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Introduction 
•  Adoption of DESH in the guidelines have changed 

clinical practice in Japan 
–  The majority of iNPH is DESH 
–  DESH differentiates iNPH from atrophy    
–  Tap test or any other specific tests are not mandatory 

for the diagnosis  
–  If a condition mimicking iNPH is not DESH, secondary 

NPH or non-communicating hydrocephalus is 
suspected  
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Clinical guidelines for iNPH 
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2005 �2004 � 2008 � 2011�

The first edition of the Japanese guidelines for 
management of iNPH was published in 2004, and its 
English version in 2008.  



Clinical guidelines for iNPH 
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Flow of management 

Lumbar puncture and CSF examination 
ü Normal ICP (≤200 mmH2O) 
ü Normal CSF 

Shunt surgery 

ü 60 or more years old 
ü At least 1 symptom in cognitive, gait, and urination domains 
ü No causative neurological or non-neurological disorders 
ü Dilated ventricles >0.3 of Evans ratio on CT/MRIs 
ü No apparent preceding disorders causing hydrocephalus 

Refer to neurology/neurosurgery POSSIBLE INPH 

MRI 
ü DESH 
ü Ataxic/apraxic gait 

PROBABLE INPH 

MRI-SUPPORTED POSSIBLE INPH 

DEFINITE INPH 

Yes	 
No	 

Repeated tap test 
Lumber drainage  

Tap test 

Observation 

Hydrocephalus of 
different type? 

*2	 

Lumbar puncture and CSF examination 
ü Normal ICP (≤200 mmH2O) 
ü Normal CSF 



Medline search for iNPH 

Number of papers 
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Number of surgery for iNPH in Japan 
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•  SINPHONI 
‒  Tight high-convexity 
and medial 
subarachnoid spaces 
and enlarged Sylvian 
fissure associated with 
ventriculomegaly 

•  Guidelines 2nd Ed. 
‒  CSF is distributed 
disproportionately 
between the superior 
and inferior 
subarachnoid spaces 



DESH 

Enlarged Sylvian 
fissures and ventral SAS 

Tight high convexity/
midline SAS Focal sulcal 

dilatation 

Ventriculomegary 
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iNPH Brain atrophy 

•  Proportionate 
ventriculomegary 
–  Ventricles and 

subarachnoid 
spaces including 
Sylvian fissures 
are evenly dilated 

MRI features of iNPH 

•  Disproportionate ventriculomegary 
–  Tightened high-convexity/midline 

subarachnoid spaces 
–  Dilated Sylvian fissures 
–  Focal sulcal dilatation 

•  Acute callosal angle 



Tight high-convexity/midline subarchnoid 
spaces and large Sylvian fissures 
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SINPHONI 
Study of INPH On Neurological Improvement 
 

•  Aims: validation of MRI-based diagnosis 
•  Study design: prospective cohort study 



SINPHONI 
•  Cohort study design 

–  100 pts, 1 year 
•  Inclusion  

–  possible iNPH 
–  Ventriculomegary of EI>0.3 and narrowing of high 

convexty/midline subarachnoid space on coronal MRI 
•  Intervention 

–  VP shunt with CHPV 
•  End point 

–  ≥1 level improvement on mRS 
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SINPHONI 
Study of INPH On Neurological Improvement 
 

•  Inclusion criteria 
–  (1) Jpn GL criteria possible iNPH 
–  (2) Ventriculomegary of Evans index > 0.3 and tight 

high convexity/midline subarachnoid spaces 
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Favorable outcome = net benefit of whole procedure = 69% 
 Shunt responder = positive predictive value = 80% 
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Evans index 

0 

5 

10 

15 

20 

25 

<32 <34 <36 <38 <40 <42 <44 <46 <48 
Evans index 

N
um

be
r o

f p
at
ie
nt
s 



Behavioral Neurology & Cognitive Neuroscience, Tohoku University Graduate School of Medicine 

Sylvian fissures are dilated in 96% 
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Focal sulcal dilatation: positive in 29% 



Behavioral Neurology & Cognitive Neuroscience, Tohoku University Graduate School of Medicine 

0 

10 

20 

30 

40 

50 

60 

No～cap Mild～moderate Sever 

White matter changes lack in 33% 

White matter changes 



Axial MRI has an equal diagnostic 
performanceas coronal MRI  

Sasaki M, et al. 
Neuroradiology, 2008	




Statistical map of CSF 

Yamashita F, et al, Neuroradiology, 2010 

As compared with controls 
CSF volume is significantly 
Decreased 
Increased 
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Statistical map of gray mater 

Ishii K, et al. Dement Geriatr Cogn Disord 2008	




CBF SPECT（SPM）  

Convexity Apparent  Hyperperfusion (CAPPAH) sign �

KAPPAH �



Callosal angle 

Behavioral Neurology & Cognitive Neuroscience, Tohoku University Graduate School of Medicine 
Ishii K, et al. Eur Radiol 2008	
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Volume changes after VP shunt 
After 

Before After P Value 
Ventricular CSF 144.5±29.8 95.4±27.3 0.015 
Sylvian CSF 56.5±7.0 40.8±1.8 0.023 
Basal CSF 39.5±7.5 34.5±11.7 0.057 
Suprasylvian CSF 61.5±34.0 89.1±34.5 0.024 

Before 



Prevalence of DESH: metaanalysis 
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Hiraoka MRI 
             Sympt. 

