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11MR Imaging of Neurodegeneration

Tammie L. S. Benzinger and Saurabh Jindal

Key Points
• Recent innovations in MR imaging allow not 

only to rule out organic dementia but also to 
differentiate various dementia subtypes and 
quantify the atrophic changes.

• The use of advanced imaging biomarkers such 
as volumetric, functional, and diffusion MRI 
provides early detection of neurodegeneration 
impacting disease management.

 Introduction

The prevalence of neurodegenerative diseases is 
increasing with the increase in the aging popula-
tion. Alzheimer’s disease (AD) is the most com-
mon neurodegenerative disorder estimated to 
globally impact 67 million individuals by the 
year 2030, respectively [1]. Neuroimaging serves 
as a noninvasive tool to investigate the structural 
and functional aspects of the brain. Magnetic 
resonance imaging (MRI) is the first line modal-

ity in the workup of patients with slowly progres-
sive dementia [2]. It allows for qualitative and 
quantitative detection of changes. It also aids in 
the tracking of disease progression. In this chap-
ter, we will discuss the application of structural 
and functional MRI techniques in various demen-
tia subtypes.

 Structural Imaging

 Protocol Considerations

A standardized imaging protocol optimized to 
detect dementia-related changes is essential. A 
magnetic field strength of ≥1.5Tesla (T) is 
required to appreciate subtle volume changes. A 
good quality structural MRI requires a high 
signal- to-noise ratio (SNR). Three-dimensional 
(3D) T1-weighted imaging (WI) with 256  mm 
field of view and ≤ 1.2 × 1.2 × 1.2 mm resolution 
offers high spatial resolution and is best for mor-
phometric images [3]. Magnetization prepared 
rapid acquisition echo (MPRAGE) (Siemens), 
spoiled gradient recalled sequence (SPGR) 
(General Electronic), and 3D turbo field echo 
(Philips) are the most commonly used sequences. 
The rest of the protocol can be tailored based on 
the setting whether clinical or research. In clini-
cal practice, two-dimensional (2D) fluid- 
attenuated inversion recovery (FLAIR) and 2D 
gradient recall echo/susceptibility weighted 
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imaging (GRE/SWI) are generally obtained. A 
2D T2-WI, diffusion weighted imaging (DWI), 
post-contrast imaging, and magnetic resonance 
angiography are optional depending on the sus-
pected etiology and availability of time [3]. 
Suggested guidelines for image acquisition of 
these sequences is available from the American 
College of Radiology [4]. For research purposes, 
1 mm thick sagittal 3D FLAIR, 3 mm thick 3D 
GRE/SWI, resting-state functional MRI (rsfMRI) 
with a repetition time (TR) of 2000 ms, and diffu-
sion tensor imaging (DTI) having ≥30 directions 
may be acquired with optional arterial spin label-
ing (ASL) images [3]. The Alzheimer’s Disease 
Neuroimaging Initiative (ADNI) has published 
guidelines for performance of MRI for dementias 
and is a useful resource [5]. Protocol for serial 
longitudinal scans should be consistent for accu-
rate follow-up. In particular, if assessing for 
serial microbleeds or siderosis, consistent field 
strength and choice of GRE or SWI sequence is 
critical for accurate assessment of change, which 
is important in the setting of antibody based anti- 
amyloid immunotherapies which can have com-
plications of amyloid related imaging abnormality 
(ARIA) [6].

 Role of Structural Imaging 
in Neurodegeneration

It serves as a vital tool to rule out surgically ame-
nable focal lesions such as tumors, hematoma, 
and vascular malformations. It also helps to dif-
ferentiate AD from non-AD dementia by identi-
fying patterns of gray-white matter atrophy 
which are best appreciated on 3D-T1WI. FLAIR 
is helpful in identifying white matter (WM) 
changes seen as chronic small vessel ischemia in 
vascular dementia (VD). Degree of vascular 
damage can be assessed on T2* GRE/SWI 
images where bleeds are seen as dark blooming 
foci. DWI and post-gadolinium images are cru-
cial in the diagnostic workup of suspected rapidly 
progressive dementia with an infectious or 
inflammatory etiology. DWI is also helpful in 
excluding acute infarction in the setting of VD 
and hippocampal lesions in transient global 

amnesia [7]. ARIA in antibody treated AD indi-
viduals are seen as parenchymal edema or sulcal 
effusion on FLAIR and microbleeds or superfi-
cial siderosis on T2* GRE/SWI [6]. A stepwise 
approach can help narrow down the likely etiol-
ogy of dementia (Fig. 11.1).

