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Posterior cortical atrophy (PCA) is characterized predominantly by visual dysfunction that

arises from bilateral impairments in occipital, parietal, and temporal regions of the brain.

PCA is clinically identified based primarily on visual symptoms and neuroimaging findings.

Region-specific gray and white matter deficits have been discussed in detail, and are

associated with clinical manifestations that present with similar patterns of perfusion and

metabolic findings. Here, we discuss both structural and functional changes in the ventral

and dorsal visual streams along with their underlying relationships. We also discuss the

most recent developments in neuroimaging characteristics and summarize correlations

between distinct neuroimaging presentations.
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INTRODUCTION

Posterior cortical atrophy (PCA) was initially described by Benson et al. as a progressive
neurodegenerative dementia with visual, literary, and numerical deficits (1–4). Patients suffer
visuoperceptual, visuospatial, and visuomotor impairments, as well as mathematical, writing, and
reading disabilities. Visual field deficits and neuropsychiatric symptoms are also commonly noted,
while speaking, memory, and insight are typically preserved in early stages of the condition (3, 4).
PCA is a rare condition that typically manifests before 65 years of age and is infrequently first
reported in patients over this age (2). As for the pathology of PCA, Alzheimer’s disease (AD)
accounts for at least 80% of the pathological changes, with the remainder due to the corticobasal
degeneration, dementia with Lewy bodies, subcortical gliosis, and prion disease (1, 5). Although
AD pharmacotherapy shows promise for PCA management, no study to date has evaluated the
efficacy of acetylcholinesterase inhibitors or memantine in patients with PCA (6). PCA mostly
arises from AD-like neuropathology and has even been proposed to be a visual variant of AD
(7). For instance, biomarker studies have reported that levels of amyloid-β (Aβ), total-tau, and
phosphorylated-tau proteins in cerebrospinal fluid and serum profiles of patients with PCA were
almost identical to those of patients with AD (5, 8). Other changes in cortical structure and function
in parietal, occipital, and temporal regions have been shown to be correlated with clinical and
neuropsychological features specific to PCA (see Figure 1). PCA differs from typical AD in that
unlike amnesic AD in which the disorder is mainly located in the default mode network, the
anatomical and functional damage in PCA is primarily located in higher visual networks (9).
Disproportionately asymmetric changes in the posterior cerebral regions is a characteristic of PCA
that has been shown using a variety of neuroimaging techniques, including single-photon emission
computed tomography perfusion (10), voxel-based morphometry (VBM) for gray matter (GM)
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(11), diffusion tensor magnetic resonance imaging (DTI)
tractography for white matter (WM) (12), positron emission
tomography with 18F-labeled fluorodeoxyglucose ([18F]FDG-
PET) for metabolic evaluation (13), fluorine 18-labeled AV-
1451 ([18F]AV-1451) PET for pathologic tau (14), and PET
with 11C-labeled Pittsburgh compound B ([11C]PIB) for
amyloid deposition (13). Such studies have infinitely improved
our understanding of visual dysfunction associated with
neurodegenerative conditions.

This review aims to retrospectively summarize the
symptoms and mechanisms of visual dysfunction in PCA.
Here, we describe changes in cortical functional, the
underlying pathological mechanisms, and links to clinically
manifesting neuropsychological features. We also summarize
neuroimaging characteristics and correlations with distinct
clinical presentations.

CLINICAL MANIFESTATION

Clinically, PCAmanifests with progressive deficits in visuospatial
and visuoperceptual abilities and praxis, while memory loss is
less prominent (12, 15). PCA patients are characterized by visual
agnosia, elements of Balint’s (simultanagnosia, optic ataxia, and
oculomotor apraxia) and Gerstmann’s (acalculia, finger agnosia,
left-right disorientation, and agraphia) syndrome, as well as
prosopagnosia, topographical disorientation, and limb apraxia
(12, 16, 17). Although simultanagnosia has been described as
the most common feature of early PCA, the proportion of
people who exhibit it varies across studies (18). Deficits in
making saccades, fixation stability, and smooth pursuit tasks
are also present, and reflected in oculomotor, visuospatial, and
visuoperceptual dysfunction (7). Additionally hemianopia has
recently been demonstrated to be a visual deficit typical to
PCA (19). Reading deficits are also a characteristic of PCA,
with reading accuracy adversely influenced by letter size, length,
spacing, font, and numbers (20). McMonagle et al. profiled
patients who exhibited ventral (i.e., pure alexia, visual agnosia,
and prosopagnosia) or dorsal (i.e., ideomotor apraxia, acalculia,
simultanagnosia, optic ataxia, and visuospatial neglect) deficits
and proposed that PCA can be classified into ventral or
dorsal phenotypes (21). Visuospatial language-based learning
disabilities are common in PCA, despite preservation of language
ability (22). Furthermore, it was unclear what cognitive processes
were involved in spelling impairments, and further studies
evaluating the impact of peripheral and visuospatial components
on spelling deficits are required (23).

