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Corticobasal syndrome (CBS) is a clinical entity, classified as an atypical Parkinsonism, characterized by both motor and higher cortical dysfunctions. The clinical manifestation of CBS is associated with several pathologies, among which corticobasal degeneration (CBD) is the most common. The aim of our study was to elaborate on the possible vascular pathogenesis of CBS and consider types of vascular lesions in these cases. Several cases of vascular CBS are described in the literature. The majority of presented patients were affected by internal carotid artery (ICA) stenosis and ischemic strokes; few cases were associated with vascular malformations or autoimmune diseases. Vascular CBS is preceded by an abrupt onset. The clinical manifestation does not significantly differ with non-vascular CBS. Patients with vascular CBS are usually elderly; often with coexistent hypertension, dyslipidemia and diabetes mellitus. Inferring from our observations, cerebral hypoperfusion can play a significant role in neuropathological changes in neurodegenerative diseases. To the best of our knowledge paper is the first comprehensive review of vascular CBS and we are positive that our observations show that further research concerning the vascular pathogenesis of tauopathy atypical Parkinsonism is required.
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INTRODUCTION

Corticobasal syndrome (CBS) is a clinical entity, classified as an atypical Parkinsonism. The research in the topic of CBS is relatively recent. It was primarily described as corticobasal degeneration (CBD), as Rebeiz et al. (1967, 1968) presented studies about then so called “corticodentatonigral degeneration with neuronal achromasia.” Neurodegeneration was, thereafter, incorporated in the nomenclature of this phenomenon and used to describe the etiology of the symptoms, which are nowadays comprised in a clinical entity – CBS (Gibb et al., 1989). CBS is characterized by both motor and higher-cortical dysfunctions. Armstrong et al. (2013) presented the criteria for the diagnosis of CBS, which indicate two main domains of this syndrome: cortical dysfunction with orobuccal/limb apraxia, cortical sensory deficit, alien limb phenomena and extrapyramidal dysfunction expressed as: limb rigidity or akinesia, limb dystonia, limb myoclonia. The diagnosis of probable CBS can be made if two of cortical dysfunction features and two of extrapyramidal dysfunction features, with asymmetric distribution, are present, whereas possible CBS is characterized by one of cortical dysfunction features and one of extrapyramidal dysfunction features, which can affect the body symmetrically. Abovementioned criteria partly correspond with another diagnostic tool (Mathew et al., 2011) known as Cambridge criteria, in which akinetic rigid syndrome, limb apraxia and speech/language impairment serve as main symptoms and are accompanied by minor ones: focal or segmental myoclonus, symmetrical dystonia, alien limb phenomenon, cortical sensory loss or dyscalculia, frontal executive dysfunction and visuospatial deficits.

Epidemiological data concerning CBS is limited, but based on conducted studies its incidence is estimated to be less than 1 per 1,00,000 patients per year. Commonly the age of onset of CBS is between 50 and 70. The only known risk factor is advanced age (Grijalvo-Perez and Litvan, 2014).

CBS is associated with CBD, but these terms must be distinguished, as the first one is a clinical diagnosis, while the second one is a neuropathological term (Saranza et al., 2019). CBD describes a pathology in which abnormally hyperphosphorylated 4R tau protein is deposited in the somatosensory cortex, premotor, supplementary motor cortices, brainstem and basal ganglia (Ali and Josephs, 2018). The clinical manifestation of this disease depends on the localization of neuronal loss and tau pathologies in the brain (Saranza et al., 2019). Prevalent clinical phenotype of CBD is CBS; however, CBD may also manifest with progressive supranuclear palsy syndrome (PSP), frontotemporal dementia (FTD), Alzheimer’s like dementia (AD), the frontal behavioral-spatial syndrome and the non-fluent/agrammatic variant of primary progressive aphasia (Armstrong et al., 2013; Ali and Josephs, 2018). On the other hand, CBS can also be related to the spectrum of other neuropathologies such as AD, PSP, Pick’s disease (PiD), fronto-temporal lobar degeneration with ubiquitin–TDP-43-positive inclusions (FTLD-TDP), Lewy body disease (LBD), and Creutzfeldt–Jakob disease (CJD) and globular glial tauopathy (Boeve, 2011; Parmera et al., 2016; Marsili et al., 2018).

