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There is nothing like looking, if you want to find something. You 
certainly usually find something, if you look, but it is not always 
quite the something you were after. 

–J.R.R. Tolkien, The Hobbit, or There and Back Again  
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Abstract 

Idiopathic normal pressure hydrocephalus (iNPH) is a progressive neurological 
condition characterized by a deterioration of gait, cognition, and continence. The 
diagnosis is based on a combination of enlarged ventricles seen in neuroimaging, 
with typical clinical findings. iNPH often affects elderly individuals (i.e., over the 
age of 65). Shunt insertion is the only available treatment, with an improvement 
rate of up to 80%. 
 
The prevalence has previously been reported to be between 0.5 and 3% among 
individuals over age 65. However, most previous studies have been conducted on 
hospital-based materials, and there is a lack of epidemiological studies based on 
the general population. One of the challenges of diagnosing iNPH is that there are 
no common, widely accepted diagnostic criteria. There are currently two different 
diagnostic guidelines: the American-European guidelines and the Japanese ones, 
which makes it harder to compare different studies. 
 
The aim of this thesis was to determine the prevalence of iNPH in population-
based materials and to evaluate the differences between the diagnostic guidelines. 
Furthermore, we wanted to assess the quality of life and depressive symptoms 
among individuals with iNPH compared to those without. In addition, we 
assessed longitudinal changes in the clinical and radiological findings of iNPH. 
 
We asked 1,000 individuals aged 65 and older to participate in the study by 
answering a questionnaire containing typical iNPH symptoms. We invited all 
participants who had marked at least two symptoms on the questionnaire for 
further investigation, in addition to a randomly selected group with fewer than 
two symptoms. A total of 168 participants underwent clinical examinations and 
computed tomography (CT) of the brain. We followed up with the same cohort 
two years later with repeated testing, with the addition of questionnaires on 
depressive symptoms and quality of life. A total of 122 individuals remained in 
the 2-year follow-up cohort. The clinical examinations included an iNPH-specific 
grading scale for symptoms and neurological examinations. 
 
The prevalence of iNPH for those 65 years and older was 3.7% according to the 
American-European guidelines and 1.5% according to the Japanese guidelines. 
The prevalence was higher for those over age 80, with no differences between the 
sexes. Furthermore, participants with iNPH had more depressive symptoms and 
lower quality of life than those without iNPH. Radiological findings and 
symptoms progressed slightly over two years, and those with symptom 
deterioration had an even higher degree of radiological progress compared to 
those with stationary or improved symptoms. 
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This thesis shows that iNPH is fairly common in a normal population of elderly 
individuals. There is disagreement between the current diagnostic guidelines, 
which underscores the need for revisions, preferably into one common diagnostic 
system. In this thesis, individuals with iNPH had a lower functional status, more 
depressive symptoms, and lower quality of life than those without iNPH. 
 
Moreover, iNPH progresses slightly in both symptoms and radiological signs over 
two years, which underlines the value of clinical follow-up for asymptomatic 
individuals with radiological signs of iNPH. Finally, iNPH is probably 
underdiagnosed and an important diagnosis to consider in an elderly person with 
gait and balance impairments. 
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Enkel sammanfattning på svenska 

Bakgrund och syfte 

Idiopatisk normaltryckshydrocephalus (iNPH) kännetecknas av tilltagande 
gångstörning, minnesnedsättning och urinträngningar, vilka utan behandling 
kan leda till uttalad funktionsnedsättning och vårdberoende hos äldre. Diagnosen 
baseras huvudsakligen på värdering av symtom i kombination med fynd från 
röntgenavbildningar av hjärnan. Idag varierar sättet man ställer diagnos på 
mellan olika forskningscentra, och tolkningen av symtom och röntgenbilder 
skiljer sig från läkare till läkare. 

Sjukdomen är sannolikt underdiagnostiserad. Förekomsten har uppskattats till 
mellan 0,5 % och 3 % bland personer 65 år och äldre, men det saknas fortfarande 
studier från den allmänna befolkningen.  Två olika internationella diagnostiska 
riktlinjer har utarbetats av en forskargrupp från Japan respektive av europeiska 
och amerikanska forskare. Dessa riktlinjer innehåller sinsemellan olika kriterier 
för att erhålla diagnosen iNPH.  Det har bidragit till att diagnossättningen även 
varierar mellan olika länder, vilket sannolikt bidrar till varierande siffror på 
förekomst av iNPH mellan olika studier.  

Det finns enbart ett fåtal studier som undersöker depression och livskvalitet 
bland iNPH patienter och ingen av dessa studier utgår från ett populationsbaserat 
material. Utöver detta är det få studier som har undersökt den naturliga 
utvecklingen av sjukdomen, framför allt när det kommer till röntgenmässiga 
tecken på iNPH. 

Syftena med det här avhandlingsarbetet är därför att: 

• Ta reda på förekomsten av iNPH i den allmäna befolkningen 
(delarbete I). 

• Jämföra diagnossättningen mellan två internationella diagnostiska 
riktlinjer (delarbete II). 

• Mäta förekomsten av depressiva symptom och undersöka livskvaliteten 
bland de med iNPH och jämföra med de utan (delarbete III). 

• Undersöka hur röntgenmässiga tecken på iNPH förändras efter 2 år 
(delarbete IV). 
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Metod och studiedeltagare 

Delarbete I och II 

Under år 2014 fick 1000 slumpmässigt utvalda personer i åldrarna 65 år och 
äldre, bosatta i region Jämtland-Härjedalen, svara på en enkät med sju frågor om 
minnes-, gång-, och urinbesvär. Alla som uppgav minst 2 symtom (117 personer) 
samt en slumpmässigt utvald grupp av personer utan symtom (51 personer) blev 
kallade för neurologisk undersökning, samt skiktröntgen av hjärnan.  
  
Delarbete I: De 168 deltagarna diagnositicerades sedan utifrån internationella 
diagnostiska riktlinjer utifrån resultatet från de olika undersökningarna, i 
kategorierna ”trolig”, ”möjlig” och ”osannolik” iNPH vilket i slutändan gav 
upphov till en siffra på hur vanligt det är med iNPH i Jämtland-Härjedalen.  
 
Delarbete II: Dessa 168 personer diagnostiserades enligt 2 olika internationella 
riktlinjer i syfte att jämföra riktlinjerna. Diagnossättningen jämfördes även med 
en erfaren neurologs bedömning. 

Delarbete III och IV 

En två-årsuppföljning utfördes under år 2017. Antalet deltagare som deltog vid 
uppföljningsbesöket var 122 individer. Vid denna undersökning blev deltagarna 
återigen undersökta med skiktröntgen av hjärnan samt neurologisk 
undersökning. Det samlades även in data på självskattningar gällande upplevd 
hälsorelaterad livskvalitet och depressiva symtom.  

Delarbete III: Uppgifter om hälsorelaterad livskvalitet och depressiva symtom 
jämfördes mellan de med iNPH-diagnos och de utan. Utöver detta undersöktes 
faktorer som kan ha en negativ påverkan på livskvalitetet. 

Delarbete IV: Förändringar över två års tid av röntgenmässiga tecken på iNPH i 
relation till symtom undersöktes.  

Resultat  

Delarbete I:  Förekomsten av iNPH var nästan 4 % av personer 65 år och äldre i 
Jämtland-Härjedalen. Tillståndet var betydligt vanligare bland de som var 80 år 
eller äldre (8,9 %) jämfört med de som var i ålderskategorin 65–79 år (2,1 %).  

Delarbete II: INPH var nästan fyra gånger vanligare när man diagnostiserade 
med Amerikansk-Europeiska riktlinjer jämfört med de japanska riktlinjerna. 
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Överenstämmelsen med en erfaren neurologs diagnossättning var bäst med de 
japanska riktlinjerna. 

Delarbete III: Personer med iNPH hade lägre hälsorelaterad livskvalitet och fler 
depressiva symtom än de utan iNPH. Faktorer som hade koppling till låg 
livkvalitet var en större funktionsnedsättning, en högre grad av iNPH symptom 
och en högre grad av depressiva symtom. 

Delarbete IV: Det sker en viss förändring av röntgenmässiga tecken över två års 
tid. 

Slutsats  

Denna avhandling visar att iNPH är vanligare än vad som tidigare var känt. De 
med iNPH hade mer depressiva symptom och lägre livskvalitet än de utan 
diagnos. Röntgenmässiga tecken på iNPH ökade till viss del efter 2 år. 
Överenstämmelsen i diagnossättning mellan de båda diagnostiska riktlinjerna 
var begränsad vilket stödjer behovet av uppdaterade, enhetliga riktlinjer.  
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Introduction  

Idiopathic normal pressure hydrocephalus (iNPH) is a progressive 
neurodegenerative disease affecting mainly elderly individuals. The illness is 
characterized by enlarged ventricles combined with the cardinal symptoms of gait 
impairment, dementia and urinary incontinence. iNPH can be treated with 
surgical insertion of a drainage system, most commonly a ventriculoperitoneal 
shunt, showing improvements in 60 to 80% of individuals (1, 2). 

 

Figure 1. Insertion of a ventriculoperitoneal shunt device. 

Although the disorder has been known since 1965 (3), the prevalence in the 
general population is still unclear, and the knowledge regarding gender 
differences and age progression is limited. The prevalence in clinical materials 
has been estimated to be between 0.5 and 2.9% among those aged 65 and older 
(4-10). Although iNPH is generally thought to be both underdiagnosed and 
undertreated (2, 11, 12), the prevalence in population-based materials has 
previously not been thoroughly investigated.  

The aetiology of iNPH has yet to be fully clarified, but one of the main theories 
has to do with disturbance of cerebrospinal turnover. Such disturbances can lead 
to an increased amount of cerebrospinal fluid (CSF) within the brain, and likely a 
secondary impact on cerebral blood flow and periventricular structures (13). In 
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recent years, promising findings regarding CSF circulation and genetics have 
been discovered that may alter traditional beliefs on pathophysiology (14-17).  

Patients with iNPH can without treatment, become demented, incontinent and 
wheelchair bound. iNPH patients have shown a higher frequency of depressive 
symptoms and report lower quality of life than controls (18-21). These matters 
have previously only been investigated in clinical materials. 

There are two separate diagnostic guidelines, created by American/European and 
Japanese researchers, respectively (22, 23). These guidelines include the 
diagnoses ‘probable’, ‘possible’ and ‘unlikely iNPH’ based on a combination of 
radiological and clinical features (see Table 4). 

Before the first publication of these guidelines in 2005 and 2008, respectively 
(22, 24), there was no widely accepted way to define an iNPH case. Even after 
these guidelines were issued, the ways of diagnosing an iNPH patient still differ 
across centres, countries, and studies (25, 26). If there is no common 
understanding of the definition of iNPH, it is hard to compare different studies. 
This presents a challenge for future research and clinical care. Hence, one of our 
aims was to determine the prevalence of iNPH in a sample from the general 
population and to compare the diagnosis of iNPH between the two diagnostic 
guidelines. We compared assessments of health-related quality of life and 
depressive symptoms for those with iNPH versus unlikely iNPH. In addition, we 
analysed longitudinal changes in clinical and radiological findings of iNPH. 

Hopefully, the results of this thesis can increase the understanding of the disease 
from a population-based perspective, and contribute to ongoing discussions on 
improving diagnostic guidelines. 
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Background  

Idiopathic normal pressure hydrocephalus 
Hydrocephalus can be divided into two main categories: communicating (non-
obstructive) and non-communicating (obstructive). The latter is characterized by 
the obstruction of CSF flow (e.g. tumours and congenital malformations), which 
may lead to increased intracranial pressure (ICP) (27). In communicating 
hydrocephalus, there are no visible obstructions in neuroimaging, and ICP is 
usually normal or slightly increased (28). The idiopathic form of communicating 
hydrocephalus is called idiopathic normal pressure hydrocephalus and is the 
most common form of communicating hydrocephalus in adults. In secondary 
communicating hydrocephalus, predisposing aetiological factors are present, 
such as traumatic brain injury (TBI), intracranial haemorrhage, or bacterial 
meningitis. 

Dr. Hakim and Dr. Adams were the first to describe the features of normal 
pressure hydrocephalus (NPH) in 1965 (3, 29). They presented the cases of three 
patients who exhibited the cardinal symptoms of NPH: ‘The patients had 
exhibited mental dullness, inattentiveness, psychomotor retardation, 
unsteadiness of gait, and incontinence of urine’ (29). These patients also had 
enlarged ventricles without obstruction of CSF, as seen on 
pneumoencephalography (29). 

Anatomy and pathophysiology 
The brain is situated within a bone cavity with a volume of approximately 1,500 
ml. CSF surrounds the brain, and approximately 100-150 ml of CSF is located 
within the intracranial space (30). CSF serves as a shock barrier for the brain, 
facilitates waste clearance, and helps regulate ICP by creating compliance for 
volume change within the cranium (30-32). 