PCA BASED ON POSTERIOR CEREBRAL
CHANGES

Gray Matter
Patients suffering from PCA were found to possess widespread
reductions in GM volume, as assessed by VBM. GM atrophy
predominantly occurs in the occipital, posterior parietal, and
temporal lobes, and is accompanied by cortical thinning in these
regions (24). This leads to many of the visuoperceptual and

visuospatial deficits mentioned above, as well as less peripheral
vision with lateralization (see Figure 1). For example, whole-
brain VBM analysis found that decreased reading accuracy,
especially during orientation discrimination tasks or visual
attention shifting toward peripheral vision, was associated with
GM volume loss in the right superior parietal cortex (20).
Similarly, optic ataxia in PCA results from a pattern of clustered
atrophy in dorsal (superior) and medial parietal regions, while
hemifield neglect is typically reported after damage to posterior
networks of the temporoparietal and inferior parietal lobes (10).
Left-predominant severe ideomotor apraxia is another symptom
that has been reported to correlate with GM atrophy in parietal
cortex (10). Additionally, loss of visual fields has been shown to be
associated with significant reduction of GM in the parietal cortex
and lateral and anterior occipital cortices. The greatest visual
field loss is contralateral to the side of GM loss, and is typically
maximal in the extrastriate regions (19). Experimental findings
related to GM volume suggest that focal loss of GM accounts for
some of the peculiar clinical features of PCA. For example, spatial
attention and shape discrimination scores have been found to
correlate with cortical GM volume in the parietal and occipital
cortices, while calculation ability has been correlated with GM
volume in the parietal cortex (25). GM changes in the lingual,
angular, parahippocampal, precuneal, and fusiform gyri, as well
as the thalamus and calcarine cortex, warrant further research
in PCA (10, 17). Specifically, if patients with PCA manifest
with dominant ventral symptoms, GM loss could be localized
primarily to bilateral ventral regions (i.e., ventral occipital and
temporal cortices). In contrast, dorsal clinical manifestations
affecting higher-level processing could be accompanied with
greater GM loss in the right inferior parietal, bilateral inferior
parietal, and ventral regions (17). Evaluation of GM volume
coupled with an appreciation of anatomical cerebral structure is
thus a useful approach to localize brain damage.

White Matter
Evaluating alterations ofWM in PCA can uncover the underlying
neuropsychological and neuroanatomical mechanisms
responsible for the disease’s pathogenesis. In PCA, diffuse
WM damage is typically seen throughout the occipital and
temporal ventral regions, dorsal parieto-temporal and ventral
occipito-parietal areas, medial structures, and corpus callosum
(12, 26). This type of damage is associated with several PCA
symptoms. For instance, secondary to posterior cerebral
neuronal degeneration, WM atrophy in the callosal splenium
was reported as the chief cause for limb apraxia and visual
neglect (26). Additionally, as an underlying factor and mediator
of simultanagnosia, slower visual processing was found to be
associated with WM atrophy in the superior parietal cortex
(18). Furthermore, lateralization of degeneration in the visual
pathways was marked by damage contralateral to the side most
severely affected by visual field loss in the occipital lobe, and
progressed into the optic radiation, consistent with GM loss (19).
Typically, in patients with PCA, WM microstructural damage is
found in the ventral (inferior longitudinal fasciculus, ILF), dorsal
(superior longitudinal fasciculus, SLF) and fronto-occipital
(inferior fronto-occipital fasciculus, IFOF) visual pathways (see
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FIGURE 1 | The specific visual symptoms caused by regional changes in gray matter and tauopathy in PCA. (Left) A list of the unique symptoms correlated with gray

matter loss in parietal or occipital cortices, as well as those correlated with loss in both regions simultaneously. (Right) A list of dysfunctions correlated with the

temporal, parietal, and occipital lobe tauopathy. Taken together, changes in both gray matter and tau protein are intimately related to neuronal integrity, as assessed by

the N-Acetyl-Aspartate levels.

Figure 2), as evidenced by changes in fractional anisotropy (FA)
and mean diffusivity (MD) that can be detected via DTI (17, 27).
The ILF, SLF, and IFOF have been reported to play crucial
roles in conveying visual information as they respectively link
occipital areas to the temporal cortex, parietal cortex to frontal
cortex, and occipital areas to the frontal cortex (28). The left ILF
has also been reported to play a significant role in connecting
visual inputs to semantic connotation and subsequent output of
correct object recognition; damage to this structure manifests in

prosopagnosia, visual agnosia, and alexia. In contrast, right IFOF

damage contributes to prosopagnosia and left visual neglect.
Impaired SLF tracts result in optic ataxia, visual neglect, and

deficits in object localization, especially with greater dorsal
involvement (17, 28). Such findings underscore how crucial WM
connectivity is to proper cortical function. WM damage follows

ventral and dorsal visual processing streams and ultimately
affects spatial and object processing (26). Importantly, changes
in SLF microstructure have been suggested to correlate with
metabolic changes within the inferior parietal and frontal eye
field regions (27).

