THE ROLE OF MAGNETIC RESONANCE
IMAGING IN THE DIAGNOSIS OF
DEMENTIA OF ALZHEIMER'’S TYPE.

Essay
Submitted for partial fulfillment of Master Degreein Radiodiagnosis

By
MOHAMED AHMED MANSOUR
M.B.B.Ch ,Ain ShamsUniversity ; Y«:V

Under The Supervision Of
PROF.DR .SHERINE KADRY AMIN.
Professor of Radiodiagnosis,

Faculty of Medicine, Ain Shams Univer sity.
DR.NIVINE ABDEL MONEIM CHALABI.

L ecturer of Radiodiagnosis,

Faculty of Medicine ,AinShamsUniver sity.




Acknowledgement
Thanks first and last to GQD, as we owe him for his

great care, support and guidance in every step in our life.

I would like to express my profound gratitude and
cordial appreciation to prof. Dr. SherineKadry
Amin, @rofessor of Radiodiagnosis, Faculty of Medicine,
Aim- Shams University, for her moral support , valuable
supervision and for enabling me to fulfill this work,

I would like also to thank Dr. Nivine _Abdel

Moneim Chalabi , lecturer of Radiodiagnosis, Faculty of

Medicine, Aim- Shams University. For her help and
guidance.

I gratefully acknowledge all those who have helped me

and shared in achieving this worR,

My deepest and profound appreciation for my family for
their continuous support and encouragement.



LIST OF CONTENTS:

. Introduction and aim of work............... ..l

. Anatomy of the brain............................. ¢

. Pathology of Alzheimer's disease ...................... AR
. MRI techniques of examination ....................... £y
. Manifestation of ADin MRI........................... oA
. Summary and conclusion....................ooeeeeL . AY
. References.........oooooiiiiii i A1

. Arabic SUMmMAary.............ocooiiiiiiiiiiiii i, 1



LIST OF FIGURES

Fig. V: Supero - lateral surface of the cerebral hemisphere.

Fig. Y: Media surface of the cerebral hemisphere.

Fig. ¥: Inferior surface of the cerebral hemisphere.

Fig.t: Stained Transverse Section through the Basa Ganglia Y.Putamen,
Y.Caudate nucleus, Y. Globus pallidus, ¢. Thalamus.

Fig. ©: The cerebellum.

Fig. V: The brain stem.

Fig.V: Arterial supply of the brain.

Fig.A: The circles of Willis.

Fig. 4: Venous Sinuses of the brain.

Fig.\+: Axia TY-WI inthe supraventricular level.

Fig. VY. Axia TY-WI inthe supraventricular level.

Fig. VY. Axia TY-WI inthe high ventricular level.

Fig. \¥: Axia T) WI in thelow ventricular level.

Fig. Y ¢: Axia T)-WI inthe low ventricular level.

Fig. Ye: Axia T)-WI in theinfraventricular level.

Fig. V1. Corona TY-WI in the midfrontal plane.

Fig. VV: Corona T WI of the brain in the midthalamic plane.
Fig. YA: Corona T)-WI in the plane of splenium and pineal body.
Fig. Y4: Coronal T)-WI in the plane of temporo-parieto-occipital junction.

Fig. Y. Sagittal T)-WI inthe mid sagittal plane.



Fig. Y\: Sagittal T)-WI in the plane of lateral ventricular body.

Fig. YY: Sagittal T)-WI inthe latera orbital plane.

Fig. YY: Lobes of the human brain (the temporal |obe is shown in green).

Fig. Y¢: Thelocation of one of the hippocampi isindicated by the crosshairs.
Fig. Y¢: Histologica - MR comparison of the hippocampus.

Fig. Y. Diagram of hippocampus.

Fig. YV: Coronal section of brain through intermediate mass of third ventricle.

Fig. YA: Annotated multiplanar MRI figure showing the different limbic system
structures.

Fig. Y4: Diagram showing the different parts of the thalamus.

Fig. ¥+: Corona dice of human brain showing subthalamic nucleus and
substantia nigra.

Fig ¥: Blood supply of hippocampus.

Fig. ¥Y: Thetheory of tau hypothesis.

Fig. ¥¥: Alzheimer's disease, neurofibrillary tangle.
Fig. ¥¢: The theory of amyloid hypothesis.

Fig. ¥¢: Alzheimer's disease, senile plague. Older plagues contain a central
amyloid core, seen with Congo red stain, microscopic.

Fig.¥%: Corona unenhanced baseline and co registered year ¥ follow-up T)-
weighted MR images and normalized difference displayed with narrower Y-
signa intensity window to enable visualization of brain tissue loss within the
boundary region.

