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Abstract: This article presents a clinical case of Alzheimer’s disease with a debut as primary pro-

gressive aphasia syndrome. Insufficient use of routine magnetic resonance imaging in this case in 

the diagnosis of neurodegenerative diseases and the advantage of such additional neuroimaging 

methods as positron emission tomography, functional magnetic resonance imaging with a scale as-

sessment of atrophic changes. Additional neuroimaging techniques have been shown to signifi-

cantly improve the early detection of pathological changes in brain structures and to reveal the lo-

cation of functional areas involved in the neurodegenerative process. 

Keywords: Alzheimer's disease; neuroimaging diagnostics; positron emission tomography; functional mag-

netic resonance imaging. 

 

1. Introduction 

 

There were about 1.061 million patients with dementia in the Russia Federation in 
2006. This number is expected to increase to 1.354 million by 2020. This represents ap-

proximately 1% of the population [8]. Life expectancy is from 4 to 8 years since the mani-
festation of dementia, with average survival being higher than early debut of it [9-11]. 
Alzheimer’s disease (AD) is the most common neurodegenerative disease. It causes de-

mentia syndrome in 28-38 million people worldwide, which is about 60-80% of all cases 
of dementia [1-4]. In the next decades, the number of patients with Alzheimer’s disease is 

expected to increase several times, and their possible number will be more than 110-130 
million by 2050 [5-7]. 

At the present stage of development of diagnostics of AD open wide opportunities 

to study the pathological process, relying not only on the clinical picture of the disease, but 
also on neuroimaging methods with assessment of involvement of various brain struc-

tures. In typical cases of AD, the neurodegenerative process begins in the hippocampus 
and then progresses, gradually involving the temporal lobes, in the subsequent - frontal 
and parietal associative regions [12, 13]. Atrophy of the hippocampus, parahippocampal 

gyrus, amygdala and other anatomical structures of the temporal lobes is more common 
in AD and is considered the primary predictor of cognitive impairment progression [14-

17]. A positive correlation of the degree of atrophy of target structures with the severity of 
cognitive impairment, in neuroimaging studies was confirmed [18]. For example, in pa-
tients with a subsequent AD, atrophy with a 10% [19] decrease in the medial temporal lobe 
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was observed, and in some cases, a decrease in the posterior cingulate gyrus and frontal 
lobe was detected at the stage of mild cognitive impairment [20, 21]. Several clinical patho-

logical studies have shown involvement in the neurodegenerative process of the posterior 
cingulate gyrus, parietal and temporoparietal cortex in patients with typical clinical AD. 
Atypical cases, without pronounced memory impairment, were more often associated 

with less involvement of the medial temporal lobe [17, 22, 23]. Atrophic changes in various 
structures occur in the early stages of the neurodegenerative process, so the routine use of 

neuroimaging techniques may be relevant for AD diagnosis [24, 25, 26]. The need to use 
specialized scales to assess the atrophy of target areas and voxel-based morphometry to 
estimate the total volume of brain structures becomes apparent [26, 27]. Due to the pro-

gression of the pathological process involving more areas of the brain, even the use of 
magnetic resonance imaging (MRI) with atrophy assessment scales is often insufficient. It 

is necessary to include in the diagnosis of more complex methods, such as MR-tractog-
raphy, functional MRI (fMRT), positron emission tomography (PET) etc. In this article we 
will demonstrate a clinical case that shows the possibilities of application of neuroimaging 

in the framework of diagnosis of neurodegenerative process in AD with a complex clinical 
picture. 

