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The role of MRI in assessing cognitive impairment changes
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ABSTRACT

Aging brings about various changes in the brain, leading to cognitive alterations that are increasingly relevant with
extended life expectancy. Dementia, characterized by chronic cognitive impairment, is on the rise due to longer life
expectancy, imposing a substantial burden on healthcare systems. Dementia encompasses conditions like Alzheimer's
disease (AD), vascular dementia (VaD), Lewy body dementia (LBD), and frontotemporal dementia, each with its
distinct symptoms and progression. Magnetic resonance imaging (MRI), especially 3T MRI, plays a crucial role in
monitoring and diagnosing dementia, aiding in patient selection for emerging therapies. Study involves a
comprehensive literature search without restrictions on date, language, age/publication type. Dementia can be divided
into neurodegenerative and nondegenerative categories, with AD being the most prevalent. Diagnosis relies on
clinical evaluation, supported by neuroimaging techniques like MRI. Various MRI findings, such as cerebral atrophy,
microbleeds, white matter hyperintensities, lacunes, and strategic infarcts, offer insights into dementia-related brain
changes. These findings facilitate early diagnosis, prognosis, and treatment monitoring, with standardized assessment
tools and volumetric analysis enhancing diagnostic accuracy. As life expectancy continues to rise, MRI's role in
assessing cognitive impairment changes becomes increasingly vital in addressing the growing challenge of dementia.

Keywords: Dementia, MRI, AD, Cerebral atrophy, Microbleeds, White matter hyperintensities, Lacunes, Strategic
infarcts

INTRODUCTION blood vessel patterns, and, more frequently, cognitive

functions.! It is important to note that biological aging
Aging brings about various changes in our body, and chronological aging aren't entirely synonymous.
including the brain. These changes range from molecular Projections suggest that by 2050, the global average life
to structural levels, leading to alterations in brain size, expectancy will increase by six years (currently standing

at 72 years).? Consequently, it is essential to comprehend
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how this extended lifespan will impact individuals' health,
memory, and cognitive abilities. Aging affects both the
structure and function of the brain, but we still lack a
comprehensive understanding of these phenomena.
Studies have stressed the importance of investigating the
connection between brain structure and specific cognitive
skills in the aging population.®

Dementia is a syndrome characterized by a chronic
cognitive impairment that affects multiple domains and
has a significant impact on a person's ability to perform
daily activities (ADL).* With the rise in life expectancy,
the global prevalence of dementia is on the upswing,
placing a growing economic and social burden on
healthcare systems worldwide.® It is crucial to note that
dementia is the final stage of the disease, preceded by a
condition known as mild cognitive impairment (MCI).
MCI is characterized by subtle cognitive changes that do
not significantly affect a person’s ability to carry out daily
activities and is a focal point of interest for researchers
working on drug development.® Individuals with MCI can
still maintain their independence, and interventions that
can slow down or halt its progression have the potential
to enhance their daily functioning.”® Given the profound
consequences of dementia, there is an urgent necessity to
address it by developing improved diagnostic tools and
disease-modifying treatments. Dementia can significantly
impact an individual's quality of life and their ability to
function independently. It often requires medical
evaluation, diagnosis, and appropriate care and support.
Common forms of dementia encompass AD, VaD, LBD,
and frontotemporal dementia, among various others. The
specific symptoms and progression of dementia can vary
depending on the underlying cause. AD, for example, is
characterized by memory loss and cognitive decline,
while other forms of dementia may have different
symptoms and patterns of progression.

MRI has become essential in the ongoing monitoring,
diagnosis, and evaluation of treatment effectiveness in
dementia, particularly with the advent of 3T MRI and its
advanced techniques.® MRI can potentially assist in
selecting suitable patients for emerging therapies aimed at
reducing amyloid levels, such as aducanumab.
Additionally, it can aid in the identification of amyloid-
related imaging abnormalities (ARIA) associated with
treatments that modify amyloid.