Fig.YV: Anisotropic nature of diffusion in the brain. Transverse DW MR Images
with the diffusion gradients applied along the X, y, and z axes demonstrate
anisotropy.



Fig. YA: Diffusion ellipsoids (tensors). When there is no directionadlity, the
fractional anisotropy (FA) is zero (spherical). A typical tensor of a white matter
bundle will be cigar shaped .when there are crossing fibers, the ellipsoid becomes
flattened , resulting in " pancake "" tensors .

Fig. ¥4: Diffusion constants of a given dllipsoid.

Fig. ¢+: Tracking starts at a pixel (or region of interest (ROI). The fiber
assignment by continuous tracking (FACT) program tracks the ellipsoid has long
as the adjacent vectors are strongly aligned.

Fig. ¢Y: Coronal MRI sections from individual subjects (Control, MCI, and AD),
illustrating mild degree of atrophy in MCI and greater atrophy in AD compared
with age-matched control.

Fig. ¢Y: Corona TY-weighted (a, b) a patient with AD and (c, d) an age-
matched control subject. (a, b) The patient with AD has severe bilateral
hippocampal atrophy. Compare this with (c, d) norma hippocampus in the
control subject.

Fig .¢¥: Corona T)-weighted MR images demonstrate tracings of the
hippocampus and para-hippocampal gyrusin a Ve-year-old female control subject
and YY-year-old woman with AD.

Fig. ¢¢:. Visual assessment of the medial temporal Iobe atrophy

Fig.¢¢: YD appearance of the ventricles in a control subject (A), subject with
MCI (B), and a patient with AD(C).

Fig.¢%: Gradient-echo MR images of a patient with Alzheimer disease. The
width between the frontal horns of the lateral ventricles and the cranial width
(bifrontal index) are shown .

Fig.¢V: Corona and axial images showing the Y-mm-thick sections with parallel
lines are drawn tangentially to the tip of the temporal horns where the width is
maximum.

Fig. ¢A: Corpus callosum atrophy along the course of Alzheimer’s disease.



Fig. £4: MRI scan showing the region of interest at the level of crossing of the
anterior commissure. Corresponding Nissl-stained coronal section of the left
hemisphere of a post-mortem aged control brain.

Fig.e+: A TY-weighted MR image in a 1Y-year-old man with Alzheimer disease.
The thinning of the substantiainnominatais noted. B TY-weighted MR image in
a Vi-year-old man with Alzheimer disease. The thinning and the concave inferior
surface of the substantiainnominata are evident.

Fig. ¢V: A, Multishot diffusion-weighted coronal image shows severe atrophy of
the subiculum and CAY-¢. Atrophy of CAY is mild. Image also shows atrophy of
the para-hippocampal gyrus. B, TY-weighted image barely shows the inner
structure of the hippocampus.

Fig.eY: Color fiber-orientation maps of the human hippocampus derived from
diffusion tensor microscopy data provide excellent contrast resolution for the
different layers of the hippocampus.

Fig .. DTl method reveals white matter tracts showing decreased integrity in
normal seniors at high risk for Alzheimer's disease.

Fig.° ¢: Magnetization transfer in the diagnosis of AD.

Fig. ¢ Examples of proton spectra obtained from the posterior cingulate voxel.

Fig.e%: YH spectra from posterior cingulate from individual subjects (Control,
MCI, and AD), illustrating increased M| peak in MCI and decreased NAA peak
inAD .

Fig.eV: DSC MR image of rCBV in a Y- year-old patient with probable
Alzheimer disease and a matched 7 £¢-year-old comparison subject (MM SE score
°Y4).

Fig.eA: Potential role of cerebral blood volume images for aiding in diagnosis of
Alzheimer's disease.

Fig.e4: Differencesin sites and sizes of regions of brain activation after memory
task of patient with mild cognitive impairment.



Fig. 1 +: Axia dlices showing the behavior of the DMN in the temporal regionsin
the Y groups of subjects.

Fig 1): Prolongation of TY relaxation time as a result of iron deposition in basal
ganglia.

Fig. 1Y: MR microscopy Four-way correlation in a ¥ ¢-month old AD mouse.



LIST OF ABBREVIATIONS:

..... Three dimensional.

....Alzheimer disease.

.... The apparent diffusion coefficient.

APP........ Amyloid beta precursor protein.

..... Arterial spinning labeling.
...Blood-oxygen-level dependent contrast.

....The coronal anatomic sectors of the hippocampus.
...Choline.

...... Creatine.

..... Chemical shift imaging.
...Diffusion tensor imaging.

..... Default mode network .

..... Diffusion-weighted imaging.

