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Objective: This study aimed to investigate the association between cognitive impairment and cerebral haemodynamic changes in patients with chronic vertebra-basilar (VB) stenosis.

Methods: Patients with severe posterior circulation VB stenosis and infarction or a history of infarction for more than 2 weeks from January 2014 to January 2015 were enrolled (n = 96). They were divided into three groups, namely, the computed tomography perfusion (CTP) normal group, the CTP compensated group, and the CTP decompensated group. Cognitive function was assessed using a validated Chinese version of the Mini-Mental State Examination (MMSE), the Frontal Assessment Battery (FAB), and the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS). Regression models were used to identify independent risk factors for cognitive impairment.

Results: The MMSE and FAB scores of patients in the CTP decompensated group were significantly lower than those of patients in the CTP normal and CTP compensated groups (all p < 0.05). The RBANS total and its domain scores, including immediate memory, visual acuity, and delayed memory, in the CTP compensated and CTP decompensated groups were significantly lower than those in the CTP normal group (all p < 0.05). Multiple regression analyses showed that CTP compensation, CTP decompensation, severe VB tandem stenosis, and multiple infarctions were independent risk factors for cognitive impairment.

Conclusions: Low perfusion caused by severe VB stenosis can lead to extensive cognitive impairments in areas such as immediate memory, visual span, and delayed memory.
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INTRODUCTION

Neurocognitive function changes with age (1) and disease progression (2–4), which is related to pathologic mechanisms and is easily examined clinically. Carotid artery stenosis is closely related to vascular cognitive impairment (VCI) (5). Carotid artery stenosis can not only directly lead to the occurrence and rapid progression of VCI but also accelerate the development of degenerative diseases, such as Alzheimer's disease (6). Because of the collateral circulation in cerebral arteries, stenosis at the same site may cause different levels of cerebral blood flow perfusion. Studies have found that changes in cerebral flow perfusion were related to VCI in patients with carotid artery stenosis. Hypoperfusion caused by carotid artery stenosis can lead to frontal lobe damage, which in turn reduces the attention, language fluency, spatial structure, short-term memory, and executive function of patients (7). Compared with studies of VCI induced by carotid artery stenosis, few studies have examined the contribution of the posterior circulation or vertebra-basilar (VB) artery stenosis to cognitive impairment. Additionally, the correlation between cerebral blood flow perfusion and VCI in patients with VB artery stenosis remains unclear.

The stroke recurrence rate of the VB artery is reported to be relatively high (8, 9). For strokes in the posterior circulation or VB artery, transient ischaemic attack (TIA) accounts for ~20% of ischaemic stroke cases (10). The clinical presentation of posterior circulation ischaemic strokes is unapparent and differs from those of anterior circulation or carotid artery strokes. Consequently, this type of stroke is often hidden (11). Manifestations such as vertigo, diplopia, and coughing while drinking water are generally ignored by patients. In contrast, anterior circulation symptoms, such as facial or limb paralysis, are often more likely to be noted (12).

Basilar artery stenosis may lead to poor attention, poor executive function, and long-term memory impairment in patients (13). In this study, computed tomography perfusion (CTP) was used to analyse the relationship between cognitive impairment and cerebral haemodynamic changes. We aimed to investigate the cognitive status of patients with chronic posterior circulation hypoperfusion, which, to our best knowledge, has received little systemic investigation.

