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Atypical Alzheimer
Disease Variants
By Angelina J. Polsinelli, PhD; Liana G. Apostolova, MD, MSc, FAAN
ABSTRACT
PURPOSE OF REVIEW: This article discusses the clinical, neuroimaging, and
biomarker profiles of sporadic atypical Alzheimer disease (AD) variants,
including early-onset AD, posterior cortical atrophy, logopenic variant
primary progressive aphasia, dysexecutive variant and behavioral variant
AD, and corticobasal syndrome.

RECENT FINDINGS: Significant advances are being made in the recognition and
characterization of the syndromically diverse AD variants. These variants
are identified by the predominant cognitive and clinical features:
early-onset amnestic syndrome, aphasia, visuospatial impairments,
dysexecutive and behavioral disturbance, or motor symptoms. Although
understanding of regional susceptibility to disease remains in its infancy,
visualizing amyloid and tau pathology in vivo and CSF examination of
amyloid-β and tau proteins are particularly useful in atypical AD, which can
be otherwise prone to misdiagnosis. Large-scale research efforts, such as
LEADS (the Longitudinal Early-Onset Alzheimer Disease Study), are
currently ongoing and will continue to shed light on our understanding of
these diverse presentations.

SUMMARY: Understanding the clinical, neuroimaging, and biomarker profiles
of the heterogeneous group of atypical AD syndromes improves diagnostic
accuracy in patients who are at increased risk of misdiagnosis. Earlier
accurate identification facilitates access to important interventions, social
services and disability assistance, and crucial patient and family education.
INTRODUCTION

lzheimer disease (AD) is a gradually progressive neurodegenerative
disorder characterized by the progressive deposition of amyloid
A plaques and neurofibrillary tangles in the cortical brain tissue. AD
typically starts in the seventh or eighth decade of life. However,
approximately 3% of the 5.8 million Americans with AD developed

symptoms at age 65 or younger.1 These individuals are classified as having
early-onset AD, also known as young-onset AD. In Europe, the incidence of
dementia between the ages of 45 and 64 has been reported by one group as 12
cases per 100,000 persons per year and by another as seven cases per 100,000
persons per year. The prevalence is 54 per 100,000 in those 30 to 44 years of age
and 98 per 100,000 in those 45 to 64 years of age.2-4
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KEY POINTS

● Approximately 3% of the
5.8 million Americans with
Alzheimer disease (AD)
developed symptoms at age
65 or younger.

● Misdiagnosis results in
setbacks in access to AD
treatments and social and
financial support services.

● Amnestic variant early-
onset AD is the most
common atypical AD variant.
Compared to late-onset AD,
patientswith sporadic early-
onset AD show more rapid
clinical decline and greater
impairment in attention,
language, visuospatial, and
executive functions.

● Disease-specific
biomarkers are particularly
useful when assessing
atypical AD presentations,
including early-onset AD.
Individuals with young-onset cognitive impairment, especially those with
rarer AD variants, often face a significant delay in diagnosis. The atypical
nonamnestic phenotypes are also often misdiagnosed, which results in further
setbacks in access to AD treatments and to social and financial support services.
This article reviews the sporadic atypical Alzheimer disease presentations and
discusses how recent advances in imaging and fluid biomarkers can be used to
efficiently arrive at the correct diagnosis and guide treatment. For an in-depth
review of genetically predetermined early-onset AD due to autosomal dominant
mutations or Down syndrome, refer to the article “Genetics of Alzheimer
Disease” by Suman Jayadev, MD,5 in this issue of Continuum.

AMNESTIC VARIANT EARLY-ONSET ALZHEIMER DISEASE
Amnestic variant early-onset AD is the most common atypical AD variant. It
represents the vast majority of the cases diagnosed before age 65. Clinically,
patients with amnestic early-onset AD present similarly to their late-onset AD
counterparts with early progressive memory loss. However, compared to
late-onset AD, patients with sporadic early-onset AD show more rapid clinical
decline6,7 and greater impairment in attention, language, and visuospatial and
executive functions.8-14 Aside from themental status part of the examination, the
neurologic examination in amnestic early-onset AD typically is normal.
Occasionally patients may have pathologic reflexes such as grasp, root, and suck
reflexes, but these typically manifest later in the disease course.

Neuropsychologically, the cognitive profile is predominated by memory
impairment, specifically poor learning over repeated trials and rapid forgetting
ofmaterial over short and long delays (eg, as assessed on the ReyAuditoryVerbal
Learning Test15 or the Wechsler Memory Scale 4th Edition [WMS-IV] Logical
Memory and Visual Reproduction).16 Impairments in word generation (eg, as
assessed on the Boston Naming Test,17 category fluency18), visuoconstruction
(eg, as assessed on theWechsler Adult Intelligence Scale 4th Edition [WAIS-IV]
Block Design19 or the Rey-Osterrieth Complex Figure Test),18 and aspects of
executive functioning (eg, as assessed on the Trail Making Test Part B)18 are
typically present also. Although neuropsychological profiles tend to be similar to
those found in late-onset AD, the rate of decline on testing tends to be much
more rapid in early-onset AD (CASE 2-1).6,7

The diagnostic criteria used for the amnestic variant of early-onset AD are the
same as those used for late-onset AD. It must be noted that the National Institute
on Aging-Alzheimer’s Association criteria for mild cognitive impairment and
dementia have recognized the diagnostic value of disease biomarkers with
proven sensitivity, specificity, and pathologic validity for detecting AD changes
in the brain (molecular neuroimaging) or the CSF (abnormal levels of amyloid-β
[Aβ] and tau proteins).21,22 Such disease-specific biomarkers are particularly
useful when assessing atypical AD presentations, including early-onset AD.

Just like patients with late-onset AD, patients with early-onset AD must
receive a structural neuroimaging examination (preferably anMRI study) to rule
out potentially treatable causes of cognitive decline, such as normal pressure
hydrocephalus, tumor, central nervous system infection, and subdural
hematoma, as well as to determine the presence and extent of vascular pathology
that can contribute to the cognitive syndrome.23,24 A pattern ofmedial and lateral
temporal and parietal atrophy, although nonspecific, can be suggestive of AD
etiology. Early involvement of the frontal lobe is also more typical of early-onset
CONTINUUMJOURNAL.COM 677

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



CASE 2-1 A 56-year-oldwomanwith 16 years of education presentedwith 6months
of short-term memory loss with preserved remote memory, as reported
by her spouse. The patient repeated questions within minutes and forgot
conversations within hours. She was frequently unsure of the date and
sometimes themonth and had attentional difficulty. She had no reported
issues with language, navigation, vision, motor functioning, or behavior.
She was independent in activities of daily living and instrumental
activities of daily living andwas working as a bankmanager. She reported
mild anxiety and depression, confirmed by her spouse.

