




Diagnosing & monitoring PCA Review

Figure 3. Atrophy patterns in posterior cortical atrophy. The PCA patient in the top row presented with symptoms
and signs consistent with the biparietal (dorsal) variant of PCA, which fits with the focal atrophy pattern seen in the
parietal lobes in the sagittal (A), coronal (B) and axial (C) T1-weighted MRI images. The PCA patient in the bottom
row presented with the occipital variant with subsequent involvement of parietal cortex, as seen by the striking
occipital atrophy in sagittal (D), coronal (E) and axial (F) T1-weighted MRI images. In addition to the prominent gray
matter atrophy, the white matter near the areas of atrophy shows abnormal signal consistent with degenerative
pathology. This patient was cortically blind at the time of the scan.
PCA: Posterior cortical atrophy.
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Figure 4. This posterior cortical atrophy patient presented
with prosopagnosia and simultanagnosia. T1-weighted MRI
scan shows subtle parietal atrophy; (A) FDG-PET scan shows
right>left biparietal cortical hypometabolism; (B) amyloid
(C11-PiB) PET shows elevated signal in bilateral frontal and
parietal cortical regions; (C) tau (F18-AV1451) PET shows
elevated signal in right>left biparietal cortex, strongly
overlapping with areas of loss of metabolism.

Once we have determined that a patient with the PCA syndrome has posterior neurodegeneration, we attempt
to rule in or out particular etiologies with the addition of specific molecular biomarkers to our overall clinical
assessment. For the most part, molecular biomarker tests in PCA aim to evaluate the presence or absence of AD
pathology, since this is the most common underlying neurodegenerative pathology in patients with PCA and is the
pathology for which the most robust biomarkers exist at present. Cerebrospinal fluid (CSF) can be analyzed for a
profile consistent with AD where Aβ protein is abnormally low and both total tau and hyperphosphorylated tau are
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Figure 5. Cerebrospinal fluid measures of amyloid-b and tau are useful in determining whether the likely
underlying neuropathology is or is not Alzheimer’s disease. Levels of these proteins in the upper left quadrant are
consistent with the absence of cerebral neuritic plaques and neurofibrillary tangles. The presence of cerebral amyloid
neuritic plaques and tau-related neurofibrillary tangles is indicated by reduced amyloid levels and elevated total and
hyperphosphorylated tau levels. Levels of these proteins in the upper right and lower left quadrants are
indeterminant. Elevated tau in the absence of abnormal amyloid may suggest non-AD neurodegeneration or another
lesion. Reduced amyloid in the absence of elevated tau may suggest cerebral amyloidosis, which may represent
early-stage AD.
AD: Alzheimer’s disease; CSF: Cerebrospinal fluid.

abnormally high (Figure 5) [53]. Recent studies suggest neurogranin concentrations in CSF may also help distinguish
between typical and atypical presentations of AD (such as PCA), with neurogranin and total-tau concentrations
being higher in typical AD compared with PCA patients [54]. Other studies have found that atypical AD is
heterogeneous with evidence for subtle differences in amyloid processing and neurodegeneration across clinical
syndromes (i.e., PCA being associated with lowest T-tau, P-tau, T-tau/Aβ1-42, Aβx-40/X-42 ratio compared with
other syndromes with presumed similar AD pathology) [55]. In some patients, results are indeterminate, and in rare
cases, CSF may provide evidence of other pathologies such as prion disease.

Multiple amyloid PET tracers are now available and US FDA approved for clinical use but not yet reimbursed
by insurance except in the context of select research studies. Appropriate use criteria for amyloid imaging [56]

would usually support the potential value of amyloid PET imaging in the assessment of a patient with PCA. In
our practice, we attempt to obtain amyloid PET imaging through whatever means possible, often under research
protocols given the complexities of insurance reimbursement (Figure 4C). We are also now studying the use of tau
PET tracers as a diagnostic biomarker in PCA; at some point in the future, this may become a valuable imaging
modality in the workup of suspected PCA (Figure 4D).

