© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

MRI As a Diagnostic and Prognostic Tool In
Alzheimer's Disease: A Comprehensive Review

Bharat Bhushan Dagur’, Rukamanee 2, Dr. Ashish Kumar Shukla®, Neelam Rao*, Shivanshu Chauhan®
12 Assistant Professor Department of Radio Imaging Technology Mewar University Gangrar
Chittorgarh Rajasthan
*Professor & Head Department of Radiodiagnosis, Santosh Medical College & Hospital, Ghaziabad
(NCR), India.

*Assistant Professor Department of Radiology, Santosh Deemed to University, Ghaziabad (NCR),

India.

°Ph.D Scholar, Santosh Deemed to University, Ghaziabad (NCR), India.

Abstract—Aim: To explore and summarize the role of
Magnetic Resonance Imaging (MRI) as a diagnostic
and prognostic tool in Alzheimer's disease (AD), with a
focus on structural, functional, and advanced imaging
techniques. Objectives: To review MRI findings
characteristic of AD, To evaluate the relevance of
imaging biomarkers for diagnosis and prognosis, To
discuss future directions in MRI applications for AD.
Materials and Methods: This review is based on a
comprehensive analysis of peer-reviewed literature
from 2000 to 2024, sourced from databases such as
PubMed, Scopus, and Web of Science. Studies focusing
on MRI modalities used in AD diagnosis and prognosis
were included. Results: Structural MRI identifies
hallmark features of AD, such as hippocampal atrophy
and cortical thinning. Functional MRI highlights
altered connectivity patterns, and Diffusion Tensor
Imaging (DTI) detects white matter degradation.
Quantitative biomarkers such as medial temporal lobe
atrophy (MTA) scores and volumetric analyses have
shown high diagnostic and prognostic value. Advanced
techniques like MRS, ASL, and QSM, along with Al
integration, further enhance diagnostic accuracy.
Conclusion: MRI is an essential, non-invasive tool that
significantly contributes to the early diagnosis,
monitoring, and prognosis of AD. Continuous
advancements in imaging techniques and their
integration with artificial intelligence hold promise for
improving patient outcomes and understanding AD
pathophysiology.
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I INTRODUCTION

Alzheimer's disease (AD) is a progressive
neurodegenerative disorder and the leading cause of
dementia, accounting for 60-80% of all cases
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globally. With the global population aging, the
burden of AD is expected to rise dramatically in the
coming decades, making timely diagnosis and
effective disease monitoring increasingly important.
The neuropathological hallmarks of AD include the
accumulation of extracellular amyloid-beta (AP)
plaques, intracellular  neurofibrillary  tangles
composed of hyperphosphorylated tau protein, and
widespread neuronal loss, particularly in the
hippocampus and cerebral cortex. Traditionally, AD
diagnosis has relied on clinical history, cognitive
testing (e.g., Mini-Mental State Examination), and
neuropsychological assessments. However, these
approaches often fail to detect the disease in its
preclinical or early symptomatic stages, limiting
opportunities  for intervention. As a result,
neuroimaging has gained prominence for its ability
to provide objective and quantifiable markers of
brain structure and function.

Magnetic Resonance Imaging (MRI), a non-invasive
imaging modality, offers high spatial resolution and
excellent soft tissue contrast, making it ideally
suited for studying the complex changes associated
with  AD. MRI can detect early signs of
neurodegeneration, such as hippocampal atrophy,
cortical thinning, and ventricular enlargement, even
before clinical symptoms manifest. Furthermore,
advanced MRI techniques allow functional,
metabolic, and microstructural assessments, further
enriching our understanding of the disease process.
Hence, MRI has emerged as a cornerstone in both
the clinical and research domains for diagnosing and
tracking the progression of Alzheimer's disease.
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Figure 1: Alzheimer's disease with dementia. A 75-
year-old woman with amnestic multidomain
dementia. Participant in the Mayo Alzheimer's
Disease Research Center. Abnormal amyloid PET
with Pittsburgh compound B (top left), tau PET with
flortaucipir (top right and bottom left), and atrophy
on MRI (bottom right).

