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Background: Cerebral small vessel disease is the primary cause of cognitive impairment. 
Therefore, early recognition is of great significance. Some studies have shown that asympto-
matic cerebral small vessel disease (aCSVD) patients have abnormal neurocognitive func-
tion, but this is not readily apparent at the initial stage. The objective of this paper was to 
assess visual spatial attention by event-related potential (ERP) examination and to analyze 
the relationship between ERP data and clinical characteristics in patients with aCSVD.
Methods: We selected 25 aCSVD patients and enrolled 23 age-matched normal subjects as 
the control group. We measured the latency and amplitude of original/corresponding differ-
ential ERP components using the modified visual oddball paradigm, which included a 
standard stimulus, target stimulus, and new stimulus. Additionally, we selected aberrant 
ERP components to study the correlations between the ERP data and clinical characteristics 
of the patients with aCSVD.
Results: We found not only lower amplitude but also significantly longer P3 latency in the 
aCSVD patients. The above results were further verified by analyzing the different compo-
nents (target minus standard and novel minus standard) of P3. Furthermore, abnormal ERPs 
in the aCSVD patients were closely related to the changes observed with imaging.
Conclusion: It was demonstrated that the speed and capability of processing visual spatial 
information was impaired in aCSVD patients compared with healthy controls. Thus, ERP 
examination could detect the presence of attentional deficits and might become a rapid and 
sensitive method for the early diagnosis of aCSVD. However, its availability needs further 
investigation.
Keywords: asymptomatic cerebral small vessel, event-related potential, cognitive 
impairment, P3, visual spatial attention impairment

Introduction
Cerebral small vessel disease is one of the main causes of ischemic stroke1,2 and is a 
hotspot in current research. The pathology of cerebral small vessel disease is predo-
minantly characterized by endothelial dysfunction, blood brain barrier breakdown and 
small vessel wall degeneration. Generally, pathological changes not only lead to brain 
parenchymal injury but also cause neurological symptoms, as well as changes in 
neuroimaging.3 The ischemic mechanism caused by endothelial dysfunction has been 
confirmed in experimental animal models; for instance, overexpression of the p53 gene 
can mediate apoptosis of oligodendrocytes, leading to demyelination.4 Research has 
shown that in rats, the permeability of the blood-brain barrier is disturbed.5 Recent 
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studies in mice with single penetrating arteriole occlusion 
have found that local microvascular dysfunction leads to 
tissue damage.6 Although the pathogenesis of cerebral 
small vessel disease is diverse, neuroimaging markers are 
similar, including recent small subcortical infarcts, lacunes, 
white matter hyperintensities, perivascular spaces, micro-
bleeds, and brain atrophy.7 The clinical manifestations of 
cerebral small vessel disease lack specificity and mainly 
include stroke symptoms, cognitive and emotional symp-
toms, and general dysfunction (urination and defecation 
symptoms, gait disorders), while some patients have only 
imaging markers.8

Remarkably, cerebral small vessel disease is the pri-
mary cause of vascular cognitive impairment,9 which 
includes all stages of cognitive function, from normal to 
complete dementia.10 In most cases, cerebral small vessel 
disease is only recognized in its advanced stages once its 
symptomatic sequelae develop; studies related to cognition 
have also focused on this topic of interest, which is char-
acterized by memory decline.11

Asymptomatic cerebral small vessel disease (aCSVD) 
is defined as neuroimaging evidence of cerebral small 
vessel disease prior to the development of any overt clin-
ical symptoms. However, aCSVD is not without any 
impact on people. There is emerging evidence that brain 
structure12 and corresponding function13 have already 
changed by this stage. The associated cognitive decline 
predominantly involves problems with executive function 
and with attention and information processing speed,14 

which are basic cognitive processes of the brain.15 

Consequently, such changes in normal cognitive perfor-
mance tend to be regarded as a function of the normal 
aging process and are often ignored by patients and their 
families and medical workers. Here, we will investigate 
aCSVD, with a focus on its early prevention and on redu-
cing its burden on patients’ families and society.