 Degree of Atrophy
Visual assessment scales can be used to grade 
atrophy.

 1. Global cortical atrophy scale (Pasquier scale): 
It is a 4-step scale that evaluates sulcal and 
ventricular dilation in various regions of the 
brain on T1 or FLAIR images. Graded as 0—
normal/no ventricular enlargement, 1—open-
ing of sulci/mild enlargement, 2—gyral 
atrophy/moderate enlargement, 3—“knife 
blade” gyral atrophy/severe enlargement [8].

 2. ii. Medial temporal lobe atrophy scale 
(Scheltens’ Scale): Based on width of choroid 
fissure & temporal horn, and height of hippo-
campal formation, atrophy can be assessed on 
a scale of 0–4 with very good sensitivity in 
senile-onset AD [9].

 Loco-Regional Pattern of Atrophy
Loco-regional pattern analysis can help deter-
mine the type of dementia in some cases 
(Table 11.1) [7].

These visual assessments for volume loss 
require expert training and are limited by inter- 
rater variability. Recent trends involve the use of 
more sensitive automated quantitative techniques 
that allow cross-sectional and longitudinal analy-
ses of the volumetric data from which patterns of 
atrophy and its progression in dementia can be 
evaluated. The commonly used volumetric soft-
ware tools work either by cortical thickness- 
based or tissue-based segmentation. NeuroQuant 
(https://www.cortechs.ai/products/neuroquant/, 
USA) [10], Neuroreader (https://brainreader.net/, 
Denmark) [11], and Siemens Brain Morphometry 
(https://www.siemens- healthineers.com/, 
Germany) are approved by the United States 
Food and Drug Administration. Freesurfer 
(https://surfer.nmr.mgh.harvard.edu/, USA) [12], 
Voxel-Based Morphometry (https://neuro- jena.
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Step 1: Rule out surgically treatable lesions

(eg. tumors; May need additional DWI and post-contrast sequences)

Step 2: Rule out rapidly progressive and reversible causes of dementia

(eg. infectious or metabolic; May need additional DWI and post-contrast sequences)

Step 3: Look for global cortical atrophy on T1W image

(Note the degree of atrophy and symmetry)

Step 4: Identify loco-regional atrophy patterns on T1W image

(Consider dementia types: Alzheimer, fronto-temporal, vascular, Lewy body, etc.)

Step 5: Account for while matter hyperintensities on FLAIR images

(Note the location and degree of involvement)

Step 6: Look for cerebral microbleeds on T2*GRE/SWI images

(Note the location)

Fig. 11.1 Flowchart showing a stepwise approach to the 
diagnosis of dementia by imaging (DWI-diffusion 
weighted imaging, T1WI- T1 weighted imaging, FLAIR- 
fluid-attenuated inversion recovery, GRE- gradient recall 
echo, SWI- susceptibility weighted imaging). Data taken 
from [7]. (a) Coronal post-contrast image showing periph-
erally enhancing right temporal lobe tumor, (b) Axial 
DWI image showing restricted diffusion in bilateral corti-

ces in Creutzfeldt-Jakob disease, (c) Axial T1W image 
showing bilateral parietal lobe atrophy, (d) Coronal T1W 
image showing bilateral temporal lobe atrophy, (e) Axial 
FLAIR image showing periventricular and deep white 
matter hyperintensities, (f) Axial T2*GRE image showing 
blooming foci in left temporal region representing 
microhemorrhages

Table 11.1 Loco-regional atrophy patterns and possible dementia subtypes. Data taken and modified from [7]

Location/pattern of atrophy Possible dementia subtype
Hippocampus and/or medial temporal lobe Usually AD (Fig. 11.2a), FTLD (Fig. 11.3c)
Posterior cingulate sulci and precuneus Pre-senile AD (Fig. 11.2b, c)
Parietal lobes Posterior cortical atrophy, usually AD (Fig. 11.2b, c)
Occipital lobes Posterior cortical atrophy, mostly AD, dementia with 

