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Objective: In this review, we aim to provide an overview of the imaging techniques most commonly used
to study Alzheimer’s disease (AD).

Background: Neuroimaging biomarkers can be used to evaluate these abnormalities, improve the ability
of early diagnosis and help predict disease progression. These signs mainly include local brain atrophy on
structural MRI, hypometabolic foci, and amyloid plaque deposition in the brain detected by specific imaging.
These techniques not only have their unique advantages, but can complement each other in multimodal
imaging evaluation of patients with cognitive impairment and dementia.

Methods: A literature search was performed on PubMed using the search term combinations “Alzheimer’s
disease”, “Amyloid-beta plaques”, and “MRI”. We discuss various magnetic resonance imaging (MRI) based
techniques, including direct imaging, indirect imaging, amyloid-beta (A) plaque and radiomics, Hybrid
PET/MRI and MRI imaging technology in the future, placing a special emphasis on multimodal imaging,
and focus our review on the MRI features of AB plaques (AD biomarkers).

Conclusions: After a lot of research and reasonable selection, multimodal imaging composed of MRI
and PET can significantly improve the diagnosis and treatment of AD patients, and the complementary
information can be obtained by the new PET/MR instrument at the same time. The findings of this review
emphasize that multimodal imaging is likely to be the preferred method for future AD research and clinical

practice.
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Introduction memory impairment that interferes with activities of daily

living. As the disease progresses, other cognitive domains

T . . ..
Alzheimer’s disease (AD) is a neurodegenerative condition become impaired including language, judgment, orientation,

and the main form of dementia. This disease is a serious
threat to human health and has become one of the greatest
challenges for the healthcare system in the 21st century (1).
Clinically, the main symptom of AD is an initial short-term
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behavior and executive function, ultimately resulting
in motor difficulties. Importantly, a preclinical stage
characterized by mild cognitive impairment (MCI) lasts
for decades before resulting in dementia (2). In this long
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preclinical phase, the typical pathological characteristics are
the accumulation of AP plaques and tau tangles that occur
throughout the entire process of AD neurodegeneration.
Brain amyloid plaque derived from extracellular deposition
of B-amyloid peptide is considered as one of the most
important factors for Alzheimer’s disease (AD) onset.
However, the true role of AB for AD development remains
controversial. Some scientists hold that the AP is harmful
to the organism for it can result in amyloid deposition,
nerve fiber tangles, nerve cell death, and eventually the
dementia, while others view the AP as a helpful factor due
to its antibacterial, antioxidant and neurotrophic effects on
the brain (3). Both proteinopathies can trigger oxidative
stress, microvascular dysfunction, blood-brain barrier (BBB)
disruption and the activation of inflammatory response
within the brain, ultimately resulting in neuronal damage
and consequent neurodegeneration (4).

Based on proteinopathy evidence, the new diagnostic
guidelines published in 2011 indicate that biomarker tests
should be incorporated in addition to clinical symptom
screening, as the definition of AD has gradually evolved
from symptom-based to biology-based (5). Following
this development, research into early diagnosis using
biomarkers has been undertaken. Biomarkers of functional
impairment, neuron loss, and protein deposition can be
evaluated by neuroimaging (i.e., MRI and PET) or CSF
analysis, and are increasingly used to diagnose Alzheimer’s
disease in research and professional clinical settings. The
cerebrospinal fluid (CSF) biomarkers that can be detected
by imaging can provide information about the pathological
process in vivo, which is useful in understanding changes in
the brain at different stages of the disease (6). In addition,
imaging biomarkers are less invasive. Therefore, based on
previously developed cognitive, blood and CSF tests and
brain imaging methods, a new imaging biomarker method
has been developed for AD diagnosis that is designed to
detect AP plaque depositions and tau proteins in the living
brain (7).