Tanaka MRI 
             Sympt. 

Iseki MRI 
         Sympt. 

Total MRI 
         Sympt. 

% of elderly population 

(72.4 y.o.) 

(74.5 y.o.) 

(68.2 y.o.) 25% became symptomatic in 8 years 

1.1% (95%CI:0.6-1.8%) in elderly 
            = 250/100,000 population 



DESH Secondary NPH 

DESH is specific for iNPH 



If not DESH 
Cauda equina neurinoma�

Acoustic neurinoma�



Aqueduct stenosis in adult 

Blake’s pouch cyst in adult 



Prepontine cysternal trapping? 

Prepontine cysternal trapping? 



Diagnostic value of tap test under 
the condition of DESH 

Behavioral Neurology & Cognitive Neuroscience, Tohoku University Graduate School of Medicine 
Ishikawa M, et al. Fluids Barriers CNS. 2012 �



DESH and tap test 

Behavioral Neurology & Cognitive Neuroscience, Tohoku University Graduate School of Medicine Lee WJ, et al. J Neurol, 2010 

tap test non-responder�tap test responder�



False negative tap test  
•  Volume of CSF evacuation is insufficient 
•  Uncontrollable CSF leakage from puncture hole 

–  Small puncture hole 
–  Spinal canal stenosis 
–  Traumatic tap (hemorrhage) 

•  Inadequate, insufficient measures 
•  Too few measuring points 
•  Back pain after lumber puncture 

–  Virhammar J, et al. Eur J Neurol 2012 
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Summary 
•  DESH is the key of the diagnosis of iNPH 

–  The majority of iNPH is DESH 
–  DESH differentiates iNPH from atrophy    
–  DESH may be asymptomatic (AVIM) 
–  If a condition mimicking iNPH is not DESH, secondary 

NPH or non-communicating hydrocephalus is 
suspected  
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Possible iNPH 
meets all of the following five  features 

(1) Individuals who develop the symptoms in their 60s or older. 
(2) More than one of the clinical triad: gait disturbance, 
cognitive impairment, and urinary incontinence. 
(3) Ventricular dilatation (Evans’ index > 0.3).  
(4) The above-mentioned clinical symptoms cannot be 
completely explained by other neurological or non-
neurological diseases. 
(5) Preceding diseases possibly causing ventricular dilatation 
are not obvious, including subarachnoid hemorrhage, 
meningitis, head injury, congenital hydrocephalus, and 
aqueductal stenosis. 



Possible iNPH supportive features 
(a) Small stride, shuffle, instability during walking, and increase of 
instability on turning. 
(b) The symptoms progress slowly; however, sometimes an undulating 
course, including temporal discontinuation of development and 
exacerbation, is observed. 
(c) Gait disturbance is the most prevalent feature, followed by cognitive 
impairment and urinary incontinence. 
(d) Cognitive impairment is detected on cognitive tests. 
(e) The Sylvian fissures and basal cistern are usually enlarged. 
(f) Other neurological diseases, including Parkinson’s disease, Alzheimer’s 
disease, and cerebrovascular diseases, may coexist; however, all such 
diseases should be mild. 
(g) Periventricular changes are not essential. 
(h) Measurement of CBF is useful for differentiation from other dementias. 



Possible iNPH with MRI support 
•  Possible iNPH with MRI support indicates the condition 

fulfilling the requirements for possible iNPH, where MRI 
shows narrowing of the sulci and subarachnoid spaces 
over the high convexity/midline surface 
(disproportionately enlarged subarachnoid space 
hydrocephalus). This class of diagnosis can be used in 
circumstances where a CSF examination is not 
available, for example, in a population-based cohort 
study. 



Probable iNPH 
meets all of following three features 
(1) Meets the requirements for possible iNPH. 
(2) CSF pressure of 200 mmH2O or less and normal CSF 
content. 
(3) One of the following threeinvestigational  features: 

1. Neuroimaging features of narrowing of the sulci and 
subarachnoid spaces over the high convexity/midline 
surface (disproportionately enlarged subarachnoid 
space hydrocephalus) under the  presence of gait 
disturbance. 
2. Improvement of symptoms after CSF tap test. 
3. Improvement of symptoms after CSF drainage test. 



Definite iNPH 
1.  Improvement of symptoms after the shunt procedure.  



The features of large Sylvian fissures and tight high 
convexity/midline subarachnoid spaces had been noticed 
but never been stressed  
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Tap test and shunt outcome 

Wikkelsø C et al. J Neurol Neurosurg Psychiatry, 2013 

Total iNPH score: r=0.15, p=0.06 
Walking speed:  r=0.22 (p=0.02) �

3 
ho

ur
s�



Predictive values of tap test and 
Rout 

Rout and CSF TT can be used for selecting patients for shunt 
surgery but not for excluding patients from treatment. 

Wikkelsø C et al. J Neurol Neurosurg Psychiatry, 2013 
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High convexity� High convexity�


