risk of developing idiopathic NPH than healthy people. Impaired CSF
absorption is the primary mechanism in most cases of secondary NPH. The most common

causes are intraventricular or subarachnoid hemorrhage (due to trauma or aneurysm) and



previous acute or chronic meningitis as a result of infection, cancer, or inflammatory disease

[9].

These conditions cause inflammation and subsequent fibrosis of the brain base and/or
arachnoid granules, which is associated with reduced CSF resorption and leads to the gradual
accumulation of CSF in the ventricular system. Although the increase in pressure may not be
measurable at lumbar puncture, it is assumed to occur locally in the periventricular white

matter tracts, causing the described disorder and clinical symptoms [9,10].

Image 1. Typical MRI of a patient with iNPH [9]

Symptoms

Normotensive hydrocephalus is a neurological disorder that is characterized by the classic
symptoms of Hakim's triad, also known as Adams' triad, which includes gait disturbances,
cognitive disorders, and frequent urination or urinary incontinence. The symptoms of NPH
appear unexpectedly, usually within a time frame of 3-6 months, and are believed to result
from dysfunction of the motor areas of the frontal lobe and periventricular white matter tracts

[11,13].

Gait/balance disorders occur in almost all people with normotensive hydrocephalus, and is
typically the first symptom of the disease. Enlargement of the lateral ventricles is believed to

be the cause of this symptom, which may affect the motor fibres of the corticospinal tract [12].



A characteristic gait abnormality in NPH is wide-based, slow movement, taking short steps,
and a gait "glued to the floor" that may resemble the gait specific to Parkinson's disease.
Patients with NPH have difficulty turning their torso, so they take several steps to be able to
turn 180 or 360 degrees. Postural instability, as demonstrated by the pull test, is typical. Gait
deviations can be divided into mild, significant, or severe, depending on the extent of
difficulty that the patient experiences while walking. Approximately 40% of people diagnosed

with NPH also experience tremors in their arms, legs or feet [12,13].

Urinary incontinence is a symptom that appears in the advanced stage of the disease,
occurring in 50% of patients at the time of treatment. Initially, the symptom is manifested by
increased frequency of urination, usually at night, progressing to permanent, urgent urinary
incontinence. It is worth noting that the earliest reported problem is often pathological

pressure on the bladder and not incontinence itself [14].

Cognitive disorders are a hallmark of normotensive hydrocephalus, and usually develop over
months or years, occurring much later than gait dysfunction. Patients usually have features of
subcortical and frontal disorders, such as psychomotor retardation, loss of attention and
concentration, impaired executive function, and apathy. Executive function, the ability to
conceptualize aspects of action and translate them into appropriate and effective behavior, is
impaired early on and may be more resistant to treatment. Cortical features, such as apathy,

are much less common [15, 21, 22].

Diagnostic criteria

As per the criteria proposed by Relkin, the diagnosis of normal pressure hydrocephalus (NPH)
requires the presence of certain radiological features. These include an Evans index of at least
0.3, indicating the ratio of maximum ventricular width to the largest biparietal dimension
between the internal laminae of the skull [15]. In addition, the imaging must reveal
enlargement of the temporal horn, changes in the periventricular signal, and the absence of a

flow signal in the water supply/chamber four (evidence class III) [15,16].

Furthermore, the guidelines now suggest that a corpus callosum angle of more than 40° be

considered in the diagnosis of NPH. The identification of pathological ventricular



enlargement as a result of brain atrophy can be challenging. This often leads to misdiagnosis
or a failure to diagnose up to 80% of hydrocephalus cases. While all patients with
normotensive hydrocephalus have ventricular enlargement, not all cases of ventricular

enlargement in older adults are indicative of primary NPH [17].

Magnetic resonance imaging is the preferred imaging technique in the diagnosis of NPH.
Furthermore, a narrow fluid space in areas high on the fornix or midline to the fissure of
Sylvius has been associated with the diagnosis of probable or definite NPH (class III evidence)
[18,20].

A commonly used diagnostic approach for normal pressure hydrocephalus (NPH) is the
Miller-Fisher test. This method entails a large-volume lumbar puncture (LP) whereby
approximately 30-50 ml of cerebrospinal fluid is removed [19].

Subsequently, the patient's cognitive functions and gait are assessed before and 2-3 hours after

the procedure. The Miller-Fisher test has been adopted as a valuable tool in the diagnosis of

NPH and is frequently used in clinical settings [21].

Image 3. Photo of a patient undergoing a lumbar puncture (LP). Cerebrospinal fluid (CSF)

obtained from LP may be examined to aid in diagnosing NPH.



Treatment

Recent advances in diagnostic and therapeutic techniques have revolutionized the
management of normal pressure hydrocephalus (NPH), with clinical improvement rates
reaching 80-90%. Neurosurgical intervention plays a significant role in reducing the severity
of symptoms associated with NPH [22]. The most common surgical procedure involves
establishing a connection between the ventricular system and the peritoneal cavity through
ventriculoperitoneal (VP) shunt placement or by creating an alternative cerebrospinal fluid
circulation route via ventriculostomy. Although ventricular-atrial (VA) shunt implantation
was once a popular option, it is no longer preferred due to higher rates of long-term
complications. Lumboperitoneal (LP) shunts have also been employed in English-speaking
countries to treat NPH, with surgical success rates ranging from 20-80% depending on the
study. However, elderly patients exhibiting the complete triad of Hakim's symptoms are less
likely to experience significant improvement following surgical intervention compared to
those diagnosed earlier in life. It should be emphasized, however, that age alone should not
serve as a contraindication for surgical intervention in patients without additional surgical risk
factors. Older age only predicts a lower likelihood of improvement after valve implantation in
the presence of the complete triad of symptoms [21, 22, 23].