Monitoring progression of posterior cortical atrophy
Monitoring overall clinical status
As patients with PCA are followed longitudinally, the most critical element of the clinical assessment is overall clinical
status (Figure 6). Visual symptoms typically continue to be the most pronounced impairments over the course of
the disease. With disease progression, patients develop impairments in memory, language and somatosensory or
motor function, contributing to loss of independent function; at this stage, they are considered to have dementia
(PCA dementia syndrome). A repeat structured clinical interview that includes questions regarding activities of daily
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Figure 6. The natural history of posterior cortical atrophy. As neurodegenerative changes within the brain
accumulate, early symptoms develop and at some point, become recognizable as a nonamnesic MCI presentation
with a clinical syndrome consistent with PCA. Eventually, symptoms progress such that independent function is lost at
which point the condition can be considered PCA dementia. Some patients (A) have a slow progression of symptoms
and maintain largely independent function, some patients (B) have a similarly slow progression but lose independent
function and some patients (C) have a relatively more rapid progression with loss of independent function.
MCI: Mild cognitive impairment; PCA: Posterior cortical atrophy.

living will reveal these symptoms. Worsening of existing mood symptoms can occur, while behavioral/psychiatric
symptoms, including agitation, delusions, hallucinations or sleep disturbances, can emerge and warrant close
monitoring and symptomatic treatment. As functional losses related to declining visual abilities or hand–eye
coordination problems increase, additional supports through occupational or physical therapy are critical. A home
safety evaluation by occupational therapy (OT) or physical therapy (PT) can be invaluable. As other cognitive
or behavioral symptoms emerge, the kinds of support and assistance that help patients with dementia and their
caregivers is increasingly needed. In the USA, the Alzheimer’s Association is often an excellent starting point and a
valuable resource.

Monitoring progression of neurologic impairments
Serial neurological examinations in patients with PCA are imperative for tracking signs that correspond with
worsening functional impairments in day-to-day activities. Within the domain of visuospatial functioning, patients
frequently demonstrate progressive simultanagnosia, oculomotor apraxia and optic ataxia (elements of Balint
syndrome) as well as visual and/or multimodal left hemineglect. The neurological examination is useful likewise
to assess for other parietal-localizing signs such as limb apraxia, cortical sensory loss, left–right confusion, finger
agnosia and more generalized disruptions in body schema that interfere with a patient’s ability to form an accurate
internal representation of body position in space. Coupled with a disrupted representation of visual space (and
frequently, executive dysfunction), disruptions in body schema and limb apraxia can lead to an accelerated loss
of function in instrumental and basic activities of daily living in PCA compared with amnesic dementias such as
typical AD.

Longitudinal neurological assessment is similarly required to ascertain if a patient has elements of a secondary
neurodegenerative syndrome, leading to the distinction of ‘PCA-pure’ versus ‘PCA-plus’, put forth by the PCA
consensus classification criteria [9]. PCA-plus applies to cases in which core clinical criteria for at least one other
neurodegenerative syndrome (such as dementia with Lewy bodies or corticobasal syndrome) are fulfilled. More
commonly, one might see relatively symmetrical parkinsonism as occurs in dementia with Lewy bodies; less
commonly asymmetric rigidity/akinesia, myoclonus and/or dystonia as occur in corticobasal syndrome; and
rarely, myoclonus, pyramidal, extrapyramidal and/or cerebellar signs as occur in prion disease. These additional
symptoms and signs may be present at initial presentation or may develop as the illness progresses, and thus should
be considered at every follow-up neurological visit.
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Monitoring neuropsychiatric symptoms
Neuropsychiatric symptoms in PCA can contribute substantially to caregiver burden and distress; thus, assessing
mood and behavioral changes through scales such as the Neuropsychiatric Inventory or Geriatric Depression Scale
at regular intervals can be important for identifying appropriate psychopharmacologic and behavioral interventions
for patients, and psychosocial support and education for caregivers.