On examination, she frequently repeated herself and relied on her
spouse for much of her recent personal history. Her Mini-Mental State
Examination (MMSE)20 score was 23/30, losing points for cube drawing,
delayed recall, and serial 7s. Neurologic examination was normal.
Neuropsychological testing revealed prominent impairments in learning
and rapid forgetting over delays. Visuospatial construction was mildly
impaired. She made errors on the Trail Making Test Part B. Language was
generally within normal limits.

She met criteria for multidomain amnestic mild cognitive impairment,
suspected to be secondary to early-onset Alzheimer disease (AD). MRI of
her brain revealed bilateral medial temporal/hippocampal, parietal, and,
to a lesser extent, frontal atrophy (FIGURE 2-1). Amyloid positron emission
tomography (PET) revealed abnormally elevated amyloid throughout the
brain consistentwith AD. Flortaucipir F 18 PET (tau PET),whichwas part of
an experimental protocol, showed intense tau ligand uptake in themedial
and lateral temporal cortices and the parietal cortex, with milder uptake
in the frontal lobes (FIGURE 2-1).

The clinician counseled the family on establishing contingency plans
for the future. Two years later, she experienced further decline in
memory, language, executive functioning, and visuospatial abilities. She
became lost several times, ceased driving, and stopped working. Her
spouse took over the finances as she was forgetting to pay bills. She was
more irritable, anxious, and apathetic. She became suspicious about
neighbors stealing from them despite no evidence that this was
occurring. She was started on donepezil with initial benefit.

COMMENT On presentation, this patient met the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) criteria for mild neurocognitive
disorder (ie, mild cognitive impairment). Given her presentation, early onset,
and pattern of impairments, sufficient concern existed for possible AD.
Amyloid imaging of this patient assisted the clinician in directing therapeutic
decisions and counseling.

ATYPICAL ALZHEIMER DISEASE VARIANTS
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FIGURE 2-1
Imaging of the patient in CASE 2-1. Amyloid imaging
showed diffuse cortical and subcortical signal
consistent with Alzheimer disease (not shown). A,
Flortaucipir F 18 positron emission tomography
(PET) shows intense tau ligand uptake in the medial
and lateral temporal and parietal cortices and
milder uptake in the frontal lobes. Flortaucipir
F 18 PET images show the standardized uptake
value ratio (SUVR) of tau, where warmer colors
(yellow, red, and orange) indicate more tau
uptake. B, Sagittal volumetric MRI presented in
three-dimensional space shows bilateral medial
temporal/hippocampal, parietal, and, to a lesser
extent, frontal atrophy (bottom panel); warmer
colors (yellow, red, and orange) indicate areas of
greater gray matter atrophy.

CONTINUUMJOURNAL.COM 679

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



TABLE 2-1
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AD than late-onset AD (FIGURE 2-1). It should also be noted that early-onset AD
can be associated with relative hippocampal sparing25 and less pronounced
medial temporal lobe involvement.26,27

Dementia onset at a young age has disproportionately devastating
consequences for patients and their families. Thus, molecular neuroimaging
visualizing amyloid and tau pathology in vivo or a CSF examination determining
the levels of the Aβ and tau proteins is particularly useful when evaluating
middle-aged individuals with cognitive decline suggestive of AD. The
Appropriate Use Criteria for Amyloid PET identify patients with early-onset AD
as one of the three categories of patients that would benefit the most from
amyloid PET imaging.28,29

Although the pathologic substrate of early-onset AD and late-onset AD is
the same, notable differences exist in the severity of neurofibrillary tangle
deposition as well as in the neurodegenerative changes observed with
neuroimaging.30 Early-onset AD is associated with greater baseline cortical
atrophy and hypometabolism30,31 and more severe AD pathology (particularly
neurofibrillary tangles and synaptic loss) than late-onset AD30,32,33 (FIGURE 2-1).
These changes can be readily observed using tau or the recently developed
synaptic vesicle protein 2A (SV2A) PET imaging34; however, the latter is
currently only available in research settings. Recent developments in plasma
Posterior Cortical Atrophy Variants and Their Clinical Features

Dorsal variant posterior cortical atrophy

◆ Balint syndrome

◇ Simultanagnosia

◇ Optic ataxia

◇ Oculomotor apraxia

◆ Gerstmann syndrome

◇ Left/right disorientation

◇ Finger agnosia

◇ Dyscalculia

◇ Dysgraphia

◆ Limb apraxia

◆ Constructional apraxia

◆ Dressing apraxia

Ventral variant posterior cortical atrophy

◆ Apperceptive prosopagnosia

◆ Alexia

◇ Letter-by-letter reading

Caudal variant posterior cortical atrophy

◆ Visual field defects

◆ Diminished visual acuity
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KEY POINTS

● Early-onset AD is
associated with greater
baseline cortical atrophy
and hypometabolism and
more severe AD pathology
(particularly neurofibrillary
tangles and synaptic loss)
than late-onset AD.

● Patients with posterior
cortical atrophy present
with striking impairments in
visuospatial perception and
construction that cut across
cognitive domains, including
attention, reasoning, and
memory.
Aβ and tau protein measurements are actively being developed as a minimally
invasive and inexpensive diagnostic biomarker approach with significant
diagnostic accuracy (CASE 2-1).35-37 The application of these biomarkers in
early-onset AD and atypical variants is still in relative infancy, but large-scale
studies are currently under way. For more information on the diagnostic
accuracy of biomarkers, refer to the article “Fluid Biomarkers in Dementia
Diagnosis” by Suzanne E. Schindler, MD, PhD,38 in this issue of Continuum.

The greater disease severity of early-onset AD indicates a more aggressive
disease course that is alreadymanifested in the young age at onset. The reason for
this accelerated disease progression is not yet fully understood, but genetics is
thought to play a major role. It might be that early-onset AD harbors major
genetic risk variants that have not yet been discovered in major genome-wide
association studies as these studies typically exclude atypical and early-onset
disease variants. Large-scale research efforts focused on early-onset AD are
under way and, it is hoped, will shed light on this attribute.

VISUOSPATIAL VARIANT ALZHEIMER DISEASE—POSTERIOR
CORTICAL ATROPHY
The most up-to-date diagnostic criteria for posterior cortical atrophy (PCA)
were published by Crutch and colleagues.39 Patients with PCA present with
difficulties finding objects even when they are in plain sight, problems with
driving (eg, veering out of the lane, accidents caused by not seeing objects to the
side), difficulty navigating uneven surfaces such as going up and down stairs,
loss of dexterity, and difficulties in putting objects together or dressing. Faced
with a constellation of such presenting symptoms, inexperienced physicians
often consider psychiatric abnormalities or frank malingering or may
misdiagnose these patients with primary ocular abnormalities, sending them
down the path of inappropriate treatments and even invasive procedures such as
cataract surgeries.