MATERIALS AND METHODS

Subjects

This study was a prospective cohort study (Clinical Trial Registration URL: http://www.clinicaltrials.gov. Unique identifier: NCT01968122.). All methods were performed in accordance with the relevant guidelines and regulations. A total of 96 patients who were diagnosed with severe posterior circulation VB stenosis and had infarction or a history of infarction for more than 2 weeks from January 2014 to January 2015 were enrolled in the current study. The inclusion criteria were as follows: (1) Patients who had vertebral artery or basilar artery stenosis confirmed by CT angiography (CTA) or digital subtraction angiography (DSA) examination, with a stenosis area equal to or greater than 70% of the vascular area (14–18). In this study, 70% of patients underwent CTA examination, 50% underwent DSA examination, and 20% underwent CTA and DSA examination. (2) Cranial magnetic resonance imaging (MRI) showed that the area of nonlacunar infarction [multiple infarctions, high signal greater than or equal to two diffusion-weighted imaging (DWI) images] was <1/3 of the hemisphere area. The exclusion criteria were as follows: (1) patients who failed to complete the scale evaluation due to aphasia, apraxia, and dysphonia; (2) patients who had cognitive impairment caused by Alzheimer's disease and other related nervous system degeneration or nonvascular factors; (3) patients who had nervous system diseases (such as central nervous system hereditary diseases, tumors, encephalitis, demyelinating disease, Parkinson's disease, craniocerebral injury, and epilepsy) that could lead to cognitive impairment; (4) patients who had anxiety, depression, or other mental disorders; (5) patients who had severe diseases of the liver, kidney, heart, or blood; (6) patients who had hypothyroidism, chronic alcoholism, infection, or other cognitive function-related diseases; (7) patients who had a history of substance abuse, drug addiction, carbon monoxide, pesticide, and other chemical poisoning, brain parasites, etc.; and (8) patients whose first-degree relatives had dementia and psychosis, cerebral lacuna infarct, or leukodystrophy revealed by brain MRI examination. The recruitment diagram is shown in Figure 1. After a complete description of the study, all subjects gave their written informed consent to participate in the study. This study was approved by the Regional Committee for Ethics of Beijing Tiantan Hospital.
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FIGURE 1. Recruitment diagram.



Baseline Data Assessment

The patients were divided into three groups: the CTP normal group, CTP compensated group, and CTP decompensated group (19). Baseline information, including gender, age, length of education, left- or right-handedness, high blood pressure, diabetes, atrial fibrillation, and smoking, was collected. Information on patient history of hypertension, diabetes, and hyperlipidaemia was recorded. Briefly, blood pressure ≥140/90 mm Hg (1 mm Hg = 0.133 kPa) was defined as hypertension, and fasting blood glucose ≥7.0 mmol/L, 2 h postprandial blood glucose ≥11.1 mmol/L or random blood glucose ≥11.1 mmol/L were defined as diabetes. Atrial fibrillation was diagnosed according to the 1979 World Health Organization (WHO) diagnostic criteria. Hyperlipidaemia was diagnosed based on the “Chinese Adult Dyslipidaemia Prevention and Control Guidelines” from 2007. Hyperlipidaemia was diagnosed when the patients met one of the following criteria: blood cholesterol concentration >5.17 mmol/L; blood concentration of triglycerides >1.7 mmol/L; or blood concentration of low-density lipoproteins >3.1 mmol/L.

Cognitive Function Evaluation

Cognitive function was assessed using the validated Chinese version of the Mini-Mental State Examination (C-MMSE) (20), the Frontal Assessment Battery (FAB) (21), and the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) (22). Three researchers participated in a cognitive function training course before the study started. Repeated evaluations showed that the overall correlation coefficient of the MMSE, FAB, and RBANS for the three researchers was >0.8 after training. Finally, an RBANS total score >77.5 was defined as cognitively normal, and an RBANS total score ≤77.5 was defined as cognitively impaired (23).

Imaging Evaluation

Posterior circulation acute ischaemic infarction (including cerebral infarction) was diagnosed in patients with clinical manifestations. Additionally, such patients had high-density lesions on magnetic resonance DWI or TIA in the posterior circulation. CTP was performed using a Siemens dual-source spiral CT machine with 128 layers (Germany). Briefly, a volume of 60 mL of contrast agent (iohexol, 370 mg I/mL) was injected into the elbow middle vein at a rate of 8 mL/s using a double-tube high-pressure syringe (Ulrich Missouvi XD2501-C), and a volume shuttle scan with a scanning range of ~110 mm was started after a delay of 4 s. Intravenous injection of iohexol was performed using an EZEM high-pressure syringe (America) at a rate of 5 mL/s. The base section plane was selected, and two layers were continuously scanned 40 times with the parameters of 80 kV, 200 mA, layer thickness 12 mm, and pitch 0.75. Forty images in each layer were scanned, and a total of 80 images were obtained. Four images of the temporal lobe and 4 images of the occipital lobe were selected from each layer image as the region of interest (ROI). The original CTP image was introduced into a dedicated postprocessing workstation (Neusoft Medical Co., Shenyang, China) and analyzed with CT perfusion software. Time to peak (TTP), transit time (MTT), cerebral blood flow (CBF), and cerebral blood volume (CBV) were calculated. The qualitative assessment of perfusion in the ROI, which was used in a previous study (14), was grouped as follows. The patients in the CTP normal group had complete perfusion. The patients in the CTP compensated group had hypoperfusion and preserved cerebral vascular reactivity (a lower peak, delayed TTP, increased MTT, decreased CBF, and normal or elevated CBV). In addition, the patients in the CTP decompensated group had hypoperfusion without adequate cerebral vascular reactivity.