LITERATURE SEARCH

This study is based on a comprehensive literature search
conducted on October 23, 2023, in the Medline and
Cochrane databases, utilizing the medical topic headings
(MeSH) and a combination of all available related terms,
according to the database. To prevent missing any
possible research, a manual search for publications was
conducted through Google Scholar, using the reference
lists of the previously listed papers as a starting point. We
looked for valuable information in papers that discussed
the role of MRI in assessing cognitive impairment

changes. There were no restrictions on date, language,
participant age, or type of publication.

DISCUSSION
Etiology

Dementia can be classified into two main categories
based on its primary underlying pathophysiological
mechanisms: neurodegenerative (or proteinopathies) and
nondegenerative dementia, which encompasses various
conditions (Table 1).1°

Table 1: Neurodegenerative and nondegenerative
causes of dementia and entity examples.®

Variables Causes

Neurodegenerative causes

AD; Parkinson’s disease;
Frontot_emporal Posterior cortical atrophy;
dementia;

LBD; Amyotrophic lateral sclerosis;

Progressive
supranuclear
palsy;
Corticobasal
degeneration;
Nondegenerative causes

Haemorrhagic and ischemic
stroke; primary and secondary
tumors; traumatic brain injury;

Multiple system atrophy;

Huntington’s disease

Structural brain

lesions . R
diffuse axonal injury; normal
pressure hydrocephalus
Meningitis; encephalitis; acquired
Infectious immunodeficiency syndrome;

abscess; syphilis; Creutzfeldt—
Jacob disease; Whipple’s disease
Multiple sclerosis Metabolic
Diabetes mellitus; mitochond
Diabetes mellitus; mitochondrial
diseases; lysosomal diseases;
obesity

Therapy resistant; status
epilepticus

Hyperthyroidism; hypothyroidism;
Hashimoto’s encephalitis
Vitamin (e.g., Korsakoff’s
syndrome) and mineral
deficiencies

Alcohol; psychoactive substances;
medication-induced
(anticholinergic drugs); heavy
metals, organic solvents; carbon
monoxide

Schizophrenia; depression;
psychosis

Choking or strangulation;
drowning; chronic smoke
inhalation

Demyelination

Metabolic

Epilepsy

Endocrine

Deficiency

Intoxication

Psychiatric

Post-anoxia
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Nondegenerative dementia is typically caused by
structural brain abnormalities or systemic diseases, with
VaD being the most common among them.* Identifying
causes other than degeneration is important because it can
lead to the initiation of specific treatments, and in some
cases, it may even stabilize or reverse cognitive decline.

Neurodegenerative dementias constitute the predominant
group. AD, the most common phenotype, accounts for
60-80% of late-onset dementias and is characterized by
progressive memory loss. Another subtype is LBD, which
presents with features such as parkinsonism, fluctuating
cognition, rapid eye movement sleep behavior disorder,
and visual hallucinations. LBD is distinguished from
other types of dementia by significant visuospatial,
executive, and attention deficits in the absence of major
memory impairment.*” Frontotemporal dementia (FTD)
represents the next most prevalent type of
neurodegenerative dementia and comprises three primary
subtypes: behavioral variant FTD (bvFTD), nonfluent
variant primary progressive aphasia (nfvPPA), and
semantic variant primary progressive aphasia (svPPA).°
In instances of early-onset dementia (occurring before the
age of 65), the occurrence rates vary, with AD still being
the most widespread, but a higher percentage of FTD and
LBD cases are observed. Among the elderly population,
as many as 30-40% of all dementia cases are linked to
mixed pathology, typically involving a combination of
AD and VaD.

Diagnosis

The diagnosis of dementia primarily relies on clinical
assessment, with laboratory tests and neuroimaging
serving as supplementary tools. The evaluation of a
patient with suspected dementia typically begins with a
thorough medical history.*

Neuroimaging plays a crucial role and includes both
structural and functional imaging techniques. MRI,
computed tomography (CT), and cerebral positron
emission tomography (PET) scans are commonly used.
MRI is preferred over CT due to its higher sensitivity in
detecting vascular lesions and various forms of dementia.
CT may be used initially to rule out secondary causes of
dementia, especially when MRI is contraindicated or if no
previous MRI scans are available for comparison.