The neurologic examination is a critical part of the evaluation of patients with
PCA. The cardinal symptoms of the dorsal variant PCA are Balint syndrome
(simultanagnosia, optic ataxia, and oculomotor apraxia) or Gerstmann syndrome
(left/right disorientation, finger agnosia, dyscalculia, and dysgraphia).39,40 The
dorsal variant can also manifest with various degrees of limb, constructional, or
dressing apraxia.39,40 The ventral variant is characterized by apperceptive
prosopagnosia and sometimes alexia with letter-by-letter reading.39 In the rare
caudal variant, visual field defects and diminished visual acuity may also be
observed.39-41 TABLE2-1 presents a comparison of PCA variants. Other characteristic
features of PCA are preserved insight, especially in the early stages of the disorder,
and relative sparing of other cognitive domains.39 Some patients may manifest
myoclonus, dystonia, or extrapyramidal signs suggestive of other neuropathologic
entities, such as corticobasal degeneration or dementia with Lewy bodies.42

Neuropsychologically, patients with PCA present with striking impairments
in visuospatial perception and construction that cut across cognitive domains,
including attention, reasoning, and memory. Profound constructional apraxia is
often demonstrated by an “exploded” complex figure copy with an absent
integration of figural components (FIGURE 2-2) and severe impairment on
visuospatial tasks (eg, as demonstrated on the WAIS-IV Block Design, Picture
Completion, andVisual Puzzles).Writing in a straight line is difficult for patients
with PCA, and ability to read might diminish because of poor spatial tracking.
CONTINUUMJOURNAL.COM 681
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FIGURE 2-2
The original Rey-Osterrieth Complex Figure (A) is shown next to the “exploded” copy pattern
(B) that can be seen in posterior cortical atrophy. Despite the accurate representation of
some of the individual components, the overall concept is missing and integration of the
various components is completely absent.

ATYPICAL ALZHEIMER DISEASE VARIANTS
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Visuospatial memory is typically impaired secondary to visuospatial
impairments, whereas verbal memory may be relatively spared. Language
impairments, when present, are similar to a logopenic syndrome (anomia,
dysfluency, poor sentence repetition).43

Ninety-six percent of PCA cases are due to AD.44 CT orMRI of the brain in PCA
reveals atrophy corresponding to the observed clinical syndrome. The classic
structural imaging finding is posterior-predominant atrophy with involvement of
the visual associative cortices and, in the caudal variant, also the primary visual
cortex. Additionally, Balint syndrome is associated with bilateral atrophy of the
superior parietal lobule, and Gerstmann syndrome is accompanied by atrophy of
the angular gyrus of the left hemisphere; dressing and constructional apraxia
follow neurodegenerative changes localizing to the right lateral parietal lobe. The
pattern of tau distribution observed on tau PET closely corresponds to the atrophy
pattern, whereas amyloid is diffusely distributed through the brain (CASE 2-2).
Fludeoxyglucose (FDG)-PET findings consist of posterior-predominant
hypometabolism largely matching the tau distribution and the brain atrophy.

LANGUAGE VARIANT ALZHEIMER DISEASE—LOGOPENIC VARIANT
PRIMARY PROGRESSIVE APHASIA
The primary progressive aphasias are a group of disorders consisting of
logopenic variant primary progressive aphasia (PPA), semantic dementia, and
nonfluent/agrammatic variant PPA.45 Of logopenic variant PPA cases, 86% to
90% are due to AD, compared to only 11% to 16% of cases of semantic dementia
and 15% to 20% of cases of nonfluent/agrammatic variant PPA.44,46

The primary symptoms of patients with logopenic variant PPA are
word-finding difficulties, circumlocution, and mispronouncing words
(phonemic paraphasias). Many patients also report memory impairment. The
elementary neurologic examination in logopenic PPA is ordinarily within
normal limits.

Neuropsychologically, patients with logopenic variant PPA show
prominent difficulties with word-generation (confrontation naming [as
JUNE 2022
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KEY POINTS

● Ninety-six percent of
cases of posterior cortical
atrophy are due to AD.

● The classic structural
imaging finding in posterior
cortical atrophy is posterior-
predominant atrophy with
involvement of the visual
associative cortices and, in
the caudal variant, also the
primary visual cortex.

● The functional
impairment in posterior
cortical atrophy is
significant as patients are
unable to successfully
navigate and interact with
their environment.

● Of logopenic variant
primary progressive aphasia
cases, 86% to 90% cases are
due to AD, compared to only
11% to 16% of semantic
dementia cases and 15% to
20% of primary progressive
nonfluent aphasia cases.
The primary symptoms of
patients with logopenic
variant primary progressive
aphasia are word-finding
difficulties, circumlocution,
and mispronouncing words
(phonemic paraphasias).

● In logopenic variant
primary progressive aphasia,
MRI, tau positron emission
tomography (PET), and
fludeoxyglucose PET show
left greater than right
atrophy, tau deposition, and
hypometabolism involving
the lateral temporal and
temporoparietal cortices.

● Early prominent language
impairment defines
logopenic variant primary
progressive aphasia and is
the principal cause of
impairment in daily living.
Anomia, poor word
generation, and sentence
repetition are the defining
features.
measured on the Boston Naming Test], verbal fluency [animals], and letter
fluency), working memory (sentence repetition, digit span), and phonemic
paraphasias. Speech during picture description (eg, the cookie theft picture)
is relatively fluent, but filler words and circumlocutions are frequent.
Phonemic errors (eg, blant for plant) are common. Comprehension is
reduced; however, single-word and semantic knowledge (eg, as measured on
the Pyramids and Palm Trees Test47), grammatical structure, and motor
speech abilities are all spared, which distinguishes logopenic variant PPA from
semantic dementia and nonfluent/agrammatic variant PPA. The profile is
more mixed in other cognitive domains. Some individuals may not show any
cognitive impairment other than language. Others demonstrate more
pronounced cognitive impairment in verbally mediated memory tasks (eg, as
measured on the Rey Auditory Verbal Learning Task or WAIS-IV Logical
Memory), and still others demonstrate more widespread or global
cognitive impairment.48

As with PCA, the amyloid distribution in logopenic variant PPA is diffuse.
MRI, tau PET, and FDG-PET show left greater than right atrophy, tau
deposition, and hypometabolism involving the lateral temporal and
temporoparietal cortices (CASE 2-3). Themost salient neurodegenerative changes
are seen in the left inferior parietal lobule; the left superior, middle, and inferior
temporal gyri; and the perisylvian cortical regions.49

BEHAVIORAL VARIANT/DYSEXECUTIVE VARIANT ALZHEIMER DISEASE
The dysexecutive and behavioral variants of AD are relatively rare and
seen in approximately 2% of AD cases.42 Among those diagnosed clinically with
frontotemporal dementia (FTD), 7% to 20% are found to have ADpathology.51-55

No consensus criteria for dysexecutive variant AD and behavioral variant AD
have been established to date. However, Townley and colleagues56 offered
preliminary criteria for a dysexecutive syndrome due to AD. The dysexecutive
variant of AD is characterized by a prominent dysexecutive syndrome and
relatively milder impairment in other cognitive functions. Early features include
difficulty with multitasking, planning, organizing, and project execution. In
contrast to behavioral variant AD, dysexecutive variant AD is not typically
associated with profound personality changes, although apathy is fairly common
(CASE 2-4).