Statistical Analysis

All statistical analyses were performed using SPSS software version 23.0 (SPSS Inc., Chicago, IL, USA). Demographic and clinical variables of the multiple groups were compared using one-way ANOVA for continuous variables and X2 (chi-square test) or Fisher's exact test for categorical variables. Where there was significance in the ANOVA, we used the Fisher minimum significant difference (LSD) test for post hoc comparisons between groups.

A linear regression model was used to identify risk factors for cognitive impairment in patients with VB artery stenosis. P < 0.05 was considered statistically significant.

RESULTS

Sociodemographic Data and Clinical Background Characteristics

A total of 96 patients were ultimately included in this study. Among them, 46 patients had severe basilar artery stenosis, 38 patients had severe intracranial artery stenosis, 32 patients had vertebral artery extracranial stenosis, 20 patients had tandem lesions, 12 patients had no new infarct (TIA), 56 patients had a single infarct, and 28 patients had multiple infarctions. The number of patients in the CTP normal group, CTP compensated group, and CTP decompensated group was 22, 42, and 32, respectively. There were no differences in the sociodemographic characteristics between the three groups (all p > 0.05). The rate of intracranial artery stenosis in the CTP compensated group was lower than that in the CTP normal group, (p < 0.05); however, the rate of intracranial artery stenosis in the CTP decompensated group was higher than that of the normal group (Table 1).


Table 1. Sociodemographic and clinical characteristics of the subjects (n = 96).
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Association Between MMSE, FAB, and RBANS Scores and CT Perfusion

The stages of posterior circulation perfusion are summarized in Figure 2 in the order of cognitive decline.
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FIGURE 2. Schematic diagram of posterior circulation perfusion. (A) Stage I1: TTP was prolonged (a), MTT (b), CBF (c), and CBV (d) were normal, and CTA suggested severe stenosis of the left vertebral artery opening (e). (B) Stage I2: TTP (a) and MTT (b) were prolonged, CBF was slightly decreased (c), CBV was elevated (d), and DSA indicated severe proximal stenosis of the basilar artery (e). (C) Stage I3: TTP (a) and MTT (b) were prolonged, CBF was decreased (c), CBV was slightly decreased (d), and DSA indicated severe stenosis in the middle part of the basilar artery (e). (D) Stage I4: TTP (a) and MTT (b) were prolonged, CBF was decreased (c), CBV was decreased (d), and CTA demonstrated occlusion in the middle part of the basilar artery (e).



As presented in Table 2, the MMSE, FAB, and RBANS scores of the CTP decompensated group were significantly lower than those of the CTP normal and CTP compensated groups (all p < 0.05). The RBANS total, immediate memory, visual acuity, and delayed memory scores in the CTP compensated and CTP decompensated groups were significantly lower than those in the CTP normal group (p < 0.05). CTP compensated patients had reduced attention compared to that of CTP normal patients (p < 0.05).


Table 2. The association between MMSE, FAB, and RBANS scores and CT perfusion.
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Regression Models of Independent Risk Factors for Cognitive Impairment

Based on the RBANS total score, 68 patients were included in the cognitive impairment group (RBANS score ≤77.5), and 28 patients were considered to have no cognitive impairment (RBANS score >77.5 points). After adjusting for other relevant factors, CTP compensation (p = 0.30), CTP decompensation (p < 0.01), severe VB tandem stenosis (p = 0.021), and multiple infarctions (p = 0.023) were found to be independent risk factors for cognitive impairment (Table 3).


Table 3. Regression models of independent risk factors for cognitive impairment.
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DISCUSSION

The primary findings of this study could be summarized as follows: (A) patients who have chronic posterior circulation hypoperfusion showed a decline in cognitive ability; (B) medial temporal lobe perfusion was associated with serious cognitive impairment; (C) in addition to language ability, there were other dimensions of cognitive impairment; and (D) in patients with chronic posterior circulation hypoperfusion, multiple stenosis and multiple infarcts were independent risk factors for cognitive impairment.

