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Abstract: Normal pressure hydrocephalus (NPH) is potentially treatable form of dementia, which along with gait disturbance and 

impaired urinary control compose a clinical picture of the Hakim-Adams syndrome. In advanced age it could be challenging to 

distinguish the disease from other form of dementias or brain atrophy. From another prospective, other brain conditions could have 

a number of similar symptoms that could make it even harder to raise a suspicion of NPH. In this article we describe a clinical 

picture, neurological examination data, neuroimaging and clinical analysis of blood and cerebrospinal fluid (CSF) of the patient 

with confirmed multiple sclerosis (MS) and symptoms falling under Hakim-Adams triad criteria. On the other hand, pronounced 

cortical atrophy and patient`s cognitive decline, could be a consequence of prolonged disease, absence of disease-modifying 

treatment and poor compliance of the patient. Challenges in management of the patient were not only limited by the duration of the 

multiple sclerosis, but also a number of comorbidities in the history of the disease and not straightforward data after performing the 

tap test. Thorough review of a patient with multiple sclerosis with clinical manifestations corresponding to Hakim's triad, and with 

ventriculomegaly on CT/MRI, should be performed as the comorbidity of MS and NPH has to be excluded. 
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1. Introduction 

Multiple sclerosis (MS) – is a chronic inflammatory 

demyelinating disease characterized by a progressive course 

and often accompanied by significant disability of the patient, 

especially in the later stages [1]. The most common 

presentations of multiple sclerosis are limb weakness, sensory 

disturbances, cerebellar discoordination, cranial nerve 

involvement. The course of the disease depends on the 

phenotypic classification: clinically isolated syndrome (CIS), 

relapsing-remitting (RRMS), primary progressive (PPMS) 

and secondary progressive (SPMS) multiple sclerosis. PPMS 

symptoms can vary, but typical symptoms include vision 

problems, difficulty talking, problems walking, trouble with 

balance, general pain, stiff and weak legs, memory 

impairment, fatigue, trouble with bladder and bowel control, 

and depression. Along with typical clinical and radiological 

features, there are often cases of pathological processes 

belonging to the spectrum of multiple sclerosis but with 

different clinical presentations. 

The variant of multiple sclerosis, the type of course, 

localization of MS plaques, and whether the patient receives 
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adequate disease-modifying therapy or not often determine 

the clinical manifestations of the disease and the degree of 

future disability. But in a few cases, symptoms are unusual, 

which makes the neurologist wonder if it is still a pathological 

process limited to one nosology. The following clinical case 

demonstrates the importance of paying attention to each new 

symptom in a patient with multiple sclerosis, which requires 

clinical and radiological comparison. 

2. Clinical Case 

2.1. Patient History 

A 56-year-old female was referred to a neurologist. The 

patient uses a wheelchair with the assistance of her daughter. 

The reason for the referral to a neurologist is self-care 

problems due to irrational behavior, the patient's inability to 

control the functions of bowel and bladder, disorientation in 

space and time, and pronounced cognitive decline, which have 

become especially disturbing in recent years. The patient 

herself does not express any complaints. She is uncritical 

about her condition at the time of the examination. 

From the history of the disease given by the daughter, the 

patient has had multiple sclerosis since 2000. The disorder 

manifested in dizziness, nausea, and imbalance. Numerous 

foci of demyelination were detected on MRI. Cognitive 

deficits to the degree of dementia, gait disturbances, and 

urinary incontinence were gradually built up to the primary 

features of the disease, because of which the patient stopped 

working and became disabled. She received interferon B and 

glatiramer acetate as disease-modifying therapy from 2005 to 

2013. She had been undergoing pulse therapy with 

methylprednisolone for relapses. Due to impaired gait and 

balance, a fracture of the neck of the left femur occurred 2 

months before admission. 

2.2. Clinical Examination 

Neurological examination shows that the patient is 

available for language contact and answers to questions but 

has no insight into her own condition and is wholy disoriented 

in time and space but oriented in her own person (tells her 

name). The patient tells information that contradicts the 

history of the disease and the objective condition: she notes 

that she takes care of herself in everyday life, in particular, 

goes to the store for shopping and does not use additional 

means of transportation. Severe impaired memory and 

executive functions are prominent at the visit. According to 

objective assessment scales, cognitive status is: Mini-mental 

state examination (MMSE test) – 10 points, Montreal 

cognitive Assessmemt (MoCa test) – 4 points. Self-care is 

objectively impaired by cognitive decline. Bilateral pyramidal 

symptoms with the presence of pathological reflexes of 

Babinski, Strümpel, and Rossolimo with mild paresis in the 

lower limbs (4/5 points) are observed. Slight athetoid 

movements are present in the right hand. The patient needs 

support in walking: she does small steps with her legs wide 

apart and cannot make turns without assistance. Urinary 

control is violated. 