...Fluid Attenuation Inversion Recovery.

......Functional magnetic resonance imaging.

..... Fractiona anisotropy .

......Fast spin echo.

....... Gray matter.

..... Mild cognitive impairment.

....... Mini-Mental State Examination score.



MRS......... MR spectroscopy.

MTI........ Magnetization transfer imaging.
MTR....... Magnetization transfer ratio.
NAA......... N-acetyl aspartate.
NBM......... The nucleus basalis of Meynert.
ROIs....... Regions of interest.

SDAT...... Senile dementia of the Alzheimer's type.
SL........... The signdl intensity.

SNR........ Signal/noise ratio.

VBM......... Voxel-based morphometry.
WM.......... White matter.

WMSHs...... White matter signal hyperintensities.






Role of MRI in Alzheimer's disease

INTRODUCTION

The dementia syndrome is clinically defined as acquired decline of
memory and other cognitive domains with significant impairment of
executive functioning and activities of daily living . The prevalence of
dementia increases continuously with age and has been estimated to be
about ‘7 in the age-group between 7° to 14 years and Y4/ at age -
years and older(Stefan et al ,Y++A).

The most common known cause of dementia in the elderly is
Alzheimer's disease ( AD ) , Memory impairment is usually the earliest
manifestation . Differentiating the gradual decline in memory efficiency
associated with typical aging from early AD is a diagnostic difficulty .
There is no definite biomarker for the diagnosis, which provides the

motivation to develop neuroimaging markers of early AD. (Kantarci et al,
Y 0 )

Neuroimaging has dramatically changed our ability to accurately
diagnose AD , new neuroimaging methods facilitate diagnosis of most of
the neurodegenerative conditions after symptom onset and show promise

for diagnosis even in very early or pre-symptomatic phases (Vitali et al ,
YeoA),

MRI, as a generally widely available non-invasive and relatively
Inexpensive technique, has the potential to significantly contribute to our
ability to deal with the increasing impact of AD (Stefanetal Y« +A).

In principle, MR neuroimaging modalities can be divided into two
groups ; Structural techniques, ( volumetric MRI and diffusion-weighted
(DWI1) or diffusion tensor (DTI) MRI ) and functional techniques (
perfusion MRI, blood oxygenation level-dependent (BOLD) fMRI and
MR spectroscopy) (Muelleretal , Y+ +A).

Several studies have shown that structural MRI estimates of tissue
damage or loss in characteristically vulnerablee brain regions ( such as
the hippocampus and entorhinal cortex ) are predictive of progression of
mild cognitive impairment to AD. Moreover, the clinical utility of MRI
in differentiating AD from other pathologies, such as vascular or non
Alzheimer neurodegeneration, has been established (Frisoni etal, Y+ +).
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Other studies have investigated the cerebral tissue that had
undergone metabolic and functional changes before occurrence of
abnormal structural changes in the brain. , rendering it possible to set up
safe and effective markers for early diagnosis of AD (Chenetal , Y++9).
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AIM OF WORK

To highlight the role of different recent techniques of MRI in the
evaluation of senile dementia of Alzheimer type.

Chapter
ANATOMY OF THE BRAIN
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GROSS ANATOMY OF THE HUMAN BRAIN

The brain is that part of the central nervous system which lies
within the cranial cavity. It is surrounded by three membranes
collectively termed the meninges (Dura matter, arachnoid matter and pia
matter) and they are continuous with their spinal counterparts through a
foramen magnum. (Romanes, Y44Y),

Dura:

The cranial dura, or pachymeninx, is a tough, fibrous structure with
an inner (meningeal) layer and an outer (periosteal) layer. The dural
layers over the brain are generally fused, except where they separate to
provide space for the venous sinuses and where the inner layer forms
septa between brain portions. These septa are falx cerebri which extends
down into the longitudinal fissure between the cerebral hemispheres, the
tentorium cerebelli that separates the occipital lobes from the cerebellum,
the falx cerebelli which projects between the cerebellar hemispheres, and
the diaphragma sellae which forms an incomplete lid over the hypophysis
in the sellae turcica.

Arachnoid:

The arachnoid, a delicate avascular membrane, covers the
subarachniod space, which is filled with CSF. The subarachniod space
between the arachniod and the pia is relatively narrow over the surface of
the cerebral hemisphere, but it becomes much wider in areas at the base
of the brain. These widened spaces are the subarachnoid cisterns.

Pia:

The pia is a thin connective tissue membrane that covers the brain

surface and extends into sulci and fissures it combines with the ependyma

and choroid vessels to form the choroid plexus of the ventricular system
(Waxman, Y44V).