At present, most studies have focused on AP plaque
imaging. Although magnetic resonance imaging (MRI) is
a method that can be used to detect tau protein-related
neurodegeneration, studies of tau proteins are rare, and
those that exist have been based on positron emission
tomography (PET) rather than MRI (8). Additionally,
some studies have shown that tau tangles are not specific
biomarkers for AD, and since they are located inside
the cells, it is difficult to directly compare them with the
production and aggregation of AB plaques (9). Therefore,

© Annals of Palliative Medicine. All rights reserved.

10063

a literature search was performed on PubMed using the
search term combinations “Alzheimer’s disease”, “Amyloid-
beta plaques”, and “MRI”. this review discusses the existing
literature regarding MRI of AP plaques in AD patients
(Table 1), including direct imaging, indirect imaging,
amyloid-beta (AB) plaque and radiomics, Hybrid PET/
MRI and MRI imaging technology in the future, placing
a special emphasis on multimodal imaging, and focus our
review on the MRI features of AP plaques (AD biomarkers).
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-825).

Necessity and feasibility of Ap plaque MRI

At present, the imaging technology most commonly used
in clinical research to assist iz vivo diagnosis is PET (25).
However, PET has many disadvantages, such as radiation,
low resolution, and high cost, limiting its use as an early
screening tool in a conventional clinical setting (26). In
contrast, MRI has a higher spatial resolution, is non-
invasive, and does not use radiation. Therefore, its use in
AP plaque imaging will be an important step towards early
diagnosis and improved prognosis for AD. A is produced
by the metabolism of amyloid precursor protein (APP).
App can be cleaved by extracellular protease of a-secretase
to produce soluble extracellular fragment (Sapp a), which
is cleaved by B-secretase (BACE1) to produce soluble
extracellular fragment (Sapp+) and cell membrane binding
fragment (C99). The cell membrane binding fragment is
cleaved by y-secretase to release the amyloid intracellular
domain and AP, AP aggregates to form oligomers, fibrils,
and plaques. In AD, the changes of AP concentration
appeared in cerebrospinal fluid (CSF), followed by the
accumulation of brain AP, the increase of CSE, the decrease
of hippocampus and gray matter volume, the decrease of
glucose metabolism, memory impairment, and dementia.
Several studies have confirmed that these biomarkers can
indeed be used to reliably measure disease-related brain
changes in vivo (27,28).

MR imaging of AP plaques was performed using T2*
contrast medium technique. So far, the non-invasive
detection ability of AP plaques in MR images is mainly
attributed to the focal iron deposition accompanied with
plaques. The T2* shortening effect of paramagnetic iron
is the main source of the contrast between plaques and
surrounding tissues. Amyloid plaque itself does not cause a
susceptibility effect. The aggregation of B-amyloid protein
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Table 1 A summary of the different sequences methods for AR MRI analysis in AD for 10 years

In vivo or ex vivo Sequence

Field strength

Strengths and limitations (L)

Ref.

SE: more sensitive to microscopic field gradients

GE: more sensitive to magnetic field gradients
extending over much larger spatial scales

QSM: induce notable changes in local
susceptibility

L: not sensitive to small plaques; some larger
than the actual ones

Gadolinium: with a short imaging time and high
in-plane resolution

SPION: detection and quantification of plaques
improved significantly

DTI: reveals cytoarchitectural details and allows
the identification of cell layers (strata) with
characteristic fibre orientations

L: strict imaging conditions

MRS: the non-invasive assessment of localized
brain metabolism

L: indirect and subjective

Wengenack et al. 2010 (10)
Teipel et al. 2011 (11)

Meadowcroft et al. 2015 (12)

Maier et al. 2015 (13)

Gong, et al. 2019 (14)
Maier et al. 2015 (13)
Santin et al. 2016 (15)
Santin et al. 2013 (16)

Sillerud et al. 2013 (17)

Solberg et al. 2014 (18)

Whittaker et al. 2018 (19)

Keihaninejad et al. 2013 (20)
Nowrangi et al. 2013 (21)
Yang, et al. 2011 (22)

Shen, et al. 2018 (23)