1. ROLE OF MRI IN ALZHEIMER'S DISEASE
DIAGNOSIS

2.1 Structural MRI

e Purpose: Structural MRI is used to look at the
actual anatomy of the brain.

o Key Findings in AD:

o Hippocampal atrophy: This is the shrinkage of
the hippocampus, a brain region essential for
memory. It's considered one of the earliest
and most reliable signs of AD.

o Enlargement of ventricles: As brain tissue is
lost (atrophy), the fluid-filled spaces in the
brain called ventricles expand.

o Cortical thinning: This is the loss of thickness
in the outer layer of the brain, especially in
the parietal and temporal lobes, which are
involved in memory and spatial navigation.

e Volumetric Analysis: Advanced software like
FreeSurfer or NeuroQuant can measure and
quantify these brain changes, compare them to
age-matched controls, and help objectively
support a diagnosis.

2.2 Functional MRI (fMRI)

e Purpose: Instead of looking at structure, fMRI
shows how active different parts of the brain are
by measuring changes in blood oxygenation.

e Findings in AD:

o Default Mode Network (DMN): This is a
group of brain regions that are active when

a person is at rest and not focused on the
outside world. In AD, there’s reduced
connectivity within the DMN.

o Reduced task-related activation: When AD
patients are given memory tasks during an
fMRI scan, certain brain areas show less
activation than expected.

e Significance: While not widely used clinically
yet, fMRI holds potential for detecting
functional changes in the brain before structural
damage becomes evident.

2.3 Diffusion Tensor Imaging (DTI)

e Purpose: DTI examines the brain's white matter,
which connects different brain regions.

e How it works: It tracks the movement of water
molecules in the brain; in healthy white matter,
this movement follows a straight path, while
damage causes more random diffusion.

e Findings in AD:

o Reduced Fractional Anisotropy (FA):
This metric shows the integrity of
white matter tracts. Lower FA
indicates  damage like  axonal
degeneration and demyelination (loss
of the protective covering around nerve
fibers).

e Importance: DT adds a layer of microstructural
insight that helps in early detection and
understanding of how AD disrupts brain
connectivity.

MRI BIOMARKERS AND THEIR CLINICAL
RELEVANCE

MRI-derived biomarkers serve as objective,
quantifiable indicators of neurodegenerative
changes and are increasingly integrated into clinical
and research frameworks for Alzheimer's disease
(AD). Their clinical relevance lies in their ability to
detect preclinical stages, aid in differential
diagnosis, monitor disease progression, and predict
therapeutic outcomes. Key MRI biomarkers include:

e Medial Temporal Lobe Atrophy (MTA) Score:
A semi-quantitative visual rating scale
evaluating hippocampal and parahippocampal
atrophy. Higher MTA scores are strongly
associated with AD and can differentiate it from
normal aging and other dementias.
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e Whole Brain and Regional Volumetry:
Automated volumetric analysis quantifies brain
volume loss, especially in the hippocampus,
entorhinal cortex, and posterior cingulate.
These measures correlate with cognitive decline
and can predict conversion from mild cognitive
impairment (MCI) to AD.

e Cortical Thickness Analysis: MRI-based
cortical mapping reveals thinning patterns
typical of AD, particularly in temporal, parietal,
and frontal cortices. Thinner cortex is
associated with poorer memory and executive
function.

e White Matter Hyperintensities (WMHSs):
Detected on T2-weighted and FLAIR images,
WMHs reflect small vessel disease. They are
more prominent in mixed and vascular
dementias but can coexist with AD,
contributing to cognitive impairment.

These biomarkers have been incorporated into
standardized diagnostic frameworks such as the
National Institute on Aging and Alzheimer's
Association (NIA-AA) research criteria and the
AT(N) biomarker classification system. They offer
high sensitivity and specificity for detecting AD
pathology and enable non-invasive disease tracking
over time.

o  Medial temporal lobe atrophy (MTA) score.

e Whole brain and hippocampal volumetry.

e  Cortical thickness analysis.

e White matter hyperintensities (WMHSs)
associated with vascular contributions to
cognitive impairment.

These biomarkers have been integrated into
diagnostic criteria such as the NIA-AA research
framework.