Functional Correlations Within Cortical
Networks
The structural damage associated with PCA appears along
with network-level dysfunction, especially in the visual network
(9). Recent literature has reviewed ventral and dorsal cortical
functionality, including lower and higher components within the
cortical hierarchy (29). Cortical activity is meanwhile consistent
with that noted in cases of lesions affecting behavior, as confirmed
by functional magnetic resonance imaging (fMRI). Behaviorally,
patients with PCA exhibit deficits in behavioral visuoconstructive
tasks (processing of complex pictures and compound stimuli)
in the dorsal visual stream. Likewise, fMRI has revealed that
activation within the ventral visual regions is related to facial
and object recognition, while that in dorsal areas is related to
motion and gestalt perception (29, 30). Visual word processing
is a function of the ventral visual stream, and patients with
PCA have been reported to exhibit functional deficits in word
processing that are seen in reading disorders (31). Although
weakened cortical peripheral visual field functions are similar to
peripheral visual deficits seen in behavioral pathology, disruption
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FIGURE 2 | Ventral, fronto-occipital and dorsal structural visual pathways in PCA. White matter (WM) damage across PCA groups was found in the ventral (ILF),

fronto-occipital (IFOF), and dorsal (SLF) structural visual pathways. The extensive patterns of damage to the ILF, IFOF, and SLF were most likely a consequence of

deafferentation, which has been reported to be crucial for carrying visual information from occipital to temporal regions, occipital to frontal regions, and parietal to

frontal regions, respectively. These are the exact factors that contribute to the ventral symptoms (agnosia, prosopagnosia, and alexia), the fronto-occipital pathway

symptoms (prosopagnosia, neglect, agnosia, and alexia), as well as the dorsal symptoms (disorientation, neglect, and optic ataxia).

of the dorsal stream has been suggested to result from impaired
interconnectivity of feed-forward and -backward pathways.

Using resting-state MRI, functional connectivity (FC) analysis
was conducted to assess the specific impairments of PCA (32).
As a variant of AD, lower than normal FC was commonly
found in the default mode network (DMN) (33). Particularly,
a bilateral decrease of FC was observed in the ventral network
(occipital and temporal areas) accompanied by severe occipital
change. Impairment of the dorsal stream inferior components
is ultimately responsible for visual neglect, and even contributes
to right-sided neglect (34). Additionally, FC changes in the
left inferior parietal cortex has been reported to be related to
visual construction and location discrimination abilities (35).
Functional hypoconnectivity within the dorsal network has been

proposed to mirror compensatory mechanisms early in the
course of PCA. Such changes later progress to ventral area
hypoconnectivity and likely indicate a persistently progressive
pathology (9, 28, 36). One study has shown that further WM
damage and FC changes form as the disease duration increased
and the severity was greater (28). Thus, more longitudinal studies
are needed if we want to understand how the disease evolves or
figure out whether combined DTI and functional MRI is a helpful
way to monitor its progression.

Regional Alterations in Perfusion and
Metabolism
A study of PCA shows that severe hypoperfusion initially found
in the parieto-occipito-temporal cortex subsequently spread to
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the middle frontal gyri, middle and posterior cingulum, pulvinar,
and the postcentral region, bilaterally and symmetrically (8).
Strong associations were noted between visual ability profiles and
posterior regional hypoperfusion. Aurélie Kas et al., concluded
that Gerstmann components (apart from digital agnosia) were
linked to perfusion in the left parietal lobe while Balint’s
components were linked to functions of the superior occipital
cortex, superior parietal lobe, precuneus, cuneus, and precentral
cortex (8). In patients suffering Gerstmann syndrome, right–
left confusion was noted along with dysfunction of the middle
temporal cortex, while limb apraxia was associated with left
posterior parietal cortical dysfunction. In patients suffering
Balint’s syndrome, ocular apraxia and ataxia were mainly
linked to hypoperfusion of the superior parietal, occipital, and
right precuneal regions (the dorsal pathway). Simultanagnosia
primarily manifested as a result of higher-level lateral occipital
dysfunction (8, 14). Shifts in linear bisection were related to
parieto-frontal cortical dysfunction and omissions in target
cancellation tests resulted primarily from prefrontal structural
damage. Neglect manifested in a mirror-image pattern primarily
in the parietal cortex and abnormal eye movements were related
to frontal area dysfunction (8, 37, 38). Furthermore, patients
with PCA who has a shorter disease course exhibited greater
hypoperfusion in posterior cerebral areas (8).