Because of the complexity of the abovementioned phenomena and their mutual superimposition, it should be mentioned that PSP and CBD have overlapping phenotypes and therefore are often difficult to differentiate. The new approach of “probable 4-repeat (4R)-tauopathy” nomenclature has been introduced for joint clinical diagnosis of PSP and CBD by Respondek et al., who reached high specificity of this new diagnostic category in their study. Both, CBD and PSP, are 4R tauopathies, however, the localization of neurodegeneration and deposits of tau pathologies in them vary, especially in the case of astrocytic tauopathy deposits (Respondek et al., 2020). In CBD the most characteristic glial lesion are astrocytic plaques, whereas in the PSP more characteristic is the tufted astrocyte. Astrocytic plaques are seen especially in the cortex, but also in the caudate and putamen. In PSP tufted astrocytes mostly accumulate in precentral gyrus, striatum and superior colliculus. Another neuropathological feature which differentiates PSP and CBD is presence of ballooned neurons in CBD, whereas in PSP they are rare. In PSP more common than in CBD is presence of coiled bodies, which are oligodendroglial tau inclusions (Irwin, 2016; Parmera et al., 2016). Many of genetic risk factors and pathological mechanisms are common for CBD and PSP. Clinically, they can present like Richardson’s syndrome, CBS, frontal cognitive/behavioral presentation, and speech/language dysfunction (Respondek et al., 2020). In comparison to 4R tauopathies, PiD is characterized by the presence of three-fold (3R) tau isoforms, while in Alzheimer’s disease both 3R and 4R isoforms are found in the filaments (Goedert et al., 2017). Thereupon, it can be concluded, that CBS can be a manifestation of 4R and 3R tauopathies.

Among the typical features of CBS there is also an asymmetric distribution of the motor symptoms. According to Di Stasio et al. (2019) this kind of typical pattern corresponds with decreased glucose metabolism and cerebral blood flow in positron emission tomography (PET) and single photon emission computed tomography (SPECT), as the affected side of frontoparietal cortex, caudate, putamen, thalamus, pons, and cerebellum is often contralateral to the clinically more symptomatic side (Abe et al., 2016).



MATERIALS AND METHODS

A comprehensive literature search for articles was performed using the PubMed database. The following keywords were used: “CBS,” “CBD,” CBS diagnostic criteria,” “vascular CBS,” “vascular progressive supranuclear palsy,” “vascular tauopathies,” “vascular Alzheimer’s disease,” “vascular Parkinsonism,” “tauopathies,” “cerebrovascular frontotemporal lobar degeneration.” The search was limited to human subjects with language restriction to English and French from 1994 to December 31, 2020. The snowball strategy, including a manual search of the references listed by studies retrieved from the online databases and from previously published reviews, was also performed to identify potential additional studies. The following inclusion criteria were used: studies published in the English and French language, and studies available in full text.