Behavioral variant AD closely resembles behavioral variant FTD (bvFTD).42

The typical presentation is cognitive decline closely followed by the personality
changes characteristic of FTD, such as disinhibition, lack of empathy, disregard
of social and societal norms, apathy, obsessive-compulsive behaviors, and
occasionally also hyperorality. Patients with behavioral variant AD can also show
other neuropsychiatric symptoms, such as delusions and hallucinations, which is
rarely the case in patients with bvFTD (CASE 2-5).

Both dysexecutive variant AD and behavioral variant AD can have a normal
neurologic examination except for findings on mental and behavioral status
examination. Some patients show prominent frontal release signs (such as
palmomental, grasp, snout, rooting, and sucking reflexes), poor learning of
alternating sequences (Luria hand sequences), and perseverations.

The neuropsychological profiles of dysexecutive variant AD and behavioral
variant AD are similar in that executive functioning (inhibition, set shifting,
problem solving) is disproportionately affected. However, dysexecutive variant
CONTINUUMJOURNAL.COM 683
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CASE 2-2 A 56-year-old woman with 16 years of education presented with vision
and navigation difficulty and memory loss that began 2 years earlier and
had progressively worsened. Initially, she had difficulty with depth
perception, occasionally resulting in falls (such as when going down
stairs) and not seeing objects that were in front of her. An ophthalmologic
evaluation was normal. Within the first year after symptom onset, she
became lost going to familiar places (eg, the doctor’s office). Once, she
drifted while driving and hit a guardrail. She and her family reported she
misreached for objects and knocked them over, wrote on an upward
slant, and had difficulty reading. Her instrumental and basic activities of
daily living were generally intact at the time of the evaluation except for
her driving difficulties and needing occasional assistance with dressing.
Behaviorally, she was irritable, mildly anxious, and depressed.

On examination, she demonstrated simultanagnosia (seeing only three
of nine objects presented together), optic ataxia (inaccurate visually
guided reaching), left/right confusion, dysgraphia, and acalculia. Shewas
oriented except for date. She had trouble reading because of poor
tracking. Her Mini-Mental State Examination (MMSE) score was 22/30,
with points lost on orientation, attention, writing, and overlapping
figures. The remainder of her neurologic examination was normal.
Neuropsychological testing revealed severe visuospatial perception and
construction impairments, including constructional apraxia with an
“exploded” complex figure (FIGURE 2-2). Her visual memory was severely
impaired, and her verbal memory was mildly impaired. Executive
functioningwasmildly impaired,with particular difficulty on calculations.
She was anomic.

MRI revealed profound temporo-parieto-occipital atrophy (FIGURE 2-3).
She was diagnosed with posterior cortical atrophy due to Alzheimer
disease. Amyloid positron emission tomography (PET) was positive for
Alzheimer disease pathology. Tau PET revealed intense tau ligand uptake
in visual associative parietooccipital and temporooccipital cortices as
well as the primary visual areas, milder bilateral involvement of the
frontal lobes, and relative sparing of the primary motor and sensory
cortices (FIGURE 2-3).

Eventually, she could not coordinate her fingers to play the piano and
began falling frequently. Her memory and executive functioning
continued to decline, whereas her language abilities (except for anomia)
remained relatively preserved.

COMMENT This patient demonstrates a classic posterior cortical atrophy pattern with
involvement of the posterior brain regions, including the primary and
secondary visual areas. The functional impairment in posterior cortical
atrophy is significant as patients are unable to successfully navigate and
interact with their environment. Discussions about driving are critical
because of the risk of getting lost, lane drifting, and minor to major
accidents because of poor judgment of distance and spatial awareness.

ATYPICAL ALZHEIMER DISEASE VARIANTS
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FIGURE 2-3
Imaging of the patient in CASE 2-2. Amyloid
imaging showed diffuse cortical and subcortical
signal consistent with Alzheimer disease (not
shown). A, Flortaucipir F 18 positron emission
tomography (PET) shows intense tau ligand uptake
in the visual associative parietooccipital and
temporooccipital cortices as well as the primary
visual areas, milder bilateral involvement of the
frontal lobes, and relative sparing of the primary
motor and sensory cortices. Flortaucipir F 18 PET
images show the standardized uptake value ratio
(SUVR) of tau, where warmer colors (yellow, red,
and orange) indicate more tau uptake. B, Sagittal
volumetric MRI presented in three-dimensional
space shows profound temporoparietooccipital
atrophy (bottom panel); warmer colors (yellow,
red, and orange) indicate areas of greater gray
matter atrophy.
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CASE 2-3 A 55-year-old man with 20 years of education presented with difficulties
in language and memory over the previous 18 months. His coworkers first
noticed he had difficulty following directions and performing his duties,
which he and his spouse attributed to stress. However, the difficulties
progressed, and he was terminated after a poor evaluation. Additional
problems includeddifficultywith speech articulation,word retrieval, and
comprehension and nonsensical written expressions. He frequently
asked people to repeat themselves, misunderstood forms and other
documents (eg, for taxes and disability), and did not finish his sentences.
He forgot conversations. He was independent in activities of daily living but
needed assistance with managing finances and reminders for medications
and appointments. He stopped using the telephone because of his language
issues. Behaviorally, his family was concerned about mild depression.

On examination, his speech was characterized by fillers (eg, um, you
know), poor word retrieval, circumlocutions, and phonemic and semantic
paraphasias (helichopper for helicopter, living tree for living room). The
remainder of his neurologic examination was normal. His Mini-Mental State
Examination (MMSE) score was 17/30, with points lost for orientation,
registration, attention, repetition, memory, and following commands.
Instructions and questions needed frequent repetition and rewording
because of his poor comprehension and retention.

On neuropsychological evaluation, the most pronounced impairment
was in language, particularly confrontation naming, with a score of 29/60
on the Boston Naming Test. He was able to repeat only very short
sentences. He had difficulty reading longer and irregular words.
Grammar and semantic knowledge were spared. Verbal memory
demonstrated poor learning and retention. Digit span was severely
impaired. He was perseverative on a problem-solving task and had poor
cognitive flexibility (as measured on the Trail Making Test Part B). His
visuospatial abilities were relatively spared.

MRI demonstrated more prominent left compared to right posterior
perisylvian atrophy extending into the lateral temporal lobe
commensurate with tau PET showing prominent tau binding bilaterally
in the same area with mild involvement of the posterior medial frontal
gyrus and the posterior cingulate/precuneus region more significant on
the left (FIGURE 2-4).

