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Introduction

Objective Overlap of normal pressure hydrocephalus (NPH) and pathology proven
cases of dementia is known. The objective of this paper is to correlate both the clinical
and multimodality imaging findings in patients with imaging diagnosis NPH and give a
hypothesis for association of clinical findings.

Methods This is a retrospective observational analysis of 13 cases patients who
were referred to molecular imaging center for imaging in 2016 to 2019, and they
were divided into four groups based on structural imaging findings. Group 1 had mag-
netic resonance imaging (MRI) findings of diffuse effacement of sulcal spaces (DESH)
and flow void, whereas Group 4 had none of these two. Group 3 had MRI findings of
DESH but no flow void, and Group 2 had flow void but no DESH. Clinical presentation,
MRI-PET findings of four groups are assessed.

Results Groups with presence of flow void showed hypometabolism in the medial
frontal and medial temporal lobe. Groups with presence of DESH has effacement of
parietal sulci showed parietal hypo metabolism with clinical presentation AD/mixed
dementia and absence of parietal effacement showed FTD-like presentation. Groups
without flow void or DESH showed only mild medial temporal hypometabolism and
presented with classical signs of NPH. ASL perfusion changes are in correlation with
metabolism on positron emission tomography (PET)-MRI.

Conclusion This study has led us to hypothesize the lack of outflow of brain pro-
tein and their deposition in parenchyma based on pressure gradient would be easier
explanation to go with cluster of findings. MR-PET and other investigations each had
different specificity and sensitivity and different pattern of presentation.

and normal cerebrospinal fluid (CSF) pressure.! The clinical
presentation (triad) may be atypical or incomplete and/or

Normal pressure hydrocephalus (NPH) is a syndrome charac-
terized by the triad of gait disturbance, mental deterioration,
and urinary incontinence, associated with ventriculomegaly
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mimicked by other diseases.? Hence, there is need for sup-
plementary tests such as CSF tap-tests and computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) to confirm
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diagnosis and guiding patient management, particularly to
predict post shunt outcome.

Overlap of NPH and pathology proven DLB-PSP-PD is
known.> Many papers set aside the imaging features like
periventricular atrophy mimicking the imaging diagno-
sis of NPH, but histopathology which is the gold standard
showed neurodegeneration with final diagnosis written off
as DLB or PD and suggest that there will be no improvement
after shunt.

In our experience, we come across patients showing inci-
dental findings of NPH on imaging and FTD- or AD-like pic-
ture on PET with extremely varied clinical presentations.

The objective of this paper is to correlate both the clinical
and multimodality imaging findings in patients with imag-
ing diagnosis NPH and give a hypothesis for association of
findings.

Our hypothesis in this study is that chronic hydrocephalus
has caused pressure on the brain and faulty drainage, which
in turn alters the perfusion and metabolism in the brain. This
may explain the varied clinical presentation in NPH.

Materials and Methods

Thirteen cases who were referred to molecular imaging cen-
ter for imaging between 2016 and 2019 with various clin-
ical conditions and incidental imaging findings of NPH are
included in the study.

Table 1 Clinical details and investigations in four groups

For each selected case, the findings on multimodality
imaging and their clinical presentation are noted and divided
into four groups based on presence or absence of MRI find-
ings, and correlated each subgroup with metabolic or per-
fusion changes. The finding of NPH in all four groups were
based on imaging criteria as proposed earlier' and include
sylvian fissure prominence (DESH), parietal sulcal efface-
ment, disproportionate ventricular enlargement, and pres-
ence flow void at fourth ventricle level.

Group 1 had MRI findings of DESH and flow void, whereas
Group 4 had none of these two. Group 3 had MRI findings of
DESH but no flow void, and Group 2 had flow void but no DESH.

On FDG-PET in various groups, the metabolic pattern of
areas showing hypometabolism as given below was used to
phenotype: medial frontal/anterior cingulate/lateral frontal
for (behavioral variant of frontotemporal dementia), precu-
neus mid sag/high parietal/posterior cingulated/medial tem-
poral lobe for (AD), temporal pole/lateral temporal lobe for
(SVFTD), and occipital for (diffuse lewy body dementia), mix
of all is mixed pattern.