Lewy bodies
Frontal and/or temporal lobes FTLD (Fig. 11.3a, b) (right predominant- behavioral 

variant, left predominant- semantic variant)
Ventriculomegaly with disproportionate changes in 
subarachnoid spaces

Normal pressure hydrocephalus

Midbrain Posterior supranuclear palsy
Pons with cerebellum Multiple system atrophy
Cerebellum Creutzfeldt-Jakob disease

AD Alzheimer’s disease, FTLD frontotemporal lobar degeneration

11 MR Imaging of Neurodegeneration
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github.io/software.html#vbm, Germany) [13] 
and FSL (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/, 
UK) [14] are used widely in research setting. The 
FreeSurfer quantified volumes can be plotted on 

individual longitudinal participant graphs com-
paring the results to a normative database [15] 
(Fig. 11.2d–f and 11.3d–h).
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Fig. 11.2 MRI of 63-year-old white female with 
Alzheimer’s dementia. (a) Coronal T1-WI showing bilat-
eral hippocampal and temporal lobe atrophy (L > R) with 
Sylvian fissure widening. (b, c) Sagittal and axial sections 
of T1WI, respectively, showing gyral atrophy in parietal 
lobes including the precuneus with regional sulcal widen-
ing. Atrophy appears fairly symmetrical in either hemi-

sphere with antero-posterior gradient. (d–f) Individual 
longitudinal participant (ILP) graphs showing FreeSurfer 
quantified volumes for parietal lobes and hippocampi at 
first percentile (< 2SD) compared to a normal database. 
(Image courtesy: Dr. Farzaneh Rahmani, Department of 
Radiology, Washington University in St. Louis)
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Fig. 11.3 MRI of 78-year-old white female with 
Frontotemporal lobar degeneration. (a, b) Axial sections 
of T1WI images showing gyral atrophy in bilateral frontal 
and temporal lobes, respectively, with regional sulcal wid-
ening. Atrophy appears slightly asymmetrical (L > R) in 
either hemisphere with an antero-posterior gradient. (c) 
Coronal T1-WI showing bilateral hippocampal and tem-
poral lobe atrophy with Sylvian fissure widening. (d–f) 
Individual longitudinal participants (ILP) graphs showing 

FreeSurfer quantified volumes for frontal lobes and com-
bined frontotemporal lobes at first percentile (< 2SD) 
when compared to a normal database. (g, h) ILP graphs 
showing FreeSurfer quantified volumes for right and left 
hippocampus at second and fourth percentile, respec-
tively, when compared to a normal database. (Image cour-
tesy: Dr. Farzaneh Rahmani, Department of Radiology, 
Washington University in St. Louis)

 White Matter Hyperintensities (WMH)
WMH should be assessed for their location and 
degree of involvement. They can be 
 periventricular, subcortical, and/or deep in loca-
tion. Fazekas scoring is used to grade these 
changes in the periventricular and deep WM 
(Table 11.2) [16].

 Cerebral microbleeds and Siderosis
Brain hemorrhages, most commonly consisting 
of cerebral microbleeds and/or superficial sidero-
sis, are found in about 20% and 60% of patients 
with AD and VD, respectively, while seen only in 
10% of the aging population [7]. They are also 

important component of ARIA in the setting of 
anti-amyloid immunotherapy [6]. Microbleeds 
are defined as 2–10 mm round hypointensities on 
T2*GRE/SWI images. They are better appreci-
ated on SWI due to greater susceptibility and 
higher resolution. Lobar microhemorrhages are 
frequently seen with cerebral amyloid angiopa-
thy, whereas central (basal ganglia, thalamus, and 
brainstem) microhemorrhages are more common 
with hypertensive encephalopathy. Superficial 
siderosis represents hemosiderin deposition 
along the leptomeninges, seen on MRI as hypoin-
tense signal with blooming on T2*GRE/SWI 
images.

