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Antiphospholipid syndrome(APS) is a systemic autoimmune disorder characterized by
vascular thrombosis and/or pregnancy morbidity in the presence of persistently elevated
antiphospholipid antibodies(aPL) (.¢e., lupus anticoagulant[LA], anticardiolipin[aCL] and
anti-beta-2 glycoprotein-I[anti-p,GPI] antibodies)[1]. Cognitive dysfunction occurs in aPL-
positive patients[2, 3], but a posterior cortical atrophy(PCA)-like syndrome has not yet
been described. Primarily caused by Alzheimer’s disease, PCA is a rare, clinico-radiological
syndrome characterized by occipito-temporo-parietal degeneration and progressive decline
in basic visual, visuoperceptual, visuospatial, and other higher sensory functions[4]. We
aimed to describe three patients with APS who presented with clinico-radiologic features of
PCA(PCA-APS) and report neuroimaging findings that could help differentiate PCA-APS
from true neurodegenerative-PCA.

1. METHODS

Retrospective review of medical records from the Neurodegenerative Research Group
(NRG) collected between September 2009 and December 2022 (7=717) was performed for
patients with a clinical diagnosis of PCA, including clinico-radiologic features suggestive

of PCA[4](r=74) and a diagnosis of APS[1](/=3). All three PCA-APS identified had
undergone neurological and neuropsychological evaluation, genetic/metabolic testing, and
neuroimaging with MRI and 18F-fluorodeoxyglucose(FDG)-PET. One patient had additional
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11¢-pittsburgh compound B (amyloid-B) and 18F-flortaucipir(tau)-PET scans. All had
signed written informed consent forms. This study was approved by the Mayo Clinic IRB.

2. RESULTS

2.1. Clinical presentations

Three PCA-APS patients (one woman,two men) had varying age at onset (29-69 years).
Detailed information on sign/symptoms and workup are shown in Supplementary Table

1. At onset, patient-1 and patient-2 had progressive visuospatial, visuoperceptual, and

other higher cortical visual function deficits consistent with clinical PCA criteria[4].

These included space and object perception deficits, simultanagnosia, environmental
agnosia, ideomotor apraxia, dressing apraxia, alexia, and Gerstmann syndrome (acalculia,
left-right confusion, finger agnosia, agraphia). Patient-3 manifested atypical visual
complaints, including transient vision spells with tunnel and kaleidoscope vision,
disorientation, and altered awareness of surroundings. Neuropsychological testing detected
mild visuospatial/perceptual deficits. Twelve years later, marked visuospatial/perceptual
impairment and dressing apraxia were observed. In all patients, neurological examinations
were unremarkable at presentation but later showed variable hyperreflexia, increased muscle
tone, Babinski and/or Hoffmann signs. Neuropsychological evaluations at presentation

and follow-up showed exclusive or greater impairment of visuospatial/perceptual and
constructional abilities. Genetic and metabolic workup and cerebrospinal fluid analyses were
negative or non-diagnostic.

Subsequent circumstances prompted testing for a hypercoagulable state and aPLs:patient-1
had acute stroke; patient-2 showed thrombocytopenia with musculoskeletal pains, psoriatic
plaques, and renal insufficiency; and patient-3 had prolonged aPTT, transient right-sided
weakness during vision/dizzy spells, livedo reticularis, and renal insufficiency. Laboratory
criteria for APS were met with elevated titers of aCL (/7=3), LA (7=3) and anti-p,GPI (7=2)
on two rounds of testing. Clinical criteria for APS were met as patient-1 had unequivocal
imaging findings of acute stroke, while a brain and a renal biopsy showed evidence of
vascular thrombosis and injury in patient-2 and patient-3, respectively. Patients received
anticoagulants or antiplatelets, as appropriate.

2.2. Neuroimaging findings
T1-weighted MRI showed predominant atrophy of bilateral parieto-occipital lobes with
patchy sensorimotor and visual cortex involvement (not shown). T2 and FLAIR showed
hyperintensities in periventricular, deep, and parasagittal superficial subcortical white matter
(Figure 1a). Head and neck MR angiograms showed no abnormalities (not shown). FDG-
PET scans showed a distinct pattern of hypometabolism forming parallel lines running in
the anteroposterior direction corresponding to watershed areas where the anterior, middle,
and/or posterior cerebral arteries converged (Figure 1b). This pattern resembled railroad
tracks when seen from the superior and anterior views, hence the moniker “railroad track”
sign (Figure 1c). Amyloid-PET and tau-PET scans from patient-1 showed no increased
retention.
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3. DISCUSSION

We report three patients with clinicoradiologic features suggestive of neurodegenerative-
type PCA, who posed a diagnostic dilemma as some MRI and FDG-PET abnormalities
did not follow the typical recognized patterns of focal neurodegenerative diseases, but
instead showed white matter T2 hyperintensities and hypometabolism in watershed areas.
Ultimately, all patients were diagnosed with APS.