 
2. Clinical case 

 

Patient I., 61 years old, was hospitalized at the Bekhterev National Medical Research 
Center for Psychiatry and Neurology in September 2022 with complaints of impaired 

speech and memory. The history of the disease is based on relatives. The disease began 5-
6 years ago, when there were problems with memory (memorization of new information). 
Gradually began to show difficulties with spatial orientation, possession of household ap-

pliances and cutlery. Emotional background changed, "more sentimental". Patient applied 
to a neurologist in 2020, FAB (Frontal Assessment Battery) - 8 points were performed dur-

ing the examination. The diagnosis was: «Primary progressive aphasia». Results of brain 
MRI 2020: hypertensive encephalopathy, benign enlargement of subarachnoid space and 
triventriculomegalium substitution type. Results of brain PET 2020: Decrease in glucose 

metabolism in the associative cortex of parietal lobes (mainly right), lateral sections of 
temporal and occipital lobes (also predominantly right), precuneus (right), and posterior 

cingulate gyrus cingularis on the right. 
Psychic status. In consciousness. Contact is difficult due to speech disorders, often 

asks questions, does not perform complex commands. Speech is poor, confused. The 

mood is complacent, reduced, periodic anxiety against the background of episodes of dis-
orientation in space. The conversation begins willingly, well-meaning. Expresses concern 

for his own condition, asks for help. Daily mood fluctuations are not determined. Mindset 
is concrete. Attention is drained. MMSE (Mini Mental State Examination) - 16 points; 

MoCA (Montreal Cognitive Assessment) - 7 points; FAB (Frontal Assessment Battery) - 4 
points. There is no deception of perception in behavior. He does not express delusional 
ideas. Without dangerous and suicidal tendencies at the time of examination. Criticism to 

the condition is purely formal. 
Neurological status. No symptoms. 

Clinical psychological research. Contact is possible, but difficult due to cognitive and 
speech disorders. In conversation is well-meaning, smiling, emotionally labile. Eye con-
tact supports. Speech is agrammatic, with literal and verbal paraphasia, lexically impov-

erished. The patient generally understands and responds to the question. Monological 
speech is possible, emotionally talks about his life, about his native region, about psycho-

traumatic events. Outwardly relatively neat. He serves himself rudely. In the self is ori-
ented correctly, in the place - somewhat inaccurate, in time - only partially (can call the 
current year «21», month calls approximately - «March - April»), in the environment after 

adaptation is oriented quite well. Simple instructions are generally understood, but retain 
in memory; complex instructions are almost unavailable. Criticism is reduced. 
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Failure to perform most of the proposed tasks is explained by poor vision. A full-
scale pathopsychological examination is not possible because of severe cognitive defi-

ciency and speech disorders. Task «Exclusion superfluous» is not able to perform, does 
not understand what is required of him, irritated, referring to the fact that he does not see 
the image. Simple proverbs interpret concretely, indistinctly; the comparison of para-con-

cepts produces by partial features. The patient can indicate only certain general details 
when describing the plot picture: «winter... landing...children...». Assistance, tips do not 

help. Schulte tables cannot be perform. Account (orally and in writing), understanding 
the number is not available. In general, he learns the numbers of the first ten. Automated 
enumeration of the numerical series from 1 to 20 and months of the year performs, dis-

arming is not available. The demonstration of the specified finger of the hand is not always 
accurate. The reproduction of the position of the fingers, the positions of the hands is dis-

turbed. The right-left difference. Independent drawing on the task (geometric shapes, 
face, house, clock dial), drawing from is not available. The placement of arrows on the 
painted dial, the determination of time on the layout and on the real clock is not possible. 

Folding a simple stick figure is not possible. The amount of auditory memory without 
repetition is 2. The mnemogram of memorization «10 words» has the form: 2-3-3-4-5-4-6 

(6 words at the last presentation is possible with a hint). «Repeating of numbers»: in direct 
order - 2 units, in reverse order - is not possible. Repeating of complex sentences is possi-
ble only partially with paraphasia. Retelling of the short text is also possible partially. 

Naming objects from the surrounding environment and pictures is difficult, but possible. 
Reading individual letters, words is possible, but with the help of. Writing is not available. 

Severe impairment of all mental processes (attention, memory, thinking) are revealed in 
combination with confusion, acalculia, apraxia, aphasia. It indicates local-focal pattern of 
parietal and temporal brain disorders. The presence of a degenerative process with gross 

mnesic-intellectual disorders, with modal-specific disorders reflecting the deficiency of 
the parietal and temporal structures of the brain is revealed. 