The basilar artery branches into two posterior cerebral arteries (PCA), which supply the majority of blood to the temporal lobe and thalamus. Previous studies found that cognitive impairment existed in patients with infarcts in these regions (24–26). In our study, the cognitive ability of patients with low-perfusion percutaneous coronary intervention (PCI) generally decreased, which might be associated with chronic ischaemia and hypoxia of the brain structures mentioned above. Studies showed that the state of ischaemia and hypoxia was associated with damage to the neural network between the brainstem or cerebellar regions and the anterior circulation (25–27). Low perfusion leads to a decrease in thrombus clearance; additionally, the formation of microemboli that result from lesions caused by cerebral vascular stenosis also leads to VCI (28). In animal studies, microemboli were found to decrease the number of brain-derived neurotrophic factors in the hippocampus and lead to impaired memory in mice (29).

In our study, the executive function, immediate memory, delayed memory, and visual range of patients with PCI accompanied by hypoperfusion were impaired, which is in agreement with previous findings (30, 31). However, the language function of these patients was retained in our study, which is inconsistent with previous studies (31, 32). In these patients, the memory function, including short-term memory and delayed memory, was severely damaged, which might be related to long-term ischaemia and hypoxia of the medial temporal lobe structures. The efferent fibers and afferent fibers of the temporal lobe have a wide range of links with the frontal lobe, parietal lobe, occipital lobe, and hippocampus (33). The hippocampus plays an important role in mood, neuropsychological activities, memory, execution, language (including fluency and repetition), and other cognitive activities (34). Memory impairment may occur before stroke, which might be associated with the chronic ischaemia and hypoxia caused by the hypoperfusion of the medial temporal lobe (34). Executive function impairment may be caused by damage in part of the tissues of the VB artery, whose function is linked to the thalamus, parietal lobe, and frontal lobes (25, 26, 35, 36). Visual span impairment might be associated with chronic ischaemia and hypoxia in the occipital lobe and temporal lobe (19, 37). Further multifactor logistic regression analysis revealed that low perfusion of blood supply areas, tandem, or multiple stenosis, and multiple PCI were independent risk factors for cognitive impairment in patients with PCI. Both CTP compensated and CTP decompensated patients had cognitive impairment. The incidence of cognitive impairment in CTP decompensated patients was 6.8 times higher than that observed in the normal metabolic patients. A previous study found that the prognostic MRS score of patients with PCI was significantly higher than that of patients with anterior circulation infarction (38). Although the neurological function of patients with PCI recovers well, their cognitive function is likely to suffer sustained damage if the collateral circulation is not sufficient or chronic hypoperfusion is persistent. Tandem lesions or multiple stenosis can lead to a further decrease in perfusion in the posterior circulation area (39). The presence of chronic persistent hypoperfusion can lead to multiple infarcts in the brain, which also aggravates the cognitive impairment of patients (40). It was reported that in first-onset mild stroke patients, the occurrence of multiple infarcts and decreased hippocampal volume were positively correlated with cognitive impairment (41). Even in patients with asymptomatic stroke, multiple infarcts caused by hypoperfusion or microemboli also led to reduced hippocampal volume, resulting in decreased memory. In addition, multiple cerebral infarctions led to declines in language function, processing speed, and visual spatial competence (42).

The present study has some limitations. First, the RBANS was performed by only a single independent reviewer; therefore, there was some subjectivity in the judgement of graphic memory. Second, a small number of patients had carotid artery stenosis. As a result, these patients may be affected by cognitive effects due to anterior circulation cerebral hypoperfusion. Third, the sample size of the study is relatively small, which limits the generalizability of the results. Hence, the conclusions must be further confirmed with a larger sample size. In the future, we will design different experiments related to neurocognitive function (43, 44) and use various analytical methods to explore the pathologic mechanisms of neurocognitive deficits in patients.

AUTHOR CONTRIBUTIONS

YD and LW: analyzed and interpreted the data, wrote the paper. XS, LL, MZ, and CW: contributed to the conception or design of the work, interpreted the data. BS, MS, WG, and DM: conceived and designed the experiments, performed the experiments. NM, LS, XL, ZM, and XH: performed the experiments, drafted and revised the work. DC and FG: revised the paper, approved the final version.