MRI dementia protocol

It is advisable to use a 3T field strength MRI scanner
rather than a 1.5T scanner, as the former offers
advantages such as enhanced image resolution.!

Additionally, the choice of MRI receive head coil should
be carefully considered. The number of channels in the
head coil can significantly vary, depending on the
manufacturer's recommendation. For instance, Siemens
recommends using a 64-channel head coil for anatomical
studies.? Selecting the appropriate field strength and head

coil is crucial to maintaining consistency and accuracy in
research studies involving MRI.1°

MRI findings

To achieve accurate MRI assessments, it is essential to
have a comprehensive understanding of the anatomy and
physiology of each brain region. This knowledge is
crucial because the distribution of affected areas in
different neurological conditions explains the variations
in symptoms and imaging patterns observed.*

Cerebral atrophy

Cerebral atrophy, the shrinkage of brain tissue, can be
observed even in the early and presymptomatic stages of
various neurological conditions. Many diagnostic
guidelines incorporate atrophy patterns as essential
features, and there is substantial evidence supporting their
use in diagnosing dementia.’®* One key indicator of
several types of dementia, especially those linked to
cognitive decline, is medial temporal lobe atrophy
(MTA), which affects cognition-relevant regions such as
the hippocampus (HC) and structures along the
parahippocampal gyrus.** In AD, MTA is typically
symmetric, but it can also present asymmetrically, as is
often seen in frontotemporal dementia (FTD). The
entorhinal cortex and the HC are early targets of atrophy,
making HC volume analysis a potentially valuable marker
for early diagnosis. Different patterns of HC atrophy may
aid in distinguishing between different forms of mild
dementia, such as LBD, FTD, and Creutzfeldt—Jakob
disease (CJD).'> However, the precision of distinguishing
AD from other types of dementia, like LBD, is lower
compared to distinguishing it from healthy individuals.°

Frontal lobe atrophy is predominantly associated with
FTD, a condition characterized by behavioral or language
changes. Atrophy initially occurs in the anterior cingulate,
insula, and frontal lobes, with a typical pattern of bilateral
and possibly asymmetric frontal and temporal atrophy,
following an anterior-to-posterior gradient. Simultaneous
atrophy of the caudate head can lead to a widening of the
frontal horns of the lateral ventricles, which is
disproportionate. Broadening of the orbitofrontal sulci
may be an early sign. Atrophy patterns often correlate
with clinical subtypes.

For instance, nonfluent variant primary progressive
aphasia (nvPPA) primarily affects left perisylvian
regions, including the inferior, opercular, and insular
areas, while semantic variant primary progressive aphasia
(svPPA) predominantly targets ventral and lateral regions
of the anterior temporal lobes, along with the anterior HC
and the amygdala. Both subtypes exhibit left-hemispheric
dominance.*  Posterior/parietal  atrophy (PA) s
characterized by early and significant visual and
visuospatial impairments, with less apparent memory
loss. It is associated with atrophy in the parieto-occipital
and posterior temporal regions, typically presenting
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asymmetrically, with the right side being more affected.
PA is most commonly found in atypical AD and the
logopenic variant of a primary progressive aphasia (PPA).
In LBD, PA is less common than in AD, even though
occipital hypometabolism is a characteristic pattern seen
on PET scans.’®” Corticobasal degeneration, subcortical
gliosis, and prion diseases are conditions less frequently
associated with PA. In individuals with AD, some studies
have found significant PA even in the absence of visible
atrophy in the medial temporal lobe (MTL), especially in
younger individuals. This suggests that relying solely on
MTA for AD diagnosis may result in some patients going
undiagnosed.®

Deep gray matter (GM) atrophy is another crucial
imaging indicator. Similar to cortical atrophy, the patterns
of deep GM involvement vary. The caudate nucleus and
thalamus are commonly affected in behavioral variant
FTD (bvFTD).%® In LBD, the thalamus is also affected,
particularly in the ventral-dorsal and pulvinar regions.?°
In AD, thalamic involvement includes asymmetric
atrophy in the ventrolateral and ventromedial nuclei,
correlating with disease severity. Asymmetric caudate
nucleus atrophy can also be found in AD patients.1®2
Although some patterns of deep GM atrophy have been
identified, there are still discrepancies between studies,
necessitating further research.