Monitoring progression of general cognitive impairment: similarities/differences from typical
Alzheimer’s disease
Progression of cognitive impairments may be difficult to track depending on the subjective report of cognitive
changes early in the course of the disease. Kennedy et al. [57] identified a healthy individual who presented
with subjective memory complaints, but whose initial neuropsychological testing revealed deficits only in visual
scanning (trail-making tests) and visual memory, and to a lesser extent, in object perception; verbal memory,
visual reasoning and language were normal. Over the course of 4 years, deficits remained circumscribed to the
visuospatial/visuoperceptual domain and continued to deteriorate, with the disorder progressing to include dyscal-
culia, dyslexia and dysgraphia; notably, performance on verbal memory measures remained stable and well within
normal limits. This case highlights the importance of monitoring progression through serial neurocognitive in-
vestigation, in addition to attempting to obtain patient and informant reports of difficulties experienced in daily
life.

With progression of the disease and development of dysfunction in cognitive domains other than visuospa-
tial, patients with PCA increasingly resemble those with typical AD dementia albeit still with disproportionate
impairment in the visuospatial domain. Compared with PCA patients, patients with typical AD dementia often
show a far greater decline in short-term memory, executive functioning and language, with relative preservation of
visuoperceptual abilities even well into the course of the disease. Comportment and behavior in typical AD may
also deteriorate with disease progression. In the case of PCA, a patient can develop full-blown Balint or Gerstmann
syndromes with progression of the disease, and experience a significant degree of visual impairment to be considered
cortically blind. With a decline in sensorimotor function, PCA patients become increasingly dependent with respect
to navigating their immediate environments and managing activities of daily living, including dressing and eating.
Typical AD patients in more advanced stages usually retain procedural activities around dressing and eating, but
may need increased cueing to complete the tasks due to lapses in memory or executive functioning.

Imaging & other biomarkers for monitoring progression of disease
We usually focus on repeating MRI scans (or CT with 3D reformatting in cases of MRI contraindications) to
monitor progression of the brain disease causing a patient’s PCA. Lehmann et al. [58] longitudinal investigation of
atrophy patterns in PCA compared with tAD demonstrated the progression to a more diffuse pattern of atrophy
from the initial, focal presentation. This pattern of widespread atrophy over the course of disease progression
typically mirrors the deterioration in memory, language and executive functioning skills despite preservation in
earlier stages of PCA. Although we are currently investigating the value of FDG-PET, amyloid PET, tau PET and
CSF as longitudinal biomarkers of disease progression, we do not advocate for their use longitudinally in clinical
practice. At some point, it may become clear that they are useful for monitoring progression and the effects of
treatments if disease-modifying interventions become available.

Current & future treatments for posterior cortical atrophy
As is the case for all neurodegenerative dementias, once the diagnosis of PCA is made, the discussion must turn to
the fact that, at present, there are no disease-modifying therapies and few symptomatic therapies for PCA, none
with strong evidence for their efficacy. PCA patients can, however, be registered as legally blind/handicapped and
access services and resources available for the blind or partially sighted despite demonstrating normal acuity as
seen early in the course of the disease. In general, cognitive and behavioral symptoms of PCA can be addressed,
optimally by a multidisciplinary team of specialists [59]. Treatment includes pharmacologic and nonpharmacologic
management of symptoms, management of co-morbid conditions, psychosocial support, and education of the
patient and family [60].
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Pharmacological treatment
Currently, there is no medication known to be effective in stopping or slowing the progression of PCA, as
is the case for all neurodegenerative dementias today. To date, there has been one clinical trial examining the
efficacy of donepezil in treating symptoms of PCA [61], which unfortunately failed to demonstrate any impact on
neuropsychological outcomes.

Treatment is typically symptom-focused, and usually includes cholinesterase inhibitors traditionally used in AD.
These medications may help some symptoms including memory loss or attention and concentration. Trials of
levodopa or carbidopa can be introduced to address movement or gait disturbances should they develop over the
course of the disease.