One of the greatest challenges is that there are limited 
means to assess aCSVD. Currently, the diagnosis and 
classification of cognitive impairment are still mainly 
based on clinical manifestations, neuropsychological 
scales, subjective reports by family members on the indi-
vidual’s cognitive decline, and imaging indicators, which 
are all ambiguous and delayed while restricting early clin-
ical diagnosis and prevention. Nevertheless, an event- 
related potential (ERP) examination, with the associated 
characteristics of objectivity and high temporal resolution, 
offers great advantages in revealing the temporal aspects 

of cognition and is widely used for detecting early cogni-
tive impairment. ERP is likely to detect subtle changes in 
cognitive function in those who perform normally on 
standardized scales.16 Evidence-based research confirms 
that P3 is the most studied component and is a sensitive 
measurement index for early changes in cognitive function 
in the elderly.

In this study, our aim was to observe the characteristics 
of ERP data induced by the improved visual oddball 
paradigm in aCSVD patients, distinguish those with 
aCSVD from healthy counterparts, and investigate the 
correlations between ERP data and the clinical features 
of aCSVD patients. We hypothesized that aCSVD patients 
have deficits in attentional processing and abnormal 
changes in corresponding ERP components.

Methods
Subjects and Criteria
Thirty-two aCSVD patients (18 males, 14 females) were 
recruited for the present study from Shandong Provincial 
Hospital Affiliated to Shandong First Medical University. 
In addition, 27 age-matched healthy controls (12 males, 15 
females) from this hospital staff or volunteers from the 
community were enrolled in the research.

For aCSVD patients, the inclusion criteria were as fol-
lows: (1) the patient’s brain changes on magnetic resonance 
imaging corresponded to cerebral small vessel disease 
(Wardlaw et al, 2013), (2) the definitions of lacuna and 
white matter hyperintensity (WMH) were in accordance 
with the reporting criteria of the vascular changes proposed 
by Wardlaw et al,17 and (3) the Fazekas scale was used to 
quantify T2-weighted FLAIR WMH.18 The exclusion cri-
teria were (1) intracranial hemorrhage, (2) coronary athero-
sclerotic heart disease or carotid stenosis (> 75%), (3) other 
nervous system diseases, such as Parkinson’s disease, 
Alzheimer’s disease, and epilepsy, (4) loss of vision or hear-
ing, and (5) pseudocognitive impairment caused by depres-
sion and anxiety.

Within the study, all scales were evaluated by trained 
physicians using standardized questionnaires, and their 
clinical characteristics were obtained, including scores 
relating to the Mini-Mental State Examination (MMSE), 
Montreal Cognitive Assessment (MoCA), Patient Health 
Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 
(GAD-7), and Fazekas scale. The cognitive screening tool, 
using MMSE and MoCA. Additionally, the PHQ-9 and 
GAD-7 were used for the quantitative evaluation of 
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emotion, and the Fazekas scale was employed to quantify 
alterations in brain magnetic resonance imaging.

Furthermore, we excluded seven aCSVD patients (4 
females, 3 males). Of these, four patients had excessive 
blink and myoelectric activity in their electroencephalogram 
data, two had incomplete clinical data and one patient was 
excluded because of data problems. Thus, 25 subjects (10 
females, 15 males) with aCSVD were enrolled in the study. 
For the controls, four participants (2 females, 2 males) were 
excluded, one for a lack of image data, the other two for 
technical problems in the recording process and one on 
account of the data. Finally, we selected 23 participants (13 
females, 10 males) as the control group.

The research program was approved by the Ethical 
Committee of Shandong Provincial Hospital Affiliated to 
Shandong First Medical University (SWYX: NO.2020– 
232), which was in line with the ethical principles of the 
Helsinki declaration. Before testing, all subjects signed an 
informed consent form.

Neuropsychological Assessments and 
Emotional Evaluations
The MMSE scale is regarded as the most commonly used 
standardized cognitive assessment test.19 The MoCA eva-
luation is a multidomain cognitive screening instrument as 
well, with high sensitivity to suspected mild cognitive 
decline.20 In our study, these two examinations were con-
ducted on the same day with an interval of more than 3 
hours, and the MMSE and MoCA scores were within the 
normal range.

Emotional state was assessed using GAD-7 and PHQ-9 
scales. The GAD-7 is a self-rating scale comprising seven 
items and is a reliable tool for diagnosing generalized 
anxiety disorders.21 The PHQ-9 comprises nine items 
and can be used to evaluate depressive disorder.22 All 
participants were required to answer each item of the 
aforementioned two scales for nearly 2 weeks, and their 
answers were rated on a 4-point scale, ranging from 0 (not 
at all) to 3 (nearly every day). The total scores were 
summed and calculated, with higher scores indicating 
increased severities of anxious and depressive symptoms. 
The critical scores were set at 4 to test the anxiety and 
depression levels of aCSVD patients.

