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Abstract 
Background: Idiopathic normal pressure hydrocephalus (iNPH) is a neurological 
condition where the symptoms include disturbed gait, balance, cognition and 
continence. The diagnostic guidelines are based on typical symptoms combined 
with imaging showing enlarged ventricles. Several scales for evaluating 
symptoms exist, but no corresponding tool is in use for imaging. The aim of this 
thesis was to construct a radiological scoring system, the iNPH Radscale, to 
facilitate radiological evaluation and systematic reporting of changes. Further, to 
test the reliability and accuracy of the scale and evaluate the usefulness for 
longitudinal monitoring.  

Methods: In paper I 168 individuals over 65 years of age from the general 
population underwent computed tomography (CT) of the brain and a 
neurological examination, and the same cohort was followed up 2 years later in 
paper IV. The iNPH Radscale was developed in these papers and further validated 
in papers II and III. Papers II and III included surgically treated iNPH patients 
with preoperative imaging of the brain. Thirty-five patients were included in 
paper II comparing preoperative CT and magnetic resonance imaging (MRI) 
using the iNPH Radscale. Paper III included 75 shunt responsive patients and 55 
asymptomatic controls to evaluate the accuracy of the iNPH Radscale.  

Results: In paper I, seven parameters summarized as a total iNPH Radscale score 
were significantly associated with clinical iNPH symptoms (r = 0.55, p < 0.001). 
In paper II, the agreement between CT and MRI was substantial to almost perfect 
(kappa and intraclass correlation, 0.60–0.91, p < 0.001) for all parameters except 
periventricular white matter changes. In paper III the iNPH Radscale score was 
significantly higher in the iNPH group than the control group (p <0.001). 
Receiver operating characteristics analysis yielded an area under the curve of 99.7 
%, and an iNPH Radscale score £ 4 identified those without iNPH (sensitivity 100 
%, specificity 96 % and overall accuracy 98.5 %). In paper IV, symptomatic 
participants had significantly higher iNPH Radscale scores at baseline and 
follow-up. 

Conclusions: The iNPH Radscale summarizes seven imaging features from the 
diagnostic guidelines and is applicable to both CT and MRI. INPH is very likely 
in patients with an iNPH Radscale score ³ 8 and corresponding clinical 
symptoms. On the other hand, the diagnosis should be questioned when the iNPH 
Radscale score is less than the cut-off of 4. In summary, the iNPH Radscale may 
become a relevant diagnostic tool for standardized evaluation in the workup of 
patients with suspected iNPH, as a diagnostic checklist and as a screening tool for 
detection with the potential for ruling out the disease.  
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Sammanfattning på svenska 

Bakgrund och syfte 
Idiopatisk normaltryckshydrocephalus (iNPH) yttrar sig i form av tilltagande 
gång- och balanssvårighet, sviktande närminne och ibland inkontinens. Orsaken 
är inte helt säkerställd men omsättningen av vätskan som omger hjärnan (CSF) 
är störd. Därigenom ansamlas CSF i hjärnans hålrum och hjärnans funktion 
påverkas. Tillståndet går att behandla med inläggande av en shunt, från hjärnans 
hålrum vanligen till bukhålan. Upp till 80% av de som opereras förbättras. Tidig 
shuntoperation ger ofta bättre effekt, innan förändringarna i hjärnan har blivit 
alltför permanenta. Diagnos ställs genom neurologisk utvärdering av symtomen, 
samt genom bilddiagnostisk kartläggning av hjärnan med skiktröntgen eller 
magnetkameraundersökning. Det har utvecklats flera skalor för att utvärdera 
symtom vid iNPH, men det finns ingen motsvarighet i bruk för att bedöma 
radiologiska förändringar vid sjukdomen. Syftet med det här avhandlingsarbetet 
är därför att utveckla och utvärdera en skala, ”iNPH Radscale”, för att på ett 
enhetligt sätt gradera röntgenförändringar i hjärnan som är typiska för iNPH.  

Metod och studiedeltagare 
Delarbete I och IV 
I den här studien fick 1000 slumpmässigt utvalda personer över 65 år, bosatta i 
Jämtland och Härjedalen, svara på en enkät med sju frågor om gång, minne och 
urinbesvär. Alla med minst två ja samt en slumpmässigt utvald grupp av personer 
som rapporterat inte ha symtom blev kallade för undersökning hos neurolog, 
samt för skiktröntgen av hjärnan. 168 deltagare fullföljde undersökningarna. Två 
år senare återkallades deltagarna för en uppföljande kontroll med förnyad 
neurologisk undersökning och skiktröntgen av hjärnan. 

Sju olika förändringar på röntgen bedömdes. Dessa tecken har i andra studier 
kopplats till sjukdomen. De sju tecknen översattes senare till poäng och slogs 
samman. Totalpoängen jämfördes med hur mycket symtom som hade noterats i 
den kliniska undersökningen, både vid det första undersökningstillfället och vid 
2-årsuppföljningen.  

Delarbete II och III 
Här ingick patienter som behandlats för iNPH och fått en shunt, på Akademiska 
sjukhuset i Uppsala under 2011 – 2015. I delarbete II deltog patienter som hade 
gjort både magnetkameraundersökning och skiktröntgen av hjärnan innan 
operation. Syftet var att jämföra hur iNPH Radscale fungerar för de två 
teknikerna för avbildning av hjärnan, samt se hur olika röntgenläkare tolkar 
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samma bild. I delarbete III jämfördes skiktröntgenbilder mellan en grupp 
patienter med säker iNPH-diagnos, det vill säga som hade minskade symtom 
efter shuntbehandling, och en grupp symtomfria deltagare från delarbete I. 

Resultat, slutsats och nytta 
Delarbete I och IV 
Resultatet visar på en koppling mellan symtom och röntgenbild – ju mer symtom, 
desto mer utbredda förändringar på röntgen. Över en tvåårsperiod ökade de 
radiologiska förändringarna och symtomen blev något mer uttalade. De deltagare 
med mycket radiologiska förändringar vid den första undersökningen hade 
symtom i större utsträckning vid uppföljningen, jämfört de som hade få 
radiologiska förändringar från början.  

Vi vet att tidig diagnos är viktigt för behandlingsresultatet. Då krävs att diagnosen 
uppmärksammas på ett tidigt stadium. Här kan iNPH Radscale vara ett stöd för 
röntgenläkaren, dels för att leta efter diskreta förändringar, men också för att 
göra en strukturerad bedömning av fynden.  

Delarbete II och III 
Överensstämmelsen mellan magnetkamera- och skiktröntgenundersökning var 
god för flera av de radiologiska tecknen. För de mer subjektiva tecknen var 
överensstämmelsen något sämre, men framförallt för förändringar i den vita 
hjärnvävnaden omgivande hjärnans hålrum, där magnetkameran ger en tydligare 
avbildning. 

iNPH Radscale är utvecklad för skiktröntgen, men kan även användas för 
magnetkameran, när tecken på iNPH ska bedömas. Det krävs dock en 
medvetenhet om att diskreta förändringar i hjärnvävnaden kring hålrummen kan 
missas vid datortomografiundersökning.  

iNPH Radscale kan med god säkerhet skilja iNPH-patienter från symtomfria 
äldre. Vid fyra poäng eller mindre, är diagnosen osannolik, medan misstanken 
om iNPH är starkare hos patienter med symtom och åtta poäng eller mer på iNPH 
Radscale. 
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Background 

Introduction 
What is normal aging? With increasing age, we accept that a fast walk is replaced 
by a slow stroll and that it takes a bit longer to recall names. Older men usually 
know where to find the closest toilet and women accept a little urinary leakage 
when sneezing. The same symptoms occur in iNPH, which makes differentiation 
challenging. The diagnosis is based on the presence of gait disturbance and 
imaging findings of dilation of the lateral ventricles. Yet, several tests, developed 
to select patients for treatment, are used for diagnostic purposes.  

“We have taken the approach that the diagnosis of INPH is made solely on 
clinical symptoms in combination with interpretation of routine CT/MRI scans 
and not the response to shunt placement. Thus, a correct diagnosis of INPH can 
be associated with an unfavorable response to shunting.”   
 American-European Guidelines, Marmarou et al., 2005 (1) 

Several radiological features are supportive of diagnosis. Imaging can contribute 
important pieces in the assessment of a nonspecific gait disturbance, that could 
be a result of iNPH, Parkinson’s disease, spinal stenosis or just “normal aging”. 
Unfortunately, no consensus is available on how radiological reports of the aging 
brain should be delivered. Thus, structured evaluation of iNPH associated 
imaging signs is important for a reliable assessment. In order to facilitate taking 
a step back from subjective reports, the focus of this thesis was to come closer to 
a standardized evaluation of imaging signs of iNPH, by constructing and 
validating the iNPH Radscale.  
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Definition/Classification of hydrocephalus 
Hydrocephalus is a heterogeneous group of disorders in which the cerebrospinal 
fluid (CSF) dynamics are altered, leading to ventricular enlargement. (2) It can 
affect all age-groups depending on different etiologies.  