When examined with FDG-PET, patients with PCA showed
marked hypometabolism in the posterior regions, with the
greatest amount in the higher visual network. These patients
had syndromes that were mostly specific to temporooccipital,
temporoparietal, and occipito-parietal dysfunction, which were
more severe in the right hemisphere than the left (39–41).
In addition, symmetrical areas of dysfunction were noted
bilaterally in the frontal eye fields, which is responsible for ocular
apraxia seen in Balint’s syndrome as well as the generation of
normal voluntary eye movements under physiologic conditions
(42). Hemispheric asymmetry is supposed to arise as an
early feature in the course of PCA. One study reported a
maximum reduction of metabolism in the occipito-parietal
junction (42). Regional cerebral glucose metabolism within
the parietal and occipital lobes was identified as associated
with optic ataxia (left predominant), simultanagnosia (right
predominant), abnormalities in spatial attention and shape
discrimination, oculomotor apraxia (extending to the posterior
cingulate gyrus), and finally form recognition and object
representation that results from temporooccipital dysfunction
(25, 39, 40). Interestingly, the severity of regional lesions
caused by hypoperfusion and hypometabolism was correlated
to the degree of either neuronal loss or synaptic dysfunction,
shedding light on advanced visuospatial processing functions
(41). Although these findings have been confirmed by cross-
sectional design, further verification by longitudinal studies
is required.

SPECIFIC PATHOLOGIC FEATURES

Tauopathy
Clinical phenotypes and evolution of AD are closely associated
with tau density and spatial distribution of hyperphosphorylated

tau [as measured by [18F]AV-1451], which are correlated with
the degree of neurodegeneration and syndrome localization
(14). In cases of higher-order visual processing dysfunctions,
AV-1451-PET revealed increased tau accumulation in occipital,
parietal, and occipito-temporal regions (see Figure 1). For
example, patients with PCA who suffer from Balint’s syndrome
presented with pathologic findings typical of tau accumulation
mostly in lateral and medial occipital, parietal, and temporal
cortices, with an asymmetric distribution of pathologic tau
in the right hemisphere, but less in the postcentral gyrus,
putamen, calcarine fissure, claustrum, hippocampus, thalamus,
and subthalamus (14). Deficits in visual object and spatial
perception have been confirmed to correlate with greater tau
presence in the bilateral occipital lobe, occasionally extending
into right temporoparietal areas (43). In addition, elevated
neuronal uptake of AV-1451 in cases of PCA revealed cortical
atrophy with right lateralization and paralleled hypometabolism
(41). The strong negative correlation between GM volume and
AV-1451 uptake has suggested that tau pathology could lead to
visuospatial and cognitive dysfunctions (which are mediated by
GM) (44). Moreover, changes in tau levels have been reported
to appear before metabolic dysfunction, suggesting that cerebral
metabolism is susceptible to neurotoxicity resulting from tau
aggregation (43). How correlations between tau distribution and
brain metabolism differ across posterior regions remain unclear.
Whitwell et al. systematically summarized the relationships
among tau, beta-amyloid, metabolism, and atrophy atypical AD,
finding that the strongest correlation was observed between tau-
PET and FDG-PET (45). While clinical diagnosis was a variable
in this study (45), the correlations between these elements in
PCA might differ depending on the imaging method. These
relationships therefore need to be verified.

Amyloid Analysis
Biomarker studies have reported that protein concentrations
in cerebrospinal fluid profiles of total-tau, phosphorylated-tau,
amyloid-β42 (Aβ42), and the Aβ42/Aβ40 ratio were not useful
in differentiating most cases of PCA from typical AD (5, 25).
However, [11C]PiB PET scans in patients with PCA appear
promising (18). Compared with typical AD, patients with PCA
exhibited higher PiB uptake in the right posterior lingual gyrus,
left middle temporal cortex, inferior frontal cortex, and bilateral
occipital lobes with right hemisphere dominance (13, 46). These
areas of increased PiB uptake suggest a direct relationship
with higher visual networks. PiB network templates suggest a
considerable overlap of FDG metabolism in these regions (13,
44). Tau aggregation was found to surpass the number of amyloid
deposits, precisely localizing syndromes and clarifying the degree
of regional neurodegeneration. Moreover, PIB is less regionally
specific than the 11C-PBR28 binding pattern, which is a marker
for microglial activation-translocator protein (TSPO), primarily
in the parietal, occipital, and lateral temporal regions (6, 47).
Locations of increased 11C-PBR28 binding have been found to
overlap with reduced cortical volume or FDG metabolism (46).
The limitations of using TSPO-PET in cases of PCA include the
limited amount of research and low binding efficiency.
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CONCLUSION

PCA is a heterogeneous disorder associated with a selective
and progressive decline in visual-processing skills. Its pathology
has been primarily localized to occipital, parietal, and temporal
regions. The mechanisms underlying the visual deficits in
PCA are complex and involve multiple cerebral networks. GM
and WM structural degeneration are responsible for visual
impairments due to the eventual dysfunction of ventral and
dorsal processing streams. Changes in functional connectivity
account for aberrant communication and neural damage
throughout the posterior brain areas, while advanced processing
ability within the dorsal stream manifests as visual field deficits.
Experiments show that alterations in brain metabolism and
perfusion patterns have a reciprocal relationship in visual
processing. Tau pathology is more related to the overlap between
damaged neuronal regions and their structural and functional
correlates. Although our understanding of the macrostructural,
microstructural, and neural alterations that give rise to PCA has
greatly advanced, the heterogeneity and rarity of this disorder has
hindered the development of effective management strategies.