Approximately 500 ml of CSF is generated each day and is thought to be formed 
through secretions within the choroid plexus, located in the lateral ventricles 
(30). In the traditional view of CSF circulation, CSF is reabsorbed into the venous 
blood through arachnoid granulations, situated in the lateral lacunae and the 
sinus sagittalis (30), as seen in Figure 2. The rapid turnover rate implicates 
continual replacement of CSF. 

 

 



 

14 

Venous pressure and ICP play a role in regulating the reabsorption of CSF, as well 
as resistance to outflow (Rout) (32, 33). In addition to the bulk flow of CSF, 
pulsatile CSF flow originates in the cardiac cycle. The volume of the vessels within 
the brain changes from the pulsations from each heartbeat, which generates ICP 
pulsations of different amplitudes (32). The ICP pulse amplitude is also a function 
of respiratory movement and physiological body position, which modifies CSF 
and blood flow (34). 

 

Figure 2. Traditional view of the circulation of CSF. By OpenStax - 
https://cnx.org/contents/FPtK1zmh@8.25:fEI3C8Ot@10/Preface, CC BY 4.0, 
https://commons.wikimedia.org/w/index.php?curid=30147960 

In recent years, researchers have begun to re-evaluate many of the traditional 
views regarding CSF absorption, flow patterns, and production (35). 

Recently, it was suggested that there is fluid exchange between CSF and 
interstitial space fluid in the brain parenchyma (14, 15, 35). This could be possible 
due to water channels (aquaporin 4) attached to the end feet of glial cells. This 
system of exchange is called the glymphatic system, derived from glia and 
lymphatic cells, to indicate the importance of astroglial cells (see Figure 3). 
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Figure 3. Illustration of the glymphatic system. From Nedergaard, M. 
Neuroscience. Garbage truck of the brain. Science 2013 Jun 28;340(6140):1529-
30. /Reprinted with permission from AAAS. Illustration: K. SUTLIFF/SCIENCE 

 

Pathophysiology of iNPH 
The pathophysiological mechanisms of iNPH are largely unknown and have been 
proposed to be multifactorial, where several different mechanisms can play a part 
(36-39).  

These are some of the potential pathophysiological mechanisms: 

• Vascular factors  
• Disturbances of CSF dynamics 
• Genetic factors 

Small-vessel disease is common in the ageing brain and can be exacerbated by 
diabetes mellitus and hypertension (40). These cardiovascular risk factors may 
also play a part in the pathophysiology of iNPH and are overrepresented in iNPH 
patients (23, 39, 41-43). iNPH and ischaemic cerebrovascular diseases share 
similar pathophysiological mechanisms, and deep white matter lesions are 
associated with more severe iNPH symptoms (44, 45). 

In regard to disturbances of CSF dynamics, studies have shown increased outflow 
resistance (R out) in patients with iNPH, indicating disturbed absorption (32, 46). 
This is supported by the fact that the outflow resistance changes after shunt 
surgery. Further, the mean ICP wave amplitudes in iNPH patients were 
significantly higher in shunt responders than in nonresponders (47), and 91% of 



 

16 

shunted iNPH patients who had elevated ICP pulse amplitudes had a significant 
clinical response after shunt insertion (48) 

Through whole exome sequencing of DNA, Yang et al. (17) found the same 
damaging mutation in 15% out of 53 iNPH patients. They identified two 
recurrent, heterozygous loss-of-function deletions in CWH43 that modify the 
lipid anchor of glycosylphosphatidylinositol-anchored proteins. Humans and 
mice with these deletions have displayed increased ventricular volume in 
combination with gait impairment, consistent with an autosomal-dominant 
pattern of inheritance. 

Other mutations associated with iNPH have been allelic variations of NME8 (49), 
a mutation of the cilia gene CFAP43 (50), and a segmented loss of SFMBT1 (51). 
In sum, these findings help establish iNPH as a distinct illness and signal that 
cilia dysfunction could be a key mechanism behind iNPH (16). 

Clinical characteristics  
In the first original publication on iNPH by Dr. Hakim and Dr. Adams (29), they 
described the classical triad of gait/balance, cognitive decline, and urgency 
incontinence for all three cases. 

Later, it was found that only half of iNPH patients displayed the complete triad 
of symptoms (52-54). Thus, exhibiting full symptomatology is not required for 
diagnosis (22, 23, 37). Usually, gait or balance problems are present in most cases 
(90% or more) (52-54), followed by cognitive decline in 80% (53, 54), and urinary 
incontinence in approximately 75% of cases (52-55). 

Gait and balance impairments 
Individuals with iNPH have a hypokinetic gait with a broad base, decreased step 
length and height, and often become more unstable while turning, with a 
tendency to fall (36, 41, 56, 57). 
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Table 1: Features of gait/balance disturbance, according to the American-
European guidelines and the Japanese guidelines. 

American-European guidelines  (22) Japanese Guidelines (23) 
 

At least two of the following should be present 
for gait/balance disturbance 

Possible iNPH supportive 
features 

Decreased step length Small stride 

Decreased step height Instability during walking 

Decreased speed of walking Shuffle 

Widening standing base Increase of instability on 
turning 

Retropulsion  

En bloc turning (turning requiring three  
or more steps for 180 degrees) 
 

 

Impaired walking balance  
on tandem gait testing 

 

Cognitive impairment 
The cognitive profile of iNPH includes impaired attention and concentration, 
reduced psychomotor speed, impaired memory, and executive functions (58-
60). A typical iNPH patient often has milder cognitive impairment than a 
patient with classical dementia (37), and the deficits of orientation and memory 
are milder in iNPH patients than in those with Alzheimer’s disease (61, 62). 
Further, iNPH patients with cardiovascular comorbidities perform worse on 
neuropsychological tests than other iNPH patients (58).  
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Table 2. The cognitive profile of iNPH according to the two diagnostic guidelines 

American-European guidelines  (22) Japanese guidelines (23) 
 

Impairment on the MMSE* or at least 
two of the following: 

Possible iNPH supportive 
features 

Decreased fine motor speed Cognitive impairment 
detected on cognitive tests 

Psychomotor slowing (increased response latency)  

Difficulty dividing or maintaining attention  

Impaired recall  

Executive dysfunction, such as deficits in working 
memory, multistep procedures, and insight 

 

 
Behavioural or personality changes 
 

 

 

Urinary incontinence 
Individuals with iNPH can experience lower urinary tract symptoms that are 
similar to other disorders common in older age groups (37, 63). The most 
frequent symptoms in iNPH patients are storage symptoms, such as the urgency 
of or increased frequency of urination (55, 63). This is followed by voiding 
symptoms, such as incontinence, or feeling like the bladder has not been fully 
emptied (55, 63). 

Impaired cognition or mobility may also cause functional incontinence, as a 
person might be bedridden or unable to use restroom facilities (63, 64). 
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Table 3. Details on urinary symptoms according to the two diagnostic 
guidelines 

American-European guidelines (22) Japanese guidelines (23) 
 

One of the following should be present: 
 

 

Episodic or persistent urinary incontinence 
not attributable to primary urological 
disorders 

Overactive bladder, mainly 
manifesting as increased 
nocturnal urinary frequency, 
urgency, and urinary incontinence 

Persistent urinary incontinence 
 

 

Urinary or faecal incontinence 
 

 

Or any of the following should be present:  
  
Urinary frequency:  > 6 voiding episodes in 
an average 12-hour period, despite normal 
fluid intake 
 

 

Urinary frequency as defined by frequent 
perception of a pressing need to void 
 

 

Nocturia as defined by the need to urinate 
more than two times in an average night 
 

 

 

Assessment instruments 
In the literature, different tests have been used to evaluate the symptoms of iNPH, 
(i.e. gait, balance, cognition and bladder function) (45, 47, 65-69). The iNPH 
symptom scale by Hellström et al. (67) is primarily designed to evaluate changes 
in symptoms for the same individual over time, and is not specifically designed 
for diagnostic purposes.We will elaborate more on the assessment instruments 
used in this thesis in the Methods section and in the appendix (iNPH symptom 
scale, (67)).  
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Neuroimaging 
The first patients with NPH were investigated with pneumoencephalography (29) 
to visualize enlargement of the ventricles. This imaging technique has since been 
replaced by computed tomography (CT) and magnetic resonance imaging (MRI). 

CT is often used as the first line of investigation due to its fast scanning, high 
accessibility, and low cost. MRI is a better diagnostic tool due to superior soft 
tissue imaging, which enables the detection of aqueduct obstruction, 
periventricular oedema, and other subtle pathological changes. 

Radiological markers associated with iNPH referred to in this thesis include the 
following: 

Evans’ index: The most commonly used radiological 
marker to assess ventriculomegaly, was first described in 
1942 (70). The width of the frontal horns is divided by the 
inner diameter of the skull, regarded as pathological if 
exceeding 0.3, see (Figure 4) (22, 23).  

 

 

 

 

Temporal horns: Widening of the temporal horns occurs in both 
hydrocephalus and medial temporal lobe atrophy (22, 71). The literature is 
lacking in regard to the grading of temporal horn widening for iNPH (71). In this 
thesis, a limit of ≥4 mm is considered pathological (72). 

 

 

 

 

 

 

Figure 4. How to 
measure Evans’ index 



 

21 

Subarachnoid spaces: Disproportionately enlarged 
subarachnoid space hydrocephalus (DESH) is a feature 
included in the Japanese diagnostic guidelines (23). 
DESH includes ventriculomegaly, together with narrow 
sulci over the high convexity and widening of the Sylvian 
fissures (see Figure 5) (73). 

 

 

 

Periventricular white matter lesions: This term is used to describe both 
deep white matter lesions and periventricular oedema, which are hard to 
differentiate using CT (74). Periventricular oedema is believed to occur as a result 
of a hydrostatic pressure gradient, causing deposits of ependymal CSF deposition 
in the periventricular white substance. Deep white matter lesions are associated 
with cerebrovascular disease, which is overrepresented in iNPH patients 
compared to controls (75-77). 

Callosal angle: The distortion caused by dilated 
ventricles can create a narrow angle between the roof of the 
lateral ventricles, as seen in the coronal view (see Figure 6). 
Ishii et al. (78) reported a cut-off below 90° to discriminate 
atrophic ventriculomegaly from iNPH. 

 

 

 

iNPH Radscale: The iNPH radscale is a radiological scale for structural 
evaluation of morphological signs of iNPH (72). This scale includes a combination 
of the radiological signs featured in the two diagnostic guidelines (22, 23). A 
summary of these features is presented in Figure 7. 

  

Figure 6. Callosal angle 
as measured in the 
coronal plane 

Figure 5. Disproportionately 
enlarged space hydrocephalus 
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Figure 7. Image atlas with cut-off levels for each parameter for CT. Permitted 
for reuse by John Wiley and Sons, licence # 1159837-1 
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Differential diagnosis and comorbidities 
iNPH has an average onset at approximately 70 years of age (37). There are also 
several other conditions common in older age groups that may coexist or mimic 
iNPH (41, 79). Listed below are some of the conditions that may share 
symptomatology with iNPH. 

Disorders that may present with all three symptoms: (gait impairment, cognitive 
impairment, incontinence) 

- Parkinsonism 
- Multiple system atrophy 
- Vascular dementia 
- Lewy body dementia 
- Medication side effects 
- Progressive supranuclear palsy 

Disorders that may present with two symptoms:  

- Myelopathy: Gait impairment + incontinence 
- Peripheral neuropathy: Gait impairment + incontinence 
- Spinal stenosis: Gait impairment + incontinence 

Disorders that may present with one symptom:  

- Degenerative arthritis of the knees, hips: Gait impairment 
- Peripheral vascular disease: Gait impairment 
- Alzheimer’s disease: Cognitive impairment 
- Depression: Cognitive impairment 
- Sleep apnoea: Cognitive impairment 
- Prostatic hypertrophy: Incontinence 
- Cystitis: Incontinence 

Disorders that may aggravate symptoms of iNPH include hearing impairment, 
visual impairment, obesity, cardiovascular disease, pulmonary disease, and 
chronic pain disorders (79).  

Thus, in the management of a patient with suspected iNPH, it is vital to carefully 
consider comorbidities and differential diagnosis in the diagnostic procedure and 
preoperative assessment (41, 79). 
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Supplementary tests 
Predictive tests can be used to aid in preoperative decision-making. The primary 
purpose of predictive tests is to determine whether a patient can benefit from 
shunt surgery. 

These tests can be divided into two main categories (32, 36): 

1. Tests that assess the clinical response after CSF-diversion, simulating 
the effects after shunting (i.e. the tap test or external lumbar drainage) 
(32) 

2. Tests that gauge parameters involved in the CSF dynamic system (i.e. 
infusion tests measuring Rout, CSF pulse pressure amplitude) (32, 80)   

Even though predictive tests increase the likelihood of detecting a positive 
outcome (81), no single test can be used to exclude a patient from shunt surgery 
(56, 81). Thus, a patient with a typical radiological and clinical picture can still 
undergo shunt surgery without these preceding tests. In current clinical practise 
a high proportion of patients with suspected iNPH undergo some kind of 
predictive or supplementary test, and in atypical cases or with patients who have 
a heavy comorbidity burden, predictive tests may be of even greater use (79, 82). 