Hydrocephalus is classified into non-communicating (obstructive) and 
communicating (non-obstructive) hydrocephalus, see Figure 1. The non-
communicating type is characterized by an obstruction of CSF flow, (i.e., 
congenital malformation, hemorrhage and tumors), which leads to increased 
intracranial pressure. (3) The communicating type has no identified obstruction 
and the intracranial pressure is not affected to the same extent. If the patient has 
a history of meningitis, head trauma, or subarachnoid hemorrhage, the 
hydrocephalic state is considered secondary communicating hydrocephalus. (4) 
The term idiopathic normal pressure hydrocephalus (iNPH) is used when no such 
explanation is found in the patient history. (5, 6) 

 

 

 

Figure 1: Flowchart of classification of hydrocephalus 

Hydrocephalus

Obstructive Communicating

Secondary

Idiopathic
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Anatomy and circulation through the CSF compartments 
The brain and spinal cord are surrounded by approximately 150 ml of CSF, 
normally with a production rate of 500 ml per day. (7) The turnover rate indicates 
constant replacement of CSF, which serves several purposes:  

• Mechanically: To damper the impact in trauma and by decreasing the 
weight of the brain relieving the strain of outgoing nerve endings. In 
addition, to create compliance for the volume change with pulse and 
respiration in the closed cavity of the cranium. (8) 

• Metabolism: The CSF buffers and facilitates waste clearance, especially 
during sleep. (9) 
 

The choroid plexus of the lateral ventricles is viewed to be the major production 
site of CSF, see Figure 2. (10) According to the traditional explanation the fluid 
circulates to the third ventricle through the foramina of Monro, continuing to the 
fourth ventricle via the cerebral aqueduct, and entering the subarachnoid cisterns 
via the foramina of Magendie and Luschka. Furthermore, that the CSF is 
absorbed either by the arachnoid villi into the venous sagittal sinus or along 
spinal nerve sheaths into lymphatic vessels. (11)  

 

Figure 2. Illustration of CSF circulation, from the traditional perspective. 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 
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Additional knowledge on CSF turnover has been added by modern science. CSF 
also exchanges with the interstitial space fluid in the brain parenchyma. (12) Fluid 
exchange is possible through water channels (aquaporin 4) on the end feet of the 
glial cells. This forms a “lymphatic system“ of the brain, the glymphatic system, 
see Figure 3. (13) Production of CSF is then also a result of transcapillary fluid 
exchange between the interstitial fluid and CSF. (14) Arterial pulsations are 
thought to promote the movement of fluid in the system. (15) Osmotic gradients 
can then stimulate waste clearance. Ringstad et al (16) showed by repeated MRI 
after intrathecal gadolinium based contrast agent administration that the 
contrast agent spreads paravascularly along medium-sized arteries, on the 
cortical surface and penetrating the cortex via pial arteries, and then entering the 
brain parenchyma with interstitial exchange, continuing to venous and 
ventricular uptake. In contrast to the traditional view that the nervous system 
lacks lymphatic vessels, recent studies have shown that the meninges have 
lymphatic structures. (17) Together the lymphatic and glymphatic clearance 
pathways can explain the rapid CSF turnover and waste clearance of the 
parenchyma.  

 

 

Figure 3: Illustration of glymphatic CSF flow. From Nedergaard, M. 
Neuroscience. Garbage truck of the brain. Science 2013 Jun 28;340(6140):1529-
30. Reprinted with permission from AAAS.  
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History of iNPH 
Solomon Hakim, the Colombian neurosurgeon, was the first to describe iNPH. 
(18, 19) The condition was presented by a number of case reports of patients with 
enlarged ventricles, non-elevated intracranial pressure and a symptom triad of 
gait disturbance, cognitive deficiency and urinary incontinence. These patients 
had subsequently improved symptoms after placement of a ventriculoatrial 
shunt.  

Pathophysiology 
The pathophysiology of iNPH has been explored since the first original 
publication on iNPH, by Adams and Hakim 1965 (18), but no final word has been 
given. The somewhat contradictory combination of global hydrocephalus and 
often isolated gait and balance disturbances is challenging to explain.  

CSF exchange is thought to be altered, including decreased absorption. Studies 
on CSF dynamics have demonstrated increased outflow resistance, indicating 
disturbed absorption. (20, 21) This is also supported by the fact that patients 
improve from shunting. However, increased outflow resistance also occurs in 
approximately 25 % of healthy elderly, (22, 23) complicating the interpretation of 
the influence of outflow resistance in the pathophysiological process of iNPH. 
(24) 

White matter changes (25-27) and vascular risk factors (28-30) are 
overrepresented in iNPH-patients. However, it is difficult to say whether this is a 
predisposition to or a consequence of iNPH. Vascular risk factors could 
predispose an individual to iNPH. The overrepresentation could also be explained 
by alterations in the periventricular microcirculation, leading to chronic ischemia 
due to the ventricular compression of medial structures. A combination of the two 
is possible.  

Increased knowledge of CSF turnover as described above, and its influence on 
microcirculation suggests that the pathophysiology of iNPH is more complex 
than previously expected. INPH can be regarded as a syndrome (31) with several 
etiological factors. As the individual profile of etiological factors can vary, the 
sometimes contradictory results from different studies do not have to be so 
contradictive after all. In summary, the pathophysiology includes the 
combination of mechanical compression and anatomical distortion with CSF 
flow-related causes (32, 33) leading to altered perfusion (26, 34) and interstitial 
fluid turnover. (16) The process is most likely accelerated by vascular risk factors 
and increasing age.  
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Epidemiology 
The reported prevalence has varied in studies, ranging from 0.3 to 2.9 % in 
individuals ³ 65 years old, but has mainly been estimated from retrospective 
materials with substantial selection. (35-41) Our group recently found a 
prevalence of 3% in an epidemiological cross-sectional sample of individuals ³ 65 
years old. (42) This corresponds to the pooled prevalence in a systematic review 
(43) and a large retrospective epidemiological sample. (44) 

Clinical features 
Typically, symptoms debut after 60 years of age and evolve over time. (45) The 
cardinal symptoms include troubles with gait and balance, cognition and urinary 
function. (2, 46) In the elderly, many of these symptoms can have other causes 
due to comorbidities, such as osteoarthrosis, spinal stenosis, Alzheimer’s disease, 
Parkinson’s disease, and hypertrophic prostate or pelvic floor prolapse. Overlap 
between the different diseases is occurs.  

Gait and balance 
Impaired gait is common and characteristic in iNPH. The gait pattern includes a 
broad-based shuffling gait with decreased step length. (47-49) Retropulsion, the 
tendency to lean backwards, is typical and can help distinguish the gait 
disturbance from Parkinsonian gait impairment. (50) Retropulsion is also a 
component of the balance insecurity that many patients describe as vertigo, which 
could be explained by misinterpretation of visual input at the level of the 
brainstem. (50) Functional neuroimaging has revealed some clues about the 
pathophysiological mechanism for impaired gait and balance. The distended 
ventricles compress the surrounding parenchyma and sulci, which distorts the 
anatomy, with consequential functional impairment. Positron emission 
tomography computed tomography has demonstrated decreased metabolism in 
the basal ganglia (26), and tractography and diffusion tensor imaging have shown 
damage to the corticospinal tract. (51, 52) Perfusion studies indicate altered blood 
flow within the periventricular and frontal-subcortical areas. (53, 54) 
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Cognition 
The neuropsychological deficit is primarily impairment of frontal lobe functions 
such as attention, planning and information processing. (2, 55-57) Apathy, lack 
of initiative and long speech latency are described as typical findings. (58, 59) 
This could be explained by alterations in the frontal-subcortical pathways. (7) 
Memory is less affected, though overlap with Alzheimer’s disease is common. (57) 
Clinically, the typical presentation is more often mild cognitive impairment 
rather than classical dementia. (31) Patients with co-existing vascular burden 
have worse performance in neuropsychological testing. (60) 

Urinary symptoms 
Urgency is the most prominent urinary symptom, but incontinence also occurs. 
However, not all patients are affected by urinary symptoms. The prefrontal 
cortex, anterior cingulate cortex and basal ganglia are all involved in bladder 
control. (61, 62) These areas have decreased blood flow in patients with iNPH, 
according to functional imaging studies. (26, 53, 54, 63) Decreased inhibition of 
bladder contraction makes the bladder overactive, creating urgency symptoms. 
The enlarged ventricles compress the basal ganglia and anterior cingulate cortex, 
(64) whereas the prefrontal cortex involvement is hypothesized to be a result of 
the subcortical component of iNPH pathophysiology. (2) 

Symptom evaluation 
Several scales have been developed to assess symptom severity and are in use to 
diagnose iNPH. (65-71) Using the same diagnostic tool to value symptoms 
associated with iNPH would be desirable. The present diversity makes 
comparisons and meta-analyses more complicated. The majority of scales are 
ordinal and validated in a select sample of iNPH patients. Hellström et al (68) 
published the iNPH score in 2012, a normalized continuous iNPH specific scale. 
The symptoms are assessed in a standardized way, and the domains of balance, 
gait, cognition and continence are summarized into an overall score. See the 
appendix for a full description of the tests included. Several of the domain 
variables are included in the Swedish Hydrocephalus Quality Registry.  
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Diagnostic guidelines 
There are two diagnostic guidelines available for iNPH. The Japanese guidelines 
were published in 2002, and later translated with the most recent update in 2012. 
(46) In 2005 the European-American guidelines were published. (2) The basic 
principle of the two guidelines is similar, with symptom assessment and imaging 
as the foundation for diagnosis, see Table 1 for overview of the criteria. Both 
guidelines have three categories describing the likelihood of iNPH: probable, 
possible and unlikely iNPH. A recent publication from our group reported poor 
concordance when comparing the two guidelines, with the likelihood of “probable 
iNPH” being three times higher when applying the European-American 
guidelines compared to the Japanese guidelines. (72) As an example 9 (out of 168) 
individuals were classified as ”probable” iNPH according to the American-
European guidelines and “possible” iNPH according to the Japanese guidelines. 
This was mainly due to how different radiological features are valued in the two 
guidelines; disproportionally enlarged sulci hydrocephalus (DESH) is required in 
the Japanese guidelines to diagnose probable iNPH. This clearly demonstrates 
the need for one internationally accepted diagnostic guideline. 

The main contribution of imaging to the guidelines is the assessment of 
ventriculomegaly. Both guidelines use the strict definition of Evans’ index > 0.3, 
without regard for the presence of supportive features. Thus, a patient with a gait 
disturbance, Evans’ index of 0.27 and enlarged temporal horns cannot obtain the 
diagnosis of iNPH, when the current guidelines are applied.  