RESULTS


Vascular Pathogenesis of Tauopathies

Tauopathies are neurodegenerative diseases, which are morphologically, biochemically, and clinically heterogeneous, however, their common feature is the accumulation of abnormal tau protein in the brain (Tan et al., 2018). They comprise following disorders: AD, a 3R/4R tauopathy, and frontotemporal lobar degeneration subtype tau (FTLD-tau) group, which includes: PSP, CBD, argyrophilic grain disease (AGD), all considered 4R tauopathies, and PiD, a 3R tauopathy (Kovacs, 2015; Arendt et al., 2016; Irwin, 2016; Kovacs, 2017). Interestingly, Mulroy et al. (2020) described the broad spectrum of tauopathies, in which the accumulation of tau protein is secondary to the pathophysiology such as head trauma, ischemia, oxidative stress and alterations in protein synthesis. It should be emphasized that the number of tau-related disorders is constantly increasing. Numerous attempts have been made in order to assess the incidence and potential effect of vascular abnormalities in abovementioned diseases. Although some patients with FTLD had cerebrovascular changes, the neuropathological studies did not find the association between FTLD and cardiovascular disease (CVD) (Baborie et al., 2011; De Reuck et al., 2012). Vascular PSP can be identified in the presence of CVD, when cardinal pathologic features indicating idiopathic PSP cannot be found. Clinical symptoms of vascular PSP can differ from those presented in idiopathic PSP. Multiple cerebrovascular lesions were found in vascular PSP, especially in thalamus and basal ganglia, while the main areas affected in patients with idiopathic PSP are substantia nigra, subthalamic nuclei, and periaqueductal gray matter (Josephs et al., 2002). The most common risk factors in vascular PSP are hypertension and smoking (Rabadia et al., 2019). Moreover, male gender is predominant in patients with vascular PSP (Winikates and Jankovic, 1994) and it can indicate the role of male gender in CVD. In addition, hypertension can cause deterioration of tau-mediated motor impairment. However, vascular or white matter lesions are responsible for the exacerbation (Díaz-Ruiz et al., 2009). The vascular PSP called “Mokri syndrome” is also worth mentioning. It is a rare disorder appearing after ascending aorta surgery. The typical symptoms include supranuclear gaze palsy, gait imbalance and dysarthria (Mokri et al., 2004; Tisel et al., 2020). AD differs from other tauopathies in the presence of β-amyloid peptide, but not only the neurodegenerative basis of this disease but also the correlation between AD and CVD attracts interest of the researchers in this field (Liesz, 2019). According to de la Torre, chronic brain hypoperfusion, which can be caused by hypertension or carotid atherosclerosis, can initiate AD (De La Torre, 2018). Studies showed that reduced oxygen level leads to increased β-secretase activity and induces the formation of β-amyloid protein. Moreover, CVD can lead to local hypoxia or even ischemia, which induce expression of hypoxia-inducible factor-1α (HIF -1α). According to recent studies HIF-1α stimulates the expression of β-secretase (Khan and Davies, 2008; Salminen et al., 2017). Furthermore, several cardiovascular genes that increase the risk of AD have been identified by genetic studies (Broce et al., 2019). Interestingly, AD in comparison to FTLD has a higher prevalence of CVD (Toledo et al., 2013). As mentioned above, AD can present clinically with CBS. Clinical symptoms such as tremors, myoclonus and early memory impairment can suggest CBS-AD (Chand et al., 2006; Hu et al., 2009). Magnetic resonance imaging (MRI) findings showed atrophy not only of subcortical gray nuclei and basal ganglia, but also temporoparietal region that is characteristic for CBS-AD (Josephs et al., 2010). We found it worth mentioning because there are many studies on vascular pathogenesis of AD and that can suggest the association between CVD and CBS.



Causes of Vascular CBS


Carotid Artery Occlusion

Carotid artery occlusion has been reported to be one of the potential causes of CBS. In the case report described by Engelen et al. neurological symptoms (Table 1) were associated with decreased left internal carotid artery (ICA) flow. Acute appearance of these symptoms suggest vascular, rather than neurodegenerative, etiology, as CBD tends to have insidious onset (Engelen et al., 2011). Marques et al. described the occurrence of unexplained hemiplegia with consecutive homolateral CBS in two patients with metabolic disorders and prior endarterectomy due to ICA stenosis. In spite of the absence of visible ischemic lesions in these patients, it can be hypothesized that iatrogenic transient hypoxia and consequent pathologic change in neuronal networks of cortex and basal ganglia resulted in CBS (Marques et al., 2018). Additionally, other authors Vitt et al. (2020); Miyaji et al. (2013), and Kim et al. (2009) described patients with symptoms suggesting CBS with ICA stenosis (Table 1). In the case observed by Kim et al. (2009), authors assumed that lesions in brain MRI were typical for progressive ischemia due to large vessel steno-occlusion, although the mechanism is unclear. Abovementioned cases, despite being relatively uncommon, suggest that the ICA occlusion and consecutive depletion of the cerebral blood flow in certain brain regions, can lead to the occurrence of CBS-like symptoms, ranging from motor abnormalities to higher-cortical dysfunctions. Blood flow reduction, due to stenotic ICA, was linked to pathologic state of increased oxygen extraction, called misery perfusion, in which maximal vasodilation enables the oxygen supply. It cannot be excluded that this kind of changes lead to selective dendritic and cortical neuronal injury, manifesting among others in CBS-like symptoms (Yamauchi et al., 2007; Yamauchi et al., 2017). Some patients, who developed symptoms of CBS, suffered from hypertension. Marques et al. (2018) suggested that dysregulation of the cerebrovascular system and hypertension together lead to an increase of cerebral blood flow, which could potentially cause brain injury and support vascular etiology of CBS.