11 MR Imaging of Neurodegeneration
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Table 11.2 Fazekas scoring system. Data taken from [16]

Score Periventricular WMH Deep WMH Inference
0 Absent Absent Normal
1 Caps Punctate foci Normal before 65 years
2 Smooth halo Early confluence Abnormal before 70 years
3 Irregular and extending to deep white 

matter
Large confluent areas Always abnormal with poor 

cognitive outcomes

WMH white matter hyperintensities

Table 11.3 Summary of the diffusion MRI findings in 
AD and PD. Data taken from [17–21]

Diffusion 
technique AD PD
DTI MD ↑ ↑

FA ↓ ↓
Affected 
regions

Cingulate gyrus, 
precuneus, 
temporal lobe

Substantia 
nigra, frontal 
lobe, temporal 
lobe

Special 
note

Volumetric MRI 
is superior for 
medial temporal 
lobe atrophy in 
early AD

DTI is not 
considered as 
diagnostic in 
early PD

DKI MK ↓ ↓
AK ↓ –

RK ↓ –

Affected 
regions

White matter in 
the genu of 
corpus callosum, 
cingulum, 
temporal, frontal, 
and occipital 
regions

Substantia 
nigra, red 
nuclei, and 
anterior 
cingulum

Special 
note

Changes in MK 
and AK have 
shown correlation 
with MMSE 
scores in occipital 
lobes

Together with 
QSM has a 
diagnostic 
accuracy of 
~80–100%

AD Alzheimer disease, PD Parkinson disease, DTI diffu-
sion tensor imaging, MD mean diffusivity, FA fractional 
anisotropy, DKI diffusion kurtosis imaging, MK mean 
kurtosis, AK axial kurtosis, RK radial kurtosis, MMSE 
mini-mental status examination, QSM quantity suscepti-
bility mapping

 Diffusion MRI Techniques

Diffusion MRI is an advanced imaging tool based 
on the property of diffusion of water molecules 
within the tissue at micron level. It assesses the 
integrity of axonal WM tracts along with their 
density and myelination characteristics. Imaging 
relies on fast diffusion encoding sequences such 
as echo-planar imaging (EPI). DTI and diffusion 
kurtosis imaging (DKI) are the commonly used 
diffusion techniques to assess the pathophysiol-
ogy of neurodegenerative diseases [17].

 Diffusion Tensor Imaging

DTI provides a quantitative evaluation of aniso-
tropic diffusion of water molecules in the WM of 
brain using four metrics: fractional anisotropy 
(FA), mean diffusivity (MD), axial diffusivity, 
and radial diffusivity (RD). An increase in MD is 
seen in AD individuals due to disruption of cel-
lular membrane impeding diffusion of water mol-
ecules. An abnormally decreased fractional 
anisotropy is also seen in AD due to loss of tract 
integrity [17]. DTI is also used in the diagnosis of 
Parkinson disease, amyotrophic lateral sclerosis, 
and traumatic brain injury (Table 11.3).

Limitations: (1) DTI is unable to detect GM 
changes as there is no information on the non- 
Gaussian diffusion of water molecules. (2) 
Presence of CSF and single compartment approx-
imation results in a partial volume effect at the 
gray-white matter junction.

T. L. S. Benzinger and S. Jindal
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 Diffusion Kurtosis Imaging

DKI is useful in assessing GM by measuring the 

non-gaussian distribution of water molecules at 

the voxel level. A higher value of diffusion kurto-

sis corresponds with the deviation of water mol-

ecules from the Gaussian distribution, suggesting 

a more restricted environment. The opposite of 

this happens in neuronal loss. DKI describes the 

brain metrics using mean kurtosis (MK), axial 

kurtosis (AK), and radial kurtosis (RK). It has a 

role in the diagnosis of AD and PD (Table 11.3). 

It has been shown that DKI metrics are less 

affected by WMH and are more sensitive than 

DTI metrics in AD [17].

 Resting-State Functional MRI

 Principle and Acquisition

Hemodynamic changes are induced by regional 

neuronal activity due to neurovascular coupling. 

These changes result in dilution of the deoxygen-

ated hemoglobin which acts as an endogenous 

contrast resulting in T2* prolongation and an 

increase in T2* MRI signals. This signal change 

is known as blood oxygen level dependent 

(BOLD) effect. Individuals with dementia are 

likely to have difficulty performing demanding 

cognitive tasks as a part of task-based fMRI. 

rsfMRI overcomes this limitation by acquiring 

continuous BOLD contrast images at rest. 

Acquisition of rsfMRI requires EPI with a TR of 

2–3  s for 150–300 EPI volumes taken over 

5–10  min of scan time [22]. The principle of 

rsfMRI by Biswal [23] and the default mode net-

work (DMN) by Raichle [24] provided strong 

research evidence for use of rsfMRI in the evalu-

ation of dementia in clinical setting.