ACKNOWLEDGMENTS

We acknowledge and thank the subjects involved in the study. This study was financially supported by the National Key Research and Development Program of China under grant 2018YFC0115400, the National Natural Science Foundation of China (grant number 81471752); the Beijing Municipal Science & Technology Commission (grant number Z161100001116122); and the Beijing Nova Program (grant number Z171100001117057).

ABBREVIATIONS

VB, Vertebra-Basilar; CTP, Computed Tomography Perfusion; MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; RBANS, Repeatable Battery For The Assessment Of Neuropsychological Status; VCI, Vascular Cognitive Impairment; TIA, Transient Ischaemic Attack; CTA, Ct Angiography; DSA, Digital Subtraction Angiography; DWI, Diffusion-Weighted Imaging; MRI, Magnetic Resonance Imaging; TTP, Time To Peak; MTT, Transit Time; CBF, Cerebral Blood Flow; CBV, Cerebral Blood Volume; PCA, Posterior Cerebral Arteries; PCI, Percutaneous Coronary Intervention.

REFERENCES

 1. Wang LY, Wang WH, Yan TY, Song JY, Yang WP, Wang B, et al. Beta- band functional connectivity influences audiovisual integration in older age: an EEG study. Front Aging Neurosci. (2017) 9:239. doi: 10.3389/fnagi.2017.00239

 2. Deng YM, Chen DD, Wang LY, Gao F, Sun X, Liu L, et al. Visual field impairment predicts recurrent stroke after acute posterior circulation stroke and transient ischemic attack. CNS Neurosci Therap. (2018) 24:154–61. doi: 10.1111/cns.12787

 3. Wang B, Niu Y, Miao LW, Cao R, Yan PF, Guo H, et al. Decreased complexity in Alzheimer's disease: resting-state fMRI evidence of brain entropy mapping. Front Aging Neurosci. (2017) 9:378. doi: 10.3389/fnagi.2017.00378

 4. Yan TY, Wang WH, Yang L, Chen K, Chen R, Han Y. Rich club disturbances of the human connectome from subjective cognitive decline to Alzheimer's disease. Theranostics (2018) 8:3237–55. doi: 10.7150/thno.23772

 5. Pucite E, Krievina I, Miglane E, Erts R, Krievins D. Influence of severe carotid stenosis on cognition, depressive symptoms and quality of life. Clin Pract Epidemiol Ment Health (2017) 13:168–80. doi: 10.2174/1745017901713010168

 6. Scherr M, Trinka E, Mc Coy M, Krenn Y, Staffen W, Kirschner M, et al. Cerebral hypoperfusion during carotid artery stenosis can lead to cognitive deficits that may be independent of white matter lesion load. Curr Neurovasc Res. (2012) 9:193–9. doi: 10.2174/156720212801619009

 7. Duering M, Gonik M, Malik R, Zieren N, Reyes S, Jouvent E, et al. Identification of a strategic brain network underlying processing speed deficits in vascular cognitive impairment. Neuroimage (2013) 66:177–83. doi: 10.1016/j.neuroimage.2012.10.084

 8. Zhu J, Wang Y, Li J, Deng J, Zhou H. Intracranial artery stenosis and progression from mild cognitive impairment to Alzheimer disease. Neurology (2014) 82:842–9. doi: 10.1212/wnl.0000000000000185

 9. Gulli G, Khan S, Markus HS. Vertebrobasilar stenosis predicts high early recurrent stroke risk in posterior circulation stroke and TIA. Stroke (2009) 40:2732–7. doi: 10.1161/strokeaha.109.553859

 10. Giles MF, Rothwell PM. Risk of stroke early after transient ischaemic attack: a systematic review and meta-analysis. Lancet Neurol. (2007) 6:1063–72. doi: 10.1016/s1474-4422(07)70274-0

 11. Emsley HCA. Posterior circulation stroke: still a Cinderella disease. Br Med J. (2013) 346:F3552. doi: 10.1136/bmj.f3552

 12. Merwick A, Werring D. Posterior circulation ischaemic stroke. Br Med J. (2014) 348:g3175. doi: 10.1136/bmj.g3175

 13. Floßmann E, Rothwell PM. Prognosis of vertebrobasilar transient ischaemic attack and minor stroke. Brain (2003) 126:1940–54. doi: 10.1093/brain/awg197