TABLE 1. Characteristics of the patientswith vascular CBS.
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Ischemic Incidents

Evidence of cerebrovascular disease, in a form of ischemic areas, as a potential cause of CBS, have been provided by the research conducted by Koga et al. (2019). Postmortem examination of 217 patients with CBS diagnosis in 3 individuals displayed presence of infarcts in the brain regions (Table 1), potentially significant for CBS etiology. Another study involving postmortem examination was performed by Thal et al. (2015) and resulted in a finding that 33.3% of the patients with antemortem diagnosis of CBD had infarctions present in the brain, whereas no evidence of hemorrhage lesions was observed in this sample. Moreover, Kim et al. (2009) described vascular lesions of the ischemic character, located in fronto-temporo-parieto-occipital lobes in a patient with CBS. Ischemic pathogenesis of CBS was also mentioned in a case report by Peters et al., who described the occurrence of unilateral rigidity, micrographia and gait disturbances in a 56-year-old patient. Those symptoms, primarily ineffectively treated with levodopa/benserazide and selegiline, eventually emerged as caused by ischemic lesion located in the left cerebral peduncle, in close proximity to the substantia nigra and nucleus ruber (Peters et al., 2001). Further information about vascular etiology of CBS symptoms derives from the article by Kreisler et al. (2007). All of the patients had motor and higher-cortical dysfunction suggesting CBS and related ischemic lesions in the brain (Table 1). Another study, by Ling et al. (2010), assessed the possible pitfalls in CBD diagnosis and supplied with further information about potential vascular causes of CBS-like symptoms, as one patient’s right hand apraxia and alien limb phenomena eventually emerged as being partly attributable to infarction of the left middle cerebral artery territory. In conclusion, damage of the areas of the brain involved in praxis, such as frontal and parietal cortices, thalamus, basal ganglia, and white matter tracts between them, as well as degeneration of the corticospinal tract can present as CBS. It is possible, that lag between stroke and symptoms’ onset is present, as high-risk patients tend to experience silent ischemic incidents, which cumulatively deteriorate their neurological state. The presence of unexplained asymmetric spasticity and dystonia in the absence of cortical sensory loss, bradykinesia or cogwheel rigidity may be red flags for vascular CBS (Koga et al., 2019).

These clinical findings partially correspond with the research on functional SPECT imaging in CBS and related disorders, in which asymmetrical blood flow to the cerebral cortex, especially frontoparietal lobes, and basal ganglia in CBD was observed, in opposition to PSP, in which decreased blood flow was more of bilateral distribution (Zhang et al., 2001; Hossain et al., 2003; Ogawa et al., 2018). Okuda et al. (2000) share similar data, as more extensive and asymmetric blood flow reductions were observed by them in CBD than in PSP patients, with distribution in inferior prefrontal, sensorimotor, and posterior parietal cortices, but not in the subcortical regions.



Autoimmune and Other Rare Backgrounds

Additionally, vascular etiology of CBS may be attributable to antiphospholipid syndrome (APS) – autoimmune disease, which increases the general risk of thrombosis, also in the cerebral vessels (Carecchio et al., 2014). Despite the limited evidence of CBS in patients with APS (Ricarte et al., 2018), Morris et al. described a 44-year-old woman with Parkinsonism with hypomimia, gait disturbances, apraxia and a left-sided akinetic-rigid syndrome. Diagnostic investigation revealed, among others: the presence of lupus anticoagulant, elevated anticardiolipin antibodies and the presence of antinuclear antibodies. Abovementioned findings, accompanied by the MRI scans showing multiple infarcts in the hemispheres and basal ganglia, enabled to diagnose of primary APS with cortical and subcortical infarction, as a possible cause of CBS-like symptoms (Morris and Lees, 1999). Martino et al. (2006) described the second case-a 56-year-old woman with limb-kinetic apraxia and bradykinesia, whose brain MRI showed white matter changes, diffuse cerebral atrophy and several infarcts. Relatively similar medical case was described by Hashimoto et al., who presented a 53-year-old woman, who developed CBS due to APS secondary to SLE. Motor symptoms, which occurred in this patient were later attributed to the subcortical ischemic changes, cortical atrophy and several small infarctions in white matter; no basal ganglia infarcts were revealed (Hashimoto et al., 2018). One case of CBS associated with APS occurred without cerebral infarctions (Lee et al., 2014). It may be concluded that cerebrovascular lesions due to thrombosis are associated with CBS, while high levels of antiphospholipid antibodies, which damage vascular and attack the basal ganglia, contribute to development of CBS.

