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Abstract

Introduction: To observe the 24-h ambulatory blood pressure characteristics of patients with acute ischemic stroke and
explore the correlation between blood pressure variability and strictly deep cerebral microbleeds (CMBs).

Material and methods: A convenient sampling method was used to enrol 131 patients with acute ischemic stroke in
the Department of Neurology between April 2021 and May 2022. Hospitalised patients with acute ischemic stroke were
assessed retrospectively; their ambulatory blood pressure was monitored continuously for 24 h, and the relevant parame-
ters were recorded. Magnetic susceptibility-weighted imaging was used to divide the CMBs into a strictly deep CMB group
(n = 24) and a non-CMB group (n = 107) according to the location of the CMBs. A logistic regression analysis was performed
to determine the independent correlation between the 24-h ambulatory blood pressure parameters and strictly deep CMBs.
The receiver operating characteristic (ROC) was further used to analyse the predictive value of the ambulatory blood pres-
sure parameters for strictly deep CMBs in patients with acute ischemic stroke.

Results: The results showed that the night systolic blood pressure standard deviation and the night diastolic blood pressure
standard deviation (NDBP-SD) in the strictly deep CMB group were higher than those in the non-CMB group (p < 0.05).
The multiple logistic regression analysis indicated that the NDBP-SD (odds ratio [OR] = 1.205, 95% confidence interval [CI]:
1.011-1.436, p = 0.038) was an independent risk factor for strictly deep CMBs in patients. The ROC curve analysis revealed
that the area under the curve value of the NDBP-SD was 0.682, and the intercept was 7.81. When NDBP-SD is > 7.81,
the occurrence of strictly deep CMBs is closely related (OR = 3.872, 95% Cl: 1.347-11.125, p = 0.012).

Conclusions: The NDBP-SD is an independent risk factor for strictly deep CMBs in patients with acute ischemic stroke.
When NDBP-SD is > 7.81, it may promote the production of strictly deep CMBs.

Key words: acute ischemic stroke, deep brain microbleeds, blood pressure variability.

Introduction cular damage. Amyloid vascular degeneration mainly

Cerebral microbleeds (CMBs) are subclinical lesions
of the brain parenchyma characterised by microbleeds
and belong to the category of cerebral small vessel
disease (CSVD) [14]. The pathogenesis of CMBs is still
unclear. At present, it is mainly considered to be related
to amyloid vascular degeneration and hypertensive vas-

involves the deposition of amyloid protein on the vas-
cular wall; this is more common in the intracranial
cortex and pia mater blood vessels, which can easily
lead to cerebral cortex and cerebral lobe CMBs. Hyper-
tensive arterial disease mainly causes vascular arte-
riosclerosis, wall hyaline degeneration, abnormal lipid
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deposition, fibrinoid necrosis, etc. It primarily affects
the intracranial deep perforating artery, with the result-
ing CMB lesions located mostly in the deep brain tissue
and subtentorial parts [16]. In addition, CMBs may be
associated with advanced age, long-term smoking his-
tory, poor blood glucose control, inappropriate antico-
agulation and abnormal antiplatelet/lipid metabolism.
Many studies have demonstrated CMBs to be associ-
ated with ischemic or haemorrhagic stroke recurrence,
vascular dementia and stroke-related mortality [2]. Fur-
thermore, CMBs are considered to be a marker of poor
prognosis in acute ischemic stroke [23].

Hypertension is an extremely important risk factor
for cerebrovascular disease that can be manipulated
[26]. The main mechanism causes vascular arterio-
sclerosis, wall hyaline degeneration, abnormal lipid
deposition, fibrinoid necrosis, etc., mainly affecting
the deep intracranial perforating arteries [3]. A study
by Henskens et al. found that CMBs are more likely to
occur in people with no obvious history of cerebrovas-
cular disease but with a clear diagnosis of hypertension
and in patients with high baseline blood pressure lev-
els [15]. However, blood pressure in the human body is
not static; it is affected by a variety of factors in inter-
nal and external environments, so occasional in-clinic
blood pressure measurements will lead to misdiagno-
sis and missed diagnosis [21]. Ambulatory blood pres-
sure monitoring can provide objective blood pressure
information within a certain period and reflect rhyth-
mic changes and variability in blood pressure.