The other imaging features are supportive and lack definitions of severity levels. 
The subjective grading of “enlarged” temporal horns or the “presence” of DESH 
could lead to inaccurate classification of the suspicion of iNPH. In the American-
European guidelines, a pathological callosal angle is stated to be an angle 
exceeding 40°, without a reference to support it. This is most likely a spelling 
error, as an angle £ 90° is the general definition and the consensus of the scientific 
community.  
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Table 1: Diagnostic guidelines, both American-European and Japanese, 
including criteria for probable, possible and unlikely iNPH 

American-European guidelines 
 Probable Possible Unlikely 
Clinical Gait disturbance ³ 1 of No symptoms,  
 + ³ 1 of Gait disturbance  or explained  
 Cognitive decline Cognitive decline by other 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 
 + ³ 1 of   
 Narrow CA   
 Wide temporal horns   
 Periventricular signal 

changes 
  

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

Japanese guidelines 
 Probable Possible Unlikely 
Clinical ³ 2 symptoms:  ³ 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 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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Neuroimaging 
In the early era of imaging pneumoencephalography was used, with air injected 
into the CSF compartment via lumbar puncture. The air-filled ventricles were 
visualized by conventional radiographs of the skull, to identify any enlargement. 
(73) Cisternography with ln-111 nucleotide has also been in clinical routine, with 
the labeled isotope injected to the CSF compartment via lumbar puncture. 
Prominent ventricular reflux with no flow over the convexities at 24 to 48 h would 
confirm iNPH. (74) However, the false positive rate is high. (75) Currently, both 
CT and MRI are used frequently in the morphological assessment of the brain in 
iNPH. The two modalities can detect mandatory ventriculomegaly, identify 
differential diagnoses and monitor postoperative results and complications.  

Computed tomography 
Computed tomography (CT) is often the first line investigation, due to high 
accessibility, fast scanning and low cost. In the elderly, the risk of radiation 
caused complications is low. (76) CT is very capable in detection, as well as 
postoperative monitoring. To facilitate the diagnostic assessment storage of the 
thin sections to the picture archiving and communication system (PACS) is of 
great help. Multiplanar reconstruction (MPR) is then possible, and correct 
angulation of the planes can be performed, which facilitates the measurement of 
several radiological features.  

Magnetic resonance imaging 
Superior soft tissue contrast makes magnetic resonance imaging (MRI) a better 
diagnostic tool, regarding both anatomical landmarks and subtle pathology such 
as aqueduct obstruction, periventricular edema or mild medial temporal lobe 
atrophy. In the characterization of hydrocephalus and to map differential 
diagnoses MRI is the superior choice. An advantage is the absence of ionized 
radiation, but a number of contraindications need to be considered including 
ferromagnetic implants and claustrophobia. A basic MRI protocol should contain 
sequences suitable for assessing morphology and white matter changes as well as 
the aqueduct. As a suggestion, the following sequences could be valuable:  

- Sagittal T1 3D gradient echo, for morphological assessment 
- T2 FLAIR, preferably sagittal 3D otherwise axial 2D, for assessment of 

white matter changes 
- Sagittal spin echo T2, without flow compensation, for assessment of flow 

over the aqueduct 
- High resolution sagittal gradient echo T2 3D (CISS/DRIVE/FIESTA), 

over the midline, for anatomical assessment of the aqueduct, in order to 
identify thin membranes creating relative aqueduct stenosis.  
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Imaging features in iNPH 
Ideally, for imaging features to be reliable, they should be objective, reproducible, 
and mirror the clinical symptomatology. Semiquantitative measurements, 
provide the possibility of objectifying a subjective matter. A structured observer 
with time and patience can potentially fine tune the diagnostics. This could enable 
comparisons between patients, centers, and studies. 

Several studies have focused on the prognostic value of individual radiological 
signs, in the selection process of shunt candidates. (77-79) Some studies have 
combined several features to gain a more precise estimation of shunt prediction. 
(80, 81) Selection bias is an issue in many cases, when the choice of shunt 
candidates depends on the results of the imaging investigation.  

Few studies have focused on the diagnostic value of imaging markers, to confirm 
and rule out iNPH. Ishii et al. (82) and Miskin et al. (80) both investigated the 
potential of imaging for discriminating iNPH from Alzheimer’s disease and 
healthy controls. However, not all features of the diagnostic guidelines were 
included, only Evans’ index and callosal angle.  
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Evans’ index 
Ventriculomegaly is most commonly assessed by Evans’ index, a well-established 
method described in 1942, originally measured in pneumoencephalography. (83) 
The width of the frontal horns is divided by the inner diameter of the skull, see 
Figure 4, and is regarded as pathological if exceeding 0.3. In the original 
publication values between 0.25 and £0.3 are defined as borderline values that 
“indicate early or questionable enlargement”. However, this is not mirrored in the 
diagnostic guidelines for iNPH, in which ventriculomegaly is strictly defined as 
Evans’ index > 0.3. (2, 46) 

Evans’ index is useful for the detection of ventriculomegaly but is nonspecific in 
regards to the cause of ventricular dilation. Values > 0.3 are common in other 
types of hydrocephalus and can also occur in conditions other than 
hydrocephalus, i.e. atrophy in Alzheimer disease or extensive white matter 
disease. Therefore, Evans’ index has no predictive value in iNPH, but can be used 
as a screening tool for ventriculomegaly.  

 

 

 

 

 

 

 

Figure 4: How to measure Evans’ index  

Evans’ index has been shown to have good concordance with the volumetric 
assessment of ventricular size, but with a wide confidence interval, making the 
measurement unreliable at an individual level. (84-86) Volumetric calculation of 
ventricular size is a more precise and sensitive tool, that is not yet established in 
the clinical routine. (80) In time, volumetry will most likely conquer linear 
measurement of ventricular enlargement.  

Jaraj et al. described the epidemiological profile of ventricular size in the elderly 
population. (87) The results indicate that the average Evans’ index in the elderly 
is 0.27, and that approximately 25 % of the older population reach pathological 
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levels. However, that cohort included individuals with both dementia and gait 
disturbance and does not mirror healthy individuals. Therefore, it is important to 
consider the age and symptoms of the patient, in addition to other signs of 
hydrocephalus when assessing imaging in search of iNPH.  

Subarachnoid spaces 
In hydrocephalus, sulci are compressed, especially over the high convexity, in 
contrast to ventriculomegaly due to atrophy, where the sulci are widened. 
Therefore, narrow sulci over the vertex is a reliable, but not pathognomonic sign 
for discriminating ventriculomegaly in iNPH from atrophy. (88-90) Narrow sulci 
over the high convexity, together with widening of the Sylvian fissures (combined 
with ventriculomegaly), is termed disproportionately enlarged subarachnoid 
space hydrocephalus (DESH), see Figure 5. (89) This feature is a central criterion 
in the Japanese guidelines, in which the diagnostic criteria for probable iNPH are 
clinical symptoms combined with DESH. In the case with typical symptoms and 
the presence of DESH, measurement of the intracranial pressure is not necessary. 
(46) However, shunt responsive iNPH without DESH excists, and the lack of 
DESH does not exclude from shunting. (77, 91-93) The widening of the Sylvian 
fissures and narrow sulci over the vertex has been suggested to be a result of 
blocked CSF circulation in the subarachnoid space. (88, 89) Focally enlarged sulci 
are also a structural change in iNPH, even though it is less common than narrow 
sulci. It is important not to mistake focal dilation for local cortical atrophy. (94) 

 

Figure 5: Disproportionally enlarged subarachnoid space hydrocephalus in 
MRI. Narrow sulci are indicated by lines and widening of the Sylvian fissures 
by arrows. Note the enlarged lateral ventricles.  
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Temporal horns 
Widening of the temporal horns occurs in both medial temporal lobe atrophy and 
in hydrocephalus. When assessing the temporal horn width, it has to be related 
to the size of the lateral ventricles. See Figure 6 for radiological assessment of the 
temporal horn diameter. The choroid fissure can be widened in hippocampal 
atrophy without simultaneous hydrocephalus. (95) The medial temporal atrophy 
scale published by Scheltens et al is a well-established tool for grading temporal 
lobe atrophy as mild, moderate and severe atrophy, in which dilation of the 
temporal horns is included. (96) Quantitative grading of temporal horn widening 
is rare in the literature; 2 mm has been suggested as a pathological level for 
temporal horn widening, (7, 8) but without referral to original publications or any 
recommendations on how to report it.  

  
 

Figure 6: Measurement of the temporal horn diameter in the transverse plane 
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Callosal angle 
When the ventricles dilate, the parenchyma is pushed in the superior direction 
towards the skull. The rigid structure of the falx will keep the midline structure in 
position whereas the surrounding parenchyma will be compressed. This 
distortion creates a narrow angle between the roof of the lateral ventricles in the 
coronal view, termed the callosal angle, see Figure 7. Ishii et al (97) reported that 
the feature could discriminate atrophic ventriculomegaly from iNPH with a cut-
off of 90°. Normally, the angle range is between 90 and 120°. (82)  

 

  

 

Figure 7: Callosal angle as measured in the coronal plane perpendicular to the 
anterior-posterior commissure plane 
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Periventricular white matter lesions 
The descriptive term is chosen to include both periventricular edema and deep 
white matter lesions, which are inseparable on CT, to some extent, see Figure 8 
A-D. They cannot be separated from gliosis/ischemia due to the parenchymal 
distortion and altered blood flow around the dilated ventricles. (98) The 
periventricular edema is thought to be a result of a hydrostatic pressure gradient 
that results in a trans ependymal CSF deposition in the periventricular white 
substance. (8) Deep white matter lesions are associated with small vessel disease, 
which is overrepresented in iNPH patients, compared to age-matched controls. 
(25, 28, 30) In conclusion, the feature is nonspecific but can be supportive of 
iNPH (2).  

