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Abstract

Recognizing multiple neuropathological entities in people with dementia improves understanding
of diagnosis, prognosis, and expected outcomes from therapies. Care for the individual with
dementia includes the evaluation and management of diseases associated with the aged brain, most
commonly neurodegeneration and vascular brain injury (VBI). Terminology has evolved to keep
pace with diagnostic, prognostic, and therapeutic advances, and autopsy studies have shown that
multiple comorbid neuropathological entities are the rule, not the exception, especially in older
individuals. With the advent of disease-modifying therapies, delivering dementia care requires

an encompassing framework that allows clinicians to consider all of an individual’s underlying
diseases and their contributions to symptom burden. A diagnostic approach, common co-occurring
pathologies, and implications for current and future clinical care are reviewed.

Disambiguating Diagnoses in Dementia Care

People who present to a neurology clinic with cognitive, behavioral, or movement concerns
are informed of having 1 or more than 1 diagnosis. Terms such as mild cognitive
impairment, corticobasal syndrome, and Alzheimer disease (AD) all may be used accurately
within a patient’s visit. Diagnostic terms can be confusing for both patients and health

care providers. Educating patients on the relationships among diagnostic terms can increase
illness understanding and provide a framework for ongoing discussion. A sample structured
approach to diagnosis disclosure and documentation that includes 3 diagnostic categories—
1) severity, 2) syndrome, and 3) etiology—is presented (Table 1).

Severity refers to the degree to which symptoms are accompanied by measurable deficits
and disruption of day-to-day function. When cognitive test performance remains within
expectations for age, the term “subjective cognitive concerns” often is used. “Mild cognitive
impairment* refers to when test results fall below expectations but do not interfere with daily
activities. “Dementia” is the term for when instrumental activities of daily living require
assistance. A syndrome is defined by the pattern of symptoms reported in the history and

the findings on neurologic examination, cognitive assessment, and structural neuroimaging.
The syndrome is driven by the anatomy. The etiology is the predicted neuropathological
diagnosis (or “disease”) that best accounts for the syndrome. In this way, the syndrome
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refers to “where” the disease is localized, and the disease refers to “what” the disease might
be.

Clinical Reasoning Peers Through a Sometimes Foggy Lens

The syndromic diagnosis should prompt the clinician to consider an etiologic differential
diagnosis. Each syndrome is associated with a list of possible causes resulting from

the observation that multiple distinct diseases can converge on the same brain systems.
This clinical-anatomic convergence (Figure 1) creates clinical uncertainty about which

of the several possible causes may contribute to a given syndrome. In addition,

each neurodegenerative disease can disrupt a finite number of specific neuroanatomic
circuits, each associated with a specific clinical syndrome. This phenotypic diversity
(Figure 1) further contributes to the absence of any perfect, one-to-one correspondence
between a clinical syndrome and a neuropathological diagnosis. However, there are some
common syndromes that predict the primary etiology well; for example, an amnestic
syndrome for AD, logopenic variant primary progressive aphasia for AD, posterior cortical
atrophy for AD, or dementia with Lewy bodies (DLB) for Lewy body disease (LBD).
Behavioral neurologists, who may be certified by the United Council of Neurologic
Subspecialties, specialize in navigating syndromic diagnoses, such as the behavioral variant
of frontotemporal dementia, for which the etiologic differential diagnosis is lengthy.
Molecular biomarkers for specific underlying proteinopathies are available clinically for
AD and LBD and may be used to confirm their presence; however, most underlying causes
cannot be measured directly, so the neurologist must base predictions on experience and
available information in the literature.

Accurate etiologic diagnosis can inform a patient’s prognosis and potential therapies.
Specific discussion regarding prognosis, anticipatory guidance, and symptomatic therapies
for all the different syndromes and their potential causes is beyond the scope of this

review. Amyloid-lowering therapies are emerging for AD. Most are monoclonal antibodies
targeting beta-amyloid.! Early identification of AD proteins through molecular testing of
cerebrospinal fluid or PET studies (using amyloid-binding tracers) allows for earlier referral
for disease-modifying therapy, and the development of blood tests may increase earlier
referrals from primary care clinics.