In addition, the literature reviews report the coexistence of CBS with Hashimoto encephalopathy. In the paper presented by Jain et al., a 70-year-old woman developed CBS symptoms in the course of Hashimoto encephalopathy (Table 1). An MRI scan showed cortical ribboning. She had a high titer of antithyroid peroxidase antibodies (Jain and Khan, 2017). Sheetal et al. (2016) also described the case of the patient with a high level of antibodies and CBS-like symptoms. These data suggest that high level of anti TPO antibodies, which damage vascular endothelium and lead to perivascular infiltrations in cerebral cortex, may contribute to the development of CBS (Stojanovich et al., 2013; Ricarte et al., 2018). Nevertheless, CBS related to Hashimoto’s encephalopathy was described only twice. It is possible that autoimmune processes, which lead to onset of vascular pathology and perivascular infiltrates, causes anoxia and brain edema, which further causes manifestations of CBS (Jain and Khan, 2017).

Vascular malformations have also been reported as a cause of CBS. Cavernous angioma described by Bihari et al. (2016) and dural arteriovenous fistula observed by Takase et al. (2017) were associated with neurological symptoms (Table 1). In patients, who developed symptoms of CBS associated with vascular malformations mechanism remains unclear (Bihari et al., 2016).



Molecular and Genetic Studies

Apart from the evidence acquired from the clinical practice it was observed that a specific endothelial growth factor may serve as a risk factor of CBS (Chahine et al., 2014). Jin et al. (2000) proved that VEGF may protect neurons from hypoxic or ischemic injury. The results of the study by Borroni, support a role for specific VEGF polymorphisms and haplotypes as risk factors for neurodegenerative diseases. Also, this study suggests the key role of genetic background in CBS pathogenesis proving that AGG (-2578C/A, -1190G/A, -1154G/A) haplotype carriers had a 6-fold increased risk to develop CBS than non-carriers. These data suggest that specific genetic variations of VEGF are a predisposing risk factor for CBS (Borroni et al., 2010).



DISCUSSION


Clinical Perspective

According to our research, vascular CBS, despite being relatively uncommon, should be considered in the differential diagnosis in patients with possible diagnosis of CBD and other neurodegenerative diseases. There are several indicators, which can implicate different than neurodegenerative etiology of CBS, vascular one included. Patients with vascular CBS tend to present a rapid onset of the symptoms, comparing to primarily insidious clinical phenotype of CBD. Moreover, their neurological state may deteriorate in a precipitous manner, as subsequent vascular episodes occur (Engelen et al., 2011). The presence of the time gap between a stroke and the appearance of neurological symptoms should not be perceived as an argument against vascular basis of CBS, as additional silent cerebrovascular accidents, typical for high-risk patients, may collectively contribute to exacerbation of their health state (Koga et al., 2019). According to our review, there is no typical clinical phenotype for vascular CBS, as patients experience a wide range of symptoms, from motor abnormalities to higher cortical dysfunctions. Nevertheless, it can be observed that individuals from this group are more likely to suffer from hypertension, dyslipidemia and diabetes mellitus; also, they often have a history of ischemic incidents and vascular disease (Table 1). Additionally, vascular etiology of CBS should be taken into consideration when the clinical manifestation includes other than typical CBS symptoms, as their presence may arise from cerebrovascular disease localized in various brain regions simultaneously (Morris and Lees, 1999; Martino et al., 2006). In spite of the fact that vascular CBS results from often irreversible brain damage, it is possible for some patients to improve after certain medical procedures, which enhance cerebral blood flow (Kim et al., 2009). On the other hand, patients with vascular CBS show little to no therapeutic response to L-dopa treatment, similarly to patients with CBS (Marsili et al., 2016).