CSF biomarkers 

Other supplementary tests include CSF biomarkers, which provide information 
on differential diagnosis, such as Alzheimer’s disease (83). 

Treatment and outcomes 
Surgical intervention is the currently available treatment for iNPH with the best 
evidence (22, 23, 84, 85). There is evidence in favour of treating iNPH patients 
with shunt surgery from a study conducted in Gothenburg, Sweden, which have 
shown that patients with iNPH who are randomized for an open (versus closed) 
shunt will improve within the first three months (84). A larger randomized study 
on the effect of shunting is ongoing.  

In the treatment of iNPH, the goal is to drain CSF from the ventricles to another 
cavity with a lower pressure, where the fluid can be reabsorbed (37, 86). 
Historically, ventriculoatrial shunts (VA) were often inserted, whereas 
ventriculoperitoneal (VP) shunts are currently preferred (23, 37). In Japan, the 
most commonly used type of shunt is the lumboperitoneal shunt (LP) (85) 
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Outcome 
Improvement rates have risen from approximately 45% in the 1970s to the 
present rate of up to 80% (1, 87). Additionally, complications and shunt 
dysfunction have declined significantly. This is possibly due to the use of modern 
shunt technology, which has reduced the complication rate due to underdrainage 
and overdrainage. Most recent shunt technology includes adjustable shunts and 
antigravitational units, which enable noninvasive adjustments of the 
cerebrospinal flow rate. Partly due to these reasons, the rate of revision surgeries 
has likely decreased from 32 to 12% (87-90). 

After surgery, gait and balance primarily improve, while the outcomes of 
cognition and continence vary to a greater degree (52, 87, 91). A Swedish 
nationwide study found a somewhat lower improvement rate than what has been 
reported previously (2). This study included 2,360 patients based on data from 
the Swedish quality registry. A total of 58% improved on a modified iNPH 
symptom scale, and 38% improved in functional status (≥1 point on mRS). On 
the other hand, a European multicentre study revealed more favourable results, 
with 84% improvement on the iNPH symptom scale, and 69% improvement 
according to the mRS (91). 
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Epidemiology and diagnostics 

History of epidemiology and epidemiological concepts 
Epidemiology means ‘the study of what is upon the people’ and is derived from 
the Greek words epi (upon), demos (people), and logos (study). 

A prominent physician named John Snow is known as the ‘father of modern 
epidemiology’ (92). He investigated the spread of cholera in London in 1854 and 
noticed areas with higher death rates. These areas were supplied with water from 
certain water pumps. Thus, a potential cause of the infectious disease was 
identified, and Snow was able to take measures to end the epidemic, use chlorine, 
and remove the handles on the water pumps (see Figure 8). 

 

Figure 8. A variant of the original map drawn by Dr. John Snow (1813-1858), 
showing cases of cholera in the London epidemic of 1854, clustered around the 
locations of water pumps. By user: Corso. Wikimedia Commons. Distributed 
under a CC0 1.0. Accessed 3 October. 2021 via  
https://commons.wikimedia.org/wiki/File:Snow-cholera-map.jpg 

https://commons.wikimedia.org/wiki/File:Snow-cholera-map.jpg
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Currently, the term ‘epidemiology’ is not only used to describe infectious diseases, 
but also illnesses in general, including conditions that are related. A modern 
definition of epidemiology is ‘the study of the distribution and determinants of 
health and disease in human populations’ (93) 

One way of describing a disease is to detail its patterns and how they vary by sex, 
age, and ethnicity. This kind of demographic information, also referred to as 
descriptive information, can be used for public education and awareness for the 
prevention or early detection of a disease (93). 

Prevalence 
Prevalence is the ‘proportion of persons within a population who have the 
condition of interest’ (93). This is calculated by dividing the number of affected 
individuals (cases) by the total number of individuals in the source population. 
Prevalence is usually expressed by the ‘number of cases per 100,000 inhabitants’. 

Incidence rate 
The incidence rate measures the rapidity with which newly diagnosed cases of a 
disease develop (93). This can be estimated if one follows a population of 
unaffected individuals over time and then counts the number of individuals who 
become affected (cases) during a specified time period (93). The incidence rate is 
expressed as person-time (PT), which is a combination of the time period of the 
observation and the size of the source population. For example, an incidence rate 
could be expressed as three cases per 1,000 person-years. 

Cumulative incidence is the accumulation of new cases over time in a population 
of known and unchangeable size. 

Directions for the epidemiology of iNPH 
There is a lack of population-based epidemiological studies on iNPH. One of the 
reasons for this is that the diagnosis relies on neuroimaging, and it is only in 
recent years that high-quality, cost-effective CT scans have become available. 
Another challenge in the epidemiology of iNPH is the lack of a uniform, widely 
accepted way of classifying iNPH. If we wanted to determine how many 
individuals have a condition of interest, it would be important to know how to 
define a case of that specific disease. 

According to the American-European guidelines (AEG) (22), one of the key issues 
for future investigation is to study the prevalence of iNPH in community dwelling 
populations by use of standardized diagnostic criteria. Furthermore, in a recent 
systematic review, Zaccaria (25) et al. proposed that high-quality, population-
based epidemiological studies should be carried out to allow for a better 
understanding of the epidemiology involved. 
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Diagnostic criteria  
Two separate diagnostic guidelines for iNPH have been published, conducted by 
American/European and Japanese researchers (22, 23). In this thesis these 
guidelines are labeled as AEG (the American-European guidelines (22)) and JG 
(the Japanese guidelines 2nd edition (23)) The differences between these two 
guidelines are presented in Table 4. 

A third edition of the JG was published in january 15th, 2021 (94). See Appendix 
and the Discussion section for more information on this. 
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Table 4: A simplified schema of the American-European and Japanese 
diagnostic guidelines, including criteria for probable, possible, and unlikely 
iNPH 

American-European guidelines (22) 

 Probable Possible Unlikely 
Clinical Gait disturbance ≥ 1 of No symptoms,  
 + ≥ 1 of Gait disturbance  or explained  
 Cognitive decline Cognitive decline by another 

more 
 Urinary incontinence Urinary incontinence likely cause 
Physio-
logical 

CSF opening pressure  
5–18 mmHg 

  

Imaging EI > 0.3 EI > 0.3 EI ≤ 0.3 
 + ≥ 1 of   
 Narrow CA   
 Wide temporal horns   
 Periventricular signal 

changes 
  

CSF = cerebrospinal fluid, EI = Evans’ index, CA = callosal angle 

Japanese guidelines 2nd edition (23) 

 Probable Possible Unlikely 
Clinical ≥ 2 symptoms:  ≥ 2 symptoms:  None of the  
 Gait disturbance Gait disturbance symptoms 
 Cognitive 

impairment 
Cognitive impairment  

 Urinary incontinence Urinary incontinence  

Physio-
logical 

CSF opening pressure 
200 mmH2O 
+ 1 of (if not DESH) 
Positive tap test 
Positive CSF drainage 
test 

  

Imaging EI >0.3 
DESH + gait 
disturbance required 
if not positive tap test 
or CSF drainage 

EI >0.3 
 
Possible with MRI 
support 
+ DESH 

EI ≤ 0.3 

CSF = cerebrospinal fluid, EI = Evans’ index, MRI = magnetic resonance 
imaging, DESH = disproportionally enlarged sulci hydrocephalus 
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Citation of guidelines 
Since the AEG was published in 2005, there has been a steady rise in publications 
that have used the guidelines, resulting in an increased rate of citations. The same 
held true after the first edition of the JG was released in 2004, which was later 
translated to English in 2008. Figure 9 shows the trend in citations and the 
widespread use of both guidelines. The citation count for JG includes only English 
versions of the guidelines. 

 

Figure 9. Citation count, including self-citations, for AEG Part I-V and JG 1st ed., 
2nd ed., and 3rd ed as of 2021-06-02. Dotted line illustrates the publications 
during 2021. Source: Scopus 

Prevalence of iNPH  
The first studies on the prevalence of iNPH were mostly conducted using clinical 
materials or designed with other conditions in mind (for example, patients with 
Parkinsonism or patients with dementia) (26). Before the two diagnostic 
guidelines were issued, the definition of an iNPH case was even more 
heterogeneous. Thus, the studies displayed in Table 5 were published after 2004 
to include studies that were able to employ the guidelines for diagnosis. 
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Table 5: Studies on the prevalence of iNPH, published after 2004. 

Author Year/ 
country 

Study 
Participants 

  Design Definition  Results 

Kuriyama 
(95) 

2017/Japan 

 

Nationwide 
survey in 2012, a 
random sample 
of 4,220 
hospitals, of 
which 1,804 sent 
answers back 
(42.7%). 

Retrospective 
 
Hospital-
based 

JG Tot. 
population 
10.2/100,000 
 
≥60yrs:  
31.4/100,000 

Lemcke (96) 2016/ 
Germany 

 

7,507,537 
insured at the 
Barner health 
insurance 
company year 
2008-2012. 

Retrospective 
 
Hospital-
based 

Diagnosed 
from 
medical 
records, 
ICD-9, and 
OPS codes 

Estimated 
prevalence  
0.01% 

Jaraj (5) 
 

2014/ 
Sweden 

 

1,238 accepted 
CT scans out of 
2,182 
participants 
from earlier 
studies (1986-
2000) on the 
elderly  

Retrospective 
 
Population-
based 
 

AEG Tot. 
Prevalence: 
probable 
iNPH: 2.1% 
 
Age 70-79: 
0.2% 
≥80 yrs: 5.9% 

Iseki (8) 2014/Japan 

 

From 2000-
2004, all 
residents in the 
town of 
Takahata and 
the city of Sagae, 
aged 61 or 70-
72; 1,142 were 
invited, of which 
790 accepted the 
MRI 

Prospective 
 
Population-
based 

JG Cumulative 
prevalence: 
Year 2000: 
1/271 (0.37%) 
Year 2010: 
3/211 (1.42%) 
 

Muang-
paisan 
(97) 

2012/ 
Thailand

 

Patients with 
cognitive 
impairment who 
attended an 
outpatient 
geriatric clinic. 
n=233  

Retrospective 
 
Hospital-
based 

Medical 
records 

Prevalence 
0.9% 

Tanaka (6) 2009/Japan 

 

497 participants 
from a previous 
study with 1654 
participants.  
(51.6% of the 
3,207 residents 
in Tajiri; 1998-
2001, aged ≥ 65) 

Retrospective 
 
Population- 
based 

JG Tot. 
prevalence 
Possible iNPH 
1.4%  
 
Age 65-74 
:0.4%  
≥ 75 yrs: 2.7%  
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Author Year/ 
country 

Study 
Participants 

  Design Definition  Results 

Palm (98) 
 
 
 
 

2009/ 
Iceland 

 
 
 

858 persons 
from a cohort 
intended to 
examine 
cardiovascular 
disease in 
individuals born 
1907-1935 in 
Reykjavik. 
Examined year 
2002-2004 

Retrospective 
 
Population-
based 

Ventriculo
megali 
combined 
with iNPH 
symptoms 

Prevalence 
gait + one 
more 
symptom, 
combined with 
highest 
quartile of 
ventricular 
volume: n 
71/858 = 8.3% 

Hiraoka (10) 2008/Japan 

 

170 subjects who 
in 1996 
underwent MRI 
out of 2,352 
subjects who 
completed a 
survey (93.5%) 
of all residents 
of Tajiri, aged ≥ 
65. 

Retrospective 
 
Population-
based 

 JG INPH tot 
prevalence: 
2.9%  
 
 

Brean (9) 2008/ 
Norway 

 

Extensive media 
campaign for 
the public and 
primary health-
care providers;  
suspected iNPH 
cases are 
referred to the 
neurological 
department 
serving the 
Vestfold area 

Prospective 
 
Population-
based 
and hospital- 
based 

AEG Probable 
iNPH 
Tot 
prevalence 
21.9/100 000 
50-59  
3.3/100 000 
60-69  
49.3/100 000 
70-79 
181.7/100 000 
≥80  
93.3/100 000 

Marmarou 
(99) 

2007/USA 

 

254 patient 
charts screened 
by a trained 
nurse for the 
presence of 
iNPH 
symptoms. 
From four 
nursing homes. 
Population  <85 
years: n= 147 
 

Retrospective 
 
Hospital- 
based 

Medical 
records, 
presence of 
iNPH 
symptoms 

Total 
population: 
6.7% 
For  <85 yrs 
Complete 
triad: 7.5% 
Gait 
disturbance+ 
incontinence: 
14.7%  
Gait + 
dementia: 
9.4% 
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Systematic reviews on prevalence 
Two systematic reviews on the epidemiology of iNPH have been published (25, 
26). The most recent study, by Zaccaria et al. (25), accounted for both the 
methodological quality and consistency of the included studies and used 
standardized criteria in the assessments. According to Zaccaria et al. (25), the 
heterogeneity of the methodological design makes it difficult to acquire pooled 
data on the prevalence and incidence of iNPH. 