  
A B 

  
C D 

 

Figure 8 A - D: Periventricular white matter lesions in CT and MRI. The upper 
row is CT (A) and MRI (B), in the same patient, illustrating discrepancies in the 
detection of white matter lesions. In the bottom row, another patient has 
widespread periventricular lesions evident on both CT (C) and MRI (D). 
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Bulging of the lateral ventricular roof 
Virhammar et al. described bulging of the roof of the lateral ventricles as a 
frequent sign in iNPH patients, with soft curves in the lateral posterior half of the 
side ventricles, see Figure 9. (99) During ventriculoscopy subependymal veins are 
seen that restrict the ventricles from expanding, hypothetically creating bulges 
between the veins. It is unclear how common this feature is in ventriculomegaly 
of other causes, i.e. secondary hydrocephalus and atrophy.  

 

 

 

 

 

Figure 9: Sagittal MRI DRIVE 
illustrating bulging of the 
ventricular roof 

Natural course of iNPH in imaging 
Several of the individual features included in the diagnostic guidelines (2, 46) 
have been studied longitudinally. However, it has not been not linked specifically 
to iNPH, nor have changes in several of the features combined.  

- Evans’ index increase with age. (100) 
- White matter lesions are more common with increasing age. (101, 102) 
- Hippocampal atrophy increase with age, which will increase dilation of 

the temporal horns. (95, 103) 

Changes on pre- and postoperative imaging are well-studied, with the intention 
of identifying imaging markers with predictive value for shunt response. On the 
other hand, the development of imaging findings in patients with a conservative 
workup is rarely reported in the literature. Reports on how imaging features 
evolve in the case of iNPH symptoms are lacking. Two studies have described 
asymptomatic patients with radiological iNPH. Iseki et al. reported that six out of 
eight patients developed symptoms over the 10-year follow-up. (37) Jaraj et al. 
concluded that ten out of twelve patients with asymptomatic ventriculomegaly 
developed probable iNPH over 10.8 years. (104) 
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Supplementary tests 
The combination of unclear etiology and the classification that a response to 
treatment is definite iNPH (46), has blurred the boundary between diagnosis and 
prognosis of iNPH. How should a disease of unknown origin be diagnosed, if it 
cannot be confirmed before treatment is initiated?  

The primary purpose of supplemental testing is to evaluate whether the patient 
would benefit from a shunt. (105) This has been the subject of many studies 
assessing the predictive value of CSF dynamics, such as prolonged CSF drainage 
with infusion test (20), intracranial pressure monitoring (106)) and simulation of 
the shunt effect (tap test) (107). CSF biomarkers can provide information on 
differential diagnosis, i.e. Alzheimer’s disease. (108) The predictive value of 
radiological signs has also been investigated with varying results. (77-79, 99)  

Many of the supplementary tests are used in clinical practice to select shunt 
candidates and could be supportive of the diagnosis (31), but no test is in use that 
rules out iNPH in a patient with ventriculomegaly.  

Treatment 
By draining CSF from the brain via a shunt, up to 80% of iNPH patients improve. 
(109) Shunt insertion into the lateral ventricle with a drainage tube to the 
peritoneum is a well-established treatment for iNPH. (110) Other techniques, 
involve diversion to the right atrium (110) and lumboperitoneal shunting. (111) 
Health-economic studies have demonstrated that the surgical treatment is cost-
efficient in both Sweden and Japan. (112, 113) 

Any surgical procedure has risks, especially in the elderly which have a high 
prevalence of cardiovascular disease, that could complicate anesthesia. 
Identifying suitable shunt candidates could be a challenge, as few patients have 
pure iNPH. Comorbidities will influence surgical outcome and may mask 
symptom presentation in the patient. (31) This illustrates the importance of 
separating diagnosis from prognosis. A patient may very well be diagnosed with 
iNPH, but not be a suitable shunt candidate.  

There is a debate over how to find the shunt responders, and even some who still 
question whether shunting should be performed at all. (114-116) An illustrative 
study from Gothenburg showed that delayed shunting worsens the postoperative 
outcome. (45) The same group published that patients with extensive deep white 
matter changes also benefit from surgery. (117) Even though comorbidity should 
not exclude a patient from shunting, it is important to take other coexisting 
factors into consideration in surgical decision-making, mainly the risk of general 
anesthesia.  
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There is a clear discrepancy between the incidence of iNPH and incidence of 
shunt surgery for iNPH, indicating undertreatment. (118) Early diagnosis and 
early shunting are most likely the best strategy for successful treatment. 
Therefore, it is important for all radiologists to be comfortable reviewing 
radiological signs of iNPH and report them in a systematic manner. A relevant 
situation for the radiologist is en passant findings on brain CT from the 
emergency department, where elderly with minor head trauma are common. In 
addition to reporting any signs of bleeding, assessment of ventriculomegaly, 
atrophy and vascular burden are suitable to include. 
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Aims 
The general aim of this thesis was to standardize the diagnostics and follow-up of 
iNPH, via structured evaluation of neuroimaging.  

Paper I 
To develop a scoring system for morphological changes in imaging, associated 
with iNPH, called the iNPH Radscale, and describe its relation to clinical 
symptoms. 

Paper II 
To assess the reliability of the radiological features included in the iNPH 
Radscale, between investigators and modalities (CT and MRI) in patients with 
iNPH. 

Paper III 
To evaluate the diagnostic accuracy of the iNPH Radscale in patients with shunt 
responsive (definite) iNPH and healthy individuals over 65 years of age. 

Paper IV 
To describe the development of radiological features of iNPH in relation to 
symptoms, over two years in a cohort of individuals over 65 years old. 
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Materials and Methods 

Principles of the iNPH Radscale  
The selection process for radiological parameters to include in the iNPH Radscale 
was based on the two diagnostic guidelines. Evans’ index is mandatory and 
therefore evident to include. However, the absolute cut-off has been broadened 
to include the intermediate level (0.25 – 0.3) put forth in Evans’ original 
publication. (83)  

The supportive features of American-European and Japanese guidelines have 
been quantified when possible and otherwise standardized in a semiquantitative 
fashion, see Table 2. The iNPH Radscale defines “enlarged temporal horns”, and 
suggests a standard for assessing narrow (119) and focally dilated sulci. (94) The 
pathological values for the callosal angle have been clarified. (79, 82) Assessment 
of white matter lesions was included using a simplified version of Fazekas scoring 
system. (120) 

Bulging of the lateral ventricular roof is not mentioned in any of the two 
guidelines. This feature was tested for inclusion in the iNPH Radscale, because 
previous studies had demonstrated promising results as a predictive sign. (99) 

Prior to paper I, during the development process of the iNPH Radscale we tested 
different weighting of the parameters to include in the scale. Several scoring 
variants were tested in a pilot cohort of 18 individuals, to achieve the highest 
significant correlation coefficient between imaging features and symptoms. The 
association between the different scores and symptoms ranged between 0.66 and 
0.74 for the nine different versions tested. In addition to the seven radiological 
features, age and sex was tested for inclusion. The version with the highest 
correlation coefficient was chosen for the final iNPH Radscale score, ranging 
from 0 to 12.  
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Table 2: Definitions of radiological features in the two diagnostic guidelines and 
the iNPH Radscale 

 Am-Eu Jap iNPH Radscale 
Ventriculomegaly  EI >0.3 EI >0.3 1 p: Suspected: EI 0.25 – 0.3 

2 p: Confirmed: EI ³ 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: ³ 6 mm 
Callosal angle  >40°  1 p: £ 90° – 60° 

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

2 p: Confluent 
 

Am-Eu = American European guidelines, Jap = Japanese guidelines, EI = 
Evans’ index, DESH = disproportionally enlarged sulci hydrocephalus, CSF = 
cerebrospinal fluid 

Radiological assessment according to the iNPH Radscale, for 
all papers 
As a standard radiological assessments were performed in isotropic thin sections 
reconstructed to 3 mm sections with 0.5 mm increment, using multiplanar 
reconstruction. The transverse plane was angulated in line with the anterior-
posterior commissure plane, ensuring that the sagittal plane was parallel to the 
falx. The coronal plane was perpendicular to the anterior-posterior commissure 
plane. If no thin sections were available, assessments were made in the 4 mm 
reconstructions generated from the scanner.  

Evans’ index was measured in the transverse plane by choosing the section with 
the widest diameter of the frontal horns measured in millimeters. In the same 
section, the widest diameter of the inner skull was measured, parallel to the 
frontal horn measurement. 
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Narrow sulci were assessed in the most superior transverse sections, and in the 
coronal sections in the posterior half of the stack. Absence of CSF in the sulci 
indicted narrowing.  

Dilation of the Sylvian fissures was present if wider than the surrounding sulci. 
Assessments were performed in the coronal and sagittal view. If prominent 
dilation, the coronal view was sufficient. The sagittal view facilitated the 
comparison to the surrounding sulci in more subtle cases.  

Focally enlarged sulci were investigated in the transverse plane. The sagittal plane 
was assessed simultaneously in order to prevent misinterpretation of focally 
enlarged sulci and the superior extension of dilated Sylvian fissures.  

The width of the temporal horns was measured in the transverse plane at the level 
of the pons, lateral to the hippocampus, where the “comma-shape” is evident.  

Callosal angle was measured according to the definition of Ishii et al.; the angle 
in the coronal plane through the posterior commissure perpendicular to the 
anterior - posterior commissure plane. (82) 

White matter lesions were assessed in the transverse plane. 