Few studies focusing on the management of neuropsychiatric symptoms in PCA exist. The empirical treatment
approach resembles that of other forms of dementia. Depression, anxiety and mild agitation may be responsive to
treatment with serotonin reuptake inhibitors or other related medications [62]. Sleep disturbance is an important
symptom to treat in patients experiencing it, and may be addressed with melatonin or trazodone. For severe
agitation, a low-dose atypical antipsychotic (usually quetiapine) can be helpful [63] as can low-dose valproate [64],
but the risk of increased all-cause mortality should be balanced against possible benefits [65]. Psychosis will often
respond to low-dose atypical antipsychotics such as risperidone [66].

Rehabilitative treatment
Neuropsychological rehabilitative programs have been reported in single case studies in PCA (e.g., [67,68]) but
with minimal or no lasting improvements. The current standard of care for PCA patients involves referral to an
occupational therapist who works with the patient and caregiver on learning and implementing compensatory
strategies that support activities of daily livings/instrumental activities of daily livings. Strategies focus on ways to
negotiate the household, functioning in the community, and adapting the work environment.

The OT evaluation begins with an assessment of an individual’s strengths and limitations while performing
functional tasks. Through this assessment, a client-centered treatment plan that maximizes safety and independence
for the patient is developed and executed with the patient and involving a caregiver. Standardized assessments may
include tests such as the clock drawing test [69] the motor free visual perceptual test [70] and functional performance-
based assessments such as the kettle test [71] and the multiple errands test [72]. In addition to standardized assessments,
the OT evaluation obtains an occupational profile. This profile records what activities the patient has engaged in, the
patient’s values and what professional, familial and communal roles the patient has played. It identifies among these
activities those which the patient is unable to do or perform at the level of independence they once did. Interventions
then focus on training strategies to compensate for limitations. Strategies include using senses other than vision,
promoting use of intact cognitive skills and implementing environmental modifications (e.g., high contrast colors
to help with item identification, increasing ambient lighting, placing Velcro on doorknobs to identify important
rooms such as the bathroom). Use of visual cues to aid visually guided navigation has also shown some promise
as an environmental adaptation [73]. Yong et al. [74] have also identified potential interventions targeting reading
through the strategy of restricting visual field (through single- vs double-word presentations), which minimized
spatial and oculomotor demands of text reading, and an intervention that involved moving words into a fixation
box, which assisted in localization of words within sentences, reducing the tendency for visual disorientation,
excessive crowding and fixation instability.
Education is provided to the patient and caregiver to increase awareness of the patient’s deficits and how they impact
day-to-day functioning. Patients often benefit from having caregivers present during all or part of the evaluation
and treatment to help ensure that strategies learned in therapy can be carried over into the home environment
successfully [75,76].

Psychosocial treatment
Support groups for both patients and caregivers can be helpful for reducing isolation, validating individual experi-
ences and assimilating coping strategies and advice generated by peers. Psychoeducation helps patients and families
manage expectations of functioning in daily life and understand medical prognoses. Cognitive–behavioral therapy
has also been found effective in addressing neuropsychiatric problems that often develop in PCA [43].

PCA patients may withdraw from activities due to visuoperceptual problems that limit safe and consistent
participation. This behavior can exacerbate the negative psychological impact that often already accompanies the
disorder. It is critical, therefore, to ensure that the patient remains active as much as his/her visuoperceptual abilities
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Box 2. Posterior cortical atrophy: a caregiver’s perspective.