Etiologic prediction is complicated by the prevalence of copathology. Older people with
cognitive impairment often have more than 1 neurodegenerative disease or VBI, or both,
on autopsy.2~ The prevalence of copathology is associated with increasing age; genetic
factors, including APOE genotype3-®; and prolonged survival.® In addition, early age at
onset (ie, younger than 65 years) of AD pathology usually involves copathology,* so
neurologists will need to account for multiple pathologies for all individuals who present
with cognitive impairment. Some of the more common combinations of neuropathologies
have been described well, but more work is needed.
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Amnestic Syndrome, AD, and Copathologies

An amnestic syndrome that localizes to mesial temporal lobe structures (parahippocampal
gyrus and hippocampus) is characterized by a relatively intact learning curve followed

by impaired retrieval of verbal or visual information after a short delay because of

impaired encoding and consolidation. The most common neurodegenerative cause is

AD, although the differential diagnosis includes VBI, limbic-predominant age-related
TDP-43 encephalopathy—neuropathologic change (LATE-NC) with or without hippocampal
sclerosis, and argyrophilic grain disease. However, a pure amnestic syndrome is less
common and often reflects several early-stage pathological entities (AD, LATE-NC,
argyrophilic grain disease) combining to undermine memory function before widespread
dissemination of disease.

Cerebrovascular disease encompasses vessel wall disease, including atherosclerosis,
arteriolosclerosis, and cerebral amyloid angiopathy (CAA), and VBI, defined as
parenchymal injury from ischemia or hemorrhage, and the relationship among vascular
disease, its risk factors, and AD pathology is well-documented.” The seminal Nun Study
showed that ischemic lacunes and larger infarcts alone are weakly correlated with poor
cognition, but in the presence of AD pathology, they increase the risk for dementia.8

The amplifying effect of VBI has been replicated, and the independent contributions of
vascular disease on cognition, including through neuroinflammatory pathways, are under
investigation.? In the new era of disease modifying therapy for AD, CAA has become

a subject of intense interest because of its contribution to the risk for amyloid-related
imaging abnormality (ARIA), a complication of anti-amyloid antibody therapy. A recent
meta-analysis estimates the prevalence of CAA neuropathology in confirmed AD to be 48%,
vs the estimated 5% to 7% in the cognitively normal older adult population.1® AD and CAA
are associated with APOE e4 genotype, and the APOE 4 allele increases the risk for ARIA
in a dose-dependent manner.1:11 In addition, evidence suggests that CAA independently
contributes to cognitive decline beyond microhemorrhages and leukoencephalopathy.12

LATE-NC is strongly associated with advanced age and is present in 20% to 50% of
individuals older than 80 years according to data from large autopsy studies.13 LATE-NC
may result in an amnestic syndrome on its own, and in the presence of AD pathology,
LATE-NC leads to faster and more severe decline than either LATE-NC or AD alone and in
a dose-response manner by LATE-NC stage.14-17 Underscoring the contribution of LATE-
NC, the contribution to cognitive decline is estimated to be nearly half of the contribution
from AD.13

LBD pathology is prevalent in both early-onset and late-onset AD*18 as well as in
autosomal-dominant AD.1® When LBD accompanies well-developed AD, there is greater
cognitive decline than seen with AD or LBD alone.2% However, only 2.1% of the LBD
copathology cases were diagnosed antemortem in 1 study,2? owing to absence of the
canonical features of DLB, such as visual hallucinations, REM sleep behavior disorder, or
parkinsonism, and perhaps a difficulty in determining whether attentional fluctuations were
attributable to LBD.20-21 Amygdala-predominant LBD, being less widespread and therefore
unlikely to manifest the core symptoms of DLB, also may have lesser pathophysiologic
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effect than when both AD and LBD are widespread and possibly synergistic.22-24 Further
complicating etiologic differential diagnosis, AD, LBD, and LATE-NC may co-occur and be
accompanied by other entities.42%26 Figure 2 illustrates the number of different pathologies
that may be found in a single case of an amnestic syndrome.