Bulging of the lateral ventricular roof was assessed in the sagittal view, in the 
posterior half of the ventricles.  
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Paper I and IV: The cohort of Jämtland 

Summary Paper I 
The iNPH Radscale was developed from the cross-sectional prevalence study in 
paper 1 with a randomized sample from the population ³ 65 years of age. Based 
on a questionnaire of symptoms of iNPH, 168 individuals underwent a 
neurological examination and brain CT. Eight radiological features where 
assessed and compared with clinical symptoms. The radiological parameters 
associated with symptoms were converted and summarized into the iNPH 
Radscale score.  

Summary Paper IV 
Paper IV is a prospective longitudinal follow-up, of the cross-sectional 
epidemiological material from paper I. After 2 years, the participants from the 
baseline investigation performed in 2014-2015, were re-invited. The same 
protocol was used, consisting of a brain CT and neurological examination. The CT 
scans were assessed according to the iNPH Radscale and compared to the 
baseline images, as well as the neurological examination of clinical symptoms.  

Subjects 
One thousand of the 28 000 inhabitants over 65 years of age and living in 
Jämtland-Härjedalen county were randomly assigned from the Swedish 
population register via the address register of Swedish residents (SPAR). They 
received a questionnaire with seven questions concerning symptoms of iNPH (see 
Appendix 1), based on an American precursor translated to Swedish. (121) The 
responding frequency was 68 %. 

All participants reporting at least two symptoms in the questionnaire (n = 166) 
were invited, where 117 accepted participation. Of 354 participants reporting one 
or no symptoms, 51 individuals were randomized to serve as controls. See Figure 
10 for the flowchart of inclusion and drop-outs from baseline to follow-up two 
years later. All participants provided written informed consent. The study was 
approved by the Regional Ethical Board in Umeå (Dnr 2014/180-31 and Dnr 
2017-167-32M) and the Radiation Protection Committee (2014-10-03 and 2017-
04-24). 
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At follow-up, two years later, 16 individuals were deceased. The remaining 152 
were re-invited, and 126 of those accepted to participate once more. Twenty-six 
participants declined further participation, and burden from another disease 
(cancer, heart failure) was the main cause. One hundred and twenty-two 
participants completed both imaging and neurological examination. Three 
completed imaging alone, and one completed only the neurological examination. 
One participant had been surgically treated with ventriculoperitoneal shunt and 
was excluded from the analyses.  

 

Figure 10: Flow chart of sample selection for papers I and IV 
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Methods 
The investigation included a non-contrast enhanced CT of the brain and a 
neurological examination in which the symptom triad was evaluated according to 
the iNPH score for symptoms reported by Hellström et al. (68) See Appendix 2 
for the full protocol for the symptom evaluation. 

For the baseline investigation, all scans where performed using the same scanner 
Ingenuity Core 128, Philips, 2013 (Cleveland, OH, USA). The protocol parameters 
were 120 kV, 400 MAs, a rotation time of 0.5 s with a pitch of 0.4, generating a 
slice thickness of 0.6 mm, with 4-mm reconstructions in three planes.  

For the follow-up investigation, all imaging was performed using the MD Optima 
540, GE Hangwei Medical system, 2016 (Beijing, China). The protocol 
parameters were 120 kV, 300 MAs, a rotation time of 0.5 s with a pitch of 0.6, 
generating a slice thickness of 0.6 mm, with 4-mm reconstructions in three 
planes. 

Papers II and III: The Uppsala cohort 

Summary Paper II 
Paper II is a reliability study of the iNPH Radscale in a retrospective sample 
from the Surgical Hydrocephalus Register of Uppsala University Hospital. INPH 
patients with pre-operative CT and MRI of sufficient quality performed less than 
90 days apart where included (n = 35). Two investigators assessed all images 
independently. The concordance between modalities and investigators was 
calculated.  

Summary Paper III 
Paper III is a retrospective validation of the iNPH Radscale. The sample was 
taken from the Surgical Hydrocephalus register of Uppsala University Hospital. 
Pre-operative CT scans in those defined as shunt responders one year after 
surgery were compared to the CT scans of participants without symptoms as 
assessed by the iNPH score of symptoms (68) from paper I. Sensitivity and 
specificity were calculated by comparing the shunt responders to the 
asymptomatic control group.  

Subjects 
Between 2011 and 2015, 332 patients were registered in the Surgical 
Hydrocephalus Register at Uppsala University Hospital. These patients had 
received a ventriculoperitoneal shunt as treatment for iNPH. The Regional 
Ethical Board in Uppsala approved of the study (Dnr 2015/174).  
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Inclusion criteria for paper II were: 

- Pre-operative CT with 1 mm-sections, or 4-mm reformation in three 
planes  

- Preoperative MRI in 3D sequence in 1-mm isotropic voxels or coronal 
sequence 

- Investigations less than 90 days apart 

Of the 332 patients, 156 had preoperative imaging of postulated quality. The final 
sample consisted of the 35 patients who had CT and MRI within the timeframe of 
90 days.  

Inclusion criteria for iNPH patients in paper III were:  

- Preoperative CT scan with 1 mm-sections of the brain performed within 
eight days prior to surgery 

- Defined as a shunt responder according to 1-year follow-up 

Shunt response was defined as fulfillment of one of the three following criteria: 

1. 20% reduction in the time or number of steps in at least one of the two 
motor function tests  

2. Improvement in the Mini-Mental State Examination, by at least 4 
points out of 30 

3. One level on the continence scale and improvement in the Mini-Mental 
State Examination score of two levels. 
 

Inclusion criteria for asymptomatic controls in paper III were: 

- CT scan of the brain within six months from the neurological 
examination 

- ³ 90 points on the iNPH symptom scale 

The final sample consisted of 75 shunt responders and 55 asymptomatic 
individuals from the cohort of paper 1.  

There is an overlap between the patients included in paper II and III, as 34 
patients from paper II are included in paper III. The selection was based on 
image quality alone, and the scorings for the two studies were performed on 
different occasions.  
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Methods 
All scans in papers II and III were assessed according to the iNPH Radscale. 
In paper II, two investigators independently assessed all images. One radiology 
resident (K.K) scored the CT and MRI scans twice with a minimum of six weeks 
between the first and second assessment. One neuroradiologist (E-M.L.) scored 
the CT and MRI scans once. In paper III, K.K. assessed all CT scans.  

Symptom evaluation was performed preoperatively and one year after surgery, 
covering the three symptom domains of gait and balance, cognition, and 
continence. Motor function tests included the Timed Up and Go test and 10 m 
walk (measured in steps and time). Cognitive screening was evaluated by Mini 
Mental State Examination. Continence was rated by the participants on an 
ordinal scale. (68) 

For paper II, 79% of the patients underwent preoperative imaging at Uppsala 
University Hospital and the remaining 21 % at the referral hospital in the region. 
All images were assessed using PACS software OsiriX MD, version 9.0.2, Pixmeo 
SARL, Geneva, Switzerland. 

For paper III, preoperative imaging in the shunted group was performed at 
Uppsala University Hospital. The control group was investigated according to the 
protocol of paper 1. One radiologist (K.K.) performed all assessments in 
Carestream (Carestream Health Inc., Rochester, NY, USA) RIS/PACS system for 
the shunted group and Sectra (SECTRA, Linköping, Sweden) RIS/PACS system 
for the control group.  
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Statistics 
For all four papers descriptive statistics were presented as median with range or 
IQR. Differences between groups were assessed by the Mann Whitney U-test and 
chi-squared-test when appropriate. Significance was set to p £ 0.05. Statistical 
analyses where performed using SPSS (version 23 and 25, IBM, IL, USA). The 
author performed all statistical analyses. Co-author and statistician Lars 
Söderström collaborated on the statistical methods and supervised the 
calculations.  

Associations between radiological signs and clinical symptoms in paper I were 
assessed by the Pearson correlation coefficient and simple and multiple linear 
regression. The iNPH score of symptoms was regarded as a continuous variable, 
and the association between symptoms and iNPH Radscale score was assumed to 
be linear; therefore, Pearson correlation coefficient was applicable. (122)  

In paper II, intra- and interrater agreement was calculated by kappa statistics 
for dichotomous data, with squared weighted kappa for three-stepped ordinal 
data and with intra-class correlation for continuous variables. Kappa values were 
interpreted according to Landis and Kochs. (123) The pre-operative sample was 
highly selected with an overrepresentation of extensive radiological changes. The 
homogeneity provided a skewness of the material that complicated the statistical 
analyses. Therefore, kappa statistics returned values of poor agreement from 
assessments in which the readers concurred in more than 90% of the 
investigations. To compensate for the unbalanced sample, prevalence adjusted 
bias adjusted kappa (PABAK) was used for dichotomous categorical data. As a 
complement to the thesis, values for PABAK-OS, an equivalent for ordinal data 
have been added to the results section. Intraclass correlation calculates 
agreement in a different fashion and is therefore less unstable in skewed data.  

For accuracy testing in paper III, receiver operating characteristics and logistic 
regression were used. Further sensitivity, specificity and likelihood ratios were 
calculated. In this case-control study, likelihood ratios are equivalent to 
predictive values in epidemiological research. (122) 

In paper IV comparison between groups were performed using the Wilcoxon 
rank test. The Spearman rank correlation and logistic regression analysis were 
used to assess the association between changes in radiological and symptom 
scoring.  
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Results 

Development of the iNPH Radscale 
The primary goal of the iNPH Radscale was to standardize and objectify the 
evaluation of iNPH associated radiological features. Well-established evidence 
based measurements included in the diagnostic guidelines (2, 46) were chosen 
for the scale. In order to define the cut-off levels for temporal horn dilation 
receiver operator characteristic analysis was applied in paper I, yielding a 
sensitivity of 92 % and specificity of 78% at 4 mm, and sensitivity of 32% and 
specificity of 98% at 6 mm. See Figure 11 a – b for image atlas with cut-off levels 
for each parameter. 