 Data Analysis

The rsfMRI data can be analyzed through various 

software packages such as statistical parametric 

mapping (http://www.fil.ion.ucl.ac.uk/spm/doc/) 

and FSL (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/). 

Functional connectivity between two remote 

brain regions is reflected by interregional correla-

tion between low frequency (0.08–0.1 Hz) fluc-

tuations. Correlation can be tested by paired 

region of interest (ROI), seed-to-voxel functional 

connectivity analysis or independent component 

analysis (ICA) [22, 23]. Seed-to-voxel analysis is 

a model-based method and easily comprehensi-

ble. ICA is a model-free analysis that generates 

resting-state network (RSN) maps with their indi-

vidual temporal signal variations. ICA can be 

used to filter the physiological noise from pulsa-

tions in CSF [22]. RSN analysis can be done at an 

individual or group level each having their own 

advantages and disadvantages [25].

 Role in Dementia Diagnosis

Individuals with AD have shown decreased 

resting- state functional connectivity compared to 

controls using seed-based ROI analysis 

(Fig.  11.4). Seed-based analysis of rsfMRI in 

510 AD cases performed by Brier et al. showed 

abnormal RSN connectivity [26]. Reduced func-

tional connectivity has been shown between in 

posterior cingulate cortex and hippocampus 

using seed-based analysis and ICA in AD [27, 

28]. Classification performance based on com-

bined seed- and ICA-based analysis was 97% in 

AD vs. controls advocating the usefulness of 

rsfMRI in AD diagnosis [29]. Easy technique and 

low burden on patients and radiologists permit 

the use of rsfMRI in clinical practice [22].

11 MR Imaging of Neurodegeneration
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Fig. 11.4 AD-related differences in resting-state func-
tional connectivity (RSFC). (a) Average RSFC within 
(along diagonal) and between networks (off diagonal) in 
amyloid-negative controls. (b) Average RSFC within and 
between networks in symptomatic AD participants. (c) 
Difference in RSFC between AD participants and con-
trols. Key. For A and B, warm and cool colors indicate 
stronger positive and negative correlations, respectively. 
For C, cool colors indicate networks reduced connectivity 
in AD. NA unassigned regions, SM somatomotor network, 
SML lateral somatomotor network, CO cingulo-opercular 

network, AUD auditory network, DMN default mode net-
work, PMN parietal memory network, VIS visual network, 
FPN fronto-parietal network, SAL salience network, VAN 
ventral attention network, DAN dorsal attention network, 
MTL medial temporal lobe network, RE reward network, 
BG basal ganglia network, THAL thalamus network, CER 
cerebellum network. ROIs and networks defined from 
Seitzman et al. [30]. (Image courtesy: Dr. Peter R. Millar, 
Department of Neurology, Washington University in St. 
Louis)

 Magnetic Resonance Spectroscopy 
(MRS)

 Principle and Acquisition

MRS is a noninvasive imaging tool to detect vari-
ous metabolites and their concentrations in tis-
sues based on the phenomenon of chemical shift 

imaging. Local magnetic field differences can 
produce a chemical shift due to changes in the 
resonance frequencies of the target nuclei (e.g., 
1H). Results are plotted on a graph with chemical 
shift in ppm on x-axis and signal amplitude on 
y-axis. The area under the peak is proportional to 
the metabolite concentration. 1.5 T and 3 T scan-
ners are able to show choline, creatine (Cr), glu-
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tamine, myoinositol (mIns), and N-acetyle 
aspartate (NAA). Height of the peak changes 
with echo time (TE) which varies from 18 to 
288 ms. Short TE has higher signal intensity and 
detects mIns. However, there is baseline distor-
tion and peak superimposition at shorter TE lead-
ing to metabolite quantification errors. Volume 
localization in single-volume MRS can be 
obtained by stimulated echo acquisition mode 
and point-resolved spectroscopy [22].