Blood pressure variability (BPV) refers to the fluctu-
ation in blood pressure over a certain period of time,
which can predict the degree of target organ damage
[24]. Blood pressure variability is of great significance
for predicting the risk of cardiovascular and cerebro-
vascular diseases and evaluating the prognosis of the
disease [19]. Previous studies have shown that abnor-
mal 24-h BPV increases the risk of cerebrovascular dis-
ease [28]. Compared with traditional blood pressure
monitoring, BPV can be more individualised; it can
offer a more comprehensive diagnosis and assessment
of blood pressure levels and effectively predict corre-
sponding target organ damage earlier. As the diag-
nosis and treatment of hypertension are increasingly
dependent on ambulatory blood pressure monitoring,
the regulation of blood pressure rhythm has become
one of the important measures of blood pressure
control.

However, there are few reports on the correla-
tion between 24-h ambulatory BPV and the location
of CMBs, and there is no report on the relationship
between circadian BPV and CMBs. Therefore, this study
used a retrospective case series method to explore the
correlation between deep CMBs and 24-h ambulatory
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BPV in patients with acute ischemic stroke to provide
a reference for evaluating the condition and formulat-
ing reasonable clinical treatment plans.

Material and methods

Ethics approval and consent
to participate

This study was conducted in accordance with the De-
claration of Helsinki and approved by the ethics com-
mittee of Zhuji Affiliated Hospital of Shaoxing Univer-
sity. Written informed consent was obtained from all
participants in this study.

Research subjects

A convenient sampling method was used to enrol
131 patients with acute ischemic stroke in the Depart-
ment of Neurology from April 2021 to May 2022.
According to CMB location, the CMBs were divided
into a strictly deep CMB group (n = 24) and a non-
CMB group (n = 107). Strictly deep CMBs are defined
as involving only deep microbleeds. The deep cerebrum
includes the basal ganglia, thalamus, internal capsule,
external capsule and corpus callosum as well as deep
and paraventricular white matter.

The inclusion criteria were as follows: 1) diagnosis
of acute ischemic stroke or transient ischemic attack
within 2 weeks after onset per the ‘China Guidelines
for the Diagnosis and Treatment of Acute Ischemic
Stroke 2018’ [5] and 2) patients able to cooperate with
the completion of post-admission-related haematolog-
ical examinations, brain computed tomography (CT),
magnetic resonance imaging (MRI) (MRl + magnetic res-
onance angiography [MRA] + diffusion-weighted imag-
ing [DWI] + susceptibility-weighted imaging [SWI]) and
24-h ambulatory blood pressure monitoring. The exclu-
sion criteria were as follows: 1) secondary hyperten-
sion, 2) malignant hypertension requiring intravenous
antihypertensive drugs (blood pressure persistently
higher than 220/100 mmHg), 3) patients with clinically
severe stroke (as defined by the 2021 European Stroke
Organisation Thrombolysis Guidelines), a National
Institutes of Health Stroke Scale score of > 25 points
and imaging features of severe stroke (brain CT or MRI
results showed a cerebral infarction area greater than
one-third of the middle cerebral artery blood supply
area) [1], 4) history of severe brain trauma, cerebral
haemorrhage, subarachnoid haemorrhage, intravenous
thrombolysis, severe metabolic disease, blood sys-
tem disease and severe liver and kidney insufficiency,
5) mixed positive CMBs and cortical positive CMBs and
6) MRI examination could not be performed due to the
presence of pacemakers or metal materials in the body.
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Data collection

Clinical data, including demographics, vascular risk
factors and laboratory test results, were collected. Spe-
cifically, these included the following: 1) demographic
information (age and gender), 2) hypertension, diabe-
tes and hyperlipidaemia and 3) platelet-lymphocyte
ratio (PLR), neutrophil-lymphocyte ratio (NLR), lympho-
cyte—monocyte ratio (LMR), urine microalbumin—creat-
inine ratio (ACR), cystatin C, homocysteine (Hcy) and
serum amyloid A.