CONCLUSION

Based on the cited studies, we concluded that the main risk factors of vascular CBS are ischemic. All various vascular pathologies described in this article lead to the conclusion that cerebral hypoperfusion can play a significant role in neuropathological changes, whose clinical manifestations can be various, CBS included. Nevertheless, it should be mentioned that the underlying disease may coexist with other pathologies, which do not necessarily influence its course or severity. Similarly, the number of lesions in the brain may not correlate with the severity of clinical manifestation. Many co-pathologies were described in CBD and PSP and pure syndromes in these neurodegenerative diseases are rare, but it is suspected that the rate of disease progression and course of main symptoms mostly depends on tau pathology (Jecmenica Lukic et al., 2020; Robinson et al., 2020). Coexistence of multiple possible causes of clinical symptoms hinders the diagnostic process and makes the evaluation of their significance troublesome. Another limitation of our study is the absence of post-mortem pathological examination in the majority of cited studies, which precludes assessing the real contribution of neurodegeneration in the clinical picture of presented patients. Nonetheless, our study has a chance to broaden the knowledge in a field of CBS pathogenesis and revise the way movement disorders are perceived. Presumably, the analysis of the holistic picture of coexisting symptoms, co-pathologies and genetic polymorphisms may improve the diagnostic process (Robinson et al., 2020). The importance of our paper derives from the fact that the prevalence of vascular incidents is high in the population, but rarely they are associated with CBS clinical phenotype. In addition to limited measures to confirm CBD diagnosis, which is commonly perceived as the main cause of CBS, it can lead to certain extent of misdiagnosis. We are positive that our research will encourage the Clinicians to consider vascular etiology in patients with CBS and consequently provide them with appropriate medical care. Moreover, as possible ways of vascular incidents’ prevention exist, our research, compelling attention to vascular background, will hopefully contribute to the reduction of the number of patients with CBS.
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anterior, mecian and posterior parts o the
centrum semiovale, putamen, and
thalamus.

—right hemispher: ischemic lesions of frontal
gy, medial and lateral parts of the parital
lobe; and the median and posteror parts of
the centrum semiovale. lft hemisphere:
ischemic lesions of the median and
posterior parts of the centrum semiovale

—right hemisphere: ischernic esions of the
‘anterior and median parts of the centrum
semiovale, putarmen, globus palidus,
caudate nucleus; et hemisphere: ischemic:
lesions of the anterior, mecian and posterior
parts of the centrum sermiovale, putamen,
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- Nodata
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- 64-year-old woman with mixed
cryoglobuinema type Il purpura of the
fower imbs, and arthitis of the hip

~77-year-old women with hp replacement,
breast neoplasia and hysterectomy

~76-year-old woman with hypertension

- 68-year-old woman with mammary
neoplasia and subocclusive fecal syndrome

~ 73-year-old woman with hypertension,
hypercholesterolemia and transient global
amnesia
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Clinical manifestation

~ Right-sided limb-kinetic apraxia and
extrapyramidal dysfunction

= Myoclonus, left-sided apraxia, akinetic-rigid
syndrome, rapid cognitive deciine

~ tremor of the left superior imb with rigicity
‘and bradykinesia, verbal and visual memory
impairment, visuoc-onstructive apraxia and
left-sided hemineglect

~ cogaitive decine, gait abnormaty,
‘asymmetric Parkinsonism and alien limb
phenomena

- Right-sided limb-kinetic apraxia,
‘constructional apraxia, right upper fmb
rigicty and a wide-based gait with smal
steps, aphasia, dysarthria, and right
hemiparesis

- Left hand dystoria, generalized myocionus,
mild left sice weakness, bilateral lmb
ataxia, dressing and ideomotor apraxia,
rapid progressive memory loss and
tendency to fall

- Spastic-dystonic left hemiparesis and
hyperrefiexia with clonus, left-sided apraxia,
dystonic posture on the left extremities.

- cognitive impaiment, marked asymmetric
ideomotor apraxia in both upper extremities
(et > right), rigicity (eft > right),
bradykinesia, myockonus, possible eyelid
‘apraxia or blepharospasm, neck rigidty,
horizontal and up-gaze nystagmus,
pseudobulbar affect, lower body negative
myoclonus

- asymmetric rigidity (ight > lef), lower
muscle weakness (ight > left), a Babinski
sign on the right, surting of speech,
word-finding diffculles and short-term
memory problems

Imaging and additional tests.

~ Left frontoparietal atrophy with multple
subcortical hyperintensites, eft ICA
stenosis

- 80% right ICA stenoss, right carotid
endarterectomy, decreased metabolism in
the right frontoparietal area and right
stratum

~ left ICA thrombosis, right carotid
endarterectomy, decreased metabolism in
the right frontoparietal area and right
striatum

~ right ICA stenosis, right MCA territory
infarcts with surrounding encephalomalacia
and atrophy

- Left ICA stenosis, decreased cerebral
blood flow in the left hemisphere and
crossed cerebelar diaschisis, ischemic
lesions in the let corona radiata and the left
watershed area

- Diffuse cortical high signal intenities with
intravascuar enhancement at the frontal,
parietal, occipital and temporal lobes,
bilateraly, but predominantly n the right
hemisphere, steno-occiusions of the right
distal ICA and MCA and severe stenosis of
the left MCA

~ Asymmetric right hemisphere atrophy in
the frontal, temporal, parietal and occipital
lobes, right lateral ventricle dilation,
hyperintensites of the periventricular region
(glosis), low signal changes in the right
basal gangia, right cerebral peduncle and
fight aspect of the pons.