The limitations of the current studies on PCA include: lack
of longitudinal studies; the diagnosis criteria was mainly based
on clinical symptoms and structural neuroimaging changes;
the relationship between different neuroimaging modalities was
unclear; and the number of participants was always small in
most studies. Therefore, there are series of perspectives in further

studies on PCA: firstly, combing DTI and functional MRI to
monitor the structural and functional changes during PCA
progression with a large number of participants; secondly, using a
systematical comparison to measure variability of neuroimaging
correlations and underlying mechanisms; thirdly, carrying out
higher binding-efficiency TSPO-PET to explore the underlying
pathogenesis and effective treatments based on the pathological
changes should be recommended.

AUTHOR CONTRIBUTIONS

GP and YC: conceived and designed the project. YC and PL:
wrote the manuscript with inputs from other authors. YW and
YC: drafted the pictures. All authors reviewed and edited the
manuscript and approved the final version of the manuscript.

ACKNOWLEDGMENTS

This work was supported by the General science and technology
project of Zhejiang Provincial Administration of traditional
Chinese Medicine (No. 2015ZA048), the Medical Science
and Technology Project co-founded by Zhejiang Province and
Health Ministry of China (2016152769), and the National Key
Technology R&D Program of China (No.2016YFC1306402, No.
2015BAI13B01), respectively. We thank Adam Phillips, PhD,
from Edanz Group (www.edanzediting.com/ac) for editing a
draft of this manuscript.

REFERENCES

1. Spotorno N, McMillan CT, Powers JP, Clark R, Grossman M. Counting or

chunking? Mathematical and heuristic abilities in patients with corticobasal

syndrome and posterior cortical atrophy.Neuropsychologia. (2014) 64:176–83.

doi: 10.1016/j.neuropsychologia.2014.09.030

2. Smits LL, Pijnenburg YA, Koedam EL, van der Vlies AE, Reuling IE,

Koene T, et al. Early onset Alzheimer’s disease is associated with a

distinct neuropsychological profile. J Alzheimers Dis. (2012) 30:101–8.

doi: 10.3233/JAD-2012-111934

3. Suárez-González A, Crutch SJ, Franco-Macías E, Gil-Néciga

E. Neuropsychiatric Symptoms in Posterior Cortical Atrophy

and Alzheimer Disease. J Geriatr Psych Neur. (2015) 29:65–71.

doi: 10.1177/0891988715606229

4. Crutch SJ, Lehmann M, Schott JM, Rabinovici GD, Rossor MN,

Fox NC. Posterior cortical atrophy. Lancet Neurol. (2012) 11:170–8.

doi: 10.1016/S1474-4422(11)70289-7

5. Borruat F. Posterior cortical atrophy: review of the recent literature.

Curr Neurol Neurosci. (2013) 13:406. doi: 10.1007/s11910-013-

0406-8

6. Maia Da Silva MN, Millington RS, Bridge H, James-Galton M, Plant GT.

Visual dysfunction in posterior cortical atrophy. Front Neurol. (2017) 8:389.

doi: 10.3389/fneur.2017.00389

7. Pavisic IM, Firth NC, Parsons S, Rego DM, Shakespeare TJ, Yong

KXX, et al. Eyetracking metrics in young onset Alzheimer’s disease:

a window into cognitive visual functions. Front Neurol. (2017) 8:377.

doi: 10.3389/fneur.2017.00377

8. Kas A, de Souza LC, Samri D, Bartolomeo P, Lacomblez L, Kalafat M, et al.

Neural correlates of cognitive impairment in posterior cortical atrophy. Brain.

(2011) 134:1464–78. doi: 10.1093/brain/awr055

9. Migliaccio R, Gallea C, Kas A, Perlbarg V, Samri D, Trotta L, et al. Functional

connectivity of ventral and dorsal visual streams in posterior cortical atrophy.