Cognitive dysfunction exists in primary-APS[2, 3], secondary-APS[5], and otherwise
normal aPL-positive elderly[6]. A subcortical pattern with impaired attention, concentration,
visuomotor speed, and executive functioning is mostly reported, implicating damage to
fronto-subcortical pathways[2]. Contrarily, our PCA-APS patients manifested apraxia,
agnosia, and higher visuospatial/visuoconstruction dysfunction, implying damage to cortical
association areas and consistent with the severe posterior parieto-occipital cortex atrophy.
While visuomotor/spatial problems had been previously described[2, 5, 7], to our
knowledge, a PCA-like syndrome has not been reported. LA and aCL are associated

with ischemic stroke onset before age 50, especially in female patients[2]. They are also
independently linked to cognitive impairment[2, 3, 6, 7]. A silent cerebral damage possibly
ensues allowing cognitive dysfunction to occur independent of stroke history[6]. Only

our female triple-positive patient developed a stroke and the two male patients developed
cognitive problems before age 50.

In APS, MRI findings include single/multiple infarcts, hemorrhages, cortical atrophy,

and white matter lesions (WMLs)[3]. WMLs can represent thrombotic, inflammatory, or
demyelinating processes[3]. They are common in deep subcortical and periventricular
regions and supposedly cause the attentional and executive impairments, resembling
multi-infarct dementia[8]. We additionally found WMLs in parasagittal subcortical areas
in conjunction with the watershed hypometabolism. A previous study had found no
associations between FDG-PET hypometabolism and aPLs[9]. We hypothesize a possible
mechanism whereby repetitive, partial yet prolonged hypoxic-ischemic insults affect the
watershed regions, particularly the triple watershed area located at the junction of the three
major cerebral arteries corresponding to the parieto-occipital lobes. Eventually, chronic
hypoperfusion leads to glucose hypometabolism and degeneration/atrophy of the parieto-
occipital regions. This consequently triggers the PCA-like symptoms. Thrombo-occlusions
of small or medium-sized vessels, especially of the middle and posterior cerebral arteries,
are common in aPL-associated hypercoagulable state[10]. Indeed, patient-2 had a brain
biopsy revealing remote cortical microinfarcts involving multiple leptomeningeal vessels.
Nevertheless, increased vascular tone and endothelial proliferation with intimal hyperplasia
due to direct endothelial injury are other possible causes[8]. Watershed hypometabolism in
PCA patients should prompt investigation for a hypercoagulable state and aPLs.

A strength of this study is the specificity of the “railroad track” sign for PCA-APS, which
was not detected in the hundreds of other neurodegenerative disease patients and healthy
controls from our database. While limited by the small numbers, our PCA-APS patients
had been identified from a large cohort of PCA patients diagnosed and followed by leading
experts.
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4. CONCLUSION

APS can present as PCA before the onset of stroke or other non-criteria manifestations of
APS. Distinct MRI hyperintensities and FDG-PET hypometabolism in watershed areas can
help differentiate PCA-APS from true PCA, thus favoring early diagnosis and treatment.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Imaging findingsin PCA-APS.

Serial T2 FLAIR MRI supratentorial sequences are shown from the three PCA-APS
patients, where asymmetric bilateral atrophy involving the posterior parietal and occipital
regions is seen in the top three rows (a). The frontal areas show relatively less atrophy.
Multiple white matter lesions of variable sizes are seen in periventricular, deep, and
subcortical white matter in watershed areas. The vascular territories supplied by the three
main cerebral arteries (depicted in yellow for the anterior cerebral arteries, red for middle
cerebral arteries, and blue for posterior cerebral arteries) are shown in the middle row (b).
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The pattern of glucose hypometabolism on 18F-fluorodeoxyglucose PET scans from the
three PCA-APS patients are shown in the lower three rows (c). The PET images of each
patient were processed with CortexID Suite. The “railroad track” sign is best appreciated
in the superior views of the brain, where marked hypometabolism is observed in watershed
regions where the anterior, middle, and posterior cerebral arteries converge. The posterior
views of the brain also show the considerable hypometabolism in the posterior parietal and
occipital lobes, with some patchy involvement of the visual cortices. Abbreviations: Ant =
anterior cerebral artery; APS = antiphospholipid syndrome; FLAIR MRI = fluid attenuated
inversion recovery magnetic resonance imaging; Mid = middle cerebral artery; PCA =
posterior cortical atrophy; Post = posterior cerebral artery; Pt = patient
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