Ex vivo T,SE/T,*GE 94T
T,SE 70T
T,*GE 7.0T7/16.4T
T,*GE (QSM) 70T

In vivo T,SE 70T
T,*GE

Ex vivo T2-FSE+GD 70T
T,WI+T2*+ 94T
SPION L: BBB

Ex vivo T1 (RARE) 70T/30T
DTI (PGSE)

Ex vivo T1- (RARE) 47T/70T
T, (RARE)
MRS (PRESS)

In vivo T,*GE (fMRI) 30T

fMRI: the assessment of functional connectivity

Drzezga et al. 2011 (24)

L: do not provide independent information

MRI, magnetic resonance imaging; AD, Alzheimer’s disease; SE, spin-echo; GE, gradient echo; QSM, quantitative sensitivity mapping;
FSE, fast SE; GD, gadolinium; SPION, superparamagnetic iron oxide nanoparticle; DTI, diffusion tensor imaging; MRS, magnetic
resonance spectroscopy; fMRI, functional MRI; RARE, rapid acquisition relaxation enhancement; PGSE, pulsed gradient spin echo;

PRESS, point resolved spectroscopy; L, limitations.

can increase the electron density and cause a significant
change in the local sensitivity value, which is large enough
to produce the contrast relative to the surrounding normal
tissue, and can be displayed by quantitative sensitivity
mapping (QSM) MR imaging. Single AP plaques can also
be displayed in high-resolution sensitivity maps. The
diamagnetism of AP protein can also be observed in brain
samples of AD patients.

In recent years, MRI has proved to be effective in the
detection of early AD-related brain changes that are used
in the diagnosis, prediction, and determination of the
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disease stage. AP plaque imaging can accurately detect
early pathological changes in AD patients by observing
the distribution and density of plaques in the brain,
determining the stage of the disease and predicting its
progress. In addition, Ap plaque imaging can be used for
specific clinical trials and has a high predictive value and
level of proficiency in diagnosing AD and other types of
dementia (29). Moreover, a large meta-analysis showed that
AP plaque deposition in the brain is closely related to age
and that the correlation curve of AB plaque incidence with
age is very similar to that of dementia incidence with age
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(30,31). However, plaque deposition begins at least 20 years
earlier than dementia (32).

Individual plaques in transgenic mice with AD can be
gradually visualized using high-field MRI systems both in
vivo and ex vivo (33). Histological measurements have shown
that plaques of 20 and 35pm in diameter are detectable
using ex vivo and in vivo MRI, respectively (34). However,
the imaging of these amyloid plaques is limited by the MRI
resolution in murine studies. Moreover, detection requires
careful optimization of imaging protocols and analysis. The
increase in paramagnetism caused by the distribution of
iron in and around the plaques seems to be the dominant
contributing factor (35). The reduction of artifacts and
blurring caused by breathing and heartbeat also affects A
plaque imaging in vivo (36). In this case, the optimization of
MRI scanning sequences depends on electrocardiogram or
respiratory gating techniques. Figure 1 provides a summary
of the principles and applications of A plaque MRI as well
as those of new imaging methods expected to be further
explored and effectively used in AD clinical research.

Direct imaging of Ap plaques

Relaxation time

To find subtle changes in tissue characteristics, MRI has
primarily been used to study changes in relaxation time. The
goal of mapping the relaxation time in neurodegenerative
diseases is usually to detect changes in tissue characteristics,
particularly with regard to determining whether the
presence of abnormal protein depositions in tissues
can be identified by monitoring changes in relaxation
time. The use of transgenic animal models of AD allows
in vivo imaging to directly characterise neuropathology
and provides an effective experimental platform for testing
hypotheses relating to pathophysiology. The T1 and T2
relaxation times vary with the different depths of human
and mouse brains. This reflects the layered structure of the
cortex, and changes in these relaxation rates are related to
changes in the myelin sheath and nerve cell density. Many
studies using different transgenic animal models have shown
that an increase in the number of AB plaques corresponds to
changes in the T'1 and T2 relaxation times (33).