J Alzheimers Dis. (2016) 51:1119–30. doi: 10.3233/JAD-150934

10. Migliaccio R, Agosta F, Toba MN, Samri D, Corlier F, de Souza

LC, et al. Brain networks in posterior cortical atrophy: a single case

tractography study and literature review. Cortex. (2012) 48:1298–309.

doi: 10.1016/j.cortex.2011.10.002

11. Arighi A, Rango M, Bozzali M, Pietroboni AM, Fumagalli G, Ghezzi L, et al.

Usefulness of multi-parametric MRI for the investigation of posterior cortical

atrophy. PLOS ONE. (2015) 10:e140639. doi: 10.1371/journal.pone.0140639

12. Caso F, Agosta F, Mattavelli D, Migliaccio R, Canu E, Magnani G, et al.

White matter degeneration in atypical Alzheimer disease. Radiology. (2015)

277:162–72. doi: 10.1148/radiol.2015142766

13. Lehmann M, Ghosh PM, Madison C, Laforce R, Corbetta-Rastelli C, Weiner

MW, et al. Diverging patterns of amyloid deposition and hypometabolism in

clinical variants of probable Alzheimer’s disease. Brain. (2013) 136:844–58.

doi: 10.1093/brain/aws327

14. Xia C, Makaretz SJ, Caso C, McGinnis S, Gomperts SN, Sepulcre J, et al.

Association of in vivo [18 F]AV-1451 Tau PET imaging results with cortical

atrophy and symptoms in typical and atypical Alzheimer disease. JAMA

Neurol. (2017) 74:427. doi: 10.1001/jamaneurol.2016.5755

15. Pelak VS, Smyth SF, Boyer PJ, Filley CM. Computerized visual field

defects in posterior cortical atrophy. Neurology. (2011) 77:2119–22.

doi: 10.1212/WNL.0b013e31823e9f2a

16. Benson DF, Davis RJ, Snyder BD. Posterior cortical atrophy. Arch Neurol.

(1988) 45:789–93. doi: 10.1001/archneur.1988.00520310107024

17. Migliaccio R, Agosta F, Scola E, Magnani G, Cappa SF, Pagani

E, et al. Ventral and dorsal visual streams in posterior cortical

atrophy: a DT MRI study. Neurobiol Aging. (2012) 33:2572–84.

doi: 10.1016/j.neurobiolaging.2011.12.025

Frontiers in Neurology | www.frontiersin.org 6 June 2019 | Volume 10 | Article 670

www.edanzediting.com/ac
https://doi.org/10.1016/j.neuropsychologia.2014.09.030
https://doi.org/10.3233/JAD-2012-111934
https://doi.org/10.1177/0891988715606229
https://doi.org/10.1016/S1474-4422(11)70289-7
https://doi.org/10.1007/s11910-013-0406-8
https://doi.org/10.3389/fneur.2017.00389
https://doi.org/10.3389/fneur.2017.00377
https://doi.org/10.1093/brain/awr055
https://doi.org/10.3233/JAD-150934
https://doi.org/10.1016/j.cortex.2011.10.002
https://doi.org/10.1371/journal.pone.0140639
https://doi.org/10.1148/radiol.2015142766
https://doi.org/10.1093/brain/aws327
https://doi.org/10.1001/jamaneurol.2016.5755
https://doi.org/10.1212/WNL.0b013e31823e9f2a
https://doi.org/10.1001/archneur.1988.00520310107024
https://doi.org/10.1016/j.neurobiolaging.2011.12.025
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. Posterior Cortical Atrophy Visual Mechanisms

18. Neitzel J, Ortner M, Haupt M, Redel P, Grimmer T, Yakushev I, et al. Neuro-

cognitive mechanisms of simultanagnosia in patients with posterior cortical

atrophy. Brain. (2016) 139:3267–80. doi: 10.1093/brain/aww235

19. Millington RS, James-Galton M, Maia DSM, Plant GT, Bridge H. Lateralized

occipital degeneration in posterior cortical atrophy predicts visual field

deficits. Neuroimage Clin. (2017) 14:242–9. doi: 10.1016/j.nicl.2017.01.012

20. Yong KXX, Shakespeare TJ, Cash D, Henley SMD, Warren JD, Crutch SJ.

(Con)text-specific effects of visual dysfunction on reading in posterior cortical

atrophy. Cortex. (2014) 57:92–106. doi: 10.1016/j.cortex.2014.03.010

21. McMonagle P, Deering F, Berliner Y, Kertesz A. The cognitive

profile of posterior cortical atrophy. Neurology. (2006) 66:331–8.

doi: 10.1212/01.wnl.0000196477.78548.db

22. Miller ZA, Rosenberg L, Santos-Santos MA, Stephens M, Allen IE, Hubbard

HI, et al. Prevalence of mathematical and visuospatial learning disabilities

in patients with posterior cortical atrophy. JAMA Neurol. (2018) 75:728.

doi: 10.1001/jamaneurol.2018.0395

23. Primativo S, Yong KXX, Shakespeare TJ, Crutch SJ. The oral

spelling profile of posterior cortical atrophy and the nature of

the graphemic representation. Neuropsychologia. (2017) 94:61–74.