COMMENT Early prominent language impairment defines logopenic variant primary
progressive aphasia and is the principal cause of impairment in daily living in
patients with this condition. Anomia, poor word generation, and sentence
repetition are the defining features but are often accompanied by poor
reading of irregular words and severely impaired digit span. This patient had a
fairly advanced syndrome at initial presentation, with less than 2 years’
duration. Logopenic variant primary progressive aphasia can be quite
heterogeneous in syndrome presentation and duration, with some individuals
showing only mild impairment despite lengthy disease duration.48,50
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FIGURE 2-4
Imaging of the patient in CASE 2-3. Amyloid imaging
showed diffuse cortical and subcortical signal
consistent with Alzheimer disease (not shown).
A, Flortaucipir F 18 positron emission tomography
(PET) shows prominent tau binding in the left
greater than right posterior temporoparietal area,
with milder involvement of the posterior medial
frontal gyrus and the posterior cingulate/precuneus
region. Flortaucipir F 18 PET images show the
standardized uptake value ratio (SUVR) of tau,where
warmer colors (yellow, red, and orange) indicate
more tau uptake. B, Sagittal volumetric MRI
presented in three-dimensional space shows less
extensive left greater than right posterior perisylvian
atrophy extending into the lateral temporal lobe;
warmer colors (yellow, red, and orange) indicate
areas of greater gray matter atrophy.
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CASE 2-4 A 57-year-old man with 12 years of education presented for a second
opinion about a diagnosis of functional neurologic disorder. He appeared
less concerned about his cognitive changes than his partner was. His
partner described 3 years of progressive cognitive issues that resulted in
the patient losing his job. He was unable to follow conversations or his
own train of thought. He became concrete and rigid in his thinking,
resulting in poor judgment and decision making. He was distractible, and
his organizational skills declined. In the past year, he had struggled to find
words and was more forgetful. His partner described a lack of empathy
and mild compulsive behaviors. Apathy, anxiety, irritability, and mild
depression were prominent. He was not disinhibited or emotionally or
behaviorally dysregulated.

He was oriented except for date. He was unable to perform the Luria
hand sequences or simple calculations. He repeated only short
sentences. He demonstrated some features of logopenic aphasia
(circumlocutions, lack of specificity, and deficient word retrieval). His
Mini-Mental State Examination (MMSE) score was 20/30, with points lost
on orientation, calculations, memory (registration and recall), sentence
repetition, and following commands. The remainder of his neurologic
examination was normal.

On neuropsychological evaluation, he demonstrated multidomain
cognitive impairment, most prominent in working memory and executive
functioning (cognitive flexibility, inhibition, problem solving), with less
severe impairments in language and memory (worse learning than
retention). Visuospatial perception was intact.

MRI demonstrated pronounced atrophy of the medial and lateral
frontal lobes bilaterally with relative medial temporal lobe sparing. Tau
binding revealed an Alzheimer disease–like pattern except for milder
medial temporal lobe involvement (FIGURE 2-5). Amyloid positron emission
tomography (PET) was diffusely positive.

At follow-up evaluation 18 months later, he was unable to engage with
neuropsychological testing because of severe abulia.

COMMENT Many patients with dysexecutive variant AD are initially misdiagnosed as
having a primary psychiatric or functional neurologic disorder. As a result,
these patients often have significant delay in diagnosis and access to
needed services, with resulting undue stress on families who do not
understand why their loved one is struggling. Although this patient
presented with components of logopenic aphasia, this was not the initial
symptom, nor was it the main reason for his functional impairment.
Therefore, it did not meet criteria for primary progressive aphasia.
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FIGURE 2-5
Imaging of the patient in CASE 2-4. Amyloid imaging
showed diffuse cortical and subcortical signal
consistent with Alzheimer disease (not shown).
A, Flortaucipir F 18 positron emission tomography
(PET) shows a classic Alzheimer disease–like
pattern aside for milder medial temporal lobe
involvement (top panel). Flortaucipir F 18 PET
images show the standardized uptake value ratio
(SUVR) of tau, where warmer colors (yellow, red,
and orange) indicate more tau uptake. B, Sagittal
volumetric MRI presented in three-dimensional
space shows more pronounced atrophy of the
medial and lateral frontal lobes bilaterally with
relative medial temporal lobe sparing; warmer
colors (yellow, red, and orange) indicate areas of
greater gray matter atrophy.
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CASE 2-5 An 80-year-old man with 16 years of education presented 3 years
post–symptomonset for a second opinion about a diagnosis of behavioral
variant frontotemporal dementia (bvFTD). His spouse initially noticed he
had trouble with judgment. He became obsessed with mail scams and
spent between $30,000 and $70,000. His spouse took control of themail,
but the scammers began calling the house. The patient developed other
obsessions, including use of adult coloring books, and would spend his
entire day engaged in that activity. Within a year after symptom onset, his
driving became erratic, and the family sold the car. He developed
disinhibition (eg, inappropriate behavior with strangers), hoarding (eg,
stealing napkins and silverware), an addiction to coffee and artificial
sweetener, and obsessive eating habits (eating only sandwiches,
bananas, and cereal). He was irritable and lacked empathy. He
developed a delusion that his toy robotic dog was real and became upset
when the dog would not eat. He could use his cell phone, but all other
instrumental activities of daily living were impaired.

The patient had a normal neurologic examination except for brisk
reflexes, with lower extremities worse than upper extremities. Sensory
examination was inconsistent. His Montreal Cognitive Assessment
(MoCA57) score was 3/30. Neuropsychological testing revealed global
cognitive impairment (many tasks having to be discontinued), with
relatively sparing of visuospatial skills. He was diagnosed with major
neurocognitive disorder (according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [DSM-5]) caused by
frontotemporal dementia (FTD) versus Alzheimer disease (AD).

MRI of his brain showed significant global atrophy, inclusive of frontal
lobe atrophy with mild to moderate hippocampal involvement.
Fludeoxyglucose positron emission tomography (FDG-PET) revealed
frontal, anterior and middle temporal, and bilateral parietal
hypometabolism, with relative preservation of the posterior cingulate
area. Tau PET showed significantmedial and lateral frontal involvement in
addition to the classic lateral temporoparietal and medial temporal
involvement seen in typical AD (FIGURE 2-6). Amyloid PET was consistent
with AD, leading to a diagnosis of behavioral variant AD over bvFTD,
which was eventually pathologically confirmed.