Imaging Feature Evaluation
The Fazekas scale is a visual semiquantitative method for 
assessing WMH and has been proven to have higher 

efficacy than other scales.23 It is widely employed in 
evaluating cerebral small vessel disease patients,24,25 as it 
correlates well with the extent of lesions determined by 
pathological analysis.26 In our study, WMHs were evalu-
ated on T2 FLAIR images using the Fazekas scale (Grade 
0, absent or dot-shaped signal; Grade 1, multiple dot- 
shaped lesions; Grade 2, unified lesions; Grade 3, large 
confluent or severe lesions).27 The assessments were per-
formed by two experienced senior experts who were famil-
iar with cerebral small vessel disease (XL and XH).

Electrode Placement and 
Electroencephalogram Recording
The experimental room was kept dark and quiet, with no 
electronic equipment, which can cause interference. All 
subjects were relaxed in a chair and were asked to focus 
their eyes on a fixed cross 50 cm (23 inches) from the 
center of the screen. Before the test, they were given 
detailed instructions by the experimenters and were 
required to blink less, relax their muscles, and reduce 
their swallowing.

Electroencephalograms of all subjects were recorded 
with a Neurolab EEG/ERPs 32 Channel Amplifier system 
using an Ag-AgCl active electrode, according to the inter-
national 10–20 system. Recordings were obtained from 32 
electrode sites, and we regarded the left mastoid signal as 
the reference electrode. We wiped the corresponding elec-
trode position on the scalp with alcohol to exfoliate it and 
ensure that the electrode impedance remained below 10 
kΩ throughout the entire process. Eye movement was 
recorded by electrodes at the right orbital 10 mm from 
the lateral canthus. The sampling rate of the whole experi-
ment was set at 1000 Hz, and the low-pass filter was set at 
100 Hz. Finally, according to the previous literature,28 we 
conducted statistical analyses on the data from the Fz, Cz, 
and Pz.

ERP Task Stimulus Sequence
Our experiment, which was based on the modified visual 
oddball paradigm, was divided into three parts. A total of 
501 stimuli were randomly presented, including a standard 
stimulus (small circle, n = 381), target stimulus (large 
circle, n = 60), and novel stimulus (chessboard, n = 60). 
The duration of stimulation was 400 ms, and the interval 
between each stimulus was 400 ms. The target stimulus 
appeared 60 times in total, 20 times per module. 
Participants were asked to silently count the number of 
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large circles (target stimuli) in each part and report this 
figure to the doctor after the experiment.

ERP Data Handling
ASA 4.9.3 software was used to analyze the electroence-
phalogram data offline. The data were compared with the 
average value of a bilateral mastoid signal. Independent 
component analysis, as proposed by Jung et al,29 was used 
to detect electrooculogram activity, and the bandpass filter 
was set at 0.1–30 Hz (24 dB/octave). Extracting epochs 
from 200 ms before stimulation to 1000 ms post stimula-
tion, we used a baseline of −200 to 0 ms to correct and 
measure all ERP waveforms. In any recording channel, 
any test with a signal amplitude exceeding ± 100 μV was 
rejected for averaging. Finally, the waveform of a single 
subject generated the total average waveform, which was 
then further analyzed.

Based on the baseline period before stimulus, we mea-
sured the peak amplitude and latency of ERPs. ERP com-
ponents in this study included the following: P3—a 
positive peak produced approximately 300–500 ms after 
stimulation; N1—a negative peak appearing 50–190 ms 
after stimulation; P2—a positive peak provoked approxi-
mately 110–270 ms after stimulation; and N2—a negative 
peak appearing 210–370 ms after stimulation.30

To observe the effects of target and novel stimuli more 
intuitively, we subtracted the response to the standard 
stimulus from the response to the target stimulus and the 
response to the novel stimulus, calculated and plotted the 
difference waveform of ERP, and further analyzed the 
difference ERP data.

The measurements and analyses were carried out 
blindly by inspectors.