Age and sex differences 
Several studies indicate that the prevalence of iNPH increases with age (5, 7-9). 
According to the systematic review by Zaccaria et al. (25), age-specific rates range 
from 3.3/100,000 for those aged 50-59 to 5.9% for those aged ≥80.  

Few epidemiological studies have reported on differences in the prevalence 
between the sexes (5-7). Tanaka et al. (6) and Jaraj et al. (5) did not show any 
differences between the sexes, while a study from northern Spain showed a higher 
incidence rate of iNPH in men than in women, with a rate ratio of 1.46:1 (7).  

In the US, considerable differences in inpatient iNPH diagnoses were found 
between the sexes, among race/ethnicity and income level, indicating 
socioeconomic and healthcare inequality (100).  

Incidence of shunt surgery 
For all ages, the incidence rates of iNPH ranges from 0.22 to 5.5 cases per 
100.000 inhabitants-year in previous studies with clinical material (9, 101).  

The annual incidence rate of surgery in Sweden for hydrocephalus was 
3.33/100,000 according to a study published in 2005 (102). From 2004 to 2011 
in Sweden, the annual incidence of shunt surgery in iNPH was 2.2 +/- 
0.8/100,000/year (2). In Norway, the incidence of shunt surgery has been 
reported to be 1.09/100,000 (11). 
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Health related quality of life  
In the treatment of iNPH, most focus has been on improvements in gait and 
functional level, while studies on quality of life and other self-rated outcome 
measures are scarce. Nevertheless, it has been emphasized that maximizing 
quality of life (QoL) is a central goal for all health care, particularly when dealing 
with dementing disorders (103). 

The World Health Organization has defined QoL as the ‘individual’s perception 
of their position in life in the context of the culture and value systems in which 
they live and in relation to their goals, expectations, standards and concerns’ 
(104). 

‘Health-related’ was added as a prefix to QoL in medical research to stress the 
effect of health rendering conditions on QoL; thus, the term health-related quality 
of life (HRQoL) was formed (105, 106). 

There are different kinds of HRQoL measures; they can be divided into (1) 
generic and (2) disease-specific HRQoL instruments (105). Generic HRQoL 
measurements can be suitable for investigating HRQoL impairment caused by 
the disease or condition (31). Disease-specific measures can be better suited to 
follow changes in HRQoL after an intervention. There are no disease-specific 
HRQoL measures for iNPH, and past studies on HRQoL in iNPH have used 
generic HRQoL measures (19, 21, 107). 
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Depressive symptoms and iNPH 
 

Defining depressive disorders and depression in iNPH 

A review article by Dean et al. (108) summarized an integrated perspective on the 
mechanisms of depression. They discussed the complexity of major depressive 
disorder (MDD) and the numerous biological mechanisms involved. These 
mechanisms include alterations of monoamines, HPA axis dysregulation, 
inflammation, reduced neurogenesis, and neuroplasticity. Psychological 
mechanisms can also be a factor. Further, each mechanism can interact with 
other pathways, ultimately activating the entire cascade leading to depressive 
disorders. 

The authors recommended an integrated approach to take these different 
mechanisms into account when dealing with depression in research and clinical 
practice. They also mentioned a possibility of there being several subtypes of 
depression, and that each pathophysiological mechanism may lead to separate 
subsyndromes of depression. 

Ostergaard et al. and Fried supported the latter notion (109, 110) and discussed 
the heterogeneity of depressive disorders, problematizing the low interrater 
reliability and use of numerous scales of assessment. In fact, the nine symptoms 
of depression according to the DSM-5 can give rise to 1,497 combinations of 
different symptoms (109). For example, two patients who both fulfil the DSM-5 
criteria for depression might not share any symptoms or clinical characteristics 
at all. Ostergaard et al. (109) proposed redefining depressive syndrome into 
narrower definitions, and included relevant subtypes to stimulate research into 
the aetiology and treatment of depressive disorders. 

A recently proposed mechanism that could induce a subtype of depression in the 
elderly is the ‘vascular depression hypothesis’, as discussed by Taylor et al. (111). 
According to this theory, vascular changes affect cerebral blood flow in the frontal 
cortex and its modulating systems, which could induce typical depressive 
symptoms and cognitive impairment. This hypothesis could also be a potential 
mechanism of depression in iNPH since cardiovascular risk factors are 
overrepresented in iNPH (39, 41-43), and symptoms such as apathy and lack of 
spontaneity are also seen frequently in iNPH (112). 

Whereas the efficacy of antidepressant drugs for a patient with iNPH and 
coexisting depression has not been thoroughly addressed in the literature, a 
potential alleviation of depression could be due to a shunt operation. This is 
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supported by the results from a Japanese study, which showed that depression 
decreased in iNPH patients, from 36% before surgery to 5% three months after 
surgery (113). Whether the effect reported in this study was due to the increase in 
functional status or due to the alleviation of the neuropsychiatric impact of iNPH 
remains to be answered. 

More knowledge about the pathophysiology of iNPH could lead to better 
indications of why individuals with iNPH develop depressive symptoms and 
subsequently how to best treat them. Due to a lack of pathophysiological 
understanding, studies on the treatment effects of antidepressants and shunt 
operations are needed to guide future treatment efforts. 

  



 

37 

Longitudinal changes in neuroimaging 
Some of the individual radiological features associated with iNPH have been 
studied longitudinally before, but not specifically linked to iNPH (22, 114). 
Whereas other features have not been studied combined.  

These are some of the features that have been examined individually:  

 White matter lesions are more prevalent in older age groups (115, 
116) 

 Evans’ index increases with age (117) 
 Hippocampal atrophy becomes more pronounced with age, which 

increases the dilation of the temporal horns (118, 119) 

Most previous studies with pre- and postoperative imaging have been performed 
with the intention of identifying radiological markers with predictive value for 
shunt response. 

Jaraj et al., Iseki et al., and Kimihira et al. observed individuals with imaging 
findings of iNPH that later developed iNPH symptoms (4, 120, 121). Iseki et al. 
(4) called this phenomenon asymptomatic ventriculomegali (AVIM) with iNPH 
features on MRI, which is proposed to represent a preclinical stage of iNPH. 
These studies reported on symptom development for individuals who already had 
ventriculomegaly but did not focus on the evolution of neuroimaging findings (4, 
120, 121). 

 

In sum, the natural course of iNPH in imaging is not well studied. What 
happens with the radiological features in the natural evolution of iNPH? 

  



 

38 

Rationale for research 
The ageing population presents challenges for society and health care around the 
world (122). iNPH generally affects individuals around the age of 70 (37), and 
among assisted living and extended-care facilities, it has been estimated that one 
out of ten individuals suffers from iNPH (99). Residents with cognitive 
impairment and dementia are prevalent in long-term residential care (123), and 
iNPH has been considered a reversible cause of dementia (124). All things 
considered, iNPH probably has a substantial impact on the ageing population, 
which further highlights the importance of the disease. 

There is a lack of epidemiological studies on iNPH, and most studies have been 
based on selected materials at tertiary centres (25, 26). Despite the disease being 
known since 1975 (29), it is only recently that larger epidemiological studies have 
examined iNPH (4-6, 9, 10). One reason for this is that the diagnosis relies heavily 
on neuroimaging, and it is only in modern days that cost-effective, high-quality 
CT scans have become available. Another methodological difficulty in conducting 
prevalence studies is the heterogeneity in the definition of iNPH (25). Two 
separate diagnostic guidelines were published in 2005 and 2008 (22, 24), 
respectively, and the iNPH diagnosis differs based on which diagnostic guidelines 
are used, and on which assessment instruments are used for symptoms and 
radiology. 

The natural course of iNPH has only been described in a few studies (8, 125, 126), 
which mostly been focused on symptom progression and not on the evolution of 
radiological signs. Increased knowledge of this could help in the understanding 
of the disease and aid in clinical practice. 

The foundation of an iNPH diagnosis is rooted in a combination of symptoms and 
radiology (22, 23). This is vital information for both researchers and clinicians. 
On the other hand, the patient’s own perspective on health and illness can be 
viewed as equally important. Assessments of health-related quality of life and 
other patient-reported outcome measures (PROMs) are scarce in the literature 
on iNPH. 
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Aims 

 

The general aim of the thesis was to estimate the prevalence of iNPH, to evaluate 
the current diagnostic guidelines and describe the natural progression of 
radiology and symptoms after a 2-year period. 

Paper I 

To compare the prevalence of iNPH among individuals aged 65 and older, in a 
population-based sample in the county of Jämtland.  

Paper II 

To compare the two current diagnostic guidelines for iNPH in a sample from the 
general population. 

Paper III 

To compare depressive symptoms and quality of life between individuals with and 
without iNPH and to address factors associated with low quality of life. 

Paper IV 

To investigate how imaging features of iNPH evolved relative to symptoms, over 
a 2-year period in a cohort of individuals aged 65 and older. 
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Materials and methods 

Summary of study design and statistical methods 
  

Paper I 
 

Paper II 
 

Paper III 
 

Paper IV 
 

Design Cross-sectional Cross-sectional Cross-sectional Prospective 
cohort study 

Date 
published 

May 2019 April 2017 Submitted In manuscript 

Years 
 included 

2014-2015 2014-2015 2017 2014-2015 and 
follow-up:  
2017 

Outcome  
studied 

Prevalence of 
iNPH in a 
population-
based sample 
≥65 years  

Differences in 
diagnosis 
between the 
diagnostic 
guidelines 

Suspected 
depression, 
disability, 
HRQoL,  

Longitudinal 
changes of 
imaging 
findings and 
symptoms of 
iNPH 

Exposures Prevalence 
according to 
AEG and JG,  
age, sex,  
non-response 
analysis 

iNPH 
Diagnosis 
according to 
AEG and JG, 
based on pre-
defined cut off 
limits in 
symptoms and 
radiology 

iNPH 
diagnosis (JG) 
from 2017, 
GDS-15, 
EQ5D-5L, 
Radscale score, 
iNPH score, 
mRS 

iNPH 
diagnosis (JG) 
from 2014-
2015, Radscale 
score, iNPH 
symptom score 

Statistical 
analyses 

Mann–
Whitney U 
test, chi-
square, 
Fisher’s exact 
test 
 

Cohen’s kappa 
statistics, 
Kruskal-Wallis 
test, ROC 
curves 

Mann–
Whitney U 
test, chi-
square, 
Fisher’s exact 
test, logistic 
regression 
 

Mann–
Whitney U test, 
chi-square, 
logistic 
regression, 
Wilcoxon’s 
signed-rank 
test, 
Spearman’s 
correlation 
analysis, 
McNemar test 
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Study population 
We began the study in autumn of 2014. At the time, the region of Jämtland had a 
total population of 127,000, of which 28,900 residents were 65 and older. Using 
the Swedish population registry (SPAR) (127), we randomly selected and invited 
1,000 individuals to participate. They received a questionnaire with seven 
questions based on an American precursor (128) regarding typical iNPH 
symptoms (i.e. gait, cognitive and urinary incontinence) (see Figure 10). The 
response frequency was 67.3%, and 500 individuals agreed to further 
participation. We chose all participants who reported two or more symptoms (n= 
117), as well as a randomized sample of individuals reporting less than two 
symptoms (n=51), for further examination, with a clinical examination and CT 
scan of the brain. See Figure 11 for more information on inclusion and dropouts. 

 

 

Figure 10. Screening questionnaire (‘yes’ or ‘no’ answers) in English (bold) and 
Swedish (italics) 
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Figure 11. Flow chart of sample selection. Note: a Gait disturbance 
mandatory.  b Including 49 individuals reporting two symptoms of 
cognitive decline or incontinence but no gait disturbance. c Randomly 
selected, including five individuals reporting two symptoms of cognitive 
decline or incontinence. Published in Paper I, reprinted with 
permission. 
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Physiological examination 
Measurements on CSF opening pressure is an obligatory criterion for ‘probable 
iNPH’ diagnosis according to AEG. However, we did not perform CSF 
measurements because we deemed them too invasive for a population-based 
material, which included healthy participants. 

Ethical permission 
We obtained ethical approval from the Regional Ethical Board in Umeå 
(2014/180-31) and the Radiation Protection Committee (2014-10-03). 

All participants gave written informed consent. The follow-up study was 
approved by the Regional Ethical Board in Umeå (2017-167-32M) and the 
Radiation Protection Committee (2017-04-24). 

All studies were performed in accordance with the Declaration of Helsinki. We 
referred participants with symptoms of iNPH or other medical conditions to 
ordinary health care for further investigation. 

The 2-year follow-up 
After two years, we reinvited the participants from 2014-2015. Out of 168 
individuals from the baseline cohort, 16 had passed away; 127 individuals 
remained and agreed to take part once more. Of those, 122 completed both 
radiological and clinical examinations. Three declined the clinical examination, 
and two declined the radiological examination. (See Figure 12 for details.) 

We used the same study protocol in 2014-2015, which consisted of clinical 
examinations and a CT scan of the brain. In addition, we collected information 
on depression and self-rated quality of life (129, 130). 