Detailed histological and pathological analyses of human
tissues have shown that a decrease in 12 relaxation time
in AD-affected brain tissue is related to an increase in
iron (37), and that the accumulation of iron in activated
microglia and the myelin sheath of the middle cortex
is related to the Braak stage (38). Ferric iron (Fe') can
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change the microscopic magnetic field homogeneities as a
ferromagnetic ion, resulting in the dephasing of the signal
of water protons in the vicinity, which leads to the T2
relaxation time shortening (39,40). Dhenain ez 4/. (41) and
Faber et al. (42) successtully detected plaques in thalamus of
transgenic mice using gradient echo and fast low resolution
gradient echo, respectively, which were large and high in
Fe content. Iron can be stored in amyloid polymers and
can increase the toxicity of AP plaques (43). Recently, some
studies have found that there are Fe®, Fe’* and ferritin in
amyloids. Therefore, there has been speculation that focal
iron deposition in the plaques could lead to the transverse
relaxation changes associated with AP plaques (44). The
data show that iron content is not the only cause of the
hypointensity seen in the image, as the dense fibrillar
nature of the AP plaques also has an influence on transverse
relaxation times in AD-affected tissue (12).

Benveniste et al. (45) used MRI for the first time to
display AP plaques in the human brain iz vitro. Subsequently,
several research teams found that single amyloid plaques
in AD transgenic mice could be distinguished in T2 and
T2* weighted MRI without the use of exogenous contrast
agents by improving the magnetic field intensity, resolution,
and acquisition times (46). Plaques have been visualized
ex vivo using T2-weighted spin-echo (SE), fast SE (FSE),
and gradient-echo (GRE) techniques. There are many
techniques for plaque detection iz vivo, including T1
weighting, macroscopic T2 mapping, FSE imaging, SE
imaging, and GRE imaging.

Susceptibility mapping

In recent years, a method of quantifying the local magnetic
susceptibility values from MR phase images, called
quantitative susceptibility mapping (QSM), has led to
plaque visualization as AP plaques and iron sediments can
affect the magnetic susceptibility of tissues (47-49). These
values can be used to non-invasively evaluate the ability of
AP plaques to aggregate, aiding the diagnosis of AD (14).
Another diagnostic technique, susceptibility-weighted
imaging (SWI), is used to increase image contrast by the
displacement of voxels caused by the naturally existing iron
in the plaques (20), exploiting the susceptibility differences
between tissues. SWI may be more suitable for in vivo
human imaging than iz vivo mouse imaging due to the
increased distance from the air/tissue interface to the region
of interest (ROI) (50). An increasing number of studies
show that magnetic transfer imaging (MTI) has been
successfully used to characterise neurodegenerative diseases,
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Figure 1 The flow chart of the Magnetic resonance (MR) imaging of AP plaque in AD transgenic mice. (A) The amyloidocentric theory of
Alzheimer’s disease (AD) (18). The amyloid cascade hypothesis represented as the geocentric Ptolemy’s theory of the solar system, which
placed the Earth at the center and was accepted for many centuries. (B) The distribution and degradation pathway of Ap peptide monomer
between brain and blood circulation (8). (C) MRI scan pattern of mice. (D) 24-month-old AD mouse. Iz vivo MRI (A,B), ex vivo MRI (C,D)
images (20). (E) Comparison between iz vivo and ex vivo susceptibility maps (14). (F) In vivo MRI scanning up to 80 min after Fused in
sarcoma (FUS) activation (13). (G) Procedure to obtain the functional network and graph theory parameters (15). (H) Quantitative MRI
maps of the middle slice of a representative T'g2576 mouse brain. Maps: fractional anisotropy (FA), directionally encoded color (DEC) (16). (I)
Localization and representative magnetic resonance spectroscopy (MRS) spectra from the hippocampus and frontal cortex (red box) of T2-
weighted scans of Amyloid precursor protein/presenilin 1(APP/PS1) and wild-type (WT) mice (17).

including AD (50).