Statistical Analysis
All statistical analyses were carried out using SPSS 23.0 
software (SPSS Inc., Chicago, IL, USA). For comparison 
between the two groups, an independent samples t-test was 
used for quantitative data, chi square test (sex) was used 
for counting data, and nonparametric test was used for 
count data (Fazekas). In addition, the normality of the 
ERP data was tested, and then repeated-measures analysis 
of variance (ANOVA) was employed to analyze the ampli-
tude and latency of the original ERP component (P3, N1, 
P2, N2), with stimuli (standard, target and novel) and 
electrodes (Fz, Cz and Pz) being within-subject factors, 
while the group (aCSVD patients vs healthy controls) was 
taken as a between-subject factor. More specifically, for 

the P3 component, P3 elicited by the target was defined as 
P3b, and P3a components elicited by novel stimuli were 
defined. For differential components of ERP (P3dT: target 
minus standard; P3dN: novel minus standard), electrodes 
(Fz, Cz and Pz) were within-subject factors, while group 
(aCSVD patients and healthy control group) was a 
between-subject factor. The Greenhouse–Geisser epsilon 
was used to correct the degree of freedom in the case of 
violation of the spherical assumption. Bonferroni correc-
tion, if required, was used for further post hoc analysis. 
Pearson correlation analysis was used to analyze the cor-
relation between ERP variables and quantitative data; 
Spearman rank correlation analysis was used to analyze 
the correlation between ERP variables and Fazekas. “r” is 
the correlation coefficient. The P value was less than 0.05, 
with statistical significance. The effect size of significant 
results was reported as partial eta squared (partial η2) for 
ANOVA.

Results
Sample Characteristics
The sample characteristics of the subjects are listed in 
Table 1. Among them, age, sex, and education years did 
not differ between the two groups (all P > 0.05). In terms 
of neuropsychological assessments and emotional charac-
teristics, there was no statistically significant difference 
between the two groups (P > 0.05).

Characterization of Original ERP Data
Figure 1 depicts the grand average waveforms of the 
original ERP, and Table 2, Figures 2, and 3 summarize 
several original ERP components.

P3 Component
Figure 4 shows topographic maps of the voltage distribution 
for P3 induced by standard, target (P3b), and novel stimuli 
(P3a). aCSVD patients showed a lower P3 amplitude (5.169 ± 
4.188 μV) than healthy controls (7.909 ± 5.767 μV, F (1, 46) = 
18.763, P = 0.000, partial η2 = 0.290). There was a significant 
main effect of stimulus (F (2, 92) = 103.652, P < 0.001, partial 
η2 = 0.693), and post hoc comparisons found that P3a elicited 
by novel stimuli was the largest (9.455±4.418 μV). Moreover, 
a remarkable group × stimulus interaction (F (2, 92) = 4.422, P 
= 0.015, partial η2 = 0.088) was displayed (Table 2). 
Furthermore, post hoc analysis showed that the P3a amplitude 
(elicited by novel stimuli) was lower in the aCSVD group (F 
(1, 46) = 13.521, P = 0.001, partial η2= 0.227). Compared with 
the control group, the amplitude of P3b (elicited by target 
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stimuli) also decreased significantly (F (1, 46) = 10.691, P = 
0.002, partial η2 = 0.189). However, for the amplitude elicited 
by the standard stimulus level, there was no significant differ-
ence between the two groups (F (1, 46) = 2.115, P =0.153, 
partial η2 = 0.044). In addition, we compared the amplitude of 
P3b and P3a at each electrode between the two groups, and all 
of the above results were statistically significant (P < 0.05). The 
amplitude of P3 showed a remarkable main effect of site (F 
(1.346, 61.934) = 9.438, P = 0.001, partial η2 = 0.170) 
(Figure 2).

In terms of P3 latency, aCSVD patients displayed a 
longer P3 latency (428.564 ± 49.700 ms) than healthy 
controls (410.604 ± 45.591 ms, F (1, 46) = 10.176, P = 
0.003, partial η2 = 0.181), and a remarkable stimulus effect 
(F (2, 92) = 26.422, P = 0.000, partial η2 = 0.181) was 
obtained. For the stimulus effect, post hoc comparisons 
showed that P3b (elicited by target stimuli) had the longest 
duration (438.393 ± 32.671 ms). There was a remarkable 
group × stimulus interaction (F (2, 92) = 5.416, P = 0.006, 
partial η2 = 0.105) (Table 2). Further post hoc analysis also 
indicated that P3a and P3b latency of the aCSVD group 
was significantly longer than that of the healthy controls (F 
(1, 46) = 21.029, P < 0.001, partial η2 = 0.314 for P3a; F 
(1, 46) = 5.473, P = 0.024, partial η2 = 0.106 for P3b). 
There was no significant difference in the latency elicited 
by the standard stimulus level between the patients and 
controls (F (1, 46) = 0.001, P = 0.979, partial η2 = 0.000) 
(Figure 3).