COMMENT This patient was originally diagnosed with bvFTD because of the clear
behavioral and personality changes that were the initial and most
predominant impairing symptom. However, amyloid PET and later
postmortemexamination of the brain confirmed that his pathologywas AD.
Early financial intervention by family memberswas also important given the
patient’s poor judgment and obsessions surrounding finances. It is
important for care partners to put a power of attorney in place to limit the
patient’s access to spending money and ensure proper health care
decisions are made.
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FIGURE 2-6
Imaging of the patient in CASE 2-5. Amyloid imaging
showed diffuse cortical and subcortical signal
consistent with Alzheimer disease (not shown). A,
Flortaucipir F 18 positron emission tomography (PET)
showed significant medial and lateral frontal
involvement in addition to the classic lateral
temporoparietal and medial temporal involvement
seen in typical Alzheimer disease. Flortaucipir F 18
PET images show the standardized uptake value
ratio (SUVR) of tau, where warmer colors (yellow,
red, and orange) indicate more tau uptake. B, Axial
fluid-attenuated inversion recovery (FLAIR) MRI shows
significant global and frontal lobe atrophy, mild to
moderate hippocampal involvement, and minimal
white matter changes. C, Axial fludeoxyglucose
(FDG)-PET shows frontal, anterior, and middle temporal
and bilateral parietal hypometabolism with relative
preservation of the posterior cingulate area, which
is atypical for Alzheimer disease.
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AD tends to be more cognitively impaired in the early stages than behavioral
variant AD, which is more behaviorally impaired. In dysexecutive variant AD,
working memory (eg, as measured by digit span backward) is particularly
affected. Given that executive functioning and working memory are
foundational cognitive skills that support other cognitive abilities, it is common
to see a multidomain presentation (eg, additional impairment of memory
[especially learning and retrieval] or language [logopenic pattern]), but
performance is relatively worse on tests of executive functioning.56 It is also not
uncommon for patients with dysexecutive variant AD to be so impaired that
even a partial neuropsychological evaluation is not possible. Bedside cognitive
screening tools can assist inmaking a determination about the possibility of a full
neuropsychological evaluation.

As with all other atypical AD variants, amyloid deposition in dysexecutive
variant AD and behavioral variant AD is diffuse. Structural imaging can
reveal more prominent frontal atrophy (CASE 2-4, CASE 2-5), which can be
asymmetric.58 The medial temporal regions can be relatively preserved.56,59

FDG-PET shows frontal and parietal hypometabolism in about half of
cases.60 Some researchers have reported that in behavioral variant AD the
hypometabolism localizes more to the medial frontal61 or the dorsolateral frontal
regions than the orbitofrontal regions, as is seen in bvFTD.55 Compared to
amnestic AD, behavioral variant AD shows greater frontoinsular
hypometabolism but similar temporoparietal hypometabolism.62 The most
hypometabolic regions in dysexecutive variant AD are the middle temporal,
inferior temporal, and angular gyri.46 In frontal variant AD, tau PET classically
reveals prominent tau tracer retention in the frontal lobes in addition to the
classic medial, inferior and lateral temporal, and lateral parietal distribution.63

MOTOR VARIANT ALZHEIMER DISEASE—CORTICOBASAL SYNDROME
DUE TO ALZHEIMER DISEASE
Although corticobasal syndrome (CBS) is most commonly linked with
corticobasal degeneration (CBD), a 4-repeat tauopathy, neuropathologic studies
have reported that 15% to 54% of cases are due to AD.52,64-66 Distinguishing
CBS-CBD from CBS-AD is not straightforward because of significant overlap
in clinical presentation. Biomarker assessments can thus be invaluable in the
setting of CBS.

A detailed neurologic examination is critical in suspected CBS as the diagnostic
criteria for CBS rely prominently on neurologic findings. The current diagnostic
criteria for CBS include three major criteria (akinetic-rigid syndrome, limb apraxia,
and cognitive impairment) and focal or segmental myoclonus, limb dystonia, alien
limb phenomenon, cortical sensory loss, and dyscalculia as minor criteria.67

A 2016 analysis of 45 patients with CBS with CSF assessments of Aβ and tau
protein levels revealed that the presence ofmyoclonus and Gerstmann syndrome
is more frequent in CBS-AD.68 A 2011 literature review of another 43 cases
reported longer disease duration, younger age at onset, hemisensory neglect,
memory impairment, visuospatial difficulties, dressing apraxia, and myoclonus
(but not Gerstmann syndrome) to be more frequently associated with CBS-AD
than with CBS-CBD. No difference was seen in the frequency of aphasia, limb
apraxia, alien limb phenomenon, pyramidal motor signs, parkinsonism, tremor,
dystonia, dysarthria, dysphagia, postural instability, gait problems, or frontal
release signs. Extraocular disturbances and rigidityweremore frequent in CBS-CBD.69
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KEY POINTS

● Early features of
dysexecutive variant AD
include difficulty with
multitasking, planning,
organizing, and project
execution.

● Many patients with
dysexecutive variant AD are
initially misdiagnosed as
having a primary psychiatric
or functional neurologic
disorder.

● Behavioral variant AD
closely resembles
behavioral variant
frontotemporal dementia.

● Patients with behavioral
variant AD are commonly
diagnosed with behavioral
variant frontotemporal
dementia because of the
early pervasive behavioral
and personality changes.

● Given that executive
functioning and working
memory are foundational
cognitive skills that support
other cognitive abilities, it is
common to see a
multidomain presentation in
dysexecutive variant AD.

● Of cases of corticobasal
syndrome, 15% to 54% are
due to AD.

● A detailed neurologic
examination is critical in
suspected corticobasal
syndrome.

● Although cognitive
impairment is a core
criterion for the diagnosis of
corticobasal syndrome, the
cognitive domains affected
can be variable.
Neuropsychologically, although cognitive impairment is a core criterion for
diagnosis, the cognitive domains affected can be variable. Impairments are most
common on tests of speech and language, specifically apraxia of speech
(evaluated by speech-language pathology) and anomia (eg, as shown by naming
impairment on the Boston Naming Test). Visuospatial deficits, especially
construction (eg, as measured by theWAIS-IV Block Design and Rey-Osterrieth
Complex Figure Test), often feature prominently. Finally, impaired executive
functioning (set shifting, problem solving), perseveration, and difficulty with
sequences may be present. Primary memory deficit (ie, frank amnesia) is
typically not a prominent feature of CBS, although deficits in visuoconstruction
and executive functioning can hinder encoding/learning.

Given the substantial overlap of clinical findings between CBS-AD and CBS-
CBD, molecular imaging or CSF biomarkers could prove critical to establishing
AD as the causative etiology antemortem.44 Diffuse brain amyloidosis and
cortical tau deposition that is especially prominent in the hemisphere
contralateral to the affected limb, often without sparing of the sensorimotor
cortex,44 or low CSF amyloid-β 42 combined with high total tau and
phosphorylated tau are highly suggestive of CBS-AD. The atrophy pattern seen
on structural neuroimaging is that of frontoparietal neurodegeneration, more
severe contralaterally to the affected limb (CASE 2-6). The lateral temporal lobe
could also be involved.66,69 Such a diffuse atrophy pattern has been postulated to
be somewhat suggestive of underlying AD pathology in CBS. Patients with
CBS-AD often present with asymmetric posterior hypometabolism or
hypoperfusion of the lateral temporal and lateral and medial parietal lobes and
the posterior cingulate region.70

DIAGNOSTIC CHALLENGES
Within atypical AD, overlapping symptoms can make distinguishing between
phenotypes challenging. Both logopenic variant and dysexecutive variant AD
present with prominent impairments in working memory. The language profile
of both logopenic variant AD and CBS can be very similar. Both PCA and CBS
involve visuospatial impairments and limb apraxia because of overlapping
parietal involvement. Differentiation can be assisted by identifying the most
prominent symptoms and the timeline of onset.