Additionally, the presence of iron deposition in the basal
ganglia (BG) is noteworthy. Some data suggest that iron
accumulation in the BG can affect verbal memory and
executive function. While iron depositions are commonly
associated with Parkinson's disease, if detected, they
should be reported in radiological findings as another
potential cause of dementia.??

Microbleeds

Cerebral microbleeds (CMBs) are characterized by the
persistent presence of blood breakdown products,
particularly hemosiderin. These tiny spots, typically less
than 10 mm in diameter, appear as areas of signal loss on
T2-weighted images and show a characteristic
"blooming" effect on T2*-weighted gradient echo images
(Figure 1).2

A more sensitive imaging sequence for detecting CMBs
is susceptibility-weighted angiography (SWAN), which
enhances the "blooming" effect, making CMBs more
apparent, although they may appear unevenly formed.
Filtered phase SWAN is used to differentiate between
CMBs and calcifications. On SWAN, both may appear
hypointense, but on filtered phase images, calcifications
(diamagnetic) can appear hyperintense while CMBs
(paramagnetic) are seen as hypointense lesions (Figure 1).

However, the appearance of CMBs on a phase image can
vary depending on whether filtered phase SWAN is used
in a right- or left-handed coordinate system.*°

Figure 1 (A-D): The first row presents axial SWAN
images showing: multiple CMBs in the deep GM
(circle) indicating probable hypertensive disease;
multiple lobar CMBs (circle) indicating probable

CAA. Second row shows: axial SWAN images with

multiple lobar CMBs (arrows) corresponding with

filtered phase images for confirming CMBs (arrows).
SWAN: Susceptibility-weighted angiography; CMBs: Cerebral
microbleeds; GM: Gray matter; CAA: Cerebral amyloid
angiopathy.?

CMBs have been linked to various underlying
pathologies, including cerebral small vessel disease
(cSVD), stroke, brain injury, radiation exposure, and
VaD. While CMBs may be asymptomatic, early detection
is crucial for assessing the risk of future cerebrovascular
conditions and cognitive decline.?* CMBs are classified
into three categories based on their location: deep (in
areas like the basal ganglia, thalamus, internal and
external capsule, and corpus callosum), lobar (in the
frontal, temporal, parietal, and occipital lobes), and
infratentorial (in the brainstem and cerebellum). The
localization of CMBs can aid in differentiating between
cerebral amyloid angiopathy (CAA) and hypertensive
disease.!” Lobar CMBs are more commonly associated
with CAA, with a preference for distribution in the
parietooccipital region. On the other hand, deep CMBs
are more often associated with small penetrating artery
disease related to hypertension.

A solitary CMB in any brain region is typically not
considered clinically significant. However, the presence
of several lobar CMBs in an individual over the age of 55
without other explanations may suggest CAA. Multiple
lobar CMBs are frequently detected in individuals who
meet the clinical criteria for AD due to the common co-
occurrence of CAA and AD. The presence of superficial
siderosis, a condition characterized by iron deposition on
the brain's surface, can further strengthen the diagnosis of
CAA. Cerebellar CMBs can occur in both CAA and
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hypertension and therefore do not significantly contribute
to the diagnosis.

White matter hyperintensities

White matter hyperintensities (WMHSs) appear as regions
with a high-intensity signal on T2-weighted (T2W) and
FLAIR sequences in brain imaging. They are a prominent
feature of cSVD and are commonly observed in the
elderly.?®

Lacunes and dilated perivascular spaces

A lacune is a brain lesion that typically ranges in size
from 2 to 20 mm in diameter and commonly affects the
subcortical white matter (WM) and deep gray matter
(GM). These lesions are fluid-filled cavities surrounded
by gliotic tissue and often precede infarcts in the deep
perforating arteries of the brain. On imaging, lacunes
appear with cerebrospinal fluid (CSF) signal intensity on
all sequences and are encircled by a T2 hyperintensity
rim. It is important not to confuse lacunes with dilated
perivascular spaces (PVS). Dilated PVS are spaces filled
with CSF that surround perforating arterioles and venules
as they traverse through the brain parenchyma from the
subarachnoid space. Dilated PVS typically result from
volume loss in the surrounding tissue and are more
commonly found in the basal ganglia (BG).® Both
lacunes and dilated PVS are considered manifestations of
cSVD. Differentiating between the two can be aided by
the size and location of the lesions. Lesions smaller than 2
mm, located in the lower third of the corpus striatum and
exhibiting an intensified CSF signal, are indicative of
dilated PVS, as opposed to lacunes.?