- deep white matter hyperintensities
‘consistent with sl vessel disease,
chroric lacunar infarcts, and mild cerebral
atrophy

- 90%leftICA stenosis, chroric infarct in the
leftfrontal lobe, left frontal hypoactivty,
difuse left cerebral hypoactivty, including
decreased activiy in the let basal ganglia,
thalamus and the right cerebellum

~No data
-no data

~Nodata

~No data

~No data

- No arteriosclerotic small vessel disease,
Azheimer-related pathology insignificant,
tau, a-synuclein, and TOP-43 pathology not
detected, infarcts in ight hemisphere,
Wallrian degeneration in right herrisphere

- arteriosclerotic small vessel disease
present, Alzheimer-related pathology
insignificant, tau, a-synuclein, and TOP-43
pathology not detected, infarcts in left
hemisphere, Walleian degeneration in eft
hemisphere

- arteriosclerotic small vessel disease
present, Alzheimer-related pathology
insignificant, tau, a-synuciein, and TOP-43
pathology not detected, infarcts in both
hemispheres, Wallerian degeneration i left
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Patients’ characteristics

~64-year-old man, cigarette smoker with
hypertension

~67-year-old man, history of two episodes
of transient amaurosis of the right eye,
diabetes melitus, hypertension and
dysipidemia

~71-year-old man, history of a stent for
ischemic heart disease and a left middle
cerebral artery stroke 7 years previously,
diabetes melitus, hypertension and
dysipidemia

~81-year-old man with history of diabetes,
hypercholesterolemia and hypertension

- 65-year-old man with diabetes melitus.

— 75-year-old woman with hypertension,
angina pectoris and bipolar disease

- 69-year-old man with homocystinuria,
dysipidemia, diabetes melitus and
migraine

- 82-year-old woman with atril fibrilation,
hypertension, hyperiipidemia, diabetes
melitus, aortic atherosclerosis, congestive
heart faiure, coronary artery discase,
peripheral vascular disease, chronic kidney
failure and obstructive sleep apnea

- 69-year-old man with hypertension,
hyperipidemia, stroke at age 51, severe
peripheral and ischernic heart disease with
two cardiac stents, peripheral cyanosis,
claudication and colorectal cancer
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upper limb rigicity, and postural instabilty
‘and wide-based gait with decreased right
upper limb synkinesis

Takase et a. (2017)  ~Moderate cogritive deciine, small voice, left  ~ Multiple dural arteriovenous fistulas ~Nodata ~75-year-old man
dominant lead pipe rigido-spasticity, mitd (DAVF) around the superior sagittal sinus,
left hemiparesis, small steppage gait, diatation of the superficial temporal
micrographia, letlimb-kinetic apraxia and  arteries, biateral hyperintense lesions in the
constructional apraxia subcortices, striata, thalarm, and pyramidal

tracts of the pons, microbleeds in the same.
regions, areas of severe hypoperfusion in
the right fronto-parieto-temporal lobes,
striatum, and thalamus

Jain and Knan (2017) - Spastic speech, asymmetric igidity (L>R), - Asymmetrical hyperintensities in ~No data - 70-years-old female
myoclonus, dystonia with fixed twisting fronto-occipito-parietal region (cortical
posture of left hand associated with alien rbboning) with subtle hyperintensites also.

fimb phenomenon, bilateral cerebelar signs  present in left temporal lobe
~anti-TPO antibodytiters raised to 590 I/mI
Sheetal et al. (2016) - Difficuly in finding words, amnesia for ~ Anti-TPO antibody titers raised to 660 ~No data - B6-year-old female.
recent events, inattention, difficulty in W/mi
walking, psychomotor withdrawal,
bradykinesia, agrammatical, effortul
speech, four lmb rgidity, more on the right
side, focal myoclonus of the right upper
‘and lower limbs during rest, aggravated by
action and postures, severe postural
instabilt, asymmetric Parkinsorism

ICA - internal carotid artery, MCA - middle cerebral artery, TPO - thyroid peroxidase, TDP-43 - transactive response DNA binding protein 43 kDa.
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