 
2.1. Results of Instrumental Methods 
 

The brain MRI is performed on the MP scanner Atlas Exelart Vantage XGV (Toshiba, 
Japan) with induction of 1.5 Txl magnetic field using T1- and T2-weighted images (WI), 

FLAIR and T2* pulse sequences (PS), DWI. In addition, the mediobasal temporal lobe sec-
tions were subjected to targeted examination using T2 WI-oblique Cor and FLAIR PS-
oblique Cor with 2.2 mm thickness perpendicular to the hippocampus long axis. At this 

stage, atrophic changes and localized brain lesions were assessed on visual scales. To carry 
out the MP-morphometry with the estimation of quantitative indicators of various brain 

structures, the PS T1 3D-MPRAGE with a slice thickness of 1mm and isotropic voxel was 
used with further post-processing handling using the software FreeSurfer 6.0. DTI (diffu-

sion tensor imaging or MP tractography) was used to obtain information about the rela-
tionships between different parts of the brain and the integrity of the pathways. In order 
to map the functional zones, a functional MRI (fMRT) with post-processing in the CONN 

and SPM12 software packages has been performed. MRI of the brain revealed focal 
changes of the vascular character of the 2nd degree according to the classification Fazekas. 

Evaluation of atrophic changes on visual scales: Global cortical atrophy scale (GCA scale) 
- grade 2, Medial temporal lobe atrophy score (MTLA score) - grade 2, Posterior atrophy 
score of parietal atrophy (Koedam scale) - grade 2.  

Pronounced asymmetrical expansion of lateral fissure on both sides (D>S) and pari-
etooccipital fissure on both sides (D<S) has been identified. Interuncular - 36 mm (rate up 

to 30 mm). We present the differences (p≤0.05) of quantitative indicators of different struc-
tures of the brain of patient I. and a group of healthy volunteers of similar age from the 
database of the Department of Neuroimaging Studies (Table 1) [28]. 

 
Table 1. Morphometric indicators of brain structures of patient I. and control group. 
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Structure of the brain Volumes (3 mm)  

of the right hemisphere 

Volumes (3 mm)  

of the left hemisphere 

 

Patient I. Control 

(60-69 years old),  

M 

Patient I. Control (60-69 years 

old), M 

Cortical gray matter  213736,2 224867,0 223635,9 234364,9 

Hippocampus 3338,9 4099,4 3420,6 3836,7 

Lateral ventricles 26898,8 11597,2 27068,1 11104,7 

Grey matter of the upper tem-

poral gyrus 

1145 2126,9 972 1929,9 

Grey matter of the fusiform gy-

rus 

5732 9369,4 

 

5287 9088,9 

Gray matter of the lower parie-

tal gyrus 

6257 11476,9 7524 13606,9 

Grey matter of the lateral oc-

cipital gyrus 

8318 12274,3 7501 11659,9 

Grey matter of postcentral gy-

rus 

6347 9197,4 5685 8938,8 

Grey matter of the precuneus 6019 8450,6 6088 9090,1 

Grey matter of the upper pari-

etal gyrus 

7011 13276,7 6184 11896,9 

Grey matter of the upper tem-

poral gyrus 

7607 11699,4 7235 10756,0 

Grey matter of the supra-

marginal gyrus 

6453 10828,0 5496 9701,3 

Grey matter of the transverse 

temporal gyrus 

680 1270,4 489 876,1 

 
 

 

In patient I. was a marked decrease in the amount of gray matter in the temporal, 
parietal and occipital lobes of both hemispheres of the brain. It should be noted that the 
decrease in the cortex of the lower parietal gyrus and hippocampus was more 

pronounced on the right, the decrease in the volume of the cortex of precuneus was 
quite symmetric, and the decrease in the volume of the remaining structures was more 

pronounced on the left. 

Functiomal MRI of the brain (Figure 1): to determine the lateralization and 

localization of the motor speech zone (Broca’s area) 2 activating tasks were presented: 1) 



Personalized Psychiatry and Neurology 2024, 4(1): 32-40. https://doi.org/10.52667/2712-9179-2024-4-1-32-40 36  
 

 

word generation on a certain letter, 2) the selection of verbs to nouns. The area has been 
visualized and is located in the right hemisphere in the area of the posterior third of the 

lower frontal gyrus during post-processing.  
 