There is evidence suggesting that lacunes may be
associated with cognitive decline, increased mortality,
and poor clinical outcomes. Independent of other factors,
lacunes have been linked to cognitive impairment and
have been found to be strong predictors of rapid global
functional  decline in older individuals living
independently.?

Strategic infarcts

In addition to lacunar infarcts, another type of infarction
that can significantly impact cognition, especially in cases
of VaD, is strategic infarcts (Figure 2).1° While large
cortico-subcortical ischemic lesions can lead to acute
cognitive deterioration, dementia progression resulting
from a stroke may be driven by infarcts occurring in
"strategic" brain regions crucial for normal cognitive
functioning. Research exploring the relationship between
the location of brain lesions and cognitive function has
revealed that the degree of cognitive impairment
following a stroke may depend on various lesion features,
including type, size, number, location, and severity.?®
Interestingly, a study employing multivariate lesion-
symptom mapping demonstrated that smaller-sized

strategic infarctions were associated with compromised
cognition.

Figure 2 (A and B): Axial T2W and axial FLAIR
images showing strategic infarctions in both thalami
and in the parieto-occipital watershed area. Images
were obtained in a male patient, age 71, with clinical
manifestations of VaD. FLAIR: Three-dimensional

T2-weighted fluid-attenuated inversion-recovery

imaging.1°

Strategic infarct locations that can result in dementia
include specific brain regions such as the angular gyrus,
both sides of the anterior cerebral artery territory, the
paramedian thalamic area, the inferior medial temporal
lobe (MTL), parieto-temporal and temporo-occipital
association areas, superior frontal region, and parietal
watershed areas in the dominant hemisphere.
Additionally, dementia has been observed in cases of
infarctions in the hippocampus (HC) or in
bilateral/unilateral thalamic regions.'® In a study focused
on mapping these areas, it was discovered that the angular
gyrus, basal ganglia (BG), and the white matter
surrounding the BG, particularly on the left side, showed
the strongest correlation with a decline in overall
cognitive function.?’

Standardized assessment

Standardized assessment tools play a crucial role in the
evaluation of dementia-related brain changes. These tools
offer efficient, reproducible, and cost-effective ways to
assess volume loss, cerebral microbleeds (CMBs), and
white matter hyperintensities (WMHs). Commonly used
scales include the MTA scale for medial temporal
atrophy, the GCA scale for global cortical atrophy, the
Koedam score for posterior atrophy, and the Fazekas
scale for WMH severity. These scales enhance diagnostic
precision, although they may have limitations in certain
cases. Advanced techniques like arterial spin labeling
(ASL) further contribute to dementia evaluation.
Volumetric analysis, performed by specialized software
like volBrain and FreeSurfer, aids in identifying volume
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loss and differentiating various dementia causes,
improving diagnostic accuracy. Despite their potential,
these methods are predominantly utilized in research.©

CONCLUSION

MRI has become indispensable in assessing cognitive
impairment changes, particularly in dementia. Various
MRI findings, including cerebral atrophy, microbleeds,
white matter hyperintensities, lacunes, and strategic
infarcts, provide valuable insights into dementia-related
brain alterations. These imaging markers aid in early
diagnosis, prognosis, and monitoring of treatment
effectiveness.  Standardized assessment tools and
volumetric analysis further enhance diagnostic precision.
While primarily utilized in research settings, utilization of
advanced MRI techniques is crucial for improving early
dementia diagnosis and patient care. As global life
expectancy continues to rise, MRI's role in assessing
cognitive impairment changes becomes increasingly vital
in addressing the growing challenge of dementia.
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