Paper I demonstrated that all radiological features, except ventricular roof 
bulging, were significantly associated with clinical symptoms in a simple linear 
regression model. In a multiple linear regression model adjusting for age and sex, 
temporal horns and focally enlarged sulci remained significantly associated with 
symptoms, as well as the total score of the iNPH Radscale. See Table 3 a – b for 
results from the regression analyses.  

Table 3 a: Simple linear regression of the association between symptoms and 
radiological features 

Simple linear regression R2 B CI for B P 
Evans' index 0.1 -8.0 -12 - -4.3 <0.001 
Narrow sulci 0.1 -8.0 -13 - -3.3 <0.001 
Sylvian fissures 0.1 -14 -20 - -7.8 <0.001 
Focally enlarged sulci 0.1 -19 -27 - -11 <0.001 
Temporal horn width 0.3 -12 -15 - -8.9 <0.001 
Callosal angle 0.1 -15 -23 - -6.7 <0.001 
White matter lesions 0.1 -10 -14 - -6.1 <0.001 
Ventricular roof bulging 0.0 0.9 -5.4 - 7.2 ns 
Total Radscale score 0.3 -3.9 -4.8 - -3.0 <0.001 
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Table 3 b: Multiple linear regression of the association between symptoms and 
radiological features, including adjustment for age and sex 

 

 

 R2 B CI for B P 
Multiple linear regression 0.4    
Evans' index  -0.7 -4.8 – 3.3 ns 
Narrow sulci  4.5 -3.0 – 12 ns 
Sylvian fissures  -5.3 -13 – 2.5 ns 
Focally enlarged sulci  -11 -23 - -0.1 <0.05 
Temporal horn width  -6.3 -11 –1.9 <0.05 
Callosal angle  -7.7 -16 – 0.6 ns 
White matter lesions  -0.5 -5.1 – 4.1 ns 
Age  -0.9 -1.2 - -0.5 <0.001 
Sex  -2.8 -7.2 – 1.8 ns 
Multiple linear regression 0.4    
iNPH Radscale  -3.0 -4.2 – -1.9 <0.001 
Age  -0.9 -1.3 - -0.5 <0.001 
Sex  -2.0 -6.5 – 2.6 ns 
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Figure 11 a: Image atlas with cut-off levels for each parameter, for CT. 
Permitted to reuse by John Wiley and Sons, license number 4755330876435 
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Figure 11 b: Image atlas with cut-off levels for each parameter, for MRI.  
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Relationship between symptoms and imaging findings 
There was a significant association between imaging features and iNPH 
symptoms (r = -0.55, P < 0.001), see Figure 12. In the whole cohort from 
Jämtland in paper I, the median iNPH Radscale score was 2 (IQR 1 - 4). Men 
and elderly had significantly more radiological changes associated with iNPH, 
compared to women and those £ 80 years of age.  

 

Figure 12: Scatter plot, of the iNPH Radscale and iNPH score for symptoms, 
with age categories labeled 

The aim of paper IV was to describe the natural course and development of 
iNPH-associated radiological changes alongside symptoms. This design allowed 
the iNPH Radscale to be tested as an instrument for monitoring changes in 
imaging over time. Over time, the radiological changes increase gradually as 
demonstrated in paper IV; the iNPH Radscale score increased on average 0.6 
points over two years. Symptoms deteriorated during the same time period, but 
we found no significant association between the changes in radiological scoring 
and symptom scoring. However, those with iNPH Radscale scores in the upper 
half of the scale deteriorated more in regards to symptoms, than those with few 
radiological changes at baseline, see Figure 13.  
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Figure 13: Drop line scatter plot of baseline iNPH Radscale score and symptom 
score at baseline (white marker) and follow-up (black marker) . Note that the 
mean iNPH score for symptoms in all participants at each iNPH Radscale 
scoring level is summarized in one marker.  

In order to assess the influence of age in the development of iNPH, logistic 
regression analysis was used in paper IV. The iNPH score of symptoms was 
dichotomized in two ways for the analyses: ³ 90 points was defined as 
asymptomatic and an aggravation of at least 5 points was regarded as 
deterioration in symptoms. These two parameters respectively were included as 
independent variables, with age, iNPH Radscale score at baseline and change in 
iNPH Radscale score over two years as dependent variables, in a simple and 
multiple logistic regression. There were significant associations between 
presence/deterioration of symptoms and iNPH Radscale score as well as age in 
the simple logistic regression model. Further in the multivariate model, the 
association persisted for the iNPH Radscale score and having symptoms at 
follow-up, see Table 4. However, the association between iNPH Radscale score 
and deterioration of symptoms did not persist in the multiple model, adjusting 
for age. 
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Table 4: Logistic regression analysis for the impact of iNPH Radscale, age and 
sex respectively on symptoms at follow-up (defined as iNPH score of symptoms 
³ 90 points) and deterioration at follow-up (defined as minimum five points 
decrease of the iNPH score of symptoms) 

 Symptomatic at follow-up Deterioration at follow-up 

Simple model      
 B p OR (95% CI) B p OR (95% CI) 

iNPH Radscale 
Baseline 0.5 <0.05 0.6 (0.4 - 0.8) 0.3 <0.05 1.3 (1.0 - 1.6) 
Change 0.5 <0.05 0.6 (0.4 - 0.9) 0.4 <0.05 1.6 (1.0 - 2.3) 

Age 0.2 <0.001 0.8 (0.8 - 0.9) 0.2 <0.001 1.2 (1.1 - 1.3) 
Multiple model      
iNPH Radscale 
baseline 0.4 <0.05 0.7 (0.5 - 0.9) 0.2 ns 1.2 (0.9 - 1.6) 
Age 0.2 <0.001 0.9 (0.8 - 0.9) 0.1 <0.001 1.1 (1.1 - 1.2) 
iNPH Radscale 
change 0.5 <0.05 0.6 (0.4 - 0.9) 0.5 <0.05 1.6 (1.0 - 2.5) 
Age 0.2 <0.001 0.8 (0.8 - 0.9) 0.2 <0.001 1.2 (1.1 - 1.3) 

 

Those without iNPH symptoms (defined as iNPH symptom score >90), who 
served as controls in paper III, had a median iNPH Radscale score of 1 (IQR 1 – 
2). For the group with definite iNPH in paper III the median iNPH Radscale 
score was significantly higher, 10 (IQR 9 – 11), see Figure 14.  

 

 

 

 

 

Figure 14: Boxplot of the iNPH 
Radscale scores in the two 
investigated populations 



 

37 

Reliability and accuracy of the scale  
In order for the iNPH Radscale to be accepted as a clinically relevant and useful 
screening tool, in paper II we studied the reliability of the included parameters. 
Two investigators assessed both CT and MRI for all included patients, with 
repeated measurements, to calculate the inter- and intrarater reliability. The 
intrarater agreement had comparable levels for both modalities. Interrater 
agreement was substantial to almost perfect for continuous variables and 
substantial for categorical variables. However, the agreement for white matter 
lesions between CT and MRI between raters was poor. See Table 5 for an overview 
of agreement results. Figure 15 illustrates the results from paper II in which no 
to mild white matter changes (iNPH Radscale score 0 - 1 p) in CT more often had 
a higher score on MRI. 

 

Figure 15: Scoring of periventricular white matter changes in CT and MRI. The 
size of the circle illustrates the number of participants scored by that level. The 
grey circles are the scores of reader A and the black circles reader B.  
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Accuracy must be evaluated to assess the usefulness of a test. Therefore, paper 
III focused on sensitivity and specificity testing. True positive cases (shunt 
responsive iNPH) were compared to true negative controls in paper III. The 
area under the curve in the ROC analysis was 99 % and resulted in a sensitivity of 
100 % and specificity of 96 % when the cut-off was set to £ 4 points on the iNPH 
Radscale, see Figure 16. Calculations from the sensitivity and specificity yielded 
an overall accuracy of 98.5 %, a positive likelihood ratio of 11 and a negative 
likelihood ratio of 0.  

 

 

 

 

 

Figure 16: Cross tabulation of the iNPH Radscale score for patients with definite 
iNPH compared to controls 

Logistic regression further demonstrated that an iNPH Radscale score £ 4 
corresponds to an estimated probability of iNPH of less than 4 %, see Figure 17. 
Moreover, a score of ³ 8 or indicates a very high likelihood of the disease. 

 
 

Figure 17: Fitted predicted probability for iNPH at a given iNPH Radscale score 
from the logistic regression analysis.  

  Definite iNPH 

  No (n) Yes (n) 

iNPH  
Radscale 

£ 4 53 0 

> 4 2 75 

  Specificity 53/55 Sensitivity 75/75 
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In summary, according to the results of this thesis:  

• The iNPH Radscale shows a higher score in individuals with symptoms 
of iNPH than in asymptomatic individuals 

• The iNPH Radscale is applicable to both CT and MRI 
• The iNPH Radscale can separate shunt responsive iNPH from 

asymptomatic controls 
• An iNPH Radscale score£ 4 points combined with absence of symptoms 

excludes iNPH 
• An iNPH Radscale score ³ 8 points combined with typical symptoms 

makes iNPH highly likely 
• Over two years, the iNPH Radscale score increases more in individuals 

who deteriorate in symptoms of iNPH compared to groups with 
stationary or improved symptoms.  
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Discussion 
The iNPH Radscale was developed to enable structured evaluation of 
neuroimaging as a step towards standardized diagnostics and follow-up of iNPH.  

INPH is undertreated and most likely underdiagnosed and combined with an 
increasingly older population creates a challenging task for healthcare. The 
diagnostics are further complicated by the frequent comorbidity in the older 
population, with similar symptoms to iNPH and the traditional radiological 
report may provide the laconic answer “age adequate”. If not detected, iNPH will 
neither be diagnosed nor offered a potential effective treatment. 