2.3. Neuroimaging 

The clinical features of the disease, which are not typical for 

multiple sclerosis, were combined with unusual neuroimaging 

findings (Figure 1). 

A set of clinical symptoms (pronounced cognitive 

impairment, impaired gait and balance, urinary control), 

together with ventriculomegaly, prompted a revision of the 

diagnosis in favor of normal pressure hydrocephalus (NPH) [2]. 
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Figure 1. According to MRI data since 18 October 2020: the ventricular system is expanded; the width of the anterior horns of the lateral ventricles at the level 

of foramen Monro is 20 mm on the right, 22 mm on the left; III ventricle 16 mm, IV ventricle 19 mm; on the periphery of the ventricles there are wide zones of 

leukoaraiosis in the white matter with spread to the subcortical regions. 

Additional questions to the daughter regarding the medical 

history revealed that in 1998 the patient suffered a mild 

traumatic brain injury due to falling on a metal pipe. 

According to the CT scan of the brain taken immediately after 

the injury: brain matter is without traumatic injuries, and 

expansion of the ventricular system is noted (the lateral 

ventricles are up to 1.2 cm at the level of the anterior horns, at 

the level of the ventricular bodies are up to 1.5 cm; III 

ventricle width is 0.6 cm). A short time after the injury, the 

patient developed dizziness, periodic headache, nausea, and 

imbalance. During a thorough review of the history, 

presumably, the patient was diagnosed with secondary 

syphilis and was medically treated back in 2003. The patient 

does not have any medical papers about this fact of disease. 

Figures 2-7: Ventriculomegaly, first noticed on a CT scan 

from 18 Apr 1998 (according to the radiologist's report), has 

progressed over the years. 

 

Figure 2. 08 Oct 2011 MRI T2 Axial plane. 

 

Figure 3. 15 Dec 2017 MRI T2 Axial plane. 

 

Figure 4. 28 Jun 2018 MRI T2 Axial plane. 

 

Figure 5. 03 Jan 2019 MRI T2 Axial plane. 

 

Figure 6. 07 Jul 2020 MRI T2 Axial plane. 

 

Figure 7. 18 Oct 2020 MRI T2 Axial plane. 
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A detailed review of the patient's neuroimaging data has been done (Figure 8). 

  

Figure 8. According to MRI from 19 Oct 2021: Evans index = 0.393; callosal angle at the level of the posterior commissure = 59.986 °. A narrow subarachnoid 

space is visualized along the midline in convex areas, and there is an increase in the Sylvian furrow bilaterally. These signs correspond to the parameters of 

normotensive hydrocephalus [3]. Along with this, there is significant atrophy of the hippocampus. 

2.4. Tap Test 

To confirm the diagnostic assumptions, it was decided to 

conduct a "tap test" [4-5]. Before performing a lumbar puncture, 

specific tests had been done as a part of the protocol for 

diagnosing normal pressure hydrocephalus (NPH) [2-3, 6-8] to 

objectify potential changes in the patient's condition after the 

tap test. The patient could not perform the Timed Up and Go 

(TUG) test and short-distance straight walking test due to 

severe gait disturbance and inability to walk without support. 

MMSE was 10 points. The lumbar puncture was performed, 

and the clear cerebrospinal fluid was obtained, which flew out 

slowly (in general, 30 ml of cerebrospinal fluid was collected). 

Cerebrospinal fluid was sent to the laboratory for general 

analysis of cerebrospinal fluid, and oligoclonal antibodies with 

types of synthesis. A blood test was taken to determine whether 

IgM and IgG to Treponema pallidum are present. The TUG test, 

short-distance straight walking test, and MMSE were carried 

out just after the diagnostic puncture, 24 hours after, 3 days after 

and 1 week after the diagnostic puncture – there weren`t found 

any positive changes in the patient's neurological status, while 

positive diagnostic sign after tap test should had been the 

improvement of the patient's condition. Overall, in a patient 

with normal pressure hydrocephalus (NPH), changes are most 

quickly visible in the gait improvement [3]. 

2.5. Cerebrospinal Fluid Examination 

The results of laboratory methods of examining the 

cerebrospinal fluid revealed the presence of oligoclonal bands 

in the cerebrospinal fluid (Table 1) (and their absence in blood 

serum), 2 type of intrathecal antibodies synthesis. No 

significant changes were found in the clinical analysis of the 

cerebrospinal fluid (Table 2). IgM and IgG to Treponema 

pallidum by the ELISA method were not detected (Table 3). 

Table 1. Results of the cerebrospinal fluid analysis for the detection of oligoclonal bands. 