MRI contrast agents

At present, individual Ap plaques in AD transgenic mice
can be directly imaged by MRI with a good anatomical
correlation between the location and size of the
plaques (46). However, due to the relatively small size of
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some plaques, increasing the contrast between the plaques
and the surrounding brain tissue, or enhancing the contrast
between the sizes of different structures, is needed to
measure individual plaques in human brains. Targeted MRI
contrast agents can improve the specificity of AP plaques.
As a targeted contrast agent, it should have the following
characteristics: it has specific binding site with A plaque
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and has high affinity; it has less non-specific binding and
can be cleared quickly; it has certain fat solubility and
can effectively pass through the blood-brain barrier; it
is non-toxic and has enough signal contrast intensity for
quantitative analysis. Ionic gadolinium chelates (13) and
superparamagnetic iron oxide nanoparticles (SPIONS) (15)
are the main MRI contrast agents used in the imaging of
AB plaques in vivo and ex vivo to date. Several other MRI
contrast agents have reportedly been used, e.g., putrescine-
Gd-AB, Gd-DTPA-ABand MION-AB.

There is no rapid and effective method to evaluate the
ability of contrast agents to pass through the BBB, and
there is a lack of extensive animal experiments and toxicity
studies iz vivo. The role of contrast agents in the brain
largely depends on the interaction with the BBB. If AP
plaque aggregation is targeted using binding components
that are highly specific, such as small proteins, the reagents
containing protein or peptide sequences may be blocked by
the BBB. Therefore, an important step in the development
of imaging biomarker is the introduction of a contrast
agent that targets AP plaques efficiently and accurately
by penetrating the BBB. This would not only reduce the
influence of small plaques and iron content but also would
more directly reflect the actual condition of the plaques.

In conclusion, direct imaging techniques are key to the
study of AD biomarkers, and improving the direct imaging
of AP plaques is particularly important for understanding
the mechanism of plaque formation and the changes
associated with disease progression.

Indirect imaging of Af plaques

Imaging of neural network connections: functional
MRI

Functional MRI (fMRI) is a method of indirectly measuring
brain nerve activity by measuring changes in blood
oxygenation levels (blood-oxygenation-level-dependent
imaging, or BOLD, is the most common method), mainly to
observe the signal changes resulting from blood oxygenation
levels (18). The BOLD signal reflects dynamic changes in
blood oxygenation levels caused by neuronal and synaptic
activities and has been widely used in clinical practice. The
BOLD contrast mechanism has a complex relationship
with functional brain activity, oxygen metabolism, and
neurovascular factors. Accurate interpretation of the BOLD
signal for neuroscience and clinical applications necessitates
a clear understanding of the sources of BOLD contrast and
its relationship to underlying physiology (51). In recent
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years, with the increased use of fMRI, brain connectivity
impairment in patients with AD is obvious and gradually
the potential white matter networks are accompanied by
disease progression. A large number of existing MRI studies
have shown that to a large extent, this change enables
in vivo observation of disease progression (52). Quantifying
the strength of the functional connections between regions
of the neural network is useful when studying AD, because
a decrease in the strength of the functional connections may
reflect a decrease in the integrity of the neural network (53).

Looking at several groups of studies, the combined
analysis of fMRI and amyloid studies showed that amyloid
deposition in the brain was related to brain connectivity
damage. Another study of an asymptomatic population
with complete cognitive function but high levels of amyloid
deposition in the brain found that the default mode
network (DMN) connection was disrupted (24). These
studies suggest that there is a correlation between amyloid
deposition and DMN connectivity and that these changes
occur prior to the onset of cognitive impairment.

The expression of the &4 allele of the apolipoprotein E
(APOE &4) is a hereditary indicator of AD. As a pathological
partner of A plaques, APOE &4 can not only significantly
promote the deposition of AB plaques but also reduce the
rate at which they clear (54). Recent studies have shown that
the decrease in DMN connectivity in individuals carrying
APOE &4 is related to an increase in amyloid protein levels
in the cortex (4). fMRI imaging indirectly assesses plaque
deposition and changes in the brain by monitoring the
DMN connection status and is therefore potentially useful
in the detection of AD.