LBD, AD, and Other Copathologies

The Lewy body dimentias includes DLB and Parkinson disease dementia (PDD),
differentiated by whether the most pronounced symptoms in the first year are cognitive
(DLB) or motor (PDD, following an initial diagnosis of Parkinson disease). Although

not always recognized, both are preceded by mild cognitive impairment2”-28 and are
characterized by executive dysfunction and visual processing difficulties. They often are
accompanied by the more specific core phenotypic features of motor parkinsonism (required
for PDD), attentional fluctuations, REM sleep behavior disorder, or visual hallucinations.2®
Many of the more specific features reflect underlying LBD in distinct brainstem nuclei

(eg, parkinsonism from substantia nigra LBD), but LBD pathology may be identified

and staged by its presence in the brainstem, limbic structures, and neocortex3%; however,
there is considerable heterogeneity within the DLB syndrome,! at least in part from the
prevalence of AD copathology. In up to half of LBD cases, AD neuropathology also is
observed,18:32 and an increased cortical tangle load is associated with worse cognition and
presence of PDD compared with Parkinson disease without dementia.33-3% AD pathology
also is associated with dysphoria in DLB.36 Furthermore, increasing LBD pathology load

is associated independently and synergistically with AD pathology, with shorter survival
time.3 In some individuals with mixed pathology, the absence of specific DLB features may
lead a clinician to predict only AD, particularly when the AD tangle burden is high (ie,
greater than Braak tangle stage 1V/).38-40

Other copathologies complicate the LBD landscape. In individuals with DLB or PD,
atherosclerosis, infarcts, and small-vessel disease each is inversely correlated with the degree
of LBD pathology.*! In addition, white matter hyper-intensity volume, as a marker for VBI,
was positively correlated with visual hallucinations and gray matter atrophy but negatively
correlated with parkinsonism and REM sleep behavior disorder.#2 Together, these studies
suggest that VBI may amplify underlying neocortical LBD, similar to the effect of VBI seen
on AD pathology, but not brainstem LBD. In addition, CAA is observed in up to 2-thirds of
people with LBD,26 and CAA burden is positively correlated with LBD stage (ie, increasing
CAA is correlated with neocortical over brainstem LBD).4! LATE-NC copathology also is
observed with LBD and is associated with greater LBD burden and the presence of AD
copathology.13:25.26

Clinical Implications for Copathologies

Given their effects on a patient’s clinical course, copathologies should be considered in
the neurologist’s etiologic differential because they affect prognosis and may influence
anticipatory guidance. For example, a patient with an amnestic syndrome thought to

be attributable to AD may benefit from an explanation of copathology if parkinsonian
symptoms later develop. In another patient, the relative degree of small vessel disease may
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influence how much emphasis is placed on treating vascular risk factors and the expected
outcomes of adherence: the rate of cognitive decline driven primarily by VBI may slow with
aggressive risk factor modification. Therefore, establishing the absence of neurodegenerative
diseases in a patient with VBI may enhance motivation and adherence.

In the disease-modifying era for AD, recognizing comorbid pathological entities will
become central to managing expectations around treatment. The risk for symptomatic ARIA
increases with the presence of CAA, and using the presence of lobar microhemorrhages

as an imaging biomarker substantially underestimates CAA.10 Beyond predicting risk

from therapy, the presence of copathology may alter expectations for benefit from amyloid-
lowering treatment. Studies have not examined whether patients with LBD copathology
have a positive response to amyloid-lowering therapy; therefore, if an amnestic syndrome

is present in a person with positive AD biomarkers, the contribution of the amnestic
syndrome to cognitive decline may remain if unaltered by amyloid removal. Biomarker
testing for LBD is clinically available but not always covered by insurance, nor is it pursued
routinely in neurology clinics.#344 An individual with amnestic syndrome and positive AD
biomarkers may have LATE-NC copathology, for which there is no available biomarker.

In contrast, a hypothetical 70-year-old man with DLB has a 50% probability of receiving
positive results on an amyloid PET study.*® If this individual were misdiagnosed, he might
be treated with amyloid-lowering therapy. However, patients with LBD were excluded from
clinical trials, so the risk profile in this population is unknown. The patient could be harmed
without known potential for benefit. There is a growing appreciation for the need to account
for copathologies in clinical trial design®; in a future where disease-modifying therapies are
hoped to exist for more than one proteinopathy, a cocktail aimed at multiple targets might
be used, analogous to current oncology practice. In the meantime, caution must be exercised,
and a pathological entity should be targeted only if it provides the best explanation for a
patient’s syndrome and clinical severity.