 Role of MR Spectroscopy in Dementia 
Diagnosis

A correlation between reduced NAA and senile 
plaques was shown by Klunk and colleagues [31]. 
Decrease in NAA or NAA/Cr by ~10–15% was 
seen in hippocampus, posterior cingulate, and pre-
cuneus in AD. These reductions are also seen in 
frontal lobe in frontotemporal lobar degeneration 
(FTLD), and occipital lobes in dementia with 
Lewy body [22]. Miller et  al. demonstrated ele-
vated mIns in addition to decreased NAA in the 
demented brain [32]. MRS alone is 64–94.1% sen-
sitive and 72.7–92.3% specific in differentiating 
AD from healthy controls, while in conjunction 
with volumetric MRI sensitivity and specificity 
increases to 97% and 94%, respectively [33].

Caution is advised when interpreting metabo-
lite derangements as age-related increase in Cr 
and decrease in NAA can be confounding factors. 
Metabolite changes on MRS can be observed 
before structural changes aiding in clinical diag-
nosis of dementia. In comparison to positron 
emission tomography, MRS can be done at the 
time of MRI examination making it fast and cost- 
effective. Concerns with acquisition parameters, 
quantitative assessment, and unavailability of 
standard values limit its clinical utility [22].

 Arterial Spin Labeling MR Perfusion

 Principle and Acquisition

Noninvasive MR perfusion imaging technique 
that uses inverted spins of arterial blood as an 
endogenous contrast. A perfusion-related signal 

is extracted by subtracting control images with 
normal spins from these labeled arterial blood 
images. 30–50 sets of these two sets of images 
have to be acquired over 4–5  min to increase 
SNR. 3  T MRI theoretically doubles the SNR 
compared to 1.5 T MRI although it increases the 
recovery time of inverted spins (1.6 s at 3 T vs. 
1.4 s at 1.5 T). Acquisition of labeled images to 
quantify relative cerebral blood flow (rCBF) is 
delayed by 1.5–2 s for 3 T scanners to account for 
the arterial transit time (ATT). Patient motion and 
field inhomogeneity due to sinuses or implants 
could also interfere with rCBF [22].

 Types

Pulsed ASL is easier to implement but has low 
SNR and higher sensitivity to ATT prolongation. 
Continuous ASL has a better signal in rCBF mea-
surement due to longer labeling duration but also 
has a higher specific absorption rate. Pulsed- 
continuous ASL with short labeling pulses over-
comes the disadvantage of higher absorption [22].

 Role of ASL in Dementia Diagnosis

Although rCBF changes in dementia have been 
evaluated with single-photon emission computer-
ized tomography (SPECT), ASL has higher spa-
tial resolution and can be co-registered to a 
high-resolution 3D anatomical image overcom-
ing partial volume effects in cortical GM voxels. 
Perfusion abnormalities seen with ASL in pari-
etal lobes of AD individuals are consistent with 
changes seen on nuclear imaging studies [34, 
35]. Efficacy of ASL in differentiating AD vs 
healthy subjects supports its clinical feasibility as 
a screening tool [36]. ASL is also useful in dif-
ferentiating AD from FTLD by showing distinct 
areas of hypoperfusion [37].

 Treatable and Reversible Dementias

Acute and treatable dementias have an atypical 
presentation. Prompt identification is critical for 
appropriate and effective treatment.
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 Infections

Sporadic Creutzfeldt-Jakob disease shows the 
areas of restricted diffusion on DWI images in 
thalamus (pulvinar sign), caudate, putamen, and 
cortex in the early stage of the disease with cor-
responding hyperintensities on T2/FLAIR 
images. Generalized brain atrophy with cortical 
thinning is evident in late stages. It should be dif-
ferentiated from corticobasal degeneration which 
can present with myoclonus but shows caudate 
lobe and asymmetric premotor atrophy. HIV- 
associated neurocognitive dysfunction/disor-
ders present with generalized brain atrophy, and 
T2/FLAIR subcortical and periventricular WMH 
without mass effect or enhancement. DTI reveals 
MD and FA abnormalities in the subcortical WM. 
Progressive multifocal Leukoencephalopathy 
is seen in immunocompromised patients (HIV or 
transplant recipients) as asymmetric multifocal 
T1 and T2 hyperintensities in the subcortical and 
periventricular WM along with U-fiber involve-
ment. Neuro-syphilis is characterized by subcor-
tical lesions in the temporal apex and insular gyri 
with meningeal enhancement, granulomas, and 
vasculitis-related basal ganglia infarctions [22].