 14. Campanholo KR, Conforto AB, Rimkus CM, Miotto EC. Cognitive and functional impairment in stroke survivors with basilar artery occlusive disease. Behav Neurol. (2015) 2015:971514. doi: 10.1155/2015/971514

 15. Griffiths PD, Worthy S, Gholkar A. Incidental intracranial vascular pathology in patients investigated for carotid stenosis. Neuroradiology (1996) 38:25–30. doi: 10.1007/bf00593211

 16. Kasner SE, Chimowitz MI, Lynn MJ, Howlett-Smith H, Stern BJ, Hertzberg VS, et al. Predictors of ischemic stroke in the territory of a symptomatic intracranial arterial stenosis. Circulation (2006) 113:555–63. doi: 10.1161/CIRCULATIONAHA.105.578229

 17. Miao Z, Zhang Y, Shuai J, Jiang C, Zhu Q, Chen K, et al. Thirty-day outcome of a multicenter registry study of stenting for symptomatic intracranial artery stenosis in china. Stroke (2015) 46:2822–9. doi: 10.1161/STROKEAHA.115.010549

 18. Radak D, Babic S, Sagic D, Tanaskovic S, Kovacevic V, Otasevic P. Endovascular treatment of symptomatic high-grade vertebral artery stenosis. J Vasc Surg. (2014) 60:92–7. doi: 10.1016/j.jvs.2014.01.023

 19. Chen YH, Lin MS, Lee JK, Chao CL, Tang SC, Chao CC, et al. Carotid stenting improves cognitive function in asymptomatic cerebral ischemia. Int J Cardiol. (2012) 157:104–7. doi: 10.1016/j.ijcard.2011.10.086

 20. Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, et al. ACC/AHA/ESC 2006 guidelines for the management of patients wit. J Am Coll Cardiol. (2006) 48:854. doi: 10.1161/CIRCULATIONAHA.106.177292

 21. Katzman R, Zhang MY, Qu O-Y, Wang ZY, Liu WT, Yu E, et al. A Chinese version of the Mini-Mental State Examination; impact of illiteracy in a Shanghai dementia survey. J Clin Epidemiol. (1988) 41:971–8. doi: 10.1016/0895-4356(88)90034-0

 22. Mok VC, Wong A, Yim P, Fu M, Lam WW, Hui AC, et al. The validity and reliability of Chinese frontal assessment battery in evaluating executive dysfunction among Chinese patients with small subcortical infarct. Alzheimer Dis Assoc Disord. (2004) 18:68–74. doi: 10.1097/01.wad.0000126617.54783.7

 23. Wang JH, Li CB, Cheng Y, Yi ZH, Long B, Wang JJ. Reliability and validity of repeatable battery for the assessment of neuropsychological status (RBANS) in schizophrenic patients: a preliminary study. Shanghai Arch Psychiatry (2009) 21:265–8. doi: 10.5114/aoms.2011.25561

 24. Huang CC, Chen YH, Lin MS, Lin CH, Li HY, Chiu MJ, et al. Association of the recovery of objective abnormal cerebral perfusion with neurocognitive improvement after carotid revascularization. J Am Coll Cardiol. (2013) 61:2503–9. doi: 10.1016/j.jacc.2013.02.059

 25. Hoffmann M, Schmitt F. Cognitive impairment in isolated subtentorial stroke. Acta Neurol Scand. (2004) 109:14–24. doi: 10.1034/j.1600-0404.2003.00169.x

 26. Hoffmann M, Cases LB. Etiology of frontal network syndromes in isolated subtentorial stroke. Behav Neurol. (2008) 20:101–5. doi: 10.3233/ben-2008-0220

 27. Ju Y, Hussain M, Asmaro K, Zhao X, Liu L, Li J, et al. Clinical and imaging characteristics of isolated pontine infarcts: a one-year follow-up study. Neurol Res. (2013) 35:498–504. doi: 10.1179/1743132813y.0000000207

 28. Hitchner E, Baughman BD, Soman S, Long B, Rosen A, Zhou W. Microembolization is associated with transient cognitive decline in patients undergoing carotid interventions. J Vasc Surg. (2016) 64:1719–25. doi: 10.1016/j.jvs.2016.06.104