 

 

Figure 1. Visualization of the Broca’s area with a functional MRI (on top), visualization of the 
motor representation of the right hand (at the bottom) on fMRT in the patient I.  

 

In order to verify the data through the resulting activation zone, tracts have been 
developed according to the results of the MR-tractography. The front part of the arcuate 

fascicle and part of the pyramid tract pass through the activation area (Figure 2). Analysis 
of the data obtained during diffusion - tensor MRI allowed visualization of conductive 
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paths of white matter - associative, comissural and projection. In qualitative analysis, no 
significant impoverishment and breakdowns were found. 

 
 

 
 

Figure 2. MR-tractography of patient I. 

 
According to the results of the functional scanning, an area of the motor 

representation of the right hand, located in the precentral gyrus of the left hemisphere, is 
visualized. 

According to the results of clinical, neuropsychological and neuroimaging 

examination the diagnosis is as follows: Alzheimer’s disease with mild dementia 
syndrome with a debut as primary progressive aphasia nonfluent form (ICD code: G30). 

 

3. Discussion 

In this clinical case, we observe a pattern of AD debuting as primary progressive 
aphasia syndrome followed by gradual progression and involvement of other cognitive 

spheres. Although no pronounced atrophic changes in the cortex were detected in the 
routine brain MRI in 2020, PET scans have already shown a decrease in glucose metabo-
lism in the associative cortex of the parietal lobe (greater right), lateral temporal and oc-

cipital lobes (also more to the right), precuneus (on the right), as well as the posterior 
sections of the cingulate gyrus on the right. This indicates the prevalence of neurodegen-

erative process in the clinical picture were presented only by speech disorders. According 
to the MR - morphometry from 2022, irregular atrophic changes in the cerebral cortex, 
mainly the temporal and parietal lobes, as well as the lateral regions of the occipital lobes, 

are detected. It should be noted that, according to several authors, in the case of clinical 
manifestations of PPA, a typical neuroimaging sign is asymmetric left temporoparietal 

atrophy, with a pronounced extension of the left lateral cleft [29,30]. However, according 
to our study, atrophic changes in the crust of the lower parietal gyrus and hippocampus 
were more pronounced on the right, and the decline in the cortex percuneus was symmet-

ric. There was also a more pronounced extension of the right lateral slot. 
We drew attention to the discrepancy between the clinical picture and the neuroim-

aging data (patient I. - right-handed) because the disease debuted speech impairment in 
motor aphasia with relative safety of other cognitive functions. In order to find the cause 
of this phenomenon, an additional MRI was conducted on the special programme and 

fMRT. The purpose of the study is mapping of functional-significant zones, in particular 
- localization of the Broca’s area. The functional scan visualized an area in the right 
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hemisphere at the posterior third of the inferior frontal gyrus. In order to verify the data 
through the resulting activation zone, tracts have been developed according to the results 

of the MP-tractography. The front of the arcuate fascicle and part of the pyramid path pass 
through the activation area. Thus, the atypical location of the Broca’s area was discovered. 

4. Conclusions 

Based on the results of this study, we can see that additional methods of neuroimag-

ing are clearly useful in diagnosing AD (atypical manifestations/forms of AD?). When 
performing a routine MRI, special visual scales should be used to assess in more detail 

atrophic changes in the cerebral cortex, in particular the Global cortical atrophy scale 
(GCA scale), Medial temporal lobe atrophy score (MTLA score) and Posterior atrophy 
score of parietal atrophy (Koedam scale). The use of MR-morphometry makes it possible 

to estimate the quantitative changes of various brain structures, which cannot be accu-
rately determined by routine MRI research. Functional MRI allows you to refine the local-

ization of the motor and speech zones, which is important when there is a mismatch of 

clinical manifestations and atrophic process of the brain.   

 

5. Implications 

Additional neuroimaging techniques show us the potential for early detection of 

pathological changes in brain structures in Alzheimer’s disease, which will potentially 
expand the «window of possibilities», better predict treatment and plan therapy more ef-

fectively. 
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