According to the Japanese diagnostic guidelines (46) a patient with improving 
symptoms after shunt surgery is diagnosed with “definite iNPH”. This creates an 
overlap between the diagnosis of iNPH and selection of suitable shunt candidates. 
A prognostic test, such as a tap test, is often used to support the diagnosis. 
However, the main purpose of that test is to determine whether a patient could 
be a shunt responder. It is worth keeping in mind that a test with prognostic 
capability, is often less reliable when it comes to ruling out disease. This thesis is 
focused on the diagnostic potential of radiological findings.  

The diagnosis of iNPH has been debated, even to the extent of questioning its 
existence. (115) This is understandable to some extent, as no international 
consensus on the definition of iNPH has been reached. The two guidelines (2, 46) 
are similar in many ways, but differ slightly in how patients are diagnosed. A 
publication from our group illustrated how prevalence numbers are dependent 
on which guideline is applied. (72) 
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Detection and diagnosis of iNPH 
To stimulate early detection of iNPH, the general practitioner and the radiologist 
play important roles. A proposed workflow for primary care could be to include 
the questionnaire used in paper I (see appendix) for patients seeking health care 
for cognitive impairment. Together with the standard brain CT, assessed by the 
iNPH Radscale much information is provided on hydrocephalus as a differential 
diagnosis to Alzheimer’s disease. In the case of symptoms and signs of 
hydrocephalus referral to the neurology department could be recommended.  

The American-European guidelines state that physical examination and routine 
imaging of the brain are sufficient in a pre-operative investigation in “typical 
cases”. (2) However, imaging findings are neither described in detail nor 
quantified. The iNPH Radscale allows the staging of imaging findings, which 
could filter out the evident cases with both high sensitivity and specificity. Further 
confidence in the diagnostic decision can be achieved with a neurological 
examination, preferably including standardized tests as well, i.e. the iNPH score 
of symptoms (68) or a corresponding symptom scale.  

In the initial stage of investigating suspected iNPH, sensitive instruments for 
detection are required as a screening test. Should the suspicion be withheld or 
rejected? Is further (often invasive) investigation indicated? According to our 
results, an iNPH Radscale score £ 4 combined with absence of symptoms seems 
sufficient to rule out iNPH. Therefore, the iNPH Radscale may be used to select 
those in need of additional testing.  

No test is currently in clinical use that can exclude from iNPH. Our findings show 
that ventriculomegaly in combination with the other described radiological signs 
is highly specific for iNPH patients and very uncommon in elderly without 
symptoms. This result is not self-evident and contrasts to some other radiological 
findings, such as white matter lesions, (124) mild atrophy (125) and the flow void 
sign (126) over the aqueduct, which may be incidental findings. The iNPH 
Radscale could have the potential to rule out iNPH and be helpful in selecting 
patients for further testing. 

Choosing the features of the iNPH Radscale 
Several radiological features are documented as being associated with iNPH (127) 
and much effort has focused on identifying a characteristic imaging pattern of 
iNPH. The Japanese guidelines advocate dividing iNPH into DESH and non-
DESH iNPH, due to its predictive value. (46, 78) Other studies have not been able 
to replicate this and emphasize that absence of DESH morphology does not 
exclude from shunting (or iNPH). (77, 91-93) The iNPH Radscale includes the 



 

43 

features of DESH, as well as several other supportive features. This reflects the 
spectrum of diversity in the imaging presentation of iNPH. The modern view of 
iNPH as a neurological syndrome with several potential etiological factors that 
contribute to the disease makes it logical that the imaging presentation can differ 
between iNPH patients.  

For all features included in the iNPH Radscale cut-off levels could be taken from 
previous studies, except for temporal horns. The goal of the iNPH Radscale has 
been to quantify the assessments when possible. The cut-off level of 4 mm for 
temporal horn dilation was based on a receiver operating characteristic analysis 
in paper I. At 4 mm symptomatic and asymptomatic individuals could be 
separated with a sensitivity of 92 %. That is in line with Frisoni et al. (128) who 
investigated the association between the width of the temporal horns and 
symptoms of Alzheimer’s disease, where the control group aged 60 – 78 years had 
a mean temporal horn width of 3.2 mm +/- 1.2 mm.  

Due to previous promising findings (99) of bulging of the lateral ventricular roof, 
the parameter was tested for inclusion in the scale. As there was no significant 
association with symptoms, we chose to exclude bulging from the definitive scale. 
Speculative, ventricular roof bulging is perhaps better for differential diagnosis 
in hydrocephalic states rather than a sign of iNPH. The flow void sign is listed as 
a supportive feature in the American-European guidelines. We chose not to 
include it in the iNPH Radscale, because it has limited predictive value and is seen 
only in MRI. (126, 129) Other signs of hydrocephalus, such as enlarged third 
ventricle and basal cisterns were not chosen because they not are included in the 
guidelines and little evidence indicates they predict shunt response. (77, 99) 

Recent studies have suggested several new interesting methods for fine-tuning 
the two-dimensional measurements of iNPH, i.e. Evans’ index and temporal horn 
diameter in the craniocaudal plane instead of the transverse plane. (127, 130) 
New measurement methods would have complicated the use of the scale, as the 
radiologists need to learn not only a new scale, but also a new way of performing 
the measurements.  

Feasibility of the iNPH Radscale 
According to paper III, the accuracy of iNPH Radscale was 98.5 %. This is in 
line with Ishii et al., who demonstrated that callosal angle <90∘ differentiates 
iNPH from Alzheimer’s disease with an accuracy of 93%, sensitivity of 97% and 
specificity of 88%. (82) Miskin et al. evaluated callosal angle combined with 
Evans’ index as an instrument for identifying iNPH, with similar results. (80) 
Nevertheless, these two studies only included two parameters, did not evaluate 
DESH, temporal horns or white matter lesions.  
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Paper IV speculated on how to define a clinically relevant change in radiological 
findings. The results demonstrated a progression of less than one point on the 
iNPH Radscale, without an association with aggravated symptoms over a 2-year 
period. Age was significantly associated to development of symptoms, but not to 
development of radiological changes, over two years. However, this was in an 
epidemiological cohort in which a majority were categorized as unlikely iNPH, 
where deterioration was rare. On the other hand, those with more extensive 
radiological changes (high iNPH Radscale score) at baseline had more aggravated 
symptoms at follow-up, compared to those with mild radiological changes (low 
iNPH Radscale score). The results from the logistic regression model strengthen 
that. INPH Radscale score at baseline was significantly associated to being 
symptomatic at follow-up, both before and after adjustment for age. However, 
there was no significant association between deterioration in symptoms and 
iNPH Radscale score at baseline. In summary, the iNPH Radscale score can 
predict who will be symptomatic in two years, but not who will deteriorate in the 
same time interval. In light of these results, there seems to be of greater clinical 
value in utilizing the iNPH Radscale score as an indicator of future symptom 
development rather than looking at radiological changes over time. 

At the group level, paper I showed an association between symptom severity and 
radiological findings. The exception was two asymptomatic patients who had 
substantial radiological findings of iNPH. Therefore, it would be beneficial for 
asymptomatic individuals with substantial radiological findings to have regular 
(e.g. yearly) evaluations of symptoms in order to catch the manifestation of iNPH 
at an early stage. (31) However, in the cohort from Jämtland described in paper 
I and paper IV, this was not supported. The two asymptomatic individuals 
scored 6 points at baseline and 8 points 2 years later on the iNPH Radscale, but 
the lack of symptoms remained unchanged. One explanation for the 
contradictory results could be the difference in follow-up time. In the studies by 
Iseki et al. (37) and Jaraj et al. (104) the patients were followed for 10 years and 
symptoms occurred between 4 and 10 years from the baseline imaging. The 
follow-up of 2 years in paper IV could then be too short to catch the debut of 
symptoms.  

The choice in time interval for the follow-up in paper IV was not evident. Short 
follow-up would minimize the drop out frequency due to other diseases or death 
in this elderly cohort. On the other hand, a long follow-up would maximize the 
development of anticipated radiological change. Two years was chosen as a 
reasonable compromise. However, the total dropout frequency was 25 % (10 % 
due to death) and the radiological changes were statistically significant, but the 
clinical relevance is uncertain.  
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The iNPH Radscale as a checklist 
Perception is often discussed in radiology. It is important to be aware of how 
stress, frequent interruptions, and time passed since the last cup of coffee can 
influence our ability to detect abnormalities in the radiological image. (131) 
Consequently, the nuances of the radiological report can vary. Several strategies 
can be followed to cope with the fluctuating perception, such as minimizing 
disturbances and double readings (and free coffee). Another established method 
is to use check lists. (132) The iNPH Radscale can serve as a checklist to assist the 
investigator in detecting the sometimes subtle changes in brain morphology.  

 

Clinical use of the iNPH Radscale 
1, Checklist of which radiological features are important to assess 
 
2, Manual on how these radiological features should be assessed  

 
3, Monitor/detect changes in radiological features over time 
 
4, Support for ruling out iNPH 

 
5, Indicating highly likely iNPH  

 
6, Support for grading the level of suspicion of iNPH 
 

 

Methodological considerations/limitations 

Comorbidity 
Elderly rarely have one disease. In papers I and IV, using an epidemiological 
sample of individuals over 65 years old, comorbidity masked the assessment of 
symptoms and radiological interpretation. The associations between symptoms 
and radiological signs would most likely have been stronger in a clinical material 
that compares shunt candidates to entirely healthy controls. However, this would 
not be representative of the general population. When it comes to detecting iNPH 
these extremes are not as interesting as the middle range, reporting some of the 
triad symptoms, in which both clinicians and radiologists need support in their 
assessment. Thus, the epidemiological sample is both a strength and a weakness 
in this study, as it gives us more generalizable results, but makes the 
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interpretation more difficult. Hydrocephalus, vascular comorbidity and 
Alzheimer’s disease can share imaging features such as ventriculomegaly, 
enlarged temporal horns and white matter lesions. The combination of 
radiological features in relation to clinical symptoms could facilitate the 
differential diagnosis. For example, enlarged temporal horns could indicate 
hippocampal atrophy, but if combined with pathological Evans’ index and no or 
mild white matter lesions, the radiological suspicion of hydrocephalus is greater 
than for vascular dementia or Alzheimer’s disease.  