 29. Li W, Han T, Qin W, Zhang J, Liu H, Li Y, et al. Altered functional connectivity of cognitive-related cerebellar subregions in well-recovered stroke patients. Neural Plast. (2013) 2013:452439. doi: 10.1155/2013/452439

 30. Himi N, Takahashi H, Okabe N, Nakamura E, Shiromoto T, Narita K, et al. Exercise in the early stage after stroke enhances hippocampal brain-derived neurotrophic factor expression and memory function recovery. J Stroke Cerebrovasc Dis. (2016) 25:2987–94. doi: 10.1016/j.jstrokecerebrovasdis.2016.08.017

 31. Park KC, Yoon SS, Rhee HY. Executive dysfunction associated with stroke in the posterior cerebral artery territory. J Clin Neurosc. (2011) 18:203–8. doi: 10.1016/j.jocn.2010.05.026

 32. Martinaud O, Pouliquen D, Gérardin E, Loubeyre M, Hirsbein D, Hannequin D, et al. Visual agnosia and posterior cerebral artery infarcts: an anatomical-clinical study. PLoS ONE (2012) 7:e30433. doi: 10.1371/journal.pone.0030433

 33. Capitani E, Laiacona M, Pagani R, Capasso R, Zampetti P, Miceli G. Posterior cerebral artery infarcts and semantic category dissociations: a study of 28 patients. Brain (2009) 132:965–81. doi: 10.1093/brain/awp013

 34. O'Brien JT, Erkinjuntti T, Reisberg B, Roman G, Sawada T, Pantoni L, et al. Vascular cognitive impairment. Lancet Neurol. (2003) 2:89–98. doi: 10.1016/S1474-4422(03)00305-3

 35. Graff-Radford NR, Damasio H, Yamada T, Eslinger PJ, Damasio AR. Nonhaemorrhagic thalamic infarction: clinical, neuropsychological and electrophysiological findings in four anatomical groups defined by computerized tomography. Brain (1985) 108:485–516.

 36. Glickstein M, Doron K. Cerebellum: connections and functions. Cerebellum (2008) 7:589–94. doi: 10.1007/s12311-008-0074-4

 37. Yan TY, Jin FZ, He JP, Wu JL. Development of a wide-view visual presentation system for visual retinotopic mapping during functional MRI. J Magnet Reson Imaging (2011) 33:441–7. doi: 10.1002/jmri.22404

 38. Wang Q, Capistrant BD, Ehntholt A, Glymour MM. Long-term rate of change in memory functioning before and after stroke onset. Stroke (2012) 43:2561–6. doi: 10.1161/strokeaha.112.661587

 39. Guppy KH, Charbel FT, Loth F, Ausman JI. Hemodynamics of in-tandem stenosis of the internal carotid artery: when is carotid endarterectomy indicated? Surg Neurol. (2000) 54:145–52. doi: 10.1016/s0090-3019(00)00292-5

 40. Hwang J, Kim SJ, Hong JM, Bang OY, Chung CS, Lee KH, et al. Microembolic signals in acute posterior circulation cerebral ischemia sources and consequences. Stroke (2012) 43:747–52. doi: 10.1161/strokeaha.111.633438

 41. Ng YS, Stein J, Ning M, Black-Schaffer RM. Comparison of clinical characteristics and functional outcomes of ischemic stroke in different vascular territories. Stroke (2007) 38:2309–14. doi: 10.1161/strokeaha.106.475483

 42. Kliper E, Bashat DB, Bornstein NM, Shenhar-Tsarfaty S, Hallevi H, Auriel E, et al. Cognitive decline after Stroke. Stroke (2013) 44:1433–5. doi: 10.1161/STROKEAHA.111.000536

 43. Yan TY, Feng Y, Liu TT, Wang LY, Mu N, Dong XN, et al. Theta oscillations related to orientation recognition in unattended condition: a vMMN Study. Front Behav Neurosci. (2017) 11:166. doi: 10.3389/fnbeh.2017.00166

 44. Yan TY, Zhao S, Uono S, Bi XS, Tian A, Yoshimura S, et al. Target object moderation of attentional orienting by gazes or arrows. Attent Percept Psychophys. (2016) 78:2373–82. doi: 10.3758/s13414-016-1182-8

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 © 2018 Deng, Wang, Sun, Liu, Zhu, Wang, Sui, Shen, Gu, Mo, Ma, Song, Li, Huo, Miao, Chen and Gao. 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.