However, fMRI is dependent on hemodynamics and
oxygen metabolism. The contrast enhancement produced
by fMRI imaging depends on cerebral blood flow, cerebral
blood volume and cerebral metabolic level/oxygen
consumption. These fMRI are indirect manifestations,
which cannot directly reflect the activity of neurons. In
addition, the results of different studies on fMRI vary
greatly, and the use of fMRI in the early diagnosis of AD

needs more research to further verify.

Imaging of water molecule movement: DWI, DTT and
DKI

Diffusion-weighted imaging (DWI) is a method that uses
MRI to observe and quantitatively analyse the micromotion
of water molecules in living tissues, mainly Brownian
motion or water diffusion. Among them, diffusion tensor
imaging (DTT) is the most widely used in a clinical setting,
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as it can display a wide variety of microstructures. This is
essential for identifying the fibre tracks of white matter
(WM) and disruption due to disease. The mean diffusivity
(MD) and fractional anisotropy (FA) reflect changes in the
structure of WM. An increase in MD and a decrease in FA
indicate degeneration in the structure of WM (55). A large
number of studies have shown that AD affects a specific
part of the neural network (56). Mathematical modelling
supports the hypothesis that AD-related pathological
substances, such as amyloid proteins, propagate protein
misfolding along structural connections and fragile
networks in the brain (57). Several studies have found that
there are differences between MCI groups and healthy
groups following DTT evaluation of brain biomarkers in
AD patients, and MD is more sensitive than FA when
discriminating between the two groups (58).

So far, in order to improve diagnostic accuracy and
specificity when assessing changes in WM in AD patients,
a variety of D'TT methods have been used (19). However,
some studies have shown that DTI sequences do not
detect significant changes in younger age groups because
age-dependent AP plaque accumulation is related to WM
abnormalities (10). It is difficult for DTT alone to accurately
reflect the actual state of plaques when age, gender and
other relevant factors are taken into consideration. In
addition, the clinical application of DTI parameters is
limited. First, D'TT is a single exponential diffusion imaging
method based on the Gaussian model. It is difficult to
accurately express the structural characteristics of tissues
with only simple MD and FA because there is non-Gaussian
distribution of water diffusion in tissues (11). Second, DTT
measurements lack biological specificity. For example,
an increase in MD and a decrease in FA might not only
indicate degeneration in the structure of WM, but may also
be related to neuronal injury or demyelination (12).

Diffusion kurtosis imaging (DKI) does not have the
problems associated with DTT and takes the measurements
of non-Gaussian distribution of water diffusion in tissues
into account. DKI has the advantage that it is more sensitive
in detecting neuropathy, but it has a poor parameter
specificity and a longer acquisition time.

Imaging of tissue metabolism: '"H-MRS and CEST

Proton magnetic resonance spectroscopy ('H-MRS) imaging
uses neurochemical changes iz vivo and chemical shifts
to quantitatively analyse specific nuclei and compounds.
By observing the concentrations of different compounds
in the nucleus and assessing the slight differences, this
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method can non-invasively measure the metabolic changes
in compounds including N-acetyl aspartate (NAA), choline
(Cho), creatine (Cr) and lactate in brain tissue in vivo (59).
This non-invasive technique has become the standard in
AD-related metabolic research methods. In AD patients,
the main clinical finding from "H-MRS is a decrease in
NAA. Other metabolites such as myo-inositol (ml), Cho,
glutamate (Glu) and Cr also change in patients with MCI
and AD (60).