(AVA PROGNOSTIC VALUE OF MRI IN
ALZHEIMER'S DISEASE

MRI not only aids in the diagnosis of Alzheimer's
disease but also plays a crucial role in predicting
disease trajectory and monitoring its progression.
Longitudinal MRI studies provide valuable insights
into how the brain changes over time in individuals
with mild cognitive impairment (MCI) and early
AD.

Key prognostic indicators derived from MRI
include:

e Hippocampal Atrophy Rate: A faster rate of
hippocampal shrinkage over time is one of the
most robust predictors of progression from MCI
to AD. This atrophy correlates strongly with
memory impairment and overall cognitive
decline.

e Cortical Thinning: Longitudinal reductions in
cortical thickness, particularly in the temporal
and parietal lobes, are associated with
worsening executive function and language
deficits. These measures also help differentiate
AD from other dementias.

e Ventricular Enlargement: Progressive
enlargement of the lateral ventricles reflects
global brain atrophy and serves as an indirect
marker of neurodegeneration. It has been linked
to more rapid cognitive deterioration and loss of
daily functioning.

Advanced analytical methods, including voxel-
based morphometry and surface-based
morphometry, allow precise quantification of these
changes. Prognostic models incorporating these
MRI-derived biomarkers can stratify patients based
on their risk of progression, aiding in personalized
treatment planning and timely therapeutic
interventions.

V. ADVANCED MRI TECHNIQUES AND
FUTURE DIRECTIONS

Emerging MRI Technologies in Alzheimer's Disease
(AD) Detection:

MRI has undergone significant advancements in
recent years, providing more sensitive and specific
methods for detecting Alzheimer's Disease (AD)
earlier and with greater accuracy. These emerging
techniques focus on improving our ability to
visualize subtle neurodegenerative changes, track
disease progression, and predict clinical outcomes.
These advances go beyond traditional structural
imaging and include functional, metabolic, and
microstructural assessments of the brain. Below are
the most promising advancements:

1. Magnetic Resonance Spectroscopy (MRS):
o What is MRS? MRS is a technique that
analyzes the concentrations of various
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metabolites in the brain. These
metabolites provide insight into the
biochemical and metabolic state of brain
tissue, particularly neurons.

oxidative stress, which can worsen
neuronal damage. In AD, areas such as
the basal ganglia and hippocampus show
abnormal iron deposits, which QSM can

o In Alzheimer's Disease (AD): In AD, detect. These deposits may play a role in

MRS can detect changes in metabolites the formation of amyloid plaques and tau
like N-acetylaspartate (NAA), choline, tangles, both of which are hallmark
and creatine. NAA is often reduced in features of AD.
AD due to neuronal loss or dysfunction, o Impact on Diagnosis: By identifying iron
while choline levels may increase, buildup in the brain, QSM can provide
reflecting changes in  membrane valuable insights into the pathological
metabolism. Since these changes can processes of AD, particularly in the early
occur before visible atrophy, MRS offers stages of the disease when other signs
an early biochemical signature of AD. may not yet be visible.

o Impact on Diagnosis: MRS enables 4. High-Resolution Structural MRI (7T MRI):
detection of metabolic abnormalities that o What is 7T MRI? This is an ultra-high
occur prior to major structural changes, field MRI that uses a magnetic field
making it an important tool for early strength of 7 Tesla, compared to the
diagnosis and even for monitoring standard 1.5T or 3T scanners. The higher
treatment response. field strength allows for much greater

2. Arterial Spin Labeling (ASL): resolution and finer details in imaging.

o What is ASL? ASL is an MRI technique o In Alzheimer's Disease (AD): 7T MRI
that measures cerebral blood flow (CBF) provides exceptional detail, enabling the
by using magnetically labeled water detection of subtle changes in brain
molecules. The labeled molecules serve tissue, such as amyloid plaques,
as a tracer to visualize blood flow in the microbleeds, and small vessel disease,
brain without the need for contrast which may be missed on conventional
agents. MRI scans. This technology also allows