doi: 10.1016/j.neuropsychologia.2016.11.021

24. Lehmann M, Crutch SJ, Ridgway GR, Ridha BH, Barnes J, Warrington EK,

et al. Cortical thickness and voxel-based morphometry in posterior cortical

atrophy and typical Alzheimer’s disease. Neurobiol Aging. (2011) 32:1466–76.

doi: 10.1016/j.neurobiolaging.2009.08.017

25. Peng G, Wang J, Feng Z, Liu P, Zhang Y, He F, et al. Clinical and

neuroimaging differences between posterior cortical atrophy and typical

amnestic Alzheimer’s disease patients at an early disease stage. Sci Rep. (2016)

6:29372. doi: 10.1038/srep29372

26. Migliaccio R, Agosta F, Possin KL, Rabinovici GD, Miller BL, Gorno-Tempini

ML. White matter atrophy in Alzheimer’s disease variants. Alzheimers

Dement. (2012) 8:S78–87. doi: 10.1016/j.jalz.2012.04.010

27. Cerami C, Crespi C, Della Rosa PA, Dodich A, Marcone A, Magnani G,

et al. Brain Changes within the visuo-spatial attentional network in posterior

cortical atrophy. J Alzheimers Dis. (2014) 43:385–95. doi: 10.3233/JAD-141275

28. Agosta F, Mandic-Stojmenovic G, Canu E, Stojkovic T, Imperiale F, Caso F,

et al. Functional and structural brain networks in posterior cortical atrophy:

a two-centre multiparametric MRI study. NeuroImage. (2018) 19:901–10.

doi: 10.1016/j.nicl.2018.06.013

29. Shames H, Raz N, Levin N. Functional neural substrates of

posterior cortical atrophy patients. J Neurol. (2015) 262:1751–61.

doi: 10.1007/s00415-015-7774-8

30. Gillebert CR, Schaeverbeke J, Bastin C, Neyens V, Bruffaerts R, De

Weer AS, et al. 3D shape perception in posterior cortical atrophy:

a visual neuroscience perspective. J Neurosci. (2015) 35:12673–92.

doi: 10.1523/JNEUROSCI.3651-14.2015

31. Yong K, Rajdev K, Warrington E, Nicholas J, Warren J, Crutch S.

A longitudinal investigation of the relationship between crowding and

reading: a neurodegenerative approach. Neuropsychologia. (2016) 85:127–36.

doi: 10.1016/j.neuropsychologia.2016.02.022

32. Fredericks CA, Brown JA, Deng J, Kramer A, Ossenkoppele R, Rankin K, et al.

Intrinsic connectivity networks in posterior cortical atrophy: a role for the

pulvinar? Neuroimage Clin. (2019) 21:101628. doi: 10.1016/j.nicl.2018.101628

33. Lehmann M, Madison C, Ghosh PM, Miller ZA, Greicius MD, Kramer JH,

et al. Loss of functional connectivity is greater outside the default mode

network in nonfamilial early-onset Alzheimer’s disease variants. Neurobiol

Aging. (2015) 36:2678–86. doi: 10.1016/j.neurobiolaging.2015.06.029

34. Andrade K, Samri D, Sarazin M, de Souza LC, Cohen L, Thiebaut DSM,

et al. Visual neglect in posterior cortical atrophy. BMC Neurol. (2010) 10:68.

doi: 10.1186/1471-2377-10-68

35. Ranasinghe KG, Hinkley LB, Beagle AJ, Mizuiri D, Dowling AF, Honma

SM, et al. Regional functional connectivity predicts distinct cognitive

impairments in Alzheimer’s disease spectrum.Neuroimage Clin. (2014) 5:385–

95. doi: 10.1016/j.nicl.2014.07.006

36. Gour N, Felician O, DidicM, Koric L, Gueriot C, Chanoine V, et al. Functional

connectivity changes differ in early and late-onset Alzheimer’s disease. Hum

Brain Mapp. (2014) 35:2978–94. doi: 10.1002/hbm.22379

37. Andrade K, Kas A, Samri D, SarazinM, Dubois B, HabertM, et al. Visuospatial

deficits and hemispheric perfusion asymmetries in posterior cortical atrophy.

Cortex. (2013) 49:940–7. doi: 10.1016/j.cortex.2012.03.010

38. Andrade K, Kas A, Valabrègue R, Samri D, Sarazin M, Habert M,

et al. Visuospatial deficits in posterior cortical atrophy: structural and

functional correlates. J Neurol Neurosurg Psychiatry. (2012) 83:860–3.

doi: 10.1136/jnnp-2012-302278

39. Singh TD, Josephs KA, Machulda MM, Drubach DA, Apostolova LG, Lowe

VJ. et al. Clinical, FDG and amyloid PET imaging in posterior cortical atrophy.