Perhaps even more challenging is differentiating atypical AD variants from
other disorders. Misdiagnosis is not uncommon and particularly likely in the
context of younger onset and more severe cognitive impairment. For example,
Townley and colleagues56 found that 32 out of 39 individuals with dysexecutive
variant AD were misdiagnosed, commonly as having a functional disorder.
Similar to typical AD, atypical AD variants are often accompanied by
neuropsychiatric symptoms, such as irritability, apathy, anxiety, depression, and
anosognosia, which can lead to a primary psychiatric diagnosis rather than a
neurologic diagnosis. This may be particularly common in frontal variant AD.
Also, when patients have more subtle cognitive and motor symptoms, they can
be misinterpreted as a stress reaction, especially if situational stressors or grief
are present.

Variant-specific considerations are also necessary to avoid misdiagnosis.
Although themajority of logopenic presentations have underlying ADpathology,
a higher likelihood of misdiagnosis as another PPA syndrome exists, particularly
nonfluent/agrammatic variant PPA, which has some shared symptoms but is
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typically a tauopathy. When language disturbances are subtle, such as
early on in the disease course, they can be misidentified as stress or normal
age-related cognitive changes. With frontal variant AD, symptom overlap with
bvFTD can lead to misdiagnosis. Cognitive symptoms appearing before
behavioral symptoms and prominent apathy rather than disinhibition suggest
behavioral variant AD over bvFTD. Additionally, hallucinations and delusions
are more common in behavioral variant AD than in bvFTD.54,71 In the motor
variant (CBS-AD), the chance of misdiagnosis as CBS-CBD, FTD, or Parkinson
disease and related disorders is higher. Prominent executive dysfunction,
apraxia of speech or nonfluent aphasia, and gaze palsy increases the likelihood
A 57-year-old man presented for evaluation after approximately 2 years
of cognitive decline that had recently impacted his ability to do his job
operating heavymachinery. His spouse felt forgetting eventswas the first
symptom, but his problems had progressed. His symptoms included
confusion about directions (eg, going the wrong way to get to the barn on
their property, getting lost in the grocery store), dressing apraxia (eg,
putting buttons through the wrong holes, putting on his jacket upside
down), illegible writing (eg, he could not sign his name), poor decision
making, and word-finding difficulties. His activities of daily living were
intact except that he occasionally needed help cutting up food. He
needed assistance for all instrumental activities of daily living. He had
developed irritability and social withdrawal, but he andhis spouse denied
hallucinations, delusions, or significant behavioral or personality change.

Examination showed reduced speech, myoclonus in both upper
extremities, mild right-sided limb apraxia and rigidity, dyscalculia, mild
left-sided pronator drift, positive Babinski sign on the left, and left-sided
extinction to simultaneous tactile and visual stimuli. His Montreal
Cognitive Assessment (MoCA) score was 6/30. Neuropsychological
testing revealed global cognitive impairment with relatively more severe
executive dysfunction and visuospatial impairments. He was unable to
perform the Trail Making Test Part A or Part B and could not copy even
simple geometric designs. Although spontaneous memory retrieval was
extremely low, his recognition memory was near perfect, suggesting
storage was spared, whereas executive aspects of memory were
impaired.

He was diagnosed with mild to moderate stage dementia (DSM-5
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
[DSM-5] major neurocognitive disorder), concerning for corticobasal
syndrome (CBS), of unknown etiology. His brain MRI showed left greater
than right frontoparietal atrophy with left-sided atrophy of the putamen
and caudate head, suggestive of corticobasal degeneration (FIGURE 2-7).
CSF amyloid-β 42, total tau, and phosphorylated tau levelswere suggestive
of Alzheimer disease (AD). He was diagnosed with CBS due to AD.

Just over a year after the initial evaluation, he developed convulsive
seizures andmyoclonus; criedmore often; and did not recognize his home,
spouse, or children.
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of a non-AD pathology, whereas an amnestic profile, impaired visuospatial
abilities, and logopenic-type language impairments suggest AD
pathology.66,72,73

TREATMENT AND MANAGEMENT
As is well known, no cure for AD has been discovered, and treatment largely
consists of symptom management. Strategies for symptom management range
from pharmacologic intervention for memory and cognitive impairment to
behavioral and environmental modifications to reduce neuropsychiatric
symptoms and support maximal independence in functioning.
COMMENTIn this case, the clinical presentation of the patient was important in
identifying CBS but could not distinguish whether the disease process was
AD or corticobasal degeneration (CBD). CSF biomarker studies were
instrumental in providing an accurate diagnosis for this patient and his
family.

FIGURE 2-7
Imaging of the patient in CASE 2-6. Axial fluid-attenuated inversion recovery (FLAIR) MRI
sequences show global left greater than right frontoparietal atrophy without sparing of
the sensorimotor cortex and moderate bilateral hippocampal atrophy.
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Pharmacologic Management
The pharmacologic management of patients with early-onset or atypical AD is
similar to that of patients with late-onset AD. Initial therapy with an
acetylcholinesterase inhibitor (donepezil, galantamine, or rivastigmine) is
recommended, followed by the addition of the N-methyl-D-aspartate (NMDA)
receptor agonist memantine. Until recently, these were the only classes of
medications approved by the US Food and Drug Administration (FDA) for the
treatment of AD. However, in June 2021, the FDA issued an accelerated approval
of aducanumab, a monoclonal antibody targeting both soluble and insoluble
forms of Aβ. Aducanumab was FDA approved broadly for patients with AD,
lacking guidance regarding the appropriate use of this therapeutic agent. An
expert panel recently provided appropriate use recommendations74 for patient
eligibility, safety monitoring, and the engagement of both patient and family
when deciding whether to initiate treatment. The latter stems from the fact that
aducanumab can cause serious adverse events, such as brain edema and brain
hemorrhage, which were seen in 20% of APOE ε4 noncarriers and 40% of APOE
ε4 carriers in the pivotal trials. The panel recommended that the drug can be
offered to patients 50 to 85 years of age, which includes a subset of patients with
early-onset AD. The panel also recommended that sporadic atypical AD variants
can be offered aducanumab if all other eligibility criteria are met. However, the
Centers for Medicare & Medicaid Services issued a decision to cover FDA-
approved monoclonal antibody therapy solely under coverage with evidence
development. This requires new randomized placebo-controlled therapeutic
trials testing the efficacy of aducanumab showing clinical benefit to be developed
before the CMS ruling in favor of clinical coverage of aducanumab.75,76

The first-line treatment for behavioral and neuropsychiatric symptoms of AD
is nonpharmacologic behavioral and environmental management strategies. For
example, a quiet familiar environment with labels on doors and sufficient
lighting in all rooms is important to reduce disorientation, whereas aggressive
behavior should always be addressed with positive and clear language to reassure
and distract the patient.