N1 Component
As shown in Table 2, Figures 2 and 3, there were no 
statistically significant differences between the two groups 
for N1 amplitude and latency (P > 0.05).

P2 Component
For P2 amplitude, we found no significant difference 
between the two groups (F (1, 46) = 1.645, P = 0.206, 
partial η2 = 0.035) or interactions of group × stimulus (F 
(1.397, 64.281) = 1.391, P = 0.252, partial η2 = 0.029). For 
P2 latency, although there was no difference between the 
groups (F (1, 46) = 0.933, P = 0.339, partial η2 = 0.020), 
we found a significant interaction of group × stimulus (F 
(2, 92) = 3.757, P = 0.027, partial η2 = 0.076). 
Surprisingly, post hoc analysis showed that there was no 
statistically significant difference in latency between the 
two groups at three different stimulus levels; see Figures 2 
and 3, Table 2.

N2 Component
There were neither significant main effects of group (F(1, 
46) = 0.001, P = 0.971, partial η2 = 0.000) nor remarkable 
interactions of group × stimulus (F (1.777, 81.735) = 
0.252, P = 0.752, partial η2 = 0.005) for amplitude. N2 
latency did not differ between groups (F (1, 46) = 0.123, P 
= 0.727, partial η2 = 0.003), but a noticeable interaction of 
group × stimulus (F(2, 92) = 4.680, P = 0.012, partial η2 = 
0.092) was found. However, for the latency elicited by 
three stimulus levels, post hoc analysis showed that there 
was no significant difference between the two groups; see 
Figures 2 and 3, Table 2.

Characterization of Differences in ERP 
Data
We further analyzed the differences in P3 between the 
groups and plotted the waveform, as shown in Figure 5. 
Moreover, Figure 6 depicts the topographical voltage dis-
tribution of the different ERPs.

Table 1 Sample Characteristics

Healthy Controls aCSVD Patients t /χ 2 p

Number 23 25
Age, years 63.0 ± 8.0 63.0 ± 8.5 −0.070 0.944

Gender, female/ male 13/10 10/15 1.310 0.252

Education, years 9.261 ± 4.474 9.800 ± 3.937 −0.444 0.659
Age range, years 50–77 37–74

MMSE score 29.043 ± 1.022 28.760 ± 1.200 0.877 0.385

MoCA score 27.130 ± 1.180 26.560 ± 1.003 1.809 0.077
PHQ-9 score 2.565 ± 1.121 2.440 ± 1.474 0.329 0.744

GAD-7 score 1.826 ± 1.466 1.800 ± 1.354 0.719 0.064

Note: Data were expressed as mean ± SD.
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P3dT and P3dN Components
To observe the effects of target and novel stimuli more 
intuitively, we measured the P3dT (target minus standard) 
and P3dN (novel minus standard) components. The ampli-
tude analysis revealed significant electrode effects in both 
groups (F (1.527, 70.221) = 21.061, P < 0.001, partial η2 = 
0.314 for P3dT; F (1.575, 72.470) = 12.691, P < 0.001, 

partial η2 = 0.216 for P3dN). The amplitudes were smaller 
for aCSVD patients (P3dT: 6.751 ± 4.520 μV, P3dN: 7.620 
± 3.890 μV) than for the healthy controls (P3dT: 11.071 ± 
4.522 μV, P3dN: 11.733 ± 3.889 μV; F(1, 46) = 10.940, P = 
0.002, partial η2 = 0.192 for P3dT; F(1, 46) = 13.388, P 
=0.001, partial η2 = 0.225 for P3dN), and the significant 
interaction of group × electrode (F(1.527, 70.221) = 3.716, 

Figure 1 The grand average waveforms of ERP in aCSVD patients and healthy controls were analyzed and drawn. Three electrodes include: Fz, Cz and Pz. The original 
waveforms induced by three stimuli are represented by lines of different colors: Standard (black), target (green) and novel (red line).
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Figure 2 The amplitude of original ERP components for different expressions in two groups, *P < 0.05.

Figure 3 The latency of original ERP components for different expressions in two groups, *P < 0.05.
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P = 0.040, partial η2 = 0.075) was observed for P3dT but 
not for P3dN (F(1.575, 72.470) = 2.048, P = 0.146, partial 
η2 = 0.043) (Table 3). Subsequent comparisons showed 
that patients exhibited decreased P3dT amplitudes at all 
electrodes (P < 0.05) (Figure 7).