Neuroimaging data collection
and evaluation

Brain scans were performed within 24 h of admis-
sion using an uMR 560 1.5-T superconducting mag-
netic resonance system (China United Imaging), which
included T1- and T2-weighted imaging, DWI, fluid-at-
tenuated inversion recovery, SWI and other sequences.
Within 2 weeks of onset, 1.5-T MRI was used to com-
plete the head MRI + MRA + DWI + SWI. The CMB data
included the following diagnostic criteria for CMB [10]:
1) hypointense loss on SWI, 2) round without sur-
rounding oedema, 3) diameter of 2-10 mm, 4) lesion
surrounded by more than half of the brain parenchy-
ma and 5) other cases with similar imaging findings
(diffuse axonal injury, calcification, cavernous haeman-
gioma, small blood vessel flow shadows, etc.) caused
by traumatic brain injury were excluded. The CMB
assessment team used the Microbleed Anatomical Rat-
ing Scale [12] under blinded conditions to assess the
presence of deep CMBs (with and only below the deep
CMBs) and cases with a negative CMB number.

The deep brain includes the basal ganglia, thalamus,
internal capsule, external capsule, corpus callosum and
deep and paraventricular white matter. The diagnosis
of CMB was performed by two senior neurologists who
did not have contact with the patients or their clinical
data.

Ambulatory blood pressure monitoring

To avoid the influence of an increase in blood pres-
sure response after acute ischemic stroke, all patients
underwent 24-h ambulatory blood pressure monitoring
3 days after admission. Using a non-invasive, portable
ambulatory blood pressure tester (MC-6800 monitor,
Shenzhen Mindray Biomedical Electronics Co., Ltd., Chi-
na), ambulatory blood pressure was monitored contin-
uously for 24 h. The measurement interval is set to be
once every 20 minutes in the morning (05:00~06:00).
Measure every 20 minutes during the day (06:01-
22:00). Measure every 40 minutes at night (22:01 to
04:59 the next day) [17]. Blood pressure was measured
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in the non-paralyzed upper limbs. The subjects contin-
ued to take their original antihypertensive drugs, and
normal activities were not restricted, although strenu-
ous activities were avoided. When the cuff was inflated
to measure blood pressure, the patient avoided mov-
ing the upper extremity being measured. The effective
value of 24-h monitoring was greater than 80%; if the
effective value was less than 80%, it was treated as
invalid data, and the parameters and data related to
ambulatory blood pressure were recorded and accu-
rately calculated in detail, as follows: 24-h systolic blood
pressure (24-h SBP), 24-h diastolic blood pressure (24-
h DBP), day SBP (DSBP), day DBP (DDBP), night SBP
(NSBP), night DBP (NDBP), 24-h day SBP standard devi-
ation (SD) (24-h SBP-SD), 24-h DBP SD (24-h DBP-SD),
day SBP SD (DSBP-SD), day DBP SD (DDBP-SD), night
SBP SD (NSBP-SD) and night DPB SD (NDBP-SD).

Statistical analysis

This study used SPSS 25.0 software for statisti-
cal processing. Enumeration data were expressed as
frequencies and percentages, and Pearson’s test and
continuous-corrected Chi-squared tests were used for
comparisons between groups. The measurement data
were first analysed by S-W test for normality; those
with a normal distribution were expressed as mean
+ standard deviation (x + S), and comparisons between
groups were performed using Student’s t tests. If
the data were not normally distributed, they were
expressed as median and interquartile ranges, and
comparisons between groups were performed using
Mann-Whitney U tests. Using the presence or absence
of deep CMBs as the dependent variable, the indepen-
dent variables were screened according to the test level
(p < 0.1) and clinical significance in a univariate regres-
sion analysis, and a multivariate logistic regression
model was established to determine the independent
risk factors for deep CMBs. A value of p < 0.05 was con-
sidered statistically significant. The receiver operating
characteristic (ROC) curve was used to analyse the pre-
dictive value of ambulatory blood pressure parameters
for the occurrence of deep CMBs in patients with acute
ischemic stroke.