Investigation Result Unit Reference range 

Albumin (CSF) 105 mg/L  

Albumin (serum) ↓ 30.1 g/L 35-52 

Albumin quotient 3.5   

IgG (CSF) 16.2 mg/L  

IgG (serum) ↓ 6.20 g/L 7-16 

IgG quotient 2.6   

Oligoclonal bands in the CSF positive   

Oligoclonal bands in the serum 
negative   

Oligoclonal bands in the CSF, not detected in serum; Type II (IEF). Interpretation: Intrathecal IgG synthesis. 

Summary 

No evidence of a blood/liquor barrier disorder. 

Detection of intrathecal immunoglobulin synthesis in the quotient diagram. 

Production of oligoclonal IgG in the CSF (IEF). 
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Table 2. Clinical analysis of the CSF. 

General analysis of cerebrospinal fluid (CSF) Result Unit of measurement Reference range 

Number 4.0 Jr  

Specific density ↑ 1.014  1.006 - 1.007 

Reaction (pH) ↑ 8.4  7.3 - 7.5 

Color greyish  colorless 

Transparency partly cloudy  transparent 

Protein 0.231 g/L 0.12 - 0.33 

Glucose 3.0 mmol/L 2.0 - 4.18 

Chlorides ↓ 108.6 mmol/L 118 - 132 

Leukocytes 4 number of elements in MKN 1 - 8 

Erythrocytes 5 number of elements in MKN absent 

Table 3. Blood tests for detection of IgM and IgG to Treponema pallidum. 

Immunology - ELISA Result Unit Reference interval 

Treponema pallidum, IgM antibodies 0.34 R 

< 0.8 – negative result 

0.85 – 1.1 – doubtful result 

> 1.1 – positive result 

Treponema pallidum, IgG antibodies 0.76 R 

< 0.9 – negative result 

0.9 – 1.1 – doubtful result 

> 1.1 – positive result 

 

3. Discussion 

Normal pressure hydrocephalus (NPH) or Hakim-Adams 

syndrome is a chronic disorder of fluid dynamics manifested 

by a significant expansion of the ventricular system but is not 

accompanied by an increase in intracranial pressure. NPH can 

be either primary, idiopathic, or secondary – due to 

subarachnoid hemorrhage, meningitis, craniocerebral trauma, 

intracranial surgery, or neuroinfection. The disease is 

characterized by a triad: gait disturbance, dementia, and 

dysfunction of the pelvic organs in combination with 

ventriculomegaly on CT/MRI. An important feature of these 

symptoms is their slow progression, sometimes a wave-like 

course, including the presence of periods of exacerbation and 

relative well-being. Diagnosis of the disease is based on 

relatively specific radiological signs and a "tap test". Lumbar 

puncture with moderate-to-large amount of cerebrospinal 

fluid collection has a sensitivity of 58% (26–87%) and a 

specificity of 75% (33–100%), as reported in systematic 

reviews [5]. The only treatment for this pathology is the 

placement of a ventricular shunt [9-11]. Specific findings 

from the patient's history may indicate a likely etiology, 

including subarachnoid hemorrhage, meningitis, head trauma, 

congenital hydrocephalus, and stenosis of the aqueduct of 

Sylvia. The SINPHONI study demonstrated the value of 

DESH parameters for brain imaging, i.e., ventriculomegaly 

(Evans index [EI] ≥ 0.3), together with a narrow subarachnoid 

space near the midline on convexital surfaces and enlarged 

Sylvian sulci, which are signs of impaired CSF dynamics in 

the subarachnoid space, combined with the classic triad of 

symptoms in the diagnosis of normal pressure hydrocephalus 

(NPH) [3, 11-12]. 

On the other hand, in addition to immune-mediated 

demyelination of nerve fibers, according to research data, it is 

known that inflammation is also the cause of axonal 

degeneration of nerve cells and cortical atrophy in the 

pathogenesis of multiple sclerosis itself [13-14]. This provides 

an understanding of the pathogenesis of atrophy of the brain, a 

significant cognitive and neurological deficit, which is not 

easy to exclude if considering the duration of the patient's 

illness and the lack of adequate disease-modifying therapy 

[15]. 

But forasmuch as the signs of ventriculomegaly were 

radiologically found much before any clinical signs and prior 

to the trauma, it was the right decision to suspect normal 

pressure hydrocephalus in this patient. 

Even though the "tap test" did not show significant changes 

in the patient's neurological status, given the presence of 

Hakim's clinical triad and radiological quantitative and 

qualitative indicators (Evans index [EI] ≥0.3, callosal angle < 

100, narrow subarachnoid space on the convexity surface 

brain, enlargement of Sylvian furrows), according to the 

recommendations for the management of patients with normal 

pressure hydrocephalus (NPH), we cannot deny the diagnosis 

of probable hydrocephalus. In addition, according to the 

literature, the frequency of false-negative "tap tests" increases 

directly proportionally with the duration of the disease. 