Therefore, early and accurate diagnosis of NPH is paramount in achieving successful

outcomes following surgical intervention.

The treatment of normotensive hydrocephalus (NPH) involves various practices, one
of which is the removal of cerebrospinal fluid (CSF) through lumbar puncture. The diagnosis
of idiopathic NPH (iNPH) was initially made through large-volume lumbar puncture (>30 ml).
However, external lumbar drainage (ELD) is now gaining acceptance as a more sensitive
predictor in patients. This method involves the insertion of a catheter into the lumbar spine

and the drainage of CSF at a rate of 10-15 cm3 per hour for 72 hours [24].

In clinical trials, this treatment exhibited a positive impact on 66% of patients. Partial
improvement in gait and perception was observed, although this is not a definite predictor of

postoperative improvement. It is important to note that surgery is associated with risks such as



infection, valve damage, headache, or the occurrence of hydrocele or subdural hematoma

resulting from excessive CSF drainage [25].

Volumetric MRI neuroimaging, including cerebral ventricular and per cerebral CSF volume
ratios, has uncertain value in predicting the response of patients to ventricular shunt
implantation, as per Class IV evidence. The success of the procedure depends on rigorous
qualifications. Patients with symptoms of dementia lasting less than two years and those with
marked gait disorders, or isolated gait disorders, have a better prognosis after the procedure
[25, 26]. To date, there have been no reports in the literature about the efficacy of
pharmacological treatment for primary normotensive hydrocephalus. Acetazolamide has not
demonstrated any sustained reduction in ICP, and only a transient decrease in ICP after
acetazolamide has been shown to be a positive predictor of good response to VP valve

implantation [26].

Current research is aimed at finding alternative treatments for NPH. Studies conducted on
rabbits and dogs have demonstrated that steroids can reduce the production of cerebrospinal
fluid. However, further research is required in this direction to determine the efficacy of this

treatment option in humans [15,27].

Guidelines for surgical treatment

The following are the suggested neurosurgical practice guidelines for determining the

eligibility of a patient with idiopathic normal pressure hydrocephalus (iNPH) for surgery:

- In the case of high cerebrospinal fluid (CSF) pressure, an investigation of a secondary cause
of NPH is warranted.

- A lumbar puncture of 40 to 50 ml (large volume) can potentially indicate a benefit from
manoeuvring, and should be considered in the evaluation process.

- People who are unresponsive to high-volume touches can be evaluated using external
lumbar drainage (ELD).

- MRI cerebrospinal fluid flow studies have been found to have no significant predictive value

in the context of determining the eligibility of a patient with iNPH for surgery [13,28].



Clinical outcome of NPH treatment

It has been estimated that surgical intervention yields a lasting clinical benefit for 70 to 80%
of patients diagnosed with normal pressure hydrocephalus (NPH), including idiopathic NPH
(iNPH), as compared to their preoperative state, with observation periods that range from one
to seven years. These findings are a testament to the remarkable advancement in the efficacy
of treatment as compared to the therapeutic outcomes achieved in the past [29]. In addition,
over 80% of patients demonstrated improvement in all areas of Hakim's triad, as compared to
their preoperative state, after a follow-up of seven years. However, some patients, despite
experiencing initial improvement, may subsequently experience regression in aspects of
cognitive function and urinary incontinence over time. This occurrence has been attributed to

the progression of a comorbid neurodegenerative disease [29,30].

Complications

Recent advancements in surgical treatment methods and materials used in valve replacement
have led to a significant reduction in the occurrence of postoperative complications. The rate
of valve-related complications, such as over/under drainage or subdural hematoma, is
typically between 3% to 4%, with an infection rate of less than 1%. Consequently, the overall
long-term incidence of such complications is less than 20%. This figure indicates a marked
improvement in outcomes compared to the past, where the incidence of complications was as
high as 35-40%. Additionally, non-procedure-related complications, such as seizures and
intracerebral hemorrhage, occur in less than 5% of cases. When treating normotensive
hydrocephalus with cerebrospinal fluid (CSF) transfusion, the perioperative morbidity rate is

less than 5%, with a mortality rate of less than 0.1% [30,32].

Prognosis

The prognosis of patients diagnosed with normal pressure hydrocephalus (NPH) is dependent

on several variables including the underlying etiology of the disease, severity of symptoms,
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time of diagnosis, and implemented treatment [30]. Neglecting to address symptoms of
cognitive impairment, gait disturbances, and urinary incontinence in NPH patients may result
in dire consequences, ultimately leading to mortality. However, undergoing neurosurgical
intervention has been shown to significantly enhance patients' comfort and facilitate their

return to daily activities [31,32].

Summary

Nowadays, normotensive hydrocephalus (NPH) represents a pressing and socially significant
issue. Despite extensive research, the aetiology and pathogenesis of this condition remain
poorly understood. The clinical manifestations of NPH are highly variable, and the diagnostic
process is complicated by the need to differentiate it from other neurodegenerative disorders.
Consequently, underdiagnosis or misdiagnosis is common, leading to a decrease in patients’
quality of life and, in many cases, disability. The prevalence of NPH continues to rise,
highlighting the need for further research and the development of novel therapeutic

approaches.
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