  



 

44 

 

Figure 12. Flowchart of study participants for the 2-year follow up 

Clinical examinations 
We employed the iNPH symptom scale (67) to assess the severity of symptoms, 
including the following tests: the Rey Auditory Verbal Learning Test, the Swedish 
Stroop test and grooved pegboard, a 10-metre walking test and evaluation of 
balance, and gait and urinary incontinence via ordinal scales (131-133). (See the 
appendix.) For the 10-metre walking test, the normal comfortable speed was 
measured, with the average time and steps measured after two trials. In addition, 
we used the MMSE test for cognition, time up and go to evaluate gait, and 
Romberg’s test to measure balance (134-136). 
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Radiological examinations 
The radiological features assessed were included from both diagnostic guidelines 
(American-European Guidelines and Japanese guidelines) (paper I, II, III). 
These features included Evan’s index, callosal angle, periventricular 
hypodensities (white matter lesions), size of temporal horns and DESH 
(Disproportionately enlarged subarachnoid space hydrocephalus) (70, 137-140). 
DESH encompasses compressed sulci over the convexity combined with enlarged 
sylvian fissures and focally enlarged sulci. For paper IV the scores from the 
iNPH Radscale were assessed. See Table 6, and Figure 7 in the Introduction 
section. 

We included the radiological features assessed from both diagnostic guidelines 
(AEG and JG) (papers I, II, III). These features included Evans’ index, 
callosal angle, periventricular hypodensities (white matter lesions), as well as 
the size of the temporal horns and DESH (70, 137-140). DESH encompasses 
compressed sulci over the convexity, combined with enlarged Sylvian fissures 
and focally enlarged sulci. For Paper IV, we evaluated the scores from the 
iNPH Radscale. See Table 6, and Figure 7 in the Introduction section.Table 6: 
Definitions of radiological features in the two diagnostic guidelines and 
the iNPH Radscale 

 AEG 
(22) 

JG 
(23) iNPH Radscale 

Ventriculomegaly EI > 0.3 EI > 0.3 1 p: Suspected: EI 0.25–0.3 
2 p: Confirmed: EI ≥ 0.3 

Compressed sulci  DESH 
present 

1 p: No CSF in parafalcine sulci 
2 p: No CSF in sulci over vertex 

Sylvian fissures 1 p: Wider than surrounding 
sulci 

Focally enlarged sulci 1 p: Present 
Temporal horns Enlarged  1 p: 4 mm – <6 mm 

2 p: ≥ 6 mm 
Callosal angle > 40°  1 p: ≤ 90° – 60° 

2 p: < 60° 
White matter lesions Present  1 p: Punctate 

2 p: Confluent 

AEG: American European guidelines, JG: Japanese guidelines, EI: 
Evans’ index, DESH: disproportionally enlarged sulci hydrocephalus, 
CSF: cerebrospinal fluid 
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Assessments on HRQoL, functional impairment and depressive 
symptoms  

Evaluation of depressive symptoms  
At the 2-year follow-up, the participants completed the Geriatric Depression 
Scale 15 (GDS-15), a screening instrument for depression in the elderly with a 
sensitivity of 82–100% and specificity of 72–82% (22). The GDS-15 consists of 15 
‘yes’ or ‘no’ self-completing questions; a score of ≥ 5 indicates suspected 
depression (23).  

Evaluation of functional impairment 
Modified Rankin Scale (mRS) was used to rate functional impairment (24). The 
scale consists of five levels:  0 (‘no symptoms’) to 5 (‘severe disability requiring 
constant nursing care’). A modern version of the original scale also include level 
6,  (‘death’). The later version of this scale is employed in this thesis. 

In this thesis disability was defined as an mRS score of ≥ 2.  

Self-reported Health-related quality of life 
To investigate HRQoL, the EuroQol five-dimensions 5 levels instrument (EQ5D-
5L) was used. The questionnaire is not disease specific and consists of questions 
on mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. 
Each question has five alternatives: no problems, slight problems, moderate 
problems, severe problems, and extreme problems/unable to perform (25). The 
result can be converted to an index value, originating from data generated from a 
general population survey using the time-trade-off method. A value of 1 is 
considered full health, a value of 0 is considered dead, and a value below 0 is 
considered a health condition considered by the general population as a health 
state worse than death. The UK index tariff was used to calculate the index value 
as there is no Swedish index tariff (26). EQ5D-5L also consists of a self-rating 
section with a visual analogue scale (EQ-VAS), 0–100, where 100 is the best 
health imaginable. 
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Diagnostic procedure 
We classified the participants according to both the JG and AEG diagnostic 
guidelines (see Table 7). These guidelines include the diagnoses ‘probable’, 
‘possible’ and ‘unlikely iNPH’ based on a combination of radiological and clinical 
features. One challenge was to define what counted as impaired function in each 
domain of symptoms. This had to be done to establish whether each participant 
had an impairment in each domain of gait, balance, cognition, and continence. 

 

Table 7: Simplified schema of the clinical criteria of the diagnostic guidelines: 
The American-European and Japanese guidelines. 

American-European guidelines (22) 
 Probable Possible Unlikely 
Clinical Gait/balance 

disturbance 
≥ 1 of No symptoms 

 + ≥ 1 of Gait disturbance or explained 
 Cognitive decline Cognitive decline by other, more 
 Urinary incontinence Urinary incontinence likely causes 

 

Japanese guidelines, 2nd edition  (23) 
 Probable Possible Unlikely 
Clinical ≥ 2 symptoms of: ≥ 2 symptoms: None of the 
 Gait/balance 

disturbance 
Gait disturbance symptoms 

 Cognitive 
impairment 

Cognitive impairment 
Urinary incontinence 

 

 Urinary incontinence   
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Clinical assessment: Determining cut off limits between normal and 
impaired functioning  

The iNPH symptom scale ranks from 0-100 were 100 is determined to be 
“healthy” (67). The control group of the iNPH neuropsychological domain 
included healthy participants aged 50-91 years (mean age 67), without other 
neurological disorders. For continuous gait measures the control group was even 
more selected (141). Thus, the controls were likely healthier than the average 
elderly from the general populations.  

The iNPH symptom scale ranks from 0-100, and 100 is determined to be ‘healthy’ 
(67). The control group of the iNPH neuropsychological domain included healthy 
participants aged 50-91 (mean age: 67) without other neurological disorders. For 
continuous gait measures, the control group was even more selected (141). Thus, 
the controls were likely healthier than the average population of elderly 
individuals.  

Additionally, almost 70% of the participants included in our study reported some 
degree of symptoms of gait/balance, as well as cognition or bladder dysfunction. 
Further, we included individuals with comorbidities such as arthrosis, spinal 
stenosis, or other neurological disorders. Therefore, we had to determine more 
appropriate cut-off limits based on the results from our study population. 

We used receiver operating characteristic (ROCs) curves to determine the optimal 
sensitivity and specificity for each cut-off limit in each domain. The reference was 
the diagnosis of iNPH by a senior consultant in neurology. Overall, a higher 
sensitivity was preferred over a higher specificity because we did not want to 
exclude those with iNPH. For the continence domain, we employed common 
clinical sense in combination with observing the distribution of scores in a 
histogram. We did this because the continence domain only consists of an ordinal 
rating scale of 6 steps. 
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Cut-off limits between normal and impaired functioning are presented below in 
Table 8. Optimal sensitivity and specificity for the cut-off limits of the gait domain 
iNPH score are presented in Figure 13. 

 

Table 8. Cut-off limits for each domain of symptoms (iNPH- symptom scale(67)) 

 

 

 

 

 

 

 

 
Figure 13. Gait domain score, cut-off limit < 86: sensitivity (0.86), specificity 
(0.68). 

  

Domain Cutoff 

Gait domain <86 

Balance domain <83 

Neuropsychology domain <80 

Continence domain <100 
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Determining cut-off limits for radiological parameters 

The cut-off levels for the radiological markers, Evans’ index (>0.30) and the 
callosal angle (<90°), were based on the literature (78, 142). We determined the 
cut-off limits between normal and widened temporal horns by using ROC curves, 
with the neurologist’s diagnosis serving as the gold standard. Kockum et al. (72) 
explained the other parameters previously in an extensive manner. 

Diagnostic categories 

For papers I and II, we used both diagnostic guidelines (AEG and JG) to classify 
the participants under each respective diagnostic category. Due to the results in 
Paper II, we only used JG in Papers III and IV. (See Table 9 for details.) 

Table 9 Summary of the differences in diagnostic classifications between the 
papers 

Paper I 
 
For the prevalence of iNPH, the participants were diagnosed according to the 
AEG and JG. This paper was published after Paper II, and we reviewed the 
participants’ diagnoses carefully in light of differential diagnoses. This was 
important to assess the prevalence of iNPH and was more in line with clinical 
practice when we must consider the entire clinical picture. 

Paper II 
 
For this paper, the participants were diagnosed strictly according to predefined 
cut-off limits for each domain of symptom and radiological marker. This was 
done to compare the diagnostic guidelines with the same objective measures, 
without considering more subjective clinical assessments or the overall 
picture. Thus, the diagnoses in Paper II are not totally identical to those of 
Paper I. 

Papers III and IV 
 
For these papers, JG was used; ‘possible iNPH’ and ‘possible iNPH with MRI 
support’ were combined and labelled as iNPH. The Japanese diagnostic 
guidelines were used because it was found to have a better concordance to the 
assessment by a senior consultant in neurology than the American-European 
guidelines (based on results from Paper II). 

 AEG: American-European guidelines, JG: Japanese guidelines 
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Statistical analyses: 
Descriptive statistics for all papers are presented as medians with interquartile 
ranges (IQRs). We employed the Mann–Whitney U test to assess differences 
between groups for continuous variables. To measure differences in proportions 
between groups, we used the chi-square test and Fisher’s exact test. We 
performed statistical analyses using SPSS (version 23, 24, 26 and 27 IBM, IL, 
USA). The main author performed all statistical analyses in all papers except for 
Paper IV. Statisticians and coauthors Lars Söderström and Anna Lindam 
supervised and collaborated on the statistical methods and calculations. 

To estimate the prevalence of iNPH (Paper I), we divided the number of 
participants diagnosed with iNPH by the total number of individuals who 
returned completed questionnaires. We conducted an analysis regarding age and 
sex differences between questionnaire responders and non-responders, 
participants, and non-participants using the Mann–Whitney U test and chi-
square test, respectively. 

In Paper II, we used kappa statistics (Cohen’s kappa) to assess concordance in 
the diagnoses between the JG, AEG, and the neurologist’s diagnosis. To label the 
grade of concordance, the definitions by Douglas G Altman were used (143). We 
used the Kruskal–Wallis test to analyse the differences in the level of disability 
(mRS) between the diagnostic groups 

In Paper III, crude and multiple logistic regression models were used to 
estimate risk factors for suspected depression (GDS: 15 ≥ 5), disability (mRS: ≥ 
2), and low HRQoL (EQ5D-5L). We first considered using multiple linear 
regression, but since the criteria of normally distributed residuals were not met 
for several parameters (HRQoL, iNPH score, age), we reconsidered. 

In Paper IV, we assessed differences in radiological findings between baseline 
and follow-up using Wilcoxon’s signed-rank test and the McNemar test. 
Spearman’s rank correlation was employed to assess the association between 
changes in symptoms and radiological scoring. We applied logistic regression 
analyses to adjust for the influence of sex and age on the shift in radiological 
findings. 
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Results 

Paper I  
Prevalence of iNPH 

The estimated overall prevalence of probable iNPH among individuals aged 65 
and older was 3.7% according to the AEG and 1.5% according to the JG. 

The prevalence of INPH, according to AEG, was higher in the age group of 80 
years and above (8.9%) than in those aged 65-79 (2.1%) (p<0.001). We did not 
observe any statistically significant differences regarding the prevalence between 
men (4.6%) and women (2.9%) (p=0.23). 

 

No sex differences 

 

 

 

 

 

Prevalence of iNPH:  8.9% among those aged ≥80 years 
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The distribution of symptoms for the different domains of the iNPH symptom 
scale (67) (n= 168) 
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Table 10. Presence of impairment in each domain of symptoms according to 
AEG and JG 

Presence of 
Impairment 

American-European guidelines 
n = 168 

Japanese guidelines 
n =168 

 unlilkely 
n = 119 
n (%) 

possible 
n =24 
n (%) 

probable* 
n = 25 
n (%) 

unlikely 
n =130 
n (%) 

possible 
n = 28 
n (%) 

Probable** 
n = 10 
n (%) 

Gait  

iNPH score <86   
39 (32.8) 10 (41.7) 24 (96.0) 39 (30.0) 24 (85.7) 10 (100) 

Balance  

iNPH score <83  
22 (22.7) 3 (12.5) 15 (60.0) 22 (16.9) 12 (42.9) 6 (60.0) 

Neuropsychology 

iNPH score <80 
38 (31.9) 17 (70.8) 20 (80.0) 42 (32.3) 23 (82.1) 10 (100) 

Continence 

iNPH score <100 
66 (55.5) 16 (66.7) 22 (88.0) 71 (54.6) 23 (82.1) 10 (100) 

Impairment according to cut-off scores in each domain of symptoms (iNPH 
symptom scale (67)), see Table 8 in the Methods section. 
 