“In my wife Judy’s case, there were no bright line markers for the onset of PCA. Instead, we spent 5 or 6 years trying
to get a proper eyeglass prescription starting in 2004. Her complaint was that she could not see, but she could pass
the eye test at 20:20 with glasses. In addition, there were increasing episodes of forgetfulness and depression. Her
driving was impaired. In retrospect, my wife clearly knew that something was not right and she very cleverly hid the
symptoms, as best she could from me and herself. Our daughter Marie, living in California, clearly saw her mothers’
decline and insisted that we do something more to help her mother. In October of 2007, the three of us traveled to
Jacksonville, Florida, for appointments at the Mayo Clinic. As a result of four days of exams, we learned that Judy’s
eye problem was not her eyes but her brain. Their diagnosis was that Judy had PCA, a diagnosis that had not been
on any of our radar screens. It was a relief to have a diagnosis, even though the prognosis was unfavorable. Judy
bravely confronted her diagnosis. She was an evangelist for the local Alzheimer’s Association. She described
early-onset dementia to a number of audiences. She continued her daily walks with her dog and healthy eating
habits. We continued her care at home, until it was too much. She moved into a memory care unit in March of 2011
where she died in March of 2018. As caregivers, we tried to provide for her in the best possible way.”
– Fontaine Richardson

PCA: Posterior cortical atrophy.

and physical environment permits. Continued participation in meaningful activities is one way to avoid exacerbation
of depression and anxiety. We typically encourage caregivers to identify and engage patients in structured and regular
activities, such as those provided in day programs. Given the impediments to participating in visually mediated
activities at day programs, incorporating therapies that involve use of other sensory modalities (as is the case in
reminiscence therapy) may be particularly important to integrate into activities for PCA patients. Reminiscence
therapy [77] can be helpful for stimulating recall of remote personal events, and will be particularly helpful once
memory impairments become prominent in the PCA profile. PCA patients may also be well suited for music-based
interventions involving exposure to familiar music or singing, which have become increasingly popular and being
included in day-program activities.

Patient engagement in care planning
When a diagnosis of PCA is first made, many patients are still able to participate in care-planning activities,
as reasoning, judgment, memory and communication skills are relatively preserved early in the course of the
disorder. Although most patients appear to retain a fair degree of independence having spontaneously implemented
compensatory strategies for reading, writing, navigation and finding personal effects, they have nonetheless begun
to have difficulty functioning at their previous levels. We believe it is essential to engage each patient and family
member in these discussions soon after diagnosis, typically focusing on adapting to the cognitive, physical and
emotional challenges associated with PCA, and how best to plan for the coming years that will likely involve
worsening of existing symptoms. Identifying new or worsening symptoms as well as areas of stability at each clinic
follow-up are crucial in ongoing planning and care management. At some point, it may be helpful to ‘step back’
and engage in discussions of longer-term care planning while the patient is able to participate. The clinician(s)
should clarify the patient’s and family’s knowledge of, experience with, and preferences regarding dementia care
planning. In some cases, discussions may be conducted in the context of patient/family meetings. In other cases,
it may be optimal to have these conversations with the patient separate from the family or other caregivers. The
involvement of an experienced clinician (e.g., clinical social worker or occupational therapist) with dementia care
planning skills is invaluable for these purposes. The Alzheimer’s Association may offer local resources to assist with
this fundamentally important process.

Neuropathology & genetics of posterior cortical atrophy
The neuropathology of PCA is usually AD. However, there are barely any clinicopathologic studies of PCA with
more than five cases. Available studies suggest that AD neuropathology may account for 65 [6], 77 [5], to 100% [10] of
cases. PCA may also be caused by pathology associated with corticobasal degeneration, Lewy body disease or rarely
other neurodegenerative diseases [5]. We previously reported a case of frontotemporal lobar degeneration pathology
presenting as PCA [11]. In patients with PCA due to AD, it is not yet clear why the localization of neuropathology
is different than the typical localization in AD.
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While PCA is rarely related to an autosomal dominant-inherited condition [11], it is important nonetheless to
take a comprehensive family history, as complex genetic factors may play a role in PCA. For example, mutations in
PSEN1 [78] and the HTT gene [79] have been described in suspected cases of PCA, along with a report of familial
prion disease associated with a 5-octapeptide insertion in the prion protein (5-OPRI) [80]. Mutations in two of
the three most common known genetic causes of frontotemporal lobar degeneration – microtubule associated
protein tau (MAPT) [81] and progranulin (GRN) [12] – have been identified recently in PCA patients, although
both reported cases lacked neuropathologic confirmation. Our reported case of frontotemporal lobar degeneration
pathology presenting as PCA was found to have a GRN gene mutation [11]. Here, the patient’s father reportedly
had an AD-like illness, although the clinical phenotype was not reported in detail. Thus, although patients with
autosomal-dominant neurodegenerative dementias may present with a PCA syndrome, to the best of our knowledge
there have been no reports of multiple family members exhibiting PCA.