J Neurol. (2015) 262:1483–92. doi: 10.1007/s00415-015-7732-5

40. Spehl TS, Hellwig S, Amtage F, Weiller C, Bormann T, Weber WA,

et al. Syndrome-specific patterns of regional cerebral glucose metabolism

in posterior cortical atrophy in comparison to dementia with Lewy bodies

and Alzheimer’s disease–a [F-18]-FDG pet study. J Neuroimaging. (2015)

25:281–8. doi: 10.1111/jon.12104

41. Ossenkoppele R, Schonhaut DR, Baker SL, O’Neil JP, Janabi M, Ghosh PM,

et al. Tau, amyloid, and hypometabolism in a patient with posterior cortical

atrophy. Ann Neurol. (2015) 77:338–42. doi: 10.1002/ana.24321

42. Nestor PJ, Caine D, Fryer TD, Clarke J, Hodges JR. The topography

of metabolic deficits in posterior cortical atrophy (the visual variant of

Alzheimer’s disease) with FDG-PET. J Neurol Neurosurg Psychiatry. (2003)

74:1521–9. doi: 10.1136/jnnp.74.11.1521

43. Ossenkoppele R, Schonhaut DR, Schöll M, Lockhart SN, Ayakta N, Baker

SL, et al. Tau PET patterns mirror clinical and neuroanatomical variability in

Alzheimer’s disease. Brain. (2016) 139:1551–67. doi: 10.1093/brain/aww027

44. Bejanin A, Schonhaut DR, La Joie R, Kramer JH, Baker SL, Sosa N, et al.

Tau pathology and neurodegeneration contribute to cognitive impairment in

Alzheimer’s disease. Brain. (2017) 140:3286–300. doi: 10.1093/brain/awx243

45. Whitwell JL, Graff-Radford J, Tosakulwong N, Weigand SD, Machulda MM,

Senjem ML, et al. Imaging correlations of tau, amyloid, metabolism, and

atrophy in typical and atypical Alzheimer’s disease.Alzheimers Dement. (2018)

14:1005–14. doi: 10.1016/j.jalz.2018.02.020

46. Kreisl WC, Lyoo CH, Liow JS, Snow J, Page E, Jenko KJ, et al. Distinct

patterns of increased translocator protein in posterior cortical atrophy

and amnestic Alzheimer’s disease. Neurobiol Aging. (2017) 51:132–40.

doi: 10.1016/j.neurobiolaging.2016.12.006

47. Tronel C, Largeau B, Santiago RM, Guilloteau D, Dupont AC, Arlicot

N. Molecular targets for PET imaging of activated microglia: the

current situation and future expectations. Int J Mol Sci. (2017) 18:e802.

doi: 10.3390/ijms18040802

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Chen, Liu, Wang and Peng. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 7 June 2019 | Volume 10 | Article 670

https://doi.org/10.1093/brain/aww235
https://doi.org/10.1016/j.nicl.2017.01.012
https://doi.org/10.1016/j.cortex.2014.03.010
https://doi.org/10.1212/01.wnl.0000196477.78548.db
https://doi.org/10.1001/jamaneurol.2018.0395
https://doi.org/10.1016/j.neuropsychologia.2016.11.021
https://doi.org/10.1016/j.neurobiolaging.2009.08.017
https://doi.org/10.1038/srep29372
https://doi.org/10.1016/j.jalz.2012.04.010
https://doi.org/10.3233/JAD-141275
https://doi.org/10.1016/j.nicl.2018.06.013
https://doi.org/10.1007/s00415-015-7774-8
https://doi.org/10.1523/JNEUROSCI.3651-14.2015
https://doi.org/10.1016/j.neuropsychologia.2016.02.022
https://doi.org/10.1016/j.nicl.2018.101628
https://doi.org/10.1016/j.neurobiolaging.2015.06.029
https://doi.org/10.1186/1471-2377-10-68
https://doi.org/10.1016/j.nicl.2014.07.006
https://doi.org/10.1002/hbm.22379
https://doi.org/10.1016/j.cortex.2012.03.010
https://doi.org/10.1136/jnnp-2012-302278
https://doi.org/10.1007/s00415-015-7732-5
https://doi.org/10.1111/jon.12104
https://doi.org/10.1002/ana.24321
https://doi.org/10.1136/jnnp.74.11.1521
https://doi.org/10.1093/brain/aww027
https://doi.org/10.1093/brain/awx243
https://doi.org/10.1016/j.jalz.2018.02.020
https://doi.org/10.1016/j.neurobiolaging.2016.12.006
https://doi.org/10.3390/ijms18040802
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Neural Mechanisms of Visual Dysfunction in Posterior Cortical Atrophy
	Introduction
	Clinical Manifestation
	PCA Based on Posterior Cerebral Changes
	Gray Matter
	White Matter
	Functional Correlations Within Cortical Networks
	Regional Alterations in Perfusion and Metabolism

	Specific Pathologic Features
	Tauopathy
	Amyloid Analysis

	Conclusion
	Author Contributions
	Acknowledgments
	References