P3dT and P3dN latencies were longer in aCSVD 
patients (F (1, 46) = 5.483, P = 0.024, partial η2 = 0.107 
for P3dT; F (1, 46) = 22.430, P < 0.001, partial η2 = 0.328 
for P3dN) than in the healthy controls, while the remaining 
effects or interactions were not marked (Table 3, Figure 8).

Correlations Between Attentional ERP 
Components and Clinical Characteristics
We examined the amplitude and latency of P3, P3dT, and 
P3dN induced by the three types of stimuli applied to 
explore in depth the relationship between ERP indexes 
and the clinical characteristics of aCSVD patients. Our 
findings revealed that the amplitude and latency of P3a 
showed significant and moderate correlations with 
Fazekas scores. In addition, the P3b amplitude was moder-
ately correlated with the Fazekas grade, while the remaining 

ERP indexes did not correlate with aCSVD characteristics 
(Table 4).

Discussion
Silent cerebral small vessel disease is a highly prevalent 
cerebrovascular pathology that usually progresses slowly 
with an insidious onset and is a major cause of diffuse 
white matter lesions and vascular cognitive impairment.31 

In our research, which involved a three-stimulus visual odd-
ball paradigm, compared with the healthy controls, aCSVD 
patients exhibited lower amplitude and prolonged latency of 
P3, p3dT, and p3dN. Moreover, the degree of cerebral white 
matter lesions was moderately correlated with these cogni-
tive ERP abnormalities in patients. All of the results 
described above strongly suggest that aCSVD patients have 
abnormal visuospatial attention, such as orientation, target 
processing, and information processing speed, especially 
when faced with uncommon stimuli, which may be regulated 
by some clinical variables. The regulatory effect of visual 
attention on brain visual cognition is mainly reflected in the 
change of neural activity in the primary visual cortex (V1),32 

Figure 4 The above figure shows the topographical voltage distribution of P3 in aCSVD patients and healthy controls (red indicates positive potential and blue indicates 
negative potential). (A) standard stimulus was 400–430ms; (B) target stimulus was 430–450ms; (C) new stimulus was in 400–440ms.
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which is affected by two factors: top-down (goal driven) and 
bottom-up (interference driven). The top-down signals are 
mainly transmitted from the prefrontal lobe to the frontal eye 
movement area and the posterior parietal cortex; the bottom- 
up signals are transmitted from the visual cortex and occipital 
nucleus to the posterior parietal cortex. Studies33 have also 
shown that lateral posterior nucleus activity improves funda-
mental visual processing functions through a feedforward, 
surround suppression mechanism mediated by L1 inhibitory 
neurons. The abnormal visuospatial attention in aCSVD 

patients may result from diminished integration of top- 
down modulation or destabilized local ensembles in V1.

Basically, P3 is a positive wave usually occurring 
almost 300 ms after stimulus onset. This component 
reflects automatic selection of input information, which is 
closely related to focused attention, discrimination and 
execution.34 The amplitude of P3 might reflect the cap-
ability of information processing by the central nervous 
system, while its latency represents the speed of perceiv-
ing and processing stimuli.35 P3 is usually subdivided into 

Figure 5 The above description and analysis were the averaged difference waveforms between the two groups (red line represents aCSVD patients and green line 
represents healthy controls). The electrode position: Fz, Cz, Pz. (A) Target minus standard difference ERPs (P3dT); (B) novel minus standard difference ERPs (P3dN).

https://doi.org/10.2147/NDT.S338717                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 3388

Nie et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


P3a and P3b.36 In our study, P3 elicited by the target was 
defined as P3b, and that elicited by novel stimuli was 
defined as P3a. Moreover, P3a, referring to early P3, the 
peak latency in the visual paradigm, is 300–450 ms, which 
is considered to be part of the directional response.37 P3a 
reflects involuntary attention and is related to the relatively 
automatic processing of unexpected stimuli.38 The compo-
nent may be viewed as an electrophysiological manifesta-
tion of distractibility or involuntary attention shifts, since 
P3a is typically elicited in discrimination paradigms by 
stimuli extraneous to the task.39 In contrast, P3b, also 
known as late P3, has a peak latency of approximately 
350–450 ms, reflecting target information processing, 
because it is usually caused by task-related stimuli that 
participants actively focus on.40 This component 

represents the decision-making stage of cognitive proces-
sing and reflects the active awareness of target stimuli.41