According to the results from animal experiments,
changes to the metabolic spectrum are related to the
physiological and pathological processes of AD (61).
Research comparing the hippocampi of AD mice to those
of wild-type mice (62) showed that the NAA/Cr and
Glu/Cr ratios decreased significantly, while the mI/Cr
ratio significantly increased. However, these significant
differences only occurred in the brain cortices of the
AD mice. This may be due to earlier occurrences of
neurometabolic disorders in the hippocampus during
AD progression (23). The above results also show that
the metabolic changes appeared earlier than the clinical
manifestations of dementia. Therefore, 'H-MRS is a
valuable tool in the early clinical evaluation of AD (Figure 2).

Chemical exchange saturation transfer (CEST) is a novel
MR technique that has the potential to provide molecular
information for the diagnosis of AD (63). CEST uses
radiofrequency pulse to magnetically label exchangeable
protons to detect molecular information. CEST has the
advantages of high cost-effectiveness, non-invasive and high
sensitivity, which actually overcomes some concentration
limits of 1H-MRS, and has great potential and prospect in
AD diagnosis (64).

Ap plaques and radiomics

With the development of artificial intelligence and deep
learning, modern analysis methods such as machine
learning and data mining have gradually been incorporated
into medical use. Studies have shown that MRI can be
used to observe the differences in other markers between a
control group and patients with AD and different types of
dementia (65). For example, AD can be distinguished from
Lewy body dementia and vascular cognitive impairment
by observing the degree of atrophy in the medial temporal
lobe with high sensitivity and specificity (>90%) (66).
A combination of resting fMRI, neural aging and deep
learning methods can detect prognostic indicators and risk
factors, enabling the early diagnosis of neurodegenerative
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throughout the course of the disease, and memantine
(MEM), which is suitable for patients with moderate to
severe AD. The main purpose of these medications is to
improve the quality of life and prognosis of patients, but
they have little impact on the disease process (68). However,
AP aggregation inhibitors, such as polypeptides and
antibodies, can be used to treat AD at an earlier stage (69).
Polypeptides have more clinical possibilities, participate
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more in the synthesis and design of compounds, are more
highly targeted, have more biological effects, fewer side
effects and are more practical (70). For example, studies
show that combined treatment with monoclonal antibodies
and BACE1 inhibitors can significantly reduce the
production of amyloid proteins in mice (71). The authors
believe that if a variety of monoclonal antibodies are used
to target AP plaques and promote plaque decomposition,
this ‘cocktail therapy’ will probably play an important
role in the treatment of AD. If so, MRI technology will
be indispensable in monitoring the therapeutic effects of
amyloid removal in the brain, guiding clinical adjustments
to the treatment plan.

Multimodal imaging
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and accurate ways to detect plaques. This would include the
use of contrast agents and MRI technology.
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At present, short-term tests specifically targeting AD

Figure 2 The common sequence of the MR indirect imaging of AB plaque in AD transgenic mice (16-18).
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Figure 3 The combination of MR imaging of AB plaque and radiomics (20).

have been conducted with small sample sizes, using AP
plaque biomarkers to confirm the therapeutic targets and
effects (72). Currently, MR images (in vivo and ex vivo)
and histological sections have still not been unequivocally
matched to the display of plaques, and there are still some
plaques that can only be seen histologically. Therefore,
the multimodal combination of histology and MR images
would eliminate the shortcomings of each method. MRI can
facilitate clinical non-invasive measurement of AD-related
neuropathology by showing changes in plaques and their
distribution. However, establishing imaging biomarkers
needs further work.

Hybrid PET/MRI

PET imaging is a mature technique to detect cerebral
amyloid beta (a B) plaques in the body. Some preclinical and
postmortem data showed that redox active iron accumulated
near a p plaque. Quantitative susceptibility mapping (QSM)
at high-field MRI enables iron deposits to be depicted with
high spatial resolution.