Depressive symptoms can be treated with selective serotonin uptake inhibitors
(SSRIs), given their low risk for anticholinergic effects. SSRIs may also ease
anxiety and irritability. The SSRI citaloprammay be useful for agitation. Agitation,
psychosis, and disruptive behaviors may require a neuroleptic. The newer atypical
antipsychotic medications (quetiapine, risperidone, olanzapine) are often used in
low doses with careful titration. These antipsychotic agents, however, carry an
FDA boxed warning because of an association with increased mortality in older
patients and those with dementia. Traditional neuroleptics are more likely to
produce extrapyramidal symptoms. These older antipsychotics also carry an
increased risk of death.77 Thus, judicious use of antipsychotics with frequent
reassessment of the therapeutic need is appropriate.

Safety and Planning Considerations
The atypical AD variants pose even greater safety and day-to-day caregiving
challenges than typical AD. As with other dementias, it is important to
establish a durable power of attorney early on. Consultation with an attorney
familiar with elder law is recommended. Even early in the disease, more complex
activities of daily living, such as managing finances, can be affected (eg, in
frontal variant AD, in which increased spending can put the patient or family
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KEY POINTS

● Given the substantial
overlap of clinical findings
between corticobasal
syndrome–AD and
corticobasal
syndrome–corticobasal
degeneration (CBD),
molecular imaging or CSF
biomarkers could prove
critical to establishing AD as
the causative etiology
antemortem.

● Within atypical AD,
overlapping symptoms can
make distinguishing
between phenotypes
challenging. Differentiation
can be assisted by
identifying the most
prominent symptoms and
the timeline of onset.

● The pharmacologic
management of early-onset
or atypical AD is similar to
that of late-onset AD.

● The atypical AD variants
pose even greater safety
and day-to-day caregiving
challenges than typical AD.
in financial hardship). Typically, driving is one of the earliest affected abilities,
but impairment that jeopardizes safe driving can be different depending on
the phenotype. For example, patients with visuospatial disturbances (PCA or
CBS-AD) may have greater difficulty with navigation, perceiving the entirety
of the driving environment, and keeping safe distances from other cars on the
road. Patients with behavioral variant AD may be prone to riskier decision
making, impulsivity, inattention, and poor emotion regulation. Therefore,
driving evaluations are often warranted. If it is early in the disease process,
neuropsychological reevaluation of the patient may be warranted to assess
progression and assist with identifying new areas of needed support inside
and outside the home. In all cases, it is important to be cautious about
prematurely limiting autonomy if the patient is still able to function in a
particular capacity. Occupational therapy home assessments can be helpful in
identifying spared and impaired functioning. Care partner supervision of
activities is another way to identify areas of intact functioning and areas where
more support is needed.

Nonpharmacologic Management
Balancing independence with support can be difficult. Early establishment
of routines and habits can reduce cognitive load and assist in extending
independence. Routines and habits can be supported by other environmental
modifications, such as using unique phone alarms for different reminders
(eg, medication, appointments, orienting to the time of day), having several
large calendars throughout the house with the date and the day’s activities clearly
identified to support orientation, a to-do list to refer to, and written instructions
for tasks. Finally, the best evidence for brain health, cognitive functioning, and
prolonged independence is to ensure the patient is engaged in safe physical,
social, and cognitive activities on a routine basis.

Although the focus is appropriately on the patient in terms of clinical care and
safety, medical appointments can also be an opportunity to ensure that care
partners, family members, and others involved in care are supported. Providing
recommendations for educational resources, counseling, and support groups in
the area can go a long way. Care partners should be encouraged to connect with
their local Alzheimer’s Association chapter (alz.org) and local county or state
services available for older adults and those with cognitive and physical
disabilities. A high risk of social isolation exists for patients, families, and care
partners, and connecting with these services can reduce that risk.

At-home or hospital-based occupational therapy, physical therapy, and speech
and language pathology services are also frequently indicated. Physical therapy is
particularly helpful with some of the movement issues that arise, especially in
CBS (eg, balance and gait issues). Occupational therapists and speech and
language pathologists can assist in identifying strategies to compensate for
cognitive impairments, and speech and language pathologists can assist in
identifying communication strategies or augmented communication devices
(especially in logopenic variant AD). Occupational therapy assessments can help
identify safety issues in the home and suggest modifications, such as to assist
someone with significant visual impairment (eg, in PCA). In fact, individuals
with PCA are often eligible to register as legally blind or severely sight impaired
to receive these very specific types of services. Modifications in the home for
visual changes are often necessary to keep the individual safe, especially to
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● The syndromic diversity in
early-onset AD and
especially the atypical
variants provides a rich
platform to improve our
understanding of brain
region vulnerability and the
associated factors driving
these atypical
presentations.
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prevent falls (eg, using high-contrast coloring on the stairs; color-coding
cupboards; getting rid of clutter, rugs, and other tripping hazards).
CONCLUSION
Young-onset (ie, early-onset AD) and atypical AD presentations are
heterogeneous and understudied AD variants. Until recently, nonfamilial
early-onset AD and the atypical AD presentations were only investigated in
small single-site studies. The syndromic diversity in early-onset AD and
especially the atypical variants provides a rich platform to improve our
understanding of brain region vulnerability and the associated factors driving
these atypical presentations as well as the clinical patterns of progression of
these variants. The utility of CSF, peripheral blood, and PET biomarkers of Aβ
and tau have likewise not been systematically studied in this population.
Large-scale research efforts, such as LEADS (the Longitudinal Early-Onset
AD Study) are currently ongoing and will help fill these gaps. The goals of
LEADS are to define the clinical, imaging, and fluid biomarker characteristics
of early-onset AD; develop sensitive cognitive and biomarker measures for
future clinical and research use; and establish a trial-ready network.78 The
study is still recruiting and aims to enroll and follow 400 Aβ-positive and 200
Aβ-negative cognitively impaired individuals that meet National Institute on
Aging-Alzheimer’s Association criteria for mild cognitive impairment or AD
dementia, as well as 100 age-matched controls. Additional study and referral
information can be found at leads-study.org. Additional efforts are needed to
raise awareness of early-onset and atypical AD variants and to educate medical
practitioners more broadly about atypical AD to avoid delayed diagnosis/
misdiagnosis and streamline access to social services, health care, and insurance
coverage as well as to assist with disability and patient and family education in
a timely fashion.
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ALZHEIMER’S ASSOCIATION
The Alzheimer’s Association website offers
information about dementia, research programs,
and support and local resources for patients and
caregivers.

alz.org

LEADS LONGITUDINAL EARLY-ONSET ALZHEIMER’S
DISEASE STUDY
This website offers information about the LEADS
study for potential participants, referring clinicians,
and researchers.

leads-study.org
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