In the present study, there were significant group 
effects and group × stimulus interactions in the amplitude 
and latency of P3. Post hoc analysis showed that the 
amplitude of P3a (novel induced) decreased and the 
latency was significantly prolonged. This indicates that 
the patient’s ability to capture the unexpected stimulus or 
direction is decreased, and the reaction time is prolonged. 
When an event is deviant, a greater proportion of atten-
tional resources needs to be directed toward it to process 
and categorize. This kind of orientation response can make 
the body aware of and deal with unexpected events prior to 
cognitive processing, which has important protective sig-
nificance for the body. Our results imply that aCSVD 

Figure 6 Analyzing respectively the topographical voltage distribution of the two groups (red indicates positive potential, blue represents negative potential). P3dT (target 
minus standard) and P3dN (novel minus standard) represent P3 target and novel effects. (A) P3dT at 420–450 ms; (B) P3dN at 380–440 ms.
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patients have deficits in preattentive visual processing of 
novel information. Compared with the control group, the 
amplitude of P3b in aCSVD patients was decreased, and 
the latency of P3b also increased significantly. P3b ampli-
tude is known to reflect the information processing capa-
city, and these results imply that the aCSVD groups have 
defects in allocating attentional resources for target task 
information processing. P3 components (P3a combined 
with P3b) would help provide more extensive information 
on the visual processing deficits of patients with aCSVD. 
The above findings were also confirmed in P3dT and P3dN 

components. A previous study demonstrated that P3 
latency was prolonged, while there was no significant 
difference in P3 amplitude between cerebral small vessel 
disease patients both with and without cognitive 
impairment.42 The abovementioned findings were not 
entirely consistent with our own, and this divergence 
may be due to different experimental procedures or to 
the diversity in sample selection and grouping.

N1 is a preemptive negative potential involved in per-
ception and is distributed predominantly over the fronto-
central region of the scalp.43 Contrary to our expectations, 
we found no N1 abnormalities in aCSVD patients. N2 
negativity is related to selective stimulus discrimination,44 

target selection, and task supervision, and the maximum 
amplitude elicited by visual stimulation mainly exists in 
the occipitoparietal region. For the N2 component, there 
was no significant difference between the two groups at 
the three stimulation levels. The aforementioned results 
implied that the upper stream of the processing procedure 
(N1 and N2) remained normal for aCSVD patients, at least 
as suggested in our study.

P2 is sensitive to specific stimuli and is related to 
voluntary attention or the stimulus-encoding process. It is 
called an autogenerated exogenous response whose ampli-
tude and latency reflect selective attention. This compo-
nent is generally regarded as an exogenous response and is 
produced automatically, with its amplitude and latency 
reflecting selective attention.45 In our study, although the 
amplitude was not statistically significant, the group × 
stimulus interaction was remarkable in P2 latency. 
However, this interesting finding and potential mechanism 
need to be verified in a larger cohort.

To clarify the relationship between ERP components 
(attention-related) and clinical characteristics (cognitive 
scale scores and imaging features) of individuals with 
aCSVD, Pearson’s correlations were calculated. We dis-
covered that the amplitudes of P3a and P3b were Ta
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negatively correlated with the Fazekas score, while P3a 
latency was positively correlated with the Fazekas score, 
suggesting that the more severe the white matter lesions 
were, the more severe the brain dysfunction and neuro-
cognitive impairment, especially in visual spatial attention. 
Cognitive ERPs had no correlation with scales (MMSE, 
MoCA, GAD-7, PHQ-9). Similarly, Papaliagkas et al 
found that MMSE and MoCA scores had no correlation 
with P3 amplitude and latency in CSVD patients. It was 
assumed that, in this study, the degree of cognitive impair-
ment in aCSVD patients was mild and did not reach the 
level of severe dementia; however, asymptomatic patients 
with small vessel disease still had cognitive processing 
impairment, and the severity was potentially affected by 
some imaging parameters.

In summary, our study indicated that although the cogni-
tive impairment of aCSVD patients was mild and neuropsy-
chological tests were still in the normal range, the brain 

exhibited slow processing speed and poor visual spatial 
attention. It also implied that the ability of aCSVD patients 
to distinguish stimuli, process target stimuli, and deal with 
novel information was impaired. In particular, the ability to 
evaluate and respond to emergencies decreased. In addition, 
P3 was significantly correlated with white matter lesions, 
which provides more evidence for the grading of cognitive 
impairment. On balance, P3 components are more sensitive 
to the visual processing deficits of patients with aCSVD.