o In Alzheimer's Disease (AD): Reduced for a more detailed understanding of
CBF in specific brain regions, especially changes in brain microstructure that are
in areas critical for memory and associated with AD.
cognition such as the posterior cingulate, o Impact on Diagnosis: The enhanced
precuneus, and medial temporal lobe, resolution of 7T MRI enables clinicians
has been observed in AD. These to observe early and microscopic
reductions in perfusion are linked to the structural changes, offering a more
neuronal dysfunction seen in the disease. precise way of monitoring disease

o Impact on Diagnosis: ASL provides a progression and identifying biomarkers
non-invasive way to monitor cerebral that are specific to AD.
perfusion, which can decline as AD 5. Artificial Intelligence (Al) and Machine
progresses. This technique is particularly Learning:
useful in detecting functional changes o What are Al and Machine Learning?
early in the disease, even before These are computational technologies
structural damage occurs, which can that enable computers to analyze large
enhance the early identification of AD. datasets and identify patterns. In the

3. Quantitative Susceptibility Mapping (QSM): context of MRI, Al can be applied to

o What is QSM? QSM is an advanced imaging data to detect abnormalities,
MRI technique that measures the predict disease outcomes, and track
magnetic susceptibility of brain tissue. It progression.
is particularly sensitive to changes in o In Alzheimer's Disease (AD): Al
iron content in the brain. algorithms can analyze MRI scans to

o In Alzheimer's Disease (AD): Iron detect early signs of AD, such as
accumulation is thought to contribute to hippocampal atrophy and cortical
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thinning, before symptoms manifest.
These algorithms can also help automate
and speed up the analysis of large
volumes of MRI data, reducing human
error and improving diagnostic accuracy.

o Impact on Diagnosis: The integration of
Al into MRI imaging can provide more
accurate and efficient diagnoses. Al can
also assist in personalized treatment
planning by predicting how the disease
will progress in individual patients.

Future Directions in MRI for AD:

e The continued development of advanced
MRI technologies and their integration into
clinical practice holds the potential to
revolutionize how we diagnose and
monitor  Alzheimer's disease.  Future
research will focus on refining these
methods to improve their clinical
feasibility, such as making them more cost-
effective and accessible to a wider
population.

e Hybrid Imaging (PET/MRI): Combining
MRI with positron emission tomography
(PET) could offer complementary
information, allowing for the assessment of
both brain structure (via MRI) and function
(via PET imaging of amyloid plaques and
glucose metabolism). This hybrid approach
can improve diagnostic accuracy and
provide a more comprehensive
understanding of AD.

e Longitudinal Studies: The ability to track
disease progression using these advanced
MRI techniques will be key in assessing
the effectiveness of new treatments.
Longitudinal studies, using MRI to monitor
changes over time, will provide valuable
insights into the progression of AD and
help to validate new biomarkers and
therapies.

LIMITATIONS AND CHALLENGES IN MRI
FOR ALZHEIMER'S DISEASE DIAGNOSIS

MRI is a powerful and non-invasive imaging
technique widely used in the diagnosis and
monitoring of Alzheimer's disease (AD), but like all
technologies, it comes with certain limitations and
challenges.  These challenges  impact its

effectiveness and implementation in clinical
settings.

Here are the main challenges faced when using MRI
for AD:

1. Variability in Acquisition Protocols:

o MRI results can vary depending on the
protocols used to acquire the scans. For
example, different MRI machines,
scanning techniques, or settings (such as
field strength or image resolution) can
lead to discrepancies in results. This
makes it harder to standardize
interpretations across different hospitals,
research centers, or regions.

o Such variability can affect the
reproducibility of studies and the
consistency of diagnosing AD across
different institutions.

2. Limited Availability in Some Regions:

o While MRI is widely available in high-
resource healthcare settings, there are
still areas, particularly in developing
countries or remote locations, where
MRI machines are scarce or not readily
accessible.

o The high cost of MRI scanners and the
need for specialized personnel to operate
them limit access, potentially delaying
diagnosis and treatment for patients who
do not have easy access to these
facilities.