Mtpet/MRI hybrid imaging can achieve high spatial
resolution quantitative imaging of amyloid plaques in
Alzheimer’s disease mouse model. Hybrid PET and MRI
techniques allow true simultaneous pet and MRI and have
become an attractive way to correlate tracer uptake and
anatomy. Its clinical availability provides direct benefits
for translational research. Combined with PET/MR
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technology, pet radiotracer has high sensitivity, wide target
area, high contrast of MRI soft tissue and strong ability
of functional imaging. Real PET/MRI synchronization
opens the door to synchronous dynamic research of pet
and MRI, allowing complementary dynamic parameters
to be obtained from pet and MRI neurology research. For
example, in the earlier PET/CT hybrid technology (PET-
CT), pet and CT imaging were performed in sequence, so
they were offset in time and space. On the contrary, the real
synchronization of pet and MRI can be achieved by these
new hybrid systems, eliminating the mismatch effect of fine
motion between two scans. This mismatch confuses the
correlation between tracer uptake and anatomy, especially
at the spatial scale of the mouse brain and its regions. Of
course, MRI provides fine contrast between soft tissues,
such as different areas of the brain-details that cannot
be obtained with CT. Therefore, PET-MRI provides
anatomical imaging with high spatial resolution and high
contrast, which complements the absolute quantitative
tracer uptake obtained by PET. Therefore, PET-MRI is
very valuable for the study of AD mouse model, because it
can quantify the tracer uptake in different brain regions.
The latest technology is PET/MR integrated machine,
but its clinical application is still limited. This all-in-one
machine can obtain MRI and PET data simultaneously
in the traditional MRI scanning time, increasing the
diagnostic information without additional acquisition and
detection time. Because the acquired images are directly
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registered, standard MRI and PET images can be acquired
simultaneously in one system, which can increase a lot
of diagnostic information. PET/MR has a unique ability
to simultaneously evaluate the dynamic process of brain,
especially with the use of new tracer for dynamic PET
acquisition and functional MRI. These new technologies
have obvious advantages in the application of scientific
research, but at the same time, we need to continue to study
whether the information has clinical application value.

Summary and prospects

Although the pathogenesis of AD has not yet been fully
understood, the amyloid cascade hypothesis is now
dominant (73) and is the fundamental focus of
neurodegenerative studies. Dementia and neurodegenerative
diseases are not easy to detect in the early stages, and
diagnosis can be difficult, especially when the symptoms
are atypical. With the understanding of AD deepening,
diagnostic criteria are moving towards the biological
characteristics. Therefore, using MRI to diagnose amyloid
plaques could have wider clinical implications.

At present, the differential diagnosis of AD is mainly
based on multimodal methods, including pathological
manifestations, biochemical indicators and imaging markers.
Collectively considering MRI analysis of Ap amyloid
plaques, patient age, iron deposition in the brain, genetic
mutations and other related factors will contribute to
constructing an AD histology model designed to establish a
multimodal diagnosis structure. This could greatly improve
the early diagnosis of AD and enable the development of
individualised treatments. In the near future, combining
imaging biomarker with artificial intelligence or deep
learning algorithms will provide a more complete map of
structural and metabolic changes, enhancing our ability to
integrate image data, derive additional information, and
tully consider the impact of genetic, gender and lifestyle
factors (Figure 3).

But there are still some problems to be solved. (I) So
far, MRI research has not been used in the study of living
human brain. The reason is that the scanning time of the
existing technology is too long (the most appropriate time
should be limited to 10 minutes), which is the biggest
obstacle in the imaging of human brain plaque in vivo;
How to further improve the sensitivity of high field MR
microscopy to a p plaque and the effect of high field
intensity on human body need to be further studied. (II)
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Whether MRI targeted nano contrast agent is safe and
effective in human body, and the toxicity of ligands iz vivo
need to be further studied.

This review has summarised the principles and
characteristics of MRI analysis techniques for visualising
AP plaques, which provide more possibilities for the
optimisation of MRI technology and treatment of AD. In
conclusion, MR imaging can not only reveal the size and
distribution of plaques but also show any changes in vivo.
In addition, MRI is relatively low in cost and very useful
clinically. The authors believe that plaque imaging will
become the preferred method for AD diagnosis and follow-
up in the near future.
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