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Background: Little is known about the prevalence of cerebral microangiopathy (CM), which is related to cognitive impairment, in an asymptomatic population. Pulsatility index (PI) is an easily measurable parameter of cerebral vascular resistance in transcranial duplex of the middle cerebral artery (MCA) study. We aimed to determine the prevalence of CM measured by PI of MCA in low to moderate vascular risk subjects.

Methods: We included 3,721 subjects between 45 and 70 years without previous history of vascular disease or diabetes mellitus and with at least one other vascular risk factor from the cross-sectional study ILERVAS (Lleida, Spain). Patients underwent transcranial duplex to determine MCA-PI. Possible CM was defined by MCA-PI >1.1. Carotid and femoral arteries ultrasound registration was done to determine the presence, the number, and the area of atheromatous plaques. Body mass index (BMI), pulse pressure (PP) and laboratory data were also recorded.

Results: 439 (11.8%) subjects were excluded due to the low quality of transcranial duplex images. Median age was 57 [IQR 52, 62] years. Possible CM was found in 424 (12.9%) subjects. CM patients had higher prevalence of plaques than non-CM (77.4 vs. 66.4%, p < 0.001). PI showed a positive linear correlation with the number of territories with plaques (r = 0.130, p < 0.001), and the total plaque area (r = 0.082, p < 0.001). The predictors of possible CM were the age, male gender, and PP.

Conclusions: In low-to-moderate vascular risk asymptomatic population, the proportion of abnormal brain microvascular bed determined by MCA-PI is not negligible. The planned 10-year follow-up will describe the clinical relevance of these findings.
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INTRODUCTION

Pulsatility index (PI) is an easily measurable parameter of cerebral vascular resistance in the transcranial duplex (TCD) of the middle cerebral artery (MCA) study. It is a surrogated marker of cerebral microangiopathy (CM) that reflects the resistance of the microvascular distal bed of the measured vessel (1–9). MCA-PI is significantly correlated with white matter lesions severity in magnetic resonance imaging (MRI) (2, 4–9). In type 2 diabetes mellitus patients PI reflects extracranial (10) and intracranial (3, 11) microvascular complications. Changes in the PI of the MCA have been proposed as a measure of the pleiotropic action mechanism of selective phosphodiesterase inhibitors (12). Patients with CM have a neurovascular dysfunction (13) that contributes to a mismatch between neural activity and provided oxygen and glucose (14). The neurovascular unit disbalance is related with impairment of the cerebral function, which could be clinically expressed as depression, cognitive, and gait impairments (13–19). Neurovascular dysfunction is observed in the early disease stage of Alzheimer's disease (20). As a result, CM is the main pathogenic finding in up to 45% of cases of dementia (16), and prevalence of CM increases with age (13, 15–17). Hypertension is the main modifiable risk factor (13, 15–17). However, CM remained asymptomatic several years until onset clinical manifestations in many cases. Up to 20% of asymptomatic elderly people have shown CM on magnetic resonance imaging (MRI) studies (16). Early identification of patients with subclinical CM would provide an opportunity to begin intensive effective treatment to avoid emergence of symptoms.

Limited information exists on the presence of CM in low to moderate vascular risk subjects and its association with extracranial and intracranial angiopathy (21, 22). In this context, we have designed a study to analyze data from the ILERVAS project (ClinicalTrials.gov Identifier: NCT03228459) to describe the prevalence of abnormal PI, as a surrogated marker of CM, in an asymptomatic population (23, 24).



MATERIALS AND METHODS


Ethics Statement

Informed consent was obtained from all participants. The protocol was approved by the Hospital Universitari Arnau de Vilanova's ethics committee (CEIC-1410).



Study Design and Participants

The rationale and design of the ILERVAS study have been extensively described and baseline data was published (www.elbusdelasalut.cat) (23, 24). Briefly, for the current study, 3,721 people attended by a mobile unit were enrolled between September 2015 and December 2017 from Primary care centers across the entire province of Lleida, in West Catalonia (Spain). The inclusion criteria were: between 45 and 70 years old, without previous history of vascular disease or diabetes mellitus and with at least one other vascular risk factor (obesity, hypertension, dyslipidemia, smoking, or a first degree relative with premature cardiovascular disease). Subjects with diagnosed diabetes, chronic kidney disease, history of vascular events (ischemic disease, stroke, or peripheral arteriopathy), active neoplasia, a life expectancy of <18 months, and pregnancy were excluded.