3. High Cost and Need for Specialized

Expertise:

o MRI scanners are expensive to purchase,
maintain, and operate. In addition to the
initial setup costs, ongoing maintenance
and the need for skilled technologists
and radiologists make it a costly imaging
modality.

o Furthermore, interpreting MRI scans
requires highly trained specialists,
particularly when it comes to assessing
subtle changes related to Alzheimer's
disease. This requirement for specialized
expertise can  further limit the
availability and accessibility of MRI as a
routine diagnostic tool.

4. Overlap of Imaging Findings with Other

Neurodegenerative Diseases:
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Many of the MRI findings associated
with  Alzheimer's disease, such as
hippocampal atrophy, cortical thinning,
and ventricular enlargement, can also be
seen in other neurodegenerative diseases
like frontotemporal dementia (FTD),
vascular dementia, or even normal
aging.

This overlap complicates the diagnosis
of AD, as it can be difficult to
differentiate between these conditions
based solely on structural MRI images.
In such cases, additional diagnostic tools
and clinical evaluations are necessary to
accurately diagnose the disease.

5. Limitations in Detecting Early-Stage Disease:

@)

While MRI can detect changes in brain
structure, it may not be sensitive enough
to identify AD in its very early stages. In
the preclinical phase of Alzheimer's,
structural changes may be too subtle to
detect with conventional MRI, and
functional or biochemical alterations,
which might be present at this stage,
may not be captured by structural
imaging.

As a result, other techniques such as
positron emission tomography (PET),
biomarkers in cerebrospinal fluid (CSF),
and advanced MRI techniques (like
Diffusion Tensor Imaging or MRS) may
be required to supplement MRI findings
and provide a clearer picture of the
disease.

VII. CONCLUSION

The conclusion of the article encapsulates the main
findings and emphasizes the overall importance of
MRI in the diagnosis and prognosis of Alzheimer's
disease (AD). Here's a breakdown of the key points:

1. MRI as a Valuable Tool:

o
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Diagnostic Utility: MRI plays a crucial
role in the early detection of Alzheimer's
disease by identifying both structural (e.g.,
hippocampal atrophy) and functional (e.g.,
altered  connectivity patterns)  brain
changes. Early diagnosis is essential
because it enables clinicians to initiate
timely interventions that may slow disease
progression or help manage symptoms.

Prognostic Value: MRI also aids in
predicting the course of the disease. For
instance, identifying the rate of
hippocampal atrophy and cortical thinning
can help determine how quickly a patient
may progress from mild cognitive
impairment  (MCI) to  full-blown
Alzheimer's. This prognostic capability
makes MRI an essential tool in tracking
disease progression over time.

2. Support for Clinical Decision-Making:

o

MRI provides valuable objective data that
supports clinicians in making informed
decisions regarding patient care. These
images, along with other diagnostic tests,
help doctors evaluate the effectiveness of
treatments, decide when to adjust
therapies, and decide whether
interventions such as cognitive training or
pharmacological treatments are beneficial.

3. Monitoring Disease Progression:

o

As Alzheimer's disease is progressive,
MRI plays a significant role in monitoring
changes in brain structure and function
over time. Tracking brain atrophy and
neurodegeneration using longitudinal MRI
scans allows for more personalized and
accurate patient management.

4. Advancements in Imaging Techniques:

o

The field of MRI in AD diagnosis is
evolving, and continual advancements are
enhancing  its  diagnostic ~ power.
Innovations in advanced MRI techniques,
such as Diffusion Tensor Imaging (DTI),
Magnetic Resonance Spectroscopy
(MRS), and Arterial Spin Labeling (ASL),
are improving the ability to detect more
subtle, early changes in the brain.
Furthermore, the integration of biomarkers
into MRI analysis, including specific
patterns of brain volume loss and changes
in connectivity, is expected to improve the
accuracy of diagnosis and provide more
specific prognostic information for AD
patients.

5. Improvement in Patient Outcomes:

o

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

The continued advancement of MRI
technology and its integration with other
diagnostic tools (e.g., biomarkers, Al-
driven analyses) has the potential to
enhance overall patient outcomes. Early
detection, accurate prognosis, and better
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monitoring of AD progression mean that
doctors will be able to make more timely
and appropriate  decisions regarding
patient care, ultimately improving the
quality of life for patients.
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