Results

The results of CMB detection
in the research subjects

All 199 consecutive patients with acute ischemic
stroke in the included group routinely underwent head
CT and head MRI after admission. A total of 92 patients
were CMB positive, with an incidence of 46.23%, and
107 patients were CMB negative. Among them, 24 pa-
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tients with strictly deep CMBs (with and only deep
CMBs), 23 patients with strictly cortical positive CMBs
(with and only cortical CMBs) and 45 patients with
mixed positive CMBs (deep + cortical, deep + subcorti-
cal, cortical + subcortical) were detected. Finally, 131 pa-
tients with strictly cortical and mixed positive CMBs
were included in the statistical analysis.

Comparison of baseline data between
the strictly deep CMB and non-CMB
groups

A total of 131 patients with acute ischemic
stroke were included in this study, including 84 males
(64.12%) and 47 females (35.88%), with an average age
of 70 (61-75) years. In the strictly deep CMB (n = 24)
and non-CMB (n = 107) groups, there were no signifi-
cant differences in age, gender, hypertension, diabetes,
hyperlipidaemia, hyperacidaemia, cystatin C, serum
amyloid A, PLR, NLR, LMR and urinary ACR (p > 0.05)
between the two groups, and the patients in both
groups were comparable (Table 1).

Statistical analysis of ambulatory
blood pressure parameters between
the strictly deep CMB and non-CMB
groups

The patients’ 24-h ambulatory blood pressure mon-
itoring results were recorded, and the related param-
eter statistics were evaluated. The univariate analysis
showed that 24-h SBR 24-h DBR 24-h SBP-SD, 24-h
DBP-SD, DSBR DDBR DSBP-SD, DDBP-SD, NSBP and
NDBP were not statistically significant in the strictly

deep CMB group. The NSBP-SD (t = -3.227, p = 0.002)
and NDBP-SD (z = -2.446, p = 0.014) values in the
strictly deep CMB group were higher than those in the
non-CMB group, and the difference between the two
groups was statistically significant (p < 0.05) (Table II).

Logistic regression analysis of factors
related to strictly deep CMBs in
patients with acute ischemic stroke

The baseline data and ambulatory blood pres-
sure-related parameters were screened according
to the test level (p < 0.1) and clinical significance in
the univariate regression analysis, and a further mul-
tivariate logistic regression analysis was performed.
The presence or absence of strictly deep CMBs was
used as the dependent variable, while age, gender, dia-
betes, hypertension, hyperlipidaemia, PLR, NLR, LMR,
cystatin C, ACR, serum amyloid A and Hcy were inde-
pendent variables. The results showed that the NDBP-
SD (odds ratio [OR] = 1.205, 95% confidence interval
[Cl]: 1.011-1.436, p = 0.038) had a significant indepen-
dent correlation with deep CMBs (Table I11).

ROC curve of NDBP-SD

as an independent risk factor

for strictly deep CMBs in patients
with acute ischemic stroke

The results of the ROC curve analysis revealed that
the area under the curve (AUC) of NDBP-SD was 0.682,
the SE value was 0.057, the cut-off value was 7.81,
the specificity was 50.5%, the sensitivity was 79.2%
and the 95% Cl was 0.571-0.794 (Fig. 1).

Table I. Comparison of baseline data between strictly deep cerebral microbleed (CMB) group and non-CMB

group
Variable Strictly deep CMB group Non-CMB group t/Z/y? P
(n = 24) (n = 107)