Sociodemographic variables and anthropometrical data were registered. Weight and height were measured to determine body mass index (BMI, kg/m2). Neck and waist circumferences were measured in centimeters. Blood pressure was measured 3 times with an Omron-M6 apparatus at 2-min intervals, and the mean of the last two measurements calculated. A pulse pressure, the difference between systolic and diastolic pressures, was calculated. The pack-year smoking history and smoking status (non-smoker/current/former smoker) were also recorded. Smokers who stopped smoking ≥1 year prior to recruitment were considered former smokers. A dry analytical capillary blood sample to determine levels of glycosylated hemoglobin, total cholesterol, and serum creatinine was used. A urine sample was collected to determine creatinine levels and further estimated glomerular filtration rate (GFR) by the chronic kidney disease epidemiology collaboration (CKD-EPI) equation (25).



Cerebral Microangiopathy

All patients underwent transcranial duplex (TCD) examinations to assess intracranial circulation. The ultrasound protocol has been previously published (23). Two experienced examinators performed the examinations according to consensus recommendations for an optimal exploration (26), using General Electric Vivid I/Pro equipment (Horten, Norway). Experienced neurologists (FP MV GMC) directly reviewed the first 50 explorations. Afterwards, only explorations with doubts were reviewed. The transcranial arteries were explored via transtemporal and transforaminal windows. The gosling PI of each MCA was calculated automatically by the equation [(systolic velocity-diastolic velocity)/mean velocity] (27). To ensure accurate PI values, we only considered measurements if the Doppler spectrum wave-form envelope showed good quality, in at least, four consecutive waveforms. Mean PI from both M1 segments of MCA was calculated. Possible CM was defined by MCA-PI >1.1 (27).



Extracranial Arterial Ultrasound Study

All subjects underwent a bilateral carotid and femoral ultrasound exploration to assess the presence of atheromatous disease. Carotid exploration included common artery, bifurcation, internal, and external areas, whereas femoral exploration included common and superficial areas.

Plaques were defined as focal intrusions into the lumen ≥1.5 mm thick according to Mannheim intima-media thickness consensus (28). The area of each plaque was quantified with a caliper. The total plaque area was determined and expressed in cm2.



Statistical Analysis

Comparisons between groups were performed using the Mann–Whitney U Test for numerical variables, and the Pearson's chi-squared for categorical variables. The correlation between quantitative variables was analyzed using Spearman's test. Quantitative data are showed in median (interquartile range [IQR]). Qualitative data are given in absolute and relative frequencies). The accuracy of pulse pressure as a measurement of interest to discriminate CM-patients from non-CM subjects was evaluated using a Receiver Operating Characteristic (ROC) curve analysis and a complete sensitivity/specificity report performed. The total area under the ROC curve value was interpreted following these scores: 0.9–1.0 = excellent; 0.8–0.9 = good; 0.7–0.8 = fair; 0.6–0.7 = poor; 0.5–0.6 = fail. A stepwise multivariate regression analysis was used to explore the variables independently related to PI. Variables with p < 0.10 in univariate testing were included. Statistical analyses were done using SPSS Statistics for Windows (version 20.0; IBM, Armonk, NY). Significance was considered at p < 0.05.



Data Availability Statement

Request to access the data reported in this article will be considered by the corresponding author.




RESULTS

A total of 3,721 subjects were initially evaluated. A number of subjects, 439 (11.8%), were excluded due to low quality of TCD images. Therefore, 3,282 subjects were included in the study. Median age was 57 [IQR 52, 62] years and body mass index (BMI) was 28.6 [IQR 25.8, 31.8] kg/m2. The complete anthropometrical data, vascular risk factor diagnosis, smoking habits, laboratory data, and prevalence of atheroma plaque according to the presence of possible CM are shown in Table 1. There was a significant difference in all data between normal and abnormal MCA-PI, except for BMI and dyslipidemia diagnosis.


Table 1. Anthropometrical data, cardiovascular risk factor criteria, smoking habit, laboratory results, and prevalence of atheroma plaque from the ILERVAS population according to cerebral microangiopathy.
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Median PI value in all population was 0.84 [IQR 0.76, 0.93]. Possible CM was found in 424 (12.9%) subjects. Possible CM prevalence was increased according to age (STATS, p < 0.001). CM patients had higher prevalence of plaque number on affected territories and its total plaque area compared to non-CM patients (Table 1). Equal prevalence of atheromatosis in both groups was detected when carotid and femoral were analyzed separately (Figure 1). PI value had a positive linear correlation with several affected territories and its total plaque area in non-CM subjects. In addition, PI had a positive linear correlation with the number of territories with plaques (r = 0.130, p < 0.001), the total plaque area (r = 0.082, p < 0.001), the glycosylated hemoglobin levels (r = 0.065, p < 0.001), and a negative correlation with the glomerular filtration rate (r = −0.120, p < 0.001).