AEG: American-European guidelines, JG: Japanese guidelines 
*probable = modified ‘probable iNPH’ due to the exclusion of CSF-opening 
pressure as a criterion 
**probable = ‘possible with MRI support’ according to JG 
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Paper II 
 

Differences between the diagnostic guidelines 

The number of individuals diagnosed with probable iNPH, strictly based on the 
diagnostic guidelines with predefined cut-off levels for each domain of symptoms, 
was 35, 11, and 11 according to the AEG, the JG, and the neurologist, respectively. 

We considered the concordance in the number of subjects diagnosed with iNPH 
between JG and AEG to be fair (Kappa = 0.51). The highest concordance was 
between the neurologist’s diagnosis and that of JG (Kappa = 0.69), while the 
lowest was between the neurologist’s diagnosis and that of AEG (Kappa = 0.44). 
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Differences in diagnostic classification between Paper I and Paper II 

Due to the differences in the diagnostic classification between papers I and II, this 
gave rise to different figures on the diagnostic classifications of the participants 
between the papers. Ten individuals were changed from ‘probable’ to ‘possible 
iNPH’ according to AEG, and only one individual changed classification 
according to JG (see Table 11). 

 

Table 11 Number of participants diagnosed according to the AEG and JG in each 
diagnostic category for papers I and II, respectively 

AEG: American-European guidelines, JG: Japanese guidelines 
*probable = possible with MRI support 
  

 
Diagnostic 
guidelines 
 

 Paper I 
‘Prevalence study’ 

 
n=168 

Paper II 
‘Differences between 

the guidelines’ 
n=168 

 
 
AEG 

probable 25 35 
possible 24 14 
unlikely 119 119 

 
 
JG 

probable* 10 11 
possible 28 27 
unlikely 130 130 
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The reason why participants were changed from ‘probable’ to ‘possible’ from 
Paper II to Paper I was due to comorbidities/differential diagnosis, or findings on 
neuroimaging not attributable to iNPH. We will explain the reasons below; the 
characteristics of these individuals are anonymised and presented in Table 12. 

• Six individuals had lesions, a previous stroke, or some other kind of 
anomaly on neuroimaging that could partly explain the enlarged 
ventricles. A few of these individuals also had comorbidities. Along with 
radiological anomalies, these participants were classified as ‘possible’ 
instead of ‘probable’. 
 

• Two participants had comorbidities to such a degree that it was deemed 
to explain the larger part of the symptoms. 
 

• Two participants were suspected to have either secondary hydrocephalus 
or a history of obstructive hydrocephalus. 

 

Table 12. Clinical and radiological characteristics of participants who changed 
from ‘probable’ to ‘possible iNPH’ from Paper II to Paper I, according to the AEG 

AEG = American-European guidelines; * Hypodensities = Periventricular 
hypodensities; Temp horn = Temporal horns; ** iNPH score = Hellström’s iNPH 
symptom score in separate domains, according to cut-off values (67) 

  

Radiology Symptoms, iNPH score** 

Evans 
index 

Temp 
 Horn 
≥4 mm 

Hypode
nsities* 

Callosal 
Angle 
<90 

Gait 
<86 

Balance 
<83 

Conti-
nence 
<100 

Cog- 
nition 
<80 

✔ ✔  ✔ ✔ ✔ ✔ ✔ 
✔ ✔ ✔  ✔    ✔ 
✔ ✔   ✔ ✔ ✔ ✔ 
✔ ✔ ✔  ✔  ✔ ✔ 
✔ ✔ ✔  ✔  ✔ ✔ 
✔ ✔ ✔  ✔ ✔ ✔ ✔ 
✔ ✔ ✔  ✔   ✔ 
✔ ✔   ✔  ✔ ✔ 
✔ ✔   ✔  ✔ ✔ 
✔ ✔ ✔  ✔  ✔ ✔ 
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Paper III 
Health-related quality of life and depressive symptoms 

Participants with iNPH reported lower scores on HRQoL assessments and a 
higher frequency of depressive symptoms compared to those with unlikely iNPH 
(see Table 13). 

 

Table 13. Depressive symptoms, functional impairment and HRQoL   

 iNPH* 

n = 30 

Unlikely iNPH* 

n = 92 

p value ** 

 

Depressive symptoms    

     GDS-15 median (IQR) 3.0 (1.0-5.2) 1.0 (0.0-2.0) 0.002 

Functional impairment    

     mRS median (IQR) 2.0 (1.0-2.0) 1.0 (0.0-2.0) 0.001 

HRQoL    

     EQ5D-5L index median (IQR) 0.79 (0.68-0.86) 0.86 (0.80-0.94) 0.001 

     EQ-VAS median (IQR) 70 (50-75) 80 (70-90) 0.000 

*iNPH: iNPH diagnosis according to JG, year 2014-2015 

** Mann–Whitney U analysis 

Three missing observations for the EQ5D 5L index and five missing 

observations for EQ-VAS. 

iNPH: Idiopathic normal pressure hydrocephalus; GDS-15: Geriatric 

Depression Scale 15; mRS: modified Rankin Scale; EQ5D-5L: EuroQol five-

dimensions 5 levels instrument; VAS: visual analogue scale 

GDS-15 range: 0-15 (high score = more depressive symptoms) 

mRS range: 0–6 (high score = more disability) 

VAS range: 0-100 (high score = higher self-rated health) 
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Low HRQoL was associated with more depressive symptoms, a higher degree of 
iNPH symptoms and lower functional status, see Table 14 and Table 15. 

Table 14. Low EQ-VAS in relation to functional status, depressive symptoms and 
iNPH symptoms 
 

Low EQ-VAS Crude OR Adjusted OR* 

 OR (CI) p OR (CI) p 
modified Rankin Scale 2.24 (1.47–3.42) 0.000 2.36 (1.50–3.72) 0.000 
GDS-15 1.56 (1.27–1.92) 0.000 1.57 (1.27–1.95) 0.000 
Total iNPH score  0.95 (0.92–0.98) 0.000 0.94 (0.91–0.97) 0.000 

*Adjusted for age and sex 
The EQ-VAS EuroQol visual analogue scale range: 0-100 (high score=higher 
self-rated health). Low EQ-VAS, lowest quartile of EQ-VAS in the total sample 
(n=117); mRS range: 0-5 (higher score=more disability); GDS-15 range: 0-15 
(high score=more depressive symptoms); iNPH score range: 0-100 (low 
score=more symptoms) 
 
 
Table 15. Low EQ5D-5L-index in relation to functional status, depressive 
symptoms and iNPH symptoms 
 

Low EQ5D-5L Crude OR Adjusted OR* 

 OR (CI) p OR (CI) p 
modified Rankin Scale 2.96 (1.82–4.79) 0.000 3.25 (1.93–5.48) 0.000 
GDS-15 1.49 (1.22–1.82) 0.000 1.52 (1.23–1.87) 0.000 
Total iNPH score  0.93 (0.90–0.96) 0.000 0.91 (0.88–0.95) 0.000 

 
*Adjusted for age and sex 
EQ5D-5L EuroQol: ‘five dimensions, five levels’ instrument; Low EQ5D-5 L 
index lowest quartile of EQ5D-5 L in the total sample (n=119); mRS range: 0-5 
(higher score=more disability); GDS-15 range: 0-15 (high score=more 
depressive symptoms); iNPH score range: 0-100 (low score=more symptoms) 
 
 
Table 16 shows the distribution of responses in the five dimensions of 
EQ5D-5L for the iNPH group and the unlikely group. 
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Table 16. Distribution of responses on the EQ5D-5L 

EQ5D-5L INPH  
Total n = 30 
n (%) 

Unlikely INPH  
Total n = 89 
n (%) 

Total 
Total n =119 
n (%) 
 

Mobility    

1. No problem 7 (23.3) 52 (58.4) 59 (49.6) 
2. Slight problem 14 (46.7) 26 (29.2) 40 (33.6) 
3. Moderate problem 6 (20.0) 8 (9.0) 14 (11.8) 
4. Severe problem 3 (10.0) 3 (3.4) 6 (5.0) 
5. Extreme problem 0 (0.0) 0 (0.0) 0 (0.0) 

Self-care    
1. No problem 20 (66.7) 82 (92.1) 102 (85.7) 
2. Slight problem 7 (23.3) 6 (6.7) 13 (10.9) 
3. Moderate problem 2 (6.7) 1 (1.1) 3 (2.5) 
4. Severe problem 1 (3.3) 0 (0.0) 1 (0.8) 
5. Extreme problem 0 (0.0) 0 (0.0) 0 (0.0) 

Usual activity    
1. No problem 11 (36.7) 57 (64.0) 68 (57.1) 
2. Slight problem 11 (36.7) 23 (25.8) 34 (28.6) 
3. Moderate problem 5 (16.7) 7 (7.9) 12 (10.1) 
4. Severe problem 2 (6.7) 2 (2.2) 4 (3.4) 
5. Extreme problem 1 (3.3) 0 (0.0) 1 (0.8) 

Pain/discomfort    
1. No problem 3 (10.0) 18 (20.2) 21 (17.6) 
2. Slight problem 13 (43.3) 38 (42.7) 51 (42.9) 
3. Moderate problem 11 (36.7) 28 (31.5) 39 (32.8) 
4. Severe problem 2 (6.7) 5 (5.6) 7 (5.9) 
5. Extreme problem 1 (3.3) 0 (0.0) 1 (0.8) 

Anxiety/depression    
1. No problem 15 (50.0) 60 (67.4) 75 (63.0) 
2. Slight problem 11 (36.7) 22 (24.7) 33 (27.7) 
3. Moderate problem 3 (10.0) 6 (6.7) 9 (7.6) 
4. Severe problem 1 (3.3) 1 (1.1) 2 (1.7) 
5. Extreme problem 0 (0.0) 0 (0.0) 0 (0.0) 

Descriptive data on the participants’ health status from the EQ5D-5L. 

Abbreviations: EQ5D-5L=EuroQol five dimensions, five levels; 

INPH=idiopathic normal pressure hydrocephalus 
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Table 17 and Figure 14 show the proportion of individuals who reported 
problems in the five dimensions of EQ5D-5L 

 

Table 17. The five dimensions of the EQ5D-5 L, analysed in logistic regression 

models 

*Adjusted OR for age and sex. 

iNPH diagnosis, age, and sex were independent factors. We analysed five 

dimension problems in separate logistic regression models, where each 

dimension problem was the dependent factor. 

iNPH: idiopathic normal pressure hydrocephalus 

  

EQ5D-5L 

problems 

iNPH 

n = 30 

Unlikely 

n = 89 

iNPH vs Unlikely   iNPH log regr  

 n (%) n (%) Crude OR 

(95% CI) 

Adjusted OR 

(95% CI) 

 

P-value* 

Mobility  23 (76.7)  41.6 (27) 4.62 (1.79-11.88) 4.04 (1.51-10.82) 0.006 

Self-care  10 (33.3) 7.9 (7)  5.86 (1.98-17.29) 6.32 (2.00-19.91) 0.002 

Usual activity 19 (63.3) 36.0 (32) 3.08 (1.30-7.27) 3.80 (1.49-9.72) 0.005 

Pain/ 
discomfort  

27 (90.0) 80.0 (71) 2.28 (0.62-8.37) 3.30 (0.79-13.74) 0.102 

Anxiety/ 
depression 

15 (50.0) 32.6 (29) 2.07 (0.89-4.80) 2.50 (1.01-6.18) 0.048 
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Figure 14. Percentage of individuals with iNPH and unlikely iNPH, with 
problems in the EQ5D-5L dimensions 
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Paper IV 
Symptoms and imaging features progressed slightly over two years, based on the 
iNPH symptom scale and the iNPH Radscale. The iNPH symptom scale score 
decreased with median one point for the whole sample (p<0.05). As for the 
imaging features, the median score of iNPH Radscale remained the same, but the 
IQR was higher, and the change was significant (median IQR for Baseline vs 
Follow-up; 2 (1–3) vs 2 (2–4) (p <0.001).  

The increase in the iNPH Radscale score was significant for the group with 
symptom deterioration (iNPH symptom scale decrease ≥5 points), as well as for 
those who had stationary symptoms (see Figure 16). The increase in iNPH 
Radscale score was larger in the deterioration group compared to the stationary 
group (p <0.05).  
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Figure 16: The boxplots show iNPH Radscale scores for those with improved, 
stationary, and deteriorated symptoms. 

Striped boxes: baseline values; open boxes: follow-up values. 

ns: no significant difference  **p < 0.001 (Wilcoxon signed rank test) 
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The drop-line scatter plot indicates that higher iNPH Radscale scores at 
baseline were associated with greater symptom deterioration at follow-
up. (Figure 17) 

 

 

Figure 17: The drop-line chart shows the development of symptoms relative to 
the baseline iNPH Radscale score. 