To the best of our knowledge, this was the first study to 
compare ERP components associated with visual spatial 
attention between healthy controls and aCSVD patients 
whose cognitive scales were in the normal range. 
Standardized selection criteria and detailed information 
on the clinical features of subjects were some of the 
advantages of this research. A three-stimulus oddball para-
digm with satisfying sensitivity and reliability was 
employed to examine attentional visual processing, and 

Figure 7 The amplitude of difference ERP components for different expressions in two groups, *P < 0.05.
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the combined analyses of voltage topographical maps and 
difference waveforms allowed the vivid depiction of scalp 
topographical distributions and eliminated the influence of 
the baseline effect to the minimum extent, which undoubt-
edly made the results more convincing. However, limita-
tions still existed in our study. First, owing to the small 
cohort of subjects, we did not analyze the potential influ-
ence of age and gender. In addition, we did not discuss the 

differences between different imaging subtypes of cerebral 
small vessel disease patients. Besides, we have not taken 
into account the role of isolated silent lacunar infarcts 
versus pure cerebral white matter lesions in the sample 
of patients analyzed, and further studies are needed to 
explore the distinctions. Finally, source analysis of deviant 
ERP components in aCSVD patients was not performed, 
which we aim to explore in the near future.

Figure 8 The latency of difference ERP components for different expressions in two groups, *P < 0.05.

Table 4 Correlations Between Attentional ERP Components and Clinical Characteristics in aCSVD Patients

Original/Difference ERPs MMSE MoCA Fazekas PHQ-9 GAD-7

r (p value) r (p value) r (p value) r (p value) r (p value)

P3 amplitude-standard −0.225 (0.052) −0.115 (0.328) −0.154 (0.186) 0.178 (0.126) −0.214 (0.065)

P3 amplitude-target (p3b) −0.054 (0.643) −0.059 (0.614) −0.321 (0.005)* −0.071 (0.544) −0.151 (0.197)

P3 amplitude-novel (p3a) 0.034 (0.771) 0.125 (0.284) −0.377 (0.001)* 0.011 (0.927) 0.069 (0.556)
P3 latency-standard −0.099 (0.398) −0.078 (0.505) 0.107 (0.363) −0.042 (0.723) −0.132 (0.259)

P3 latency-target (p3b) 0.042 (0.719) −0.025 (0.828) −0.192 (0.100) −0.042 (0.719) 0.107 (0.361)

P3 latency-novel (p3a) −0.133 (0.256) −0.127 (0.277) 0.338 (0.003)* −0.093 (0.426) 0.100 (0.393)
P3dT amplitude 0.018 (0.878) −0.057 (0.625) 0.005 (0.963) −0.085 (0.470) 0.094 (0.422)

P3dN amplitude 0.033 (0.779) −0.161 (0.168) −0.193 (0.097) 0.152 (0.194) 0.116 (0.320)

P3dT latency −0.195 (0.093) 0.063 (0.589) 0.152 (0.193) −0.194 (0.096) 0.138 (0.238)
P3dN latency −0.001 (0.994) 0.031 (0.789) 0.053 (0.652) −0.109 (0.354) 0.104 (0.374)

Notes: P3dT: target minus standard, P3dN: novel minus standard; *P < 0.05.
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Conclusions
In the above studies, we demonstrated that the amplitude of 
P3/P3dT/P3dN decreased, and post hoc analysis showed that 
the amplitude of P3a elicited by novel stimuli and P3b elicited 
by target stimuli was lower in individuals with aCSVD, while 
the latency of P3a and P3b was prolonged. All of the data 
above indicated that the presence of visual space is disturbed 
in aCSVD (especially for rare stimuli). Considering that the 
cognitive impairment of aCSVD patients is often character-
ized by attention, execution and memory are relatively 
reserved. P3 may become an important electrophysiological 
index for distinguishing individuals with aCSVD from healthy 
people. ERP examination might offer a useful method with 
high sensitivity for identifying cerebral small vessel disease, 
especially in the early or subclinical phase, and for detecting 
dynamic cognitive alterations when combined with neuropsy-
chological assessments. However, the availability of electro-
physiological diagnostic tools for cerebral small vessel disease 
demands further validation.
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