Results

MRI imaging markers was correlated with clinical symptoms,
and metabolic changes in different groups are summarized in
(=Table 1) or increased pressure to cause pressure changes
on underlying cortical parenchyma.

‘ Clinical details

MRI pet imaging and other investigations

Group 1: flow void positive and DESH positive (=Fig. 1)

Group 1 with absence of parietal effacement

Case 4 ‘ FTD

NPH-FTD

Group 1 with presence of parietal effacement

Case 3 ? AD NPH: mixed pattern/? AD

Autoimmune paraneoplastic negative
Case 10 AD like NPH and mixed dementia pattern
Case 11 NPH NPH-mixed pattern

Post shunt: parietal sulci not effaced and metabolism recovered
Clinically improved in parietal lobe function

Parietal lobe may be the first area to be affected by high CSF
pressure and CSF volumes.

Group 2: flow void positive and DESH negative (=Fig. 2)

Group 2 with Absence of parietal effacement

Case 5 NPH

NPH-FTD

Case 13 Parkinson’s disease dementia

NPH-FTD

Group 2 with absence of parietal effacement

imbalance and features of raised ICP

Case 1 Anxiety and delirium NPH-AD, granuloma

subdural hematoma
Case 8 NPH-rapid onset- paraneoplastic NPH: mixed pattern

ANA profile-CENP-B, DsDNA positive
Case 9 K/CJO of squamous cell carcinoma with | NPH: mixed pattern
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Table 1 (Continued)
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Clinical details

MRI pet imaging and other investigations

Case 12 FTD + PD/DLBD

NPH: FTD/AD like

Group 3: flow void negative and DESH positive (=Fig. 3)

Case 6 NPH NPH: Mixed pattern
Paraneoplastic antibody positive: Zlc4, TPO, anti-Tg
Case 7 BVFTD/?DLBD NPH-AD

Group 4: flow void negative and DESH negative (=Fig. 4)

Case 2 \ DLBD

‘ NPH: mixed pattern

Learning points:

This group represents acute on chronic hydrocephalus.
Group 1: flow void positive and DESH positive (=Fig. 1)

Group 2: flow void positive and DESH negative (=Fig. 2)

due to which there was FTD-like picture.

Group 3: flow void negative and DESH positive (=Fig. 3)

AD/mixed pattern.
Group 4: flow void negative and DESH negative (=Fig. 4)

Most common clinical presentation was with psychiatric illness seen in 11 cases. The presentation could either start as dementia with
psychiatric symptoms with acute/chronic course of relapse and remissions. Incidence of atypical presentation was more in group 2
>group 1 >group 3 >group 4. Clinical presentation wise overall DESH positive irrespective of flow void being present or absent presented
as chronic case of dementia like presentation. DESH negative with flow void positive cases presented with more acute and psychiatric
symptoms and are representative of a more acute or decompensated state of hydrocephalus and hence acute presentations. Group 4
patient presented with chronic complaints of NPH with an acute episode of hallucinations, where flow void was absent and absent DESH.

In all cases, metabolism was decreased in medial frontal lobe and medial and temporal lobe in this group irrespective of sulcal
prominence. Hypometabolism in the medial frontal and medial temporal lobe may be related to presence of flow void irrespective of
sulcal morphology. Increased CSF flow rate and CSF trapping is represented by flow void and this in turn may cause pressure changes on
brain parenchyma leading to hypometabolism. Group 1 with presence of parietal effacement. In addition to above, parietal metabolism
was also decreased in this subgroup. Inverse relation of parietal effacement and degree of sylvian fissure prominence (DESH).