 Neoplasm

Lesions such as lymphomatosis cerebri and intra-
vascular B-cell lymphomatosis can present with 
cognitive symptoms. Lymphomatosis cerebri 
appears as non-enhancing diffuse leukoencepha-
lopathy on MRI. Intravascular B-cell lymphoma-
tosis shows multifocal infarction-like findings 
inconsistent with regions of arterial supply and 
pontine hyperintensities that need differentiation 
from osmotic demyelination [22].

 Chronic Subdural Hematoma (SDH)

AD mimicker and a known cause of reversible 
dementia especially, in elderly individuals. A 
meta-analysis of case-control studies showed 
traumatic brain injury as a risk factor for AD. It 
may exacerbate pre-existing dementia. 
Evacuation of the bleed has been shown to 

improve cognition and mental status in these 
patients [38].

 Metabolic

Wernicke Encephalopathy occurs secondary to 
thiamine deficiency appearing as symmetrically 
enhancing T2/FLAIR hyperintensities in the thal-
amus, hypothalamus, and periaqueductal regions. 
Hypoglycemic Encephalopathy shows the areas 
of restricted diffusion in the corpus callosum, 
corona radiate, or internal capsule on 
DWI.  Cortical and basal ganglia involvement 
denotes poor prognosis [22].

 Post-Icteric Encephalopathy

It appears as T2/FLAIR hyperintensities and 
swelling of the cerebellum, hippocampus, amyg-
dala, thalamus, and cortex with restricted diffu-
sion on DWI Imaging plays an important role in 
differentiating it from encephalitis and metabolic 
encephalopathy thus prevent its progression to 
epilepsy [22].

 Recent Advances in Imaging 
of Neurodegeneration

 7T MRI

Ultrahigh-resolution MRI with ability to detect 
hippocampus atrophy at subfield level in mild 
cognitive impairment. Increased sensitiveness to 
susceptibility changes allows detection of micro-
bleeds and iron-dense amyloid plaques invisible 
on routine imaging [39]. It can differentiate AD 
from controls with a specificity of 94.4% taking 
≥5 microinfarcts as a cutoff [40].

 Quantitative Susceptibility Mapping 
(QSM)

Iron is present in Aβ plaques and neurofibrillary 
tangles. QSM is based on multi-echo 3D GRE 
images and can help quantify iron overload 
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associated with AD, PD, and VD.  A systemic 
review by Ravanfar and colleagues reported 
increased susceptibility changes or iron deposi-
tion in amygdala and dorsal striatum of AD 
subjects and in substantia nigra of PD individu-
als [41].

 Neuroinflammation Imaging (NII) 
Using Diffusion

NII is an in  vivo MR diffusion-based imaging 
technique developed to clinically image and 
quantify WM inflammation and damage in 
AD.  Increased NII-derived cellular diffusivity 
was seen in both preclinical and early symptom-
atic phases of AD while decreased FA and 
increased RD indicating WM damage was only 
appreciated in symptomatic AD [42].

 Quantitative Gradient Recalled Echo 
(qGRE) MRI

Identifies dark matter as a new imaging bio-
marker of neurodegeneration that precedes tissue 
atrophy in early AD. Kothapalli et al. used qGRE 
R2t* to identify hippocampal subfields with very 
low neuronal content (dark matter) and relatively 
preserved neurons (viable tissue). Compared to 
morphometric MRI, more significant differentia-
tion was found between dark matter and viable 
tissue volume measurements between mild AD 
and controls [43].

 Magnetization Transfer Imaging

It is based on the exchange of magnetization 
between macromolecules bound protons and free 
protons. By using off-resonance pulses and 
improving the image contrast it helps to provide 
information at the microstructural level. Colonna 
et  al. found decreased magnetization transfer 
ratios in cortical, subcortical, and WM regions in 
AD individuals [44].

 Summary

Brain MRI is an important tool for differential 
diagnosis and monitoring of neurodegenerative 
disorders and monitoring of therapy-related 
adverse events. Awareness of the applications of 
advanced structural and functional imaging bio-
markers is essential for optimization of dementia 
imaging protocols.

 Further Reading

For further overview and detailed explanations of 
imaging in various dementia subtypes and 
advanced MRI techniques refer to textbooks [7] 
and [22].
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