Some investigators have begun studying why some patients with AD neuropathology develop atypical clinical
syndromes like PCA, rather than the memory-predominant dementia that is typical of AD. Genome-wide asso-
ciation studies and whole-genome sequencing studies are in progress to attempt to identify genetic variants (or
combinations of genetic variants) that might predispose a person to develop AD pathology in visual systems of the
brain rather than memory systems. One such study identified risk associated with polymorphisms near genes not
previously associated with neurodegenerative conditions – CNTNAP5, FAM46A and SEMA3C – as well as risk
associated with polymorphisms in or near APOE, CR1, ABCA7 and BIN1 previously associated with AD [82]

We are only beginning to understand the interplay of genetic factors in PCA, something that is outside the
scope of routine clinical practice. Ideally, the field needs large multicenter studies of patients who meet Crutch
et al.’s [9] diagnostic criteria for PCA due to AD in order to identify genetic or other factors that influence the
atypical localization of AD pathology in patients with this syndrome.

Conclusion
PCA is a complex clinicopathological syndrome. Diagnosis is challenging due to heterogeneity of presenting
symptoms, terminology and classification systems, although there have been considerable recent advances in
these areas, thanks to the sustained efforts of an international consensus group. At present, we are still far from
understanding the factors that lead to the development of neuropathology in patients with PCA, as is the case
for most neurodegenerative diseases but – also even more importantly – the factors that influence the localization
of neuropathology in the poster cortical regions. Efforts to develop efficacious treatments are partly hampered
by lack of standardized methods to monitor the progression of illness. As such, PCA presents unique challenges
for clinicians in identifying treatment options and providing counseling and psychoeducation on clinical status
and prognosis. For researchers, a lack of consensus around staging and diagnostic criteria undermines efforts to
develop clinical trials for patients with PCA or to include patients with PCA due to AD in AD clinical trials. To
the best of our knowledge, no current clinical trial focusing on PCA exists; however, there are increasing efforts
to improve PCA treatment targeting symptoms or brain pathologies such as amyloid or tau. Given evidence that
neurodegenerative pathophysiology is complex and multifactorial yet respects large-scale network architecture in
the brain [83,84], PCA could provide a model for discovering and targeting specific pathogenic factors in individuals
or select groups, in other words, along the lines of ‘precision medicine’ in neurodegeneration.

Future perspective
We believe that key future directions include the development of tools sensitive and specific enough to capture
the full range of cognitive and behavioral abnormalities exhibited in PCA and enable fine-grained monitoring of
disease progression. There exists also a need and an opportunity for identifying genetic or proteomic markers that
could help clarify why patients with PCA due to AD pathology develop pathology localized to posterior regions of
the brain and that is not typically seen in typical AD. Beyond existing scales, domain-specific scales of impairment
equivalent to those created for disorders such as primary progressive aphasia (e.g., the PASS [85]) are needed. Also
needed is further refinement of existing cognitive batteries that better characterize areas of visuoperception, such as
motion detection. Extension of these batteries to monitoring systems that capture variability in PCA as exhibited
in daily life could facilitate both diagnosis and treatment, as well as longitudinal studies of the natural evolution
of the disease. Partnerships with public and private funding agencies will be critical in identifying better diagnostic
and treatment tools to reduce patient and caregiver burden. The clinical and research goals laid out in the current
review can only be accomplished through a unified effort within the international community of researchers focused
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on PCA and related diseases, an effort that must include vigorous sharing of data and diagnostic and therapeutic
innovations. It is our hope that the current review will serve as a stepping-stone toward standards for improved
research and clinical care in PCA.
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