According to the recommendations, there is no evidence of the 

need to repeat the "tap test" or lumbar drainage [3, 16]. 

Verifying or ruling out the diagnosis of NPH only after 

conducting ventricular shunting is possible. 

As per confirmation of the diagnosis of multiple sclerosis 

by the detection of oligoclonal bands, II type of intrathecal 

antibody synthesis, the patient was discharged with a 

confirmed diagnosis of multiple sclerosis, secondary 

progressive course, atypical variant with the presence of 

pronounced cognitive deterioration to the stage of dementia, 

impaired motivation, self-care and urinary function control, 8 

points in EDSS. The patient was recommended highly active 

drug therapy of multiple sclerosis - ocrelizumab, guidelines 

for rehabilitation methods, and cognitive exercises. According 

to the recommendations for the management of patients with 

normal pressure hydrocephalus (NPH) regardless of the 
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negative "tap test", the patient was recommended ventricular 

bypass [3, 17]. But considering the duration of clinical and 

radiological symptoms of the disease (>20 years) and the 

presence of massive foci of white matter lesions according to 

MRI data, the probability of an insufficient effect from the 

intervention is high [18]. Data from the literature [19-22] 

shows a negative correlation between foci of brain white 

matter atrophy and clinical improvement after cerebrospinal 

fluid drainage. In addition, in the opinion of fellow 

neurosurgeons, considering the duration of atrophic changes 

in the brain tissue, the risks of intracranial hemorrhage due to 

damage of the bridging veins after resorption/elimination of 

hydrocephalus are high. 

All possible positive effects and negative aspects of 

ventricular shunting have been explained to the patient's 

relatives. Their decision is awaited. 

4. Conclusions 

Older patients with neurodegenerative diseases are often 

underdiagnosed because neurovisual signs of normal pressure 

hydrocephalus (NPH) are difficult to distinguish from 

unspecific cerebral atrophy. Moreover, symptoms of cognitive 

decline, gait disturbance, and urinary incontinence are more 

often attributed to nonspecific causes in the elderly in general 

and patients with multiple sclerosis in particular. Zarey and 

colleagues described six cases [23] in which the diagnosis of 

multiple sclerosis manifested exclusively with a 

cognitive/neuropsychiatric syndrome. Dementia in these 

patients had both cortical signs (dysphasia, dysgraphia, dyslexia) 

and subcortical signs (psychomotor degradation, problems with 

mood, relative preservation of language, calculation, 

discrimination of objects and problems with memory, which are 

best manifested when trying to repeat phrases or words). 

Disability in these patients was due to dementia. Bowel and 

bladder dysfunction appeared later on. This course of the 

disease may be one of the variants of multiple sclerosis, but due 

to its masks, such as senile dementia, Alzheimer's disease, and 

normal pressure hydrocephalus (NPH), it mostly remains 

outside the attention of clinicians. 

When studying each case of a neurological disease, it is 

possible to find ambiguous clinical and radiological findings, 

which must be considered since not all of them lie in the 

pathogenesis of a single disease. Mentions of two verified 

independent diagnoses of MS and NPH in one patient are not 

common in the literature: the case of a 28-year-old patient was 

described by Oktay Algin and colleagues; 2 patients by 

O'Brien T. and colleagues [24-25]. 

The validity of the diagnosis and surgical treatment brought 

significant relief in the lives of these patients and their families. 

Considering our clinical case, one cannot reject the atypical 

course of MS caused by the prevalence of cognitive disorders 

with pronounced cortical atrophy and disability due to 

significant dementia. Nevertheless, it is essential to 

thoroughly diagnose a patient with multiple sclerosis with 

ventriculomegaly and clinical manifestations corresponding to 

Hakim's triad because the combination of two diseases - MS 

and NPH - is not excluded [24-25]. Moreover, normal 

pressure hydrocephalus (NPH) has been considered a form of 

"dementia that could be treated". This fact should especially 

motivate clinicians to increase diagnostic vigilance in this 

direction. The placement of a ventricular shunt dramatically 

solves the problem in a patient with MS with a confirmed 

diagnosis of normal pressure hydrocephalus (NPH), but, of 

course, it does not eliminate the symptoms primarily caused 

by foci of multiple sclerosis. Advances in the non-invasive 

establishing the diagnosis of the disease are the study of 

biological markers of NPH and the use of PET-CT, which are 

promising and will probably contribute to the higher 

diagnostic rate of this pathological process [26-28]. 
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