In all cases, there was no sulcal enlargement of medial/lateral frontal/lateral temporal lobes. Medial temporal lobe hypometabolism was
observed irrespective of medial temporal horn of lateral horn prominence, indicating flow void pressure induced changes. AC and PC were
at same height in all groups except group 2. The finding of AC higher than PC may indicate increased FV without the DESH and may be

a sign of decompensation. Clinically also these cases had acute onset and more of psychiatric symptoms. Hence, this group of NPH had
highest atypical presentation. Group 2 with absence of parietal effacement. No parietal effacement and metabolism was preserved due
to which there was FTD-like picture. Group 2 with absence of parietal effacement. No parietal effacement and metabolism was preserved

Significant medial frontal and lateral frontal sulcal enlargement in both cases. Though frontal sulci were prominent metabolism was
preserved in medial frontal and anterior cingulate indicating a relation to absence of flow void in this group. Mild medial temporal horn
enlargement indicated a medial temporal hypo metabolism. High parietal effacement seen with hypometabolism in parietal lobe giving

Flow void negative and DESH negative without parietal sulci effacement. Only mild medial temporal lobe metabolism was noted.
Interesting the lateral frontal and lateral temporal sulci were also prominent, but metabolism was preserved and may indicate a chronic
hydrocephalus without significant CSF turbulence or pressure changes.

Abbreviations: AD, Alzheimer’s dementia; BVFTD, behavioral variant of frontotemporal dementia; DESH, diffuse effacement of sulcal spaces; DLBD,
diffuse lewy body dementia; FTD, frontotemporal dementia; NPH, normal pressure hydrocephalus.

Discussion

Comorbid NPH and another neurodegeneration are known
entity.? NPH is an imaging entity with lack of specific clinical
and histopathology biomarker. Hence is often ignored without
an intervention and with varied treatment outcomes. A study
on association between mechanical effects and behavior by
Gustafson and Hagberg* suggest prolonged mechanical stress
cause a more irreversible damage on brain, specifically frontal
temporo-limbic and diencephalic-hypothalamic axis. Our study
results were very similar and these areas overlap with areas
involved AD, FTD, PD, etc. In a paper by Roberts et al,> he pro-
posed amyloid deposition could be due to faulty CSF drainage.
Group 2 in our study reflects this group with PET show-
ing more hypometabolism in group 2 than group 1 and hav-
ing more acute clinical presentation. High parietal tightness
indicates shunt responsiveness® and indicates increased pres-
sure in ventricles. Postdiagnostic LP likely there is a recoil of
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the brain tissue with metabolism being restored. ASL which
is a perfusion marker has shown decreased global perfusion
and post shunt improvement in NPH.” ASL or FDG-PET may
be important biomarkers for planning a treatment.

MRI markers for mechanoelastic changes are parietal
effacement, which correlated directly with hypometabolism
and clinical symptoms and presence of flow void. When only
DESH was present, supratentorial sulcal prominence was
noted suggestive of CSF trapped without secondary pressure
changes. All the cases of NPH had temporal hypometabolism.

In Group 1 and 2 hypometabolism/hypoperfusion and
structural MRI findings are not linearly correlated. Group
3 and 4, which had absent flow void, had temporal hypome-
tabolism and correlated with structural MRI. Future studies
with elastography in group 1 and 2 would be the way to go
for understanding more on hydrocephalic dementia, its role
in proteinopathy and role of early diagnosis markers such as
CSF a B protein level for prognostication.

© 2021. Association for Helping Neurosurgical Sick People.
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Fig. 1 This is case 11 is a representative case for group 1: magnetic resonance imaging and metabolic and perfusion changes pre-tap
(A-D) and below postdiagnostic lumbar tap (E-H). Represented by Sagittal (A, E) T2w image, axial (F) T2w image, axial (F) TTw images, axial
(C, G) PET images and ASL (D, H) images. Structural MRI shows mild reduction in sulcal dilatation in parietal region post tap. ASL and PET shows
improved parietal perfusion and metabolism postdiagnostic LP with clinical improvement in parietal lobe function. Frontal lobe perfusion and
metabolism did not change. ASL, arterial spin labeling; PET, positron emission tomography.