Evaluation of cognitive impairment from neurodegeneration and VBI involves the use of
interrelated terms. Adopting a structured approach to term use promotes clarity of thought
and communication with patients. Carefully describing a patient’s syndrome and additional
symptoms enhances prediction of the underlying etiologies. Indeed, multiple etiologies is
the rule, especially in older individuals, and considering patient heterogeneity in this light
leads to a more thoughtful interpretation of available biomarkers. Weighing the relative
contributions of each neuropathological entity to the patient’s clinical picture is required
for the judicious use of current and potential future protein-targeting, disease-modifying
therapies. Although behavioral neurologists will continue to provide expertise in interpreting
complex clinical pictures, all neurologists are called to treat the aging population’s

most common neurodegenerative diseases and their equally common copathologies with
precision.
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Progressive Supranuclear Palsy
Disease, /
TDP-43 Type A

B. Phenotypic Diversity

Richardson’s Syndrome

Syndrome, /
/ 7 Corticobasal Syndrome

Disease, —® Syndrome,, Progressive Supranuclear Palsy

\ < Behavioral Variant FTD
Syndrome, \

nonfluent/agrammatic PPA

Figurel.
Relating syndrome and neuropathology. There is not a one-to-one correspondence between a

dementia syndrome and a neurodegenerative disease. The syndrome reflects neuroanatomy,
not etiology. The concepts of clinical-anatomic convergence (A) and phenotypic diversity
(B) are demonstrated with some examples. FTD, frontotemporal dementia; PPA, primary
progressive aphasia.
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Figure2.
An illustrative case of the presence of many neuropathological entities. A single case of an

86-year-old woman from the UCSF Neurodegenerative Disease Brain Bank demonstrates
the presence of multiple neuropathological diagnoses. She presented at 72 years of age
with a late-onset, primary amnestic syndrome and later involvement of executive, language,
and psychiatric domains. She developed mild parkinsonism and apraxia. Postmortem
examination using immunohistochemistry revealed the hallmark amyloid-beta plaques

(A) and neurofibrillary tangles and neuropil threads (B) of Alzheimer disease, shown

here in the angular gyrus and hippocampus CA1 region, respectively. With an anti-tau
antibody, the hippocampus CAZ2 region also showed diffuse, granular neurocytoplasmic
inclusions (C) with perinuclear halos (inset), consistent with argyrophilic grain disease. In
the entorhinal cortex, LATE-NC (limbic-predominant age-related TDP-43 encephalopathy—
neuropathological change) is present with immunohistochemistry for TDP-43 (D), which
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shows neurocytoplasmic inclusions (large arrows) and threads (small arrows). Alpha-
synuclein immunohistochemistry also shows Lewy body disease in the amygdala (E)
that also was present in the substantia nigra (inset). On a hematoxylin & eosin stain of
the hippocampus (F), a thin, astrogliotic, neuron-depleted subiculum is seen, indicating
hippocampal sclerosis. Not depicted is the presence of vascular brain injury with
microinfarcts, arteriolosclerosis, and mild cerebral amyloid angiopathy. Eight different
neuropathological diagnoses were present in this case.
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TABLE 1.

A FRAMEWORK FOR DOCUMENTING DIAGNOSES

The patient meetsdiagnostic criteria for the following, interrelated diagnoses:

Severity

Normal cognition

Subjective cognitive impairment
Mild cognitive impairment

Dementia

Syndrome

Amnestic single/multidomain syndrome

Traumatic encephalopathy syndrome

Posterior cortical atrophy

Primary progressive aphasia and its variants

Behavioral-variant frontotemporal dementia

Amyotrophic lateral sclerosis

Richardson syndrome

Corticobasal syndrome

Dementia with Lewy bodies

LATE (limbic-predominant age-related TDP-43 encephalopathy)

Etiologic

Alzheimer disease

Chronic traumatic encephalopathy

Cerebrovascular disease

TDP-43 and its subtypes

Progressive supranuclear palsy

Pick disease

Corticobasal degeneration

Argyrophilic grain disease

Lewy body disease

LATE-NC (limbic-predominant age-related TDP-43 encephalopathy-neuropathologic change)
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