In paper III, the material was more strictly selected from a clinical sample of 
iNPH patients and controls from the general population without symptoms of 
iNPH. The iNPH patients were all shunt responders (definite iNPH). Therefore, 
the influence of comorbidity on the results was minimized, and valuable 
information was added to the results from paper I.  

Reflections on patient selection 
Imaging features are included in the diagnostic criteria, which creates a dilemma 
when designing studies due to the inevitable selection bias. To minimize the 
selection bias in papers I and IV, symptom scoring was used instead of labeling 
the participants into to unlikely, possible and probable iNPH according to the 
diagnostic guidelines.  

In paper II, the purpose was to compare the iNPH Radscale scoring between 
modalities and raters. A shunted cohort was chosen for the sample to be 
representative of iNPH patients. Consequently, the sample had substantial 
skewness, over-representing extensive radiological changes. The statistical 
analyses would have been facilitated by adding groups with few and moderate 
radiological features. However, the result would not have been as representative 
for iNPH patients.  
 
The purpose of paper III was to evaluate the diagnostic potential of the iNPH 
Radscale as a first step in validating the test. To define the sensitivity and 
specificity, true positive and true negative cases should be identified using a gold 
standard. The diagnosis of iNPH is ultimately confirmed by a positive response 
to treatment, often referred to as definite iNPH. (46) In clinical practice, all 
patients who undergo shunt surgery for suspected iNPH do not have the correct 
diagnosis. Therefore, the selection of only shunt responsive patients in this study 
was an active choice in order to identify true positive cases. To avoid inclusion 
bias, the selection of a control group of true negative patients (unlikely iNPH) was 
based on clinical symptoms, not imaging findings.  



 

47 

Different scanners 
Two different CT scanners from different manufacturers were used in the 
epidemiological study in Östersund (papers I and IV), Philips for the baseline 
investigation and GE for the follow-up investigation. Both scanners used 
corresponding settings, delivering the same slice thickness, and reconstructions 
were made in the same fashion. The same PACS system was used to assess both 
the baseline and the follow-up investigations. Co-author Elna-Marie Larsson, 
experienced neuroradiologist compared the image quality between the two 
scanners before enrolling the follow-up. Ideally, the same scanner should have 
been used to guarantee the absence of systematic errors in the data collection. 
However, modern CT scanners deliver corresponding image quality, which make 
structural assessment comparable between scans.  

In papers II and III the clinical workup for preoperative selection comprised a 
range of different CT and MRI scanners, because the patients were recruited from 
clinical practice all over the Uppsala region, with imaging performed at their local 
hospital in many cases. T1- and T2 FLAIR sequences had to be available for the 
patient to be included in the study. These are standard sequences that are 
compared daily between scanners in clinical routine. Different scanning 
parameters could have affected the image quality, but likely did not influence the 
assessment of anatomical landmarks.  

Choosing CT for imaging was a conscious choice to facilitate designing of the 
iNPH Radscale into the screening detection tool we aimed for. This is sufficient 
to raise suspicion of the disease in for example, en passant findings in elderly 
scanned for a head trauma or memory deficits. MRI is the method of choice in 
suspected cases, to rule out aqueduct stenosis, assess white matter changes in 
detail and if desirable include volumetric quantification of the ventricular spaces.  

The scale was further validated for MRI in paper II, for a modality-independent, 
more user-friendly approach. The scale allows comparisons between 
investigators, modalities and centers. This could be useful in epidemiological 
research, as well as when comparing different study results.  

Modality and investigator-dependent differences  
Visualization of white matter lesions are known to differ in CT and MRI. (133) 
The superior soft tissue contrast of MRI makes it the more sensitive method for 
detecting white matter lesions. This is in line with the results from paper II, in 
which interrater concordance was lower between CT and MRI compared to the 
other parameters included in the study. Therefore, the iNPH Radscale could 
potentially give a lower score for mild to moderate white matter lesions on CT 
than MRI. The concordance is lower for white matter lesions compared to the 
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other features in test-retest assessment of the same patient, the same modality 
and the same rater. This reflects the subjectivity of assessing white matter lesions 
described by Scheltens et al. (133) However, white matter lesions as a separate 
feature lack diagnostic value due to its unspecific character but adds information 
on comorbidity. (2, 29) To simplify the iNPH Radscale, including fewer 
parameters would be desirable. As the scoring of white matter lesions differs 
between modalities and shows poor to moderate concordance between raters it 
could be worthwhile to consider modifying this feature in an updated version of 
the scale.  

A standardized method is important to achieve accurate measurements. This is 
especially important for callosal angle, which can easily differ 10° if the transverse 
plane is pivoted. In addition, the two angle vectors can be positioned differently 
from the curvature of the ventricular roof, and further alter the measurement, see 
illustration in Figure 18. A basic requirement a 1-mm isotropic MRI-sequence and 
saving 1 mm CT-sections to the PACS system, to enable multiplanar reformatting 
to correct planes.  

  
55 ° 65 ° 

Figure 18: Different vector positioning in the same patient, resulting in different 
callosal angles. 
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The future 
This thesis describes the development of the iNPH Radscale and the first steps 
taken towards a reliable and accurate radiological supportive tool for the 
diagnosis of iNPH. It would also be relevant to test the scale in different patient 
groups with other conditions with impaired gait and cognition and determine 
whether the scale can differentiate between different diagnoses. Further clinical 
validation is needed to define the predictive values of the iNPH Radscale. The 
prognostic value of the iNPH Radscale is of interest for future research.  

Technical developments in imaging today are remarkably fast. Computer-aided 
diagnostic (CAD) tools have been available for years, with automatized linear 
measurements staging bone maturity (82) and tagging suspected colon polyps. 
(134) It would be interesting to investigate the potential of an automated iNPH 
Radscale score. Volumetric assessment of brain tumors, lung nodules and liver 
metastases are part of clinical routine. Semi-automated segmentation is still 
standard, but can be time consuming. When fully automated segmentation 
methods are accessible and reliable, two-dimensional manual measurements will 
be conquered rapidly. Then it will be possible to quantify the ventricular CSF 
compartments and measure ventriculomegaly, temporal horn dilation, the 
narrowing of high convexity sulci, widening of sylvian fissures and focally dilated 
sulci by volumetry. However, the time horizon is difficult to estimate. If you ask 
a physicist, the time is now. If you ask a PACS system vendor, it is indefinite. The 
implication of new technical solutions in health care systems is time-consuming. 
Patient security and legal wording are complex matters that need to be rigorous.  

If we take the speculations one step further, it is difficult not to mention artificial 
intelligence. From volumetric measurements staging of disease such as atrophy, 
hydrocephalus and vascular burden is not far off. A well-designed deep learning 
algorithm requires a large training set of patients including clinical evaluation 
and postoperative follow-up. (135) The algorithm would then need validation 
before being introduced into clinical practice. The generalizability could be 
challenging when the variation in patient presentation and imaging quality 
fluctuate. Similar tools already exist for Alzheimer’s disease (136) and are 
currently under development for iNPH. (137) International collaboration would 
be needed to accumulate sufficient training and validation data. An automatized 
method that quickly identifies the imaging pattern of iNPH and separate it from 
other neurodegenerative diseases (e.g. Alzheimer’s disease) would be valuable for 
health care and patients.  
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Conclusions 
Subjective and divergent evaluations of radiological findings of iNPH combined 
with loose clinical definitions of iNPH, create a need for standardized evaluation. 
The purpose of this thesis was to enable structured reporting of imaging findings 
by developing a scoring system for radiological iNPH-associated changes. The 
iNPH Radscale summarizes seven radiological features: Evans’ Index, narrowing 
of sulci, widening of the Sylvian fissures, focally enlarged sulci, width of the 
temporal horns, callosal angle and deep white matter changes.  

The results of this thesis show that iNPH Radscale score is associated with 
symptoms of iNPH and increase gradually over 2 years. The scale is applicable to 
both CT and MRI and can discriminate patients with iNPH from individuals 
without symptoms.  

In conclusion, the iNPH Radscale can be used to standardize, objectify and 
support the radiological interpretation of iNPH in imaging. The iNPH Radscale 
could thus be helpful in the diagnostic work-up of iNPH and enable comparison 
between studies and sites.  
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Appendix 

Screening questionnaire (Paper I) 
English in bold and Swedish in italics, “yes” or “no” answers 

1, My feet feel stuck to the floor when I walk. Mina fötter känns som 
klistrade till underlaget när jag går. 

2, I have trouble keeping my balance when walking or turning. Jag har 
svårt att hålla balansen när jag går eller när jag vänder mig om.  

3, I have experienced sudden falls without loss of consciousness. Jag 
har fallit flera gånger utan att jag har förlorat medvetandet. 

4, I have difficulty maintaining attention for a longer period of time. 
Jag har svårt att upprätthålla uppmärkamheten en längre tid.  

5, I have trouble remembering things. Jag har svårt att komma ihåg saker. 

6, I have experienced sudden urgency in urinating or had urinary 
accidents. Jag har upplevt plötsligt påkommande urinträngningar och måste 
fort hitta en toalett/kissat på mig. 

7, I walk progressively more slowly. Jag går allt långsammare.  

  



 

2 

Hellström iNPH score 

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 

 