Fig. 2 This is case 5 is a representative case for group 2: represented by sagittal (A) T2w image, coronal (B) T1w image, axial (C) flair image,
coronal (D, E) and axial (F), PET images. Magnetic resonance imaging shows lack of parietal effacement with flow void positive and DESH neg-
ative. PET is showing frontal and temporal hypo metabolism suggestive of frontotemporal dementia. ASL, arterial spin labeling; DESH, diffuse
effacement of sulcal spaces; PET, positron emission tomography.
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N

Fig. 3 This is case 6 is a representative case for group 3: represented by axial (A) T2w image, coronal (B) flair image, axial (C) ASL image, sag-
ittal (D) coronal (E) and axial (F), PET images. (A-C) Flow void negative and DESH. There is dilatation of frontal and temporal sulci with effaced
parietal sulci on MRI with flow void negative and DESH and hypoperfusion in parietal lobes. PET is showing hypometabolism in parietal and
temporal lobes suggestive of mixed dementia. ASL, arterial spin labeling; DESH, diffuse effacement of sulcal spaces; PET, positron emission

tomography.

A model of mechanical effects and biological changes
it causes in terms of perfusion, protein deposition pattern
needs to be developed. Amplitude phase MRI® (aMRI) is one
such technique. Building this link may shed light between
MRI imaging NPH findings and histopathology pattern
observation.” Studies® using amplitude (aMRI) to measure
shear stress and strain'® in NPH are lacking.

Simultaneous magnetic resonance electrography (MRE)
and functional MRI have shown that brain stiffening and
softening as a result of neuromechanical coupling occur-
rence, wherein the brain softens at areas of increased neuro-
hemodynamic coupling during a task. This application proves
that perfusion neuronal activity and mechanical properties
of brain are coupled

FDG-PET scans in pure NPH have shown decreased
global metabolism and/or a heterogeneous mixed pattern
of hypometabolism!!. Amyloid PET scans in NPH patients
showed increased brain amyloid deposition'? in cases with
NPH associated with decreased CSF levels of amyloid beta
(aBETA) and an increased tau thereby reflecting decreased
clearance of brain amyloid via CSF. Studies show amyloid
has a protective role and induces synaptic plasticity.> So, by
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measuring CSF levels of a BETA may give an idea of amyloid
deposition and help plan a shunt to reverse dementia.'

The nonlinear changes between metabolic changes and
structural MRI and the symptoms depended on amount of
pressure that cortical area was facing need to be correlated
with MRE studies, and ASL studies as has been highlighted
and model developed in our previous study'.

Our study is unique as it attempts to correlate with simul-
taneous imaging the structural metabolic changes in NPH.

So, we hypothesize that chronic hydrocephalus with peri-
ods of relapse and remission has caused pressure on the
brain, and the faulty CSF drainage has caused the deposition
of toxins such as amyloid, synucleins, and tau proteins unlike
other dementia which are genetically programmed. Altered
CSF pressure and drainage of toxic proteins in turn lead to
varied metabolic and perfusion changes.

In conclusion, overall on correlation of clinical presen-
tation, MR PET and other investigations each had different
specificity and sensitivity and different pattern of presen-
tation. All the above cases were atypical cases and clinical
and imaging correlation was different to come to a definite
conclusion. Hence, this study starts with NPH as starting
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Fig. 4 This is a case 2 is a representative case for group 4: represented by sagittal (A) and coronal (B) T2w image, axial (C) flair image, axial
(D, F) and coronal (E) PET images. Magnetic resonance imaging showed dilatation of frontal parietal sulci and medial temporal horn with flow
void negative and DESH negative. PET shows hypometabolism in medial temporal lobe only suggestive of normal pressure hydrocephalus. ASL,
arterial spin labeling; PET, positron emission tomography.

point and concluding that clinical presentation, serology, and
metabolic changes may be different spectra of NPH/chronic
hydrocephalus. Each modality has its own sensitivity and
specificity, and no modality is absolute, and hence, a thor-
ough workup should be advocated for atypical presentations.
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