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Introduction
Two invasive tests are mainly used to select patients
affected by NPH for surgery: measuring resistance to CSF
outflow and Tap Test. Cerebral blood flow (CBF) have
been demonstrated to be reduced in iNPH patients, mainly
in basal ganglia (BG) and periventricular white matter
(PVWM) regions. Perfusion MRI might be of value as a
diagnostic and predictive tool. The rule of diffusion MRI in
determining brain damage in PVWM and BG areas have
been investigated. The aim of this study is to identify rela-
tionship between cerebral perfusion and microstructural
damage of brain tissue measured by perfusion and diffu-
sion MRI in PVWM and BG areas before and after tap-test
and after sugery in patients who underwent VP shunt.

Methods
23 patients were included in this study. MRI related rCBF
and apparent diffusion coefficient (ADC) were calculated
in all the cases. Regions of interest were located in
PVWM and BG areas. Each patient underwent lumbar
infusion test and tap test. After these tests were per-
formed, patients have been clinically evaluated and
another MRI was performed with the same protocol.
Patients have been then divided into two groups: the first
cohort that improved after Tap test, and the second one
that did not. Only the first group underwent surgery and
were clinically and radiological assessed again a month
after VP shunt implantation. A descriptive statistical
study was performed using non parametrical tests.

Results
All the 13 patients surgically treated presented a clinical
improvement after surgery; an significative increase in

rCBF in both periventricular and basal ganglia regions
after tap-test and surgery; a decrease in ADC values in
periventricular region and an increase in ADC values in
basal ganglia regions. The 10 negative patients shown a
reduction in rCBF in both PVWM and BG after tap-test; a
decrease in ADC values in PVWM and an increasing in
ADC values in BG region.

Conclusions
Since trend of rCBF acquired by perfusion MRI agreed
with invasive tests results it could be considered a predic-
tive and effective method in the management of patients
with probable iNPH. Authors hypothesized decrease in
ADC value in PVWM region as a reduction of transepen-
dimal edema; and increase in ADC value in basal ganglia
area as a reduction in chronic cytotoxic edema due to
chronic blood flow impairment.

Published: 18 September 2015

References
1. Vindigni M, Tuniz F, Ius T, Cramaro A, Skrap M: Endoscopic third

ventriculostomy in patients with secondary triventricular hydrocephalus
from a haemorrhage or ischaemia in the posterior cranial fossa. Minim
Invasive Neurosurg 2010, 53(3):106-11.

2. Skrap M, Tuniz F: Use of the arachnoid membrane of the
cerebellopontine angle to transpose the superior cerebellar artery in
microvascular decompression for trigeminal neuralgia: technical note.
Neurosurgery 2010, 66(3 Suppl Operative):88-91.

3. Tuniz F, Soltys SG, Choi CY, Chang SD, Gibbs IC, Fischbein NJ, Adler JR Jr:
Multisession cyberknife stereotactic radiosurgery of large, benign cranial
base tumors: preliminary study. Neurosurgery 2009, 65(5):898-907.

4. Mucchiut M, Valentinis L, Tuniz F, Zanotti B, Skrap M, Bergonzi P, Zanchin G:
Adult aqueductal stenosis presenting as a thunderclap headache: a case
report. Cephalalgia 2007, 27(10):1171-3.

doi:10.1186/2045-8118-12-S1-O23
Cite this article as: Tuniz et al.: The role of perfusion and diffusion MRI in
the management of patients affected by probable iNPH: A cohort-
prospective preliminary study. Fluids and Barriers of the CNS 2015
12(Suppl 1):O23.

* Correspondence: tuniz.francesco@gmail.com
Azienda Ospedaliero Universitaria SM Misericordia, Italy

Tuniz et al. Fluids and Barriers of the CNS 2015, 12(Suppl 1):O23
http://www.fluidsbarrierscns.com/content/12/S1/O23

FLUIDS AND BARRIERS 
OF THE CNS

© 2015 Tuniz et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://www.ncbi.nlm.nih.gov/pubmed/20809450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20809450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20809450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19834402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19834402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17655718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17655718?dopt=Abstract
mailto:tuniz.francesco@gmail.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

	Introduction
	Methods
	Results
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