OPS/images/fpsyt-09-00455-t003.jpg
Cognitive No cognitive Regression t P
impairment impairment coefficient

Compensation (%)2 34 (50) 8(29) 3313 2241 0.030

Decompensation (%)° 30 (44) 2(7) 6425  4.415 <0001

Series or muliple 16 (24) 4014 3524 2573 0021

stenosis (%)°

Multiple infarction (%)° 20 (30) 8(22) 3276 2689 0023

“Adjusted for age, sex, hypertension, diabetes, atral fibrilation, cigarette smoking,
hyperipidaemia, lesion site, and infarct pattern; ®Adjusted for age, sex, hypertension,
diabetes, atrial fbrillation, cigarette smoking, hyperipidaemia, perfusion type, and infarct
pattern; “Adjusted for age, sex, hypertension, diabetes, atril fibillation cigarette smoking,
hyperlipidaemia, perfusion type, and lesion site.





OPS/images/fpsyt-09-00455-t001.jpg
Sociodemographic variables Total cases Group | Group Il Group Il P

(n=9) =22 (n=42p n=32°
Age, years 622118 609 1.5 63.4 12,1 619119 0772
Male sox (%) 74(77.9) 16 (72.7) 34(81.0) 24(75.0) 0715
Education, years 73+24 76£26 72£24 73%24 0800
Hypertension (%) 50 (52.1) 12 (54.5) 20(47.6) 18(56.9) 0737
Diabetes melitus (%) 36(37.5) 8(36.4) 14(333) 14(43.8) 0652
Atral fibrillation (%) 6(63) o 4(95) 2(6.3) 0327
Cigarette smoking (%) 56(58.3) 14 (63.6) 24(57.1) 18(56.9) 0845
Hyperlipidaemia (%) 46 (47.9) 8(36.4) 18(42.9) 20(625) 0414

LE

Basilar artery stenosis (%) 46 (47.9) 6(27.9) 22 (52.4) 18(56.9) 0083

Intracranial artery stenosis (%) 38(306) 6(27.3) 18 (42.9) 14(438) 0.404
Extracranial artery stenosis (%) 32(333) 16 (72.7) 6(14.3) 10(31.9) 0000
Tandem lesion (%) 20(208) 6(27.3) 4(95) 10(313) 0052
No new infarct (%) 12 (12.5) 4(18.2) 6(14.9) 2(6.3) 0550
Single infarct (%) 56(58.3) 12 (54.5) 26(619) 18(56.9)
Muliple infarction (%) 28(292) 6(27.3) 10 (23.8) 12(37.5)

4Group I, CTP normal group; ®Group ll, CTP compensated group; ¢Group Ill, CTP decompensated group. *P < 0.05, compared with group I.





OPS/images/fpsyt-09-00455-t002.jpg
Cognitive evaluation Group 12
MMSE score 2529 +3.16
FAB score 16.25 + 844
RBANS score 80.84 £ 14.77
Immediate memory 85,54 £ 11.09
Visuospatial/constructional 83.23 + 16.80
function

Language 82.00 + 961
Attention 87.97 921
Delayed memory 87.33 + 10.88

Group II®

2414 £1.73
15.46 £ 4.12
70.80 + 9.65"
68.76 + 18.33"
7159 + 14.68"

81.87 £+ 10.07
73.40 + 14.52*
71.68 + 12.32*

Group IlI°

20,37 + 3.89°8
13.08 £ 4.72'4
5894 + 11.14'4
6886 & 14.52'4
62.96 + 16,004

79.74 £ 10.64
76.18  12.74*
6291 £ 13.9°4

#Group I, CTP nommal group; ®Group Il, CTP compensated group; °Group i, CTP decompensated group. "P < 0.05, compared with group I. *P < 0.05, compared with group I
MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status.





OPS/images/fpsyt-09-00455-g001.gif
byt






OPS/images/fpsyt-09-00455-g002.gif





OPS/images/cover.jpg
’ frontiers
in Psychiatry

Association Between Cerebral
Hypoperfusion and Cognitive
Impairment in Patients With Chronic
Vertebra-Basilar Stenosis









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