Note that an increase in the iNPH Radscale score corresponds to an increase in 
the radiological changes; in contrast, a decline in the iNPH symptom scale score 
indicates aggravated symptoms. 
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The distribution of the radiological features in the total sample at baseline and 
follow-up, according to the cut-off values for the iNPH Radscale are illustrated in 
Figure 18. Compared to baseline, the proportion with temporal horns over 4 mm 
doubled at follow-up (p <0.001). 

 Likewise, the median size of the temporal horns increased significantly (p 
<0.001) over time in both diagnostic categories (Table 18). 

 

Figure 18: Distribution of the seven radiological features at baseline and follow-
up for the total sample (n=121) 
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Table 18: Measurements of radiological features at baseline and follow-up  

Radiological feature 
(t-test) Group Baseline 

Md (IQR) 
Follow-up 
Md (IQR) 

 
P 

Evans' index Unlikely  0.28 (0.26–0.30) 0.28 (0.27–0.30) <0.001** 

(Wilcoxon signed rank 
test) 

iNPH 0.33 (0.32–0.34) 0.34 (0.31–0.34) 0.13 

Temporal horns (mm) Unlikely 3 (2–3.5) 3.5 (3–4.5 ) <0.001** 
(Wilcoxon signed rank 
test) 

iNPH 4 (3.5–5) 5 (4–6) <0.05* 

Callosal angle 
(degrees) 

Unlikely 116 (105–124) 114 (106–120) <0.05* 

(Wilcoxon signed rank 
test) 

iNPH 114 (103–130) 113 (100–125) <0.05* 

Narrow sulci (0 - 2) Unlikely 0 (0–0) 0 (0–0) 0.06ns 

(Wilcoxon signed rank 
test) 

iNPH 0 (0–0.5) 0 (0–1) 0.16ns 

Sylvian fissures (0 - 1) Unlikely 0 (0–0) 0 (0–0) 0.25ns 

(McNemar test) iNPH 0 (0–0) 0 (0–0) 1.0ns 

Focally enlarged sulci 
(0 - 1) 

Unlikely 0 (0–0) 0 (0–0) 0.63ns 

(McNemar test) iNPH 0 (0–0) 0 (0–0) 1.0ns 

White matter lesions 
(0 - 2) 

Unlikely 0 (0–1) 0 (0–1) 0.07ns 

(Wilcoxon signed rank 
test) 

iNPH 1 (0–1) 1 (0–1.5) 0.52ns 

*= significant; **= highly significant; ns= non significant 
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A summary of the results from this thesis: 
 

• The prevalence of iNPH in a population-based sample of elderly 
individuals was 3.7% according to the American-European 
guidelines and 1.5% according to the Japanese guidelines 
 
 

• The prevalence of iNPH was considerably higher for those over the 
age of 80, but there were no significant differences in the 
prevalence between the sexes 

 

• We found considerable differences when comparing both 
diagnostic guidelines 

 

• Participants with iNPH rated their health-related quality of life to 
be lower than those with unlikely iNPH, and they reported more 
depressive symptoms. 
 
 

• Low health-related quality of life was associated with lower 
functional status, a higher degree of iNPH symptoms and more 
depressive symptoms. 

 

• In a population-based cohort, symptoms, and imaging features of 
iNPH progressed slightly over a 2-year period. 
 

• After two years, participants with symptom deterioration had 
greater progress of imaging findings of iNPH than those with 
stationary symptoms. 
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Discussion 

To improve the situation for older people, the United Nations General Assembly 
declared 2021-2030 to be the decade of healthy ageing (144). One condition for 
healthy ageing is to treat diseases that affect elderly individuals, such as iNPH. 
Although awareness of iNPH is increasing, at least in Sweden, the disorder is 
probably still underdiagnosed and undertreated (2). 

When starting this thesis, there was a gap in knowledge about the prevalence of 
iNPH in the general population, the natural course of the disease, and the 
definition of iNPH. Furthermore, the disease burden and perspective of the 
affected was seldom described. 

The prevalence of iNPH 
Due to the scarcity of prevalence studies on iNPH in unselected population-based 
materials, knowledge on the ‘true’ prevalence in the general population is limited. 
Paper I is the first prospective, population-based prevalence study particularly 
designed for iNPH. We found a prevalence of 3.7% among individuals aged 65 
and older, thus confirming that iNPH is a fairly common condition. The 
prevalence is higher than in past reports, possibly because the disorder was 
screened for in the general population with generous inclusion criteria. We noted 
a higher prevalence among individuals aged 80 and older (8.9%) than among 
those aged 65-79 (2.1%); there were no sex differences.  

A previous population-based prevalence study conducted in Sweden by Jaraj et 
al. (5) showed a prevalence of probable iNPH of 0.2% in those aged 70-79 and 
5.9% in those aged 80 and older. However, this study had a retrospective design 
and was not originally designed with iNPH in mind. General assessments on gait 
impairment were performed by specialists in geriatrics and classified as ‘slight or 
extensive walking difficulties’. 

Brean et al. (9) reported the prevalence of probable iNPH to be 0.12% for those 
aged > 65 in the Norwegian county of Vestfold. They recruited participants 
through media campaigns and referrals to the neurological outpatient clinic. The 
diagnostics were thorough, and all participants with suspected iNPH underwent 
lumbar puncture to determine the CSF opening pressure, and were diagnosed 
according to the AEG. One reason why this prevalence was lower than the 
numbers reported in Paper I may be that they did not reach the entire 
population with their recruitment method. 



 

71 

Japanese population-based studies on the prevalence and incidence of iNPH have 
also been published (4, 6, 8, 10, 95, 145). These studies used the JG for the 
classification of iNPH. Some of these studies were based on retrospective data (6, 
10, 95), and some were originally intended to investigate associated risk factors 
for other neurologic disorders, such as Parkinson’s disease or dementia (4, 6, 8, 
145). 

The prevalence of INPH in elderly individuals in Japan ranges from 0.5 to 2.9%, 
and the weighted average was 1.6% in four Japanese studies (4, 6, 10, 145). These 
numbers are similar to those reported in Paper I, with a prevalence of 1.5%, 
according to the JG. This could imply that the prevalence of iNPH might not differ 
greatly between the population of Japan and the population of Jämtland, Sweden. 
Similar numbers on prevalence were found in a previous Swedish study by Jaraj 
et al.; 2.1% for those aged ≥ 70 (5). 

Perhaps differences in reported prevalence between countries have more to do 
with different diagnostic classifications and screening methods than differences 
due to genetic or environmental variance; see the results from Paper I and 
Paper II. To determine if there is an actual difference in prevalence between 
populations in different countries, larger-scale epidemiological studies using the 
same diagnostic criteria should be conducted in the future. 

Further, the reported numbers on prevalence of iNPH from clinical materials are 
lower than those reported from population-based studies (26). Comparing the 
prevalence figures with the incidence of shunt surgery, supports the idea that 
iNPH is underdiagnosed and possibly undertreated (2, 11, 12). 
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Comparing the diagnostic guidelines 
For studies published before 2005 the definition of iNPH varies greatly. Even 
after the publication of the diagnostic guidelines the classification of an iNPH 
case is still inhomogeneous (25).  
 
The two diagnostic guidelines (22, 23) differ to such an extent that they give rise 
to different prevalence figures, as demonstrated in our materials, where the 
prevalence figures for probable iNPH are more than three times higher with AEG 
than with JG. In Paper II, we argue that the criteria for obtaining a probable 
iNPH diagnosis according to AEG are not specific enough, with a risk of including 
individuals with conditions other than iNPH. 
 
For example: besides fulfilling the clinical criteria of at least two symptoms, 
having Evans’ index > 0.3, in addition to periventricular signal changes is 
sufficient for obtaining a probable iNPH diagnosis. Since the ventricular size 
increases with age and can occur in other disorders this imaging criteria is not 
specific enough for iNPH. For instance, the frequency of Evans Index >0.3 has 
been found to be 39% for those aged 85 years and older, according to the findings 
from a large representative population-based sample (117). In comparison, JG 
includes the additional radiological criteria of DESH, which is considered specific 
for iNPH, not occurring in brain atrophy (140, 146). This could be some of the 
reasons why the prevalence of probable iNPH was much higher with AEG 
compared to JG. 
 
For example, fulfilling the clinical criteria of at least two symptoms, having an 
Evans’ index > 0.3, in addition to periventricular signal changes, is sufficient for 
obtaining a probable iNPH diagnosis (22). Since ventricular size increases with 
age and can occur in other disorders, these imaging criteria are not specific 
enough for iNPH. For instance, the frequency of Evans’ index > 0.3 is 39% for 
those aged 85 and older, according to findings from a large representative 
population-based sample (117). In comparison, JG contains the radiologic criteria 
of DESH, which is considered specific for iNPH and does not occur in brain 
atrophy (140, 146). These differences in radiologic criteria could be one of the 
reasons why the prevalence of probable iNPH was much higher with AEG 
compared to JG in our material (Paper I and II). On the other hand, diagnostic 
criteria that rely too heavily upon the DESH sign as a radiologic criterion for 
iNPH diagnosis, may result in excluding patients that respond positively to shunt 
treatment. In support of this, Agerskov et al. (147) reported that there were no 
differences in outcome after shunt surgery between iNPH patients with DESH 
compared to those without DESH. Craven et al. (148) reported a high positive 
predictive value (PPV) (77%) for a positive outcome after shunt surgery in favor 
of the DESH sign. However, the negative predictive value (NPV) for the DESH 



 

73 

sign was low (25%), indicating that the absence of DESH should not exclude a 
patient from surgery (148). In order to evaluate the radiological signs included in 
DESH combined with other features of iNPH, the iNPH Radscale can be applied 
(72), (included in paper IV). The iNPH Radscale has shown a high sensitivity 
and specificity for iNPH patients compared to asymptomatic individuals (149). 
The iNPH radscale has also shown a high diagnostic accuracy in a clinical 
material, including subjects with the differential diagnoses vascular dementia, 
progressive supranuclear palsy, and multiple system atrophy (149). 
 
In this study we did not measure the CSF opening pressure which is obligatory as 
a criterion for probable iNPH according to AEG. For this reason, probable iNPH 
was called m-probable (modified probable iNPH) in paper I. However, to 
conduct population-based prevalence studies that also include healthy 
individuals, we considered lumbar puncture and measurement of the CSF 
opening pressure to be too invasive. The second edition of JG (23) includes 
another diagnostic category that is more suitable for larger epidemiological 
studies: ‘possible iNPH with MRI support’, which has the same radiological and 
clinical criteria as ‘probable iNPH’ but without the physiological criterion on 
measurements of CSF opening pressure. 

On the other hand, a drawback with JG is that the category “definite iNPH” is 
included. This is defined as “Improvement after the shunt procedure” (23), which 
is problematic since the outcome of a treatment should not be mixed up with the 
diagnosis (56). Especially not for a disease with a largely unknown 
pathophysiology and a patient group that often have comorbidities that can affect 
the outcome (107). 

A third edition of the JG was published in january 15th, 2021 (94). See Appendix. 
One of the main differences between the 2nd and the 3rd edition of JG is that the 
radiological criteria have changed, such as other ways to define a pathological 
Evans’ index, and inclusion of the callosal angle (cut off below 90◦). These 
changes in the diagnostic criteria could possibly result in even larger differences 
between studies that follow these separate guidelines (AEG versus JG). 

In sum, the diagnostic guidelines differ greatly, and the need for a revision of the 
guidelines is warranted for clinicians to accurately diagnose iNPH, and for 
researchers to conduct studies with comparable results. 

The optimal diagnostic criteria for conducting epidemiological studies on iNPH 
should be as sensitive and specific for iNPH as possible, with a minimum of 
subjective judgements, and independent of invasive measurements. 
Furthermore, they should be widely acknowledged and implemented 
internationally.  
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HRQoL, depression and functional status 

Health-related quality of life 
In Paper III, participants with iNPH had lower estimates of HRQoL and more 
depressive symptoms than those with unlikely iNPH. Factors associated with low 
HRQoL were a higher degree of iNPH symptoms, more depressive symptoms, 
and lower functional status, which is in line with results from previous clinical 
materials (19, 20).Israelsson et al. (19) and Junkkari et al. (107) revealed that the 
level of disability before shunt surgery might have a negative impact on HRQoL 
after shunt surgery, despite improvement in clinical tests. 

Assuming that improvement in HRQoL is one of the most relevant outcome 
measures, this could be interpreted in two ways: 

1. It is important to perform shunt surgery at an earlier stage before the 
disease has deteriorated too far (125). 
 
and/or 
 

2. One should avoid surgery on a patient who is already too frail/with 
comorbidities that may have an impact on the level of disability (41). 

This is a complex situation in the management of iNPH patients where there are 
no clear answers. Some prognostic tests can suggest positive outcomes after shunt 
surgery, but there are no specific tests that can exclude a patient from surgery 
(56, 81). The clinical characteristics, including assessments of functional status, 
might give clinicians further information on which patients could be suitable 
shunt candidates. 