[image: Figure 1]
FIGURE 1. Prevalence of atheromatosis between cerebral microangiopathy patients according to the location of atheroma plaque. CM, cerebral microangiopathy.


Based on the ROC analysis, the pulse pressure was a good test to identify CM-patients among all subjects. The best cut-off point for pulse pressure (combining sensitivity and specificity) was 50 mmHg. At this value, the area under the curve was 0.760 (0.736–0.785), sensitivity was 74%, and specificity was 64% (Figure 2). Concretely, the percentage of CM-patients increased from 39.3% with a skin pulse pressure <50 mmHg to 76.9% of CM-patients with a skin pulse pressure ≥50 mmHg (STATS, p < 0.001). This data indicated a 5-fold increased risk of the presence of an abnormal PI [mean difference 5.1 (95% CI 4.1–6.5)] in comparison with subjects with normal PI values. Finally, a stepwise multivariate regression analysis showed that age, male gender, and pulse pressure were predictors of possible CM (STATS) (Table 2).


[image: Figure 2]
FIGURE 2. Receiver Operating Characteristics (ROC) curve analysis to evaluate the accuracy of pulse pressure as a measurement of interest to discriminate cerebral microangiopathy patients from non-cerebral microangiopathy together with a sensitivity/specificity report. AUC, area under the ROC curve.



Table 2. Multinomial Logistic Regression model for presence of possible cerebral microangiopathy for development cohort.
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DISCUSSION

In the current study, we have observed that one of ten patients from a cohort of middle-aged population with low-to-moderate vascular risk showed possible CM detected by abnormal MCA-PI. Abnormal MCA-PI was related to sex male, age, pulse pressure, and the extension of the subclinical atheromatous. Traditionally, modifiable vascular risk factors (VRF) and age are both associated with atheromatous vascular disease which is the main leading cause of mortality worldwide (29). Moreover, according to epidemiological studies VRF contribute to cognitive decline (30). Treatment of VRF is associated with a reduced risk of Alzheimer's disease conversion in mild cognitive patients (31). Initially, the ILERVAS study was designed as a randomized, interventional, longitudinal clinical trial to assess the prevalence, vascular distribution, severity and progression of subclinical atheromatosis, and its impact on the incidence of vascular events on a 10-year follow-up (23). However, among low-to-moderate vascular risk patients it is also interesting to detect subclinical CM which could be related to cognitive impairment (13–15, 17, 32, 33). Previous studies have shown an elevation in PIs with small vessel disease (2–5) and cognitive impairment, or its progression (1, 32–34). In the Barcelona-Asymptomatic Intracranial Atherosclerosis (AsIA) study, which included 50–65 year-old subjects free from dementia and without history of vascular disease, MCA-PI was significantly associated with white matter disintegration in different tracts (fornix, corticospinal and anterior thalamic) measured by diffusion tensor images acquired on a 3T-MRI and with poor performance in attention, psychomotor speed, and visuospatial skills (21).

Our results are related to the previous evidence. We observed a relationship between age and abnormal MCA-PI. It is known that CM is directly related to age, and therefore, it is expected to observe a higher vascular resistance measured by MCA-PI in aged patients (13, 16, 17). Pulse pressure, which is associated with vascular dysfunction, has also been related to CM (35, 36). Interestingly, subjects with extended subclinical atheromatous disease with plaques in carotid and femoral territories had higher proportion of abnormal MCA-PI. So, in middle-aged subjects with low-to-moderate vascular risk macro and microvascular impairment could progress in parallel.

The main limitation of our study is that we have assumed that abnormal MCA-PI was a surrogated marker of CM, and we have accepted a cut-off previously established in a different population. We have realized that MRI is the preferred brain diagnostic imaging modality to detect CM (13, 15–17). However, TCD is widely used and less expensive than MRI. Finally, MCA-PI can be affected by cerebral hemodynamics like hypertensive or hypotensive status, anemia, or heart failure (2) that were not systematically recorded.

In conclusion, our data suggest that the proportion of subclinical potential CM is not insignificant. The clinical relevance of abnormal baseline MCA-PI should be determined after the end of the 10-year follow-up of the project. Our hypothesis is that abnormal baseline MCA-PI could increase the risk of brain microangiopathy (37), lacunar stroke, cognitive impairment, and motor impairment.
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Quantitative data are expressed as median [interquartie range] and qualitative variabes are n (percentage). CM, cerebral microangiopathy; BMI, body mass index; BR. blood pressure;
HbATc, glycosylated hemoglobin; GFR, glomerular fitration rate; ACR, albumin to creatinine ratio.
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