However, you could argue that even if a patient experiences no measurable 
change after surgery, this could still be considered a “positive” outcome, due to 
the progressive nature of the condition. There is some evidence in favor of this 
idea from Andrén et al. (150), which showed that iNPH patients who had to wait 
for treatment (6-24 months delayed), had increased mortality compared to those 
who were treated within 3 months from diagnosis. Furthermore, Ishikawa et al. 
(151) showed that shunt operations increased the functional status and decreased 
the long-term care burden among 69 iNPH patients who underwent 
lumboperitoneal shunt surgery. 
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Depression and iNPH 
Depression is a syndrome diagnosis based on the occurrence of symptom criteria. 
No specific neurobiological markers define the disorder, and it is generally 
believed that depression is a biologically heterogeneous disorder in which a 
cluster of symptoms captures several aetiologies or causes of depression (108). 

The results from Paper III and previous clinical materials suggest an association 
between depression and iNPH (21, 152). The underlying pathophysiological 
mechanisms of iNPH are largely unknown, even though there are some theories 
(13-17). The reason why iNPH might be associated with depression is even more 
unclear, combining the numerous pathways leading to depression with the 
uncertain, underlying mechanisms of iNPH. 

Depression in iNPH could be due to the consequence of the disability that comes 
with the iNPH symptoms, or it could be due to the underlying neurobiological 
mechanisms associated with iNPH. It may also be a combination of multiple 
factors affecting each other. 

The best way to treat depression in iNPH remains to be answered, although there 
has been some evidence suggesting improvement in depressive symptoms after 
shunt surgery (113). There is still too little research done on this subject to draw 
any conclusions. Future studies on the effect of antidepressants and shunt 
operations could be helpful in answering some of these questions. 

Functional status 
In Paper III, which included 122 participants from the 2-year follow-up, the 
proportion with disability was more than twice as high for those with iNPH 
compared to those without. 

A higher rate of disability has been shown in a number of publications on clinical 
materials of iNPH, with mRS levels up to twice as high versus our iNPH sample 
(18, 113, 125, 153-157). This further implies that our iNPH population might not 
have been as severely affected by iNPH as in most clinical materials. 

Longitudinal changes of radiological signs 
The findings from Paper IV show that radiological changes progressed slightly 
over time. The iNPH Radscale score increased significantly, even when adjusted 
for age and sex.  

Those individuals who deteriorated in iNPH symptoms had a greater increase in 
radiological signs between both visits, compared to those with stationary or 
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improved symptoms. This means that developing a more hydrocephalic picture 
on neuroimaging might be accompanied by the progression of iNPH symptoms. 

You could argue that the scores on the iNPH symptom scale in our sample 
progressed merely statistically, that the change was not clinically significant, 
since a deterioration according to Hellström et al. (67) is  considered clinically 
relevant only when exceeding ≥5 points. However, an interesting case report from 
Japan describes a patient with iNPH that had enlarged ventricles 13 years before 
the diagnosis, which could indicate that the prediagnostic phase could be longer 
than previously thought (158). Therefore, even though the changes in symptoms 
and radiology in our sample were small, these changes could possibly become 
clinically significant after a follow-up period longer than 2 years. 

Study design: strengths and limitations 

Strengths 
One major strength is the prospective population-based design. Further, the 
questionnarie and scales of assessments for symptoms and radiology were 
specifically designed for iNPH (67, 72), we had access to neuroradiological 
expertise, and all scans were independently assessed by two investigators. The 
clinical assessments were not solely based on results on questionnaires, but on a 
combination of neurological examinations, scores on clinical tests and 
information from medical journals. These are strengths that are more difficult to 
achieve with retrospective epidemiological studies. 

Data from an unselected general population are more likely to be generalizable to 
other populations. We also had access to longitudinal data from the same study 
cohort, which is quite uncommon for epidemiological studies on iNPH (Paper 
IV). 

Limitations 
Estimating the prevalence of iNPH was our primary aim. Secondary aims, such 
as estimating differences in cardiovascular risk factors between iNPH and 
unlikely iNPH, proved to be challenging due to the small sample size. Therefore, 
for Paper IV in this thesis, we focused more on the longitudinal changes of 
symptoms and radiology, instead of estimates of risk factors and comorbidities. 

Out of 1000 questionnaires on typical iNPH symptoms, the participants for 
papers I and II were recruited based on the responses on the questionnaire. A 
limitation with questionnaire screening as a method is the lack of information on 
those who did not respond. In our nonresponse analysis, we found that the 
nonresponders were significantly older than the responders. This means that the 
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prevalence reported in Paper I might even be an underestimation due to the 
dropping out of those who became too ill to participate. This may be further 
supported by findings from several studies that show that the prevalence of iNPH 
increases with age (5, 7, 9) 

In paper II we compared the diagnosis of the two guidelines. In addition, we also 
classified the participants according to the clinical diagnosis by a senior 
neurologist. A drawback with this study design is that the assessment can differ 
between different neurologists. In a study by Jacobsson et al. (28) two senior 
neurologists had access to the same clinical and radiological data, and they 
disagreed in 18 % of the cases whether a patient fulfilled iNPH criteria or not. In 
most cases their disagreements were often due to different opinions on symptom 
severity or degree of comorbidity. Therefore, one way to improve on the 
methodological design in our study would have been to include two or more 
senior neurologists, working independently of each other, to determine the 
clinical diagnosis of iNPH. 

The study design in Paper III was cross-sectional, which means that it is difficult 
to draw conclusions on cause and effect for the assessments of HRQoL and 
depressive symptoms. This is because the data points are collected and analysed 
at the same point in time. In Paper III, we used different logistic regression 
models to examine the association between several different parameters. Those 
with low HRQoL have more depressive symptoms than the rest of the study 
population. However, this outcome could also be interpreted another way: Those 
with depressive symptoms have worse HRQoL. Thus, which came first: the 
chicken or the egg? 
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Conclusions  

 

• The prevalence of iNPH in this population-based material was 3.7% and 
1.5% among those aged ≥ 65, according to the American-European 
guidelines and the Japanese guidelines, respectively. These results imply 
that iNPH is a common condition among the elderly and probably 
underdiagnosed. 
 

• The prevalence is markedly higher for those aged 80 and older (8.9%) 
compared to those aged 65-79 (2.1%). Due to an aging population and a 
prevalence that increases with age, a higher awareness regarding iNPH 
would be desirable. With higher age comes a higher number of 
comorbidities, which presents challenges in the management and 
preoperative decision-making of iNPH patients. 
 
 

• Both iNPH symptoms and radiological signs of iNPH progressed slightly 
over a 2-year period. This could support the benefit of clinical follow-up 
for asymptomatic individuals with radiological features of iNPH. 
 
 

• Individuals with iNPH rate their quality of life to be lower than for those 
without iNPH. The strongest association with low quality of life was 
found for low functional status and a higher degree of depressive 
symptoms and iNPH symptoms. 

 

  



 

79 

Future directions of research  

 

This thesis shows that there are considerable differences between the two 
diagnostic guidelines, mainly due to differences in the radiologic criteria. We used 
the same assessment instruments for symptoms to facilitate the comparison of 
the diagnoses according to the two guidelines. In both clinical practice and in 
research there are several different assessment tools for both symptoms and 
radiological signs of iNPH in practice. So not only are there different diagnostic 
criteria, but also different assessment tools available, often with a lack of 
predefined cut-off limits between normal and impaired function. This enables an 
even wider heterogeneity in the assessment of whether a patient fulfills the 
criteria for iNPH or not. Therefore, in addition to having a common, widely 
acknowledged diagnostic guideline, the same should also be true for the 
assessment instruments related to iNPH, both for radiology and clinical 
symptoms.  

Currently, there are two different diagnostic guidelines available (AEG and JG). 
Japanese researchers published their latest edition of JG in January 2021 (94) 
and there are ongoing discussions about revising AEG. At the moment, these 
guidelines will probably continue to differ. To move forward, increased 
collaboration and continuous discussion to reach consensus could decrease these 
disparities.  

One of the reasons why the criteria for an iNPH diagnosis rely so heavily upon 
clinical symptoms and morphological signs on neuroimaging might be due to a 
lack of pathophysiological understanding of iNPH. In the future, even the basis 
for the criteria in the diagnostic guidelines could change. Perhaps genetic 
analyses, assessments on disturbances in the CSF dynamic system, or 
assessments of CSF biomarkers will take a larger part in the diagnostic process. 
iNPH could also be a mix of different conditions with separate pathophysiological 
mechanisms that we in the future will be able to differentiate between. 
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Appendix  

 
Diagnostic criteria according to the two international guidelines 

 
 
 
 

A. American-European guidelines (22) 

 Probablea Possible Unlikely 

Clinical features: Gait/balance disturbance 

and at least one of the 

following:  

a) Cognitive impairment 

b) Urinary 

incontinence/urgency 

Symptoms of either: 

a) Incontinence and/or 

cognitive impairment in 

the absence of gait/balance 

disturbance  

No component in the 

clinical triad or 

symptoms explained by 

other causes 

b) Gait disturbance alone  

  

Brain imaging Ventriculomegaly (EI >0.3) 

and at least one of the 

following: 

Ventriculomegaly (EI >0.3) No evidence of 

ventriculomegaly 

a) Narrow callosal angle  

b) Enlargement of the 

temporal horns 

c) Periventricular signal 

changes not attributable to 

ischemic changes or 

demyelination 



 

2 

B. Japanese guidelines (2nd edition) (23) 

 Possible with MRI 

support 

Possible Unlikely 

Clinical features At least two of the clinical 

triad: Gait disturbance, 

cognitive impairment and 

urinary incontinence 

At least two of the clinical 

triad: Gait disturbance, 

cognitive impairment and 

urinary incontinence 

None of this 

Brain imaging Ventriculomegaly 

(EI >0.3) and the following: 

Ventriculomegaly 

(EI >0.3) 

No evidence of 

ventriculomegaly 

a) Narrowing of the sulci 

over the high 

convexity/DESH (54) 

 
a Not including the criteria CSF opening pressure 70-245 mm H20 

EI = Evans Index, DESH = Disproportionately enlarged subarachnoid space 
hydrocephalus. 

  



 

 

iNPH symptom scale  
Symptom scale by Hellström et al. (67) 

Domain Included tests Description 
Gait Ordinal rating (1-8) 1 = Normal gait  

2= Slight disturbance of tandem 
walk and turning  
3 = Wide based gait with sway, 
without foot corrections  
4 = Tendency to fall, with foot 
corrections  
5 = Walking with cane  
6 = Bi-manual support needed  
7 = Aided 8 = Wheelchair bound 

 10 m walking test Number of steps 
 10 m walking test Number of seconds 
Balance Ordinal rating (1-7) 

All balance testing is 
performed during 30 
seconds with eyes open 

1 = Stand independently >30 s on 
either lower extremity alone 
2 = Stand independently <30 s on 
either lower extremity alone 
3 = Stand independently with the 
feet together at the heels >30 s 
4 = Stand independently with the 
feet together at the heels <30 s 
5 = Stand independently with the 
feet apart (1 foot length) >30 s 
6 = Stand with the feet apart 
<30s,  
7 = Unable to stand without 
assistance  

Neuro-
psychology 

Grooved pegboard test Fastest trial, recorded in seconds 

 RAVLT (Rey auditory 
verbal learning test) 

Total sum of nouns recalled over 5 
trials 

 Swedish Stroop test, 
color naming 

Time taken to complete, recorded 
in seconds 

 Swedish Stroop test, 
interference 

Time taken to complete, recorded 
in seconds 

Continence Ordinal rating (1-6) 1 = Normal 
2 = Urgency without incontinence 
3 = Infrequent incontinence 
without napkin 
4 = Frequent incontinence with 
napkin 
5 = Bladder incontinence 
6 = Bladder and bowel 
incontinence 



 

4 

Japanese Guidelines 3rd edition 
Diagnostic criteria from the Japanese diagnostic guidelines 3rd edition, (94) 

Possible iNPH 

Possible iNPH is diagnosed if the following criteria are met: 

1. More than one symptom in the clinical triad 
2. Above mentioned clinical symptoms cannot completely be explained by 

other neurological or non-neurological disease. 
3. Preceding diseases possibly causing ventricular dilation (including 

subarachnoidal hemorrhage, meningitis, head injury, 
congenital/developmental hydrocephalus, and aqueductal stenosis) are 
not obvious. 

Probable iNPH 

1. Meets the requirements for possible iNPH 
2. CSF pressure of 200 mm H2O or less and normal CSF content 
3. One of the following two investigational features: 

a) Neuroimaging features of narrowing of the sulci and subarachnoidal 
space over the high convexity/midline surface (DESH) with gait 
disturbance: small stride, shuffle, instability during walking, and 
increase in instability on turning 

b) Improvement of symptoms after CSF tap test and/ or drainage test 

Definite iNPH 

Diagnosis of definite iNPH is made when objective improvement of symptoms is 
shown after shunt surgery. This category is synonymous with “shunt responder”. 
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