Age (year), mean +SD 70.0 (60.8-77.5) 70.0 (61.0-75.0) -0.423 0.672
Male, n (%) 18 (75.0) 66 (61.7) 1.511 0.219
Diabetes, n (%) 6 (25.0) 32(29.9) 0.229 0.632
Hypertension, n (%) 21(87.5) 87 (81.3) 0.180 0.672
Hyperlipidemia, n (%) 11 (45.8) 42 (39.3) 0.352 0.553
Platelet to lymphocyte ratio (PLR) 132.6 (110.1~181.9) 155.6 (118.2~201.3) -1.214 0.225
Neutrophil to lymphocyte ratio (NLR) 2.6 (2.2~3.3) 3.1(2.3~4.3) -1.371 0.170
Lymphocyte to monocyte ratio (LMR) 3.7 +0.9 3.6+1.4 -0.673 0.504
Cystatin C (mg/l) 0.9 (0.74~1.04) 0.9 (0.7~1.04) -0.182 0.856
Urinary microalbumin creatinine ratio (ACR) 0.3(0.2~1.2) 0.6 (0.2~1.5) -0.827 0.408
Serum amyloid A (mg/l) 6.0 (0.8~13.0) 8.0 (3.0~21.4) -1.221 0.222
Homocysteine (mol/l) 15.0 (12.5~17.7) 13.8 (10.6~18.0) -0.937 0.349
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Table 1l. Comparison of ambulatory blood pressure parameters between strictly deep cerebral microbleed

(CMB) group and non-CMB group

Variable Strictly deep CMB group Non-CMB group t/z P
(n = 24) (n = 107)
24h SBP 141.1£13.3 138.4 +15.3 -0.801 0.424
24h DBP 80.0 £10.4 78.3 £9.5 -0.786 0.433
DSBP 142.1 £12.9 139.3 £#15.1 -0.844 0.400
DDBP 81.0 +10.8 78.9+9.4 —0.958 0.340
NSBP 138.0 £16.7 135.0 £19.2 -0.696 0.488
NDBP 78.0 £11.2 75.2 £11.5 -1.095 0.275
24h SBP-SD 15.2 +4.2 13.7 £3.7 -1.699 0.092
DSBP-SD 14.6 +4.5 13.3 £3.7 —-1.453 0.149
NDBP-SD 10.4 +3.6 8.0£3.2 -3.227 0.002*
24h DBP-SD 11.0 (9.4~13.6) 9.9 (8.6~12.5) -1.735 0.083
DDBP-SD 112 (8.6~13.3) 10.0 (8.1~12.5) -1321 0.187
NSBP-SD 11.2 (8.7~17.4) 9.0 (6.9~14.2) —2.446 0.014*
*p<0.05

Table IlI. Logistic regression analysis of related factors of deep cerebral microbleeds (CMBs) in patients with

acute ischemic stroke

Variable Univariate logistic regression analysis Multivariate logistic regression analysis
OR value (95% Cl) P OR value (95% ClI) P
NSBP-SD 1.090 (1.010~1.770) 0.027 1.016 (0.916~1.128) 0.758
NDBP-SD 1.231 (1.074~1.410) 0.003 1.205 (1.011~1.436) 0.038
Age 1.006 (0.968~1.046) 0.747 1.007 (0.966~1.050) 0.735
Hypertension 1.598 (0.434~5.893) 0.481 1.293 (0.339~4.936) 0.706
According to the cut-off value, 0
the NDBP-SD was further changed
into a binary variable for a univariate 0.8
regression analysis
According to the cut-off value of 7.81, the NDBP-  _ o4
SD was further changed into a binary variable for E
univariate regression analysis. The results showed 2
that the NDBP-SD (OR = 3.872, 95% Cl: 1.347-11.125, " 0.4+
p = 0.012) was correlated with strictly deep CMBs.
When NDBP-SD > 7.81, the occurrence of deep CMBs
was 3.872 times that of NDBP-SD < 7.81 (Table IV). 021
Discussion 00 | | | |
0 0.2 0.4 0.6 038 10
Cerebral microbleeds are caused mainly by the 1-Specificity
leakage of arterioles, venules and capillaries, and their
main components are hemosiderin and macrophages Fig. 1. Night diastolic blood pressure-stan-
that phagocytose hemosiderin [4]. According to previ- dard deviation (NDBP-SD) is the ROC curve
ous related studies, the incidence of CMBs in patients of independent risk factors for deep cerebral
with ischemic stroke ranges from 35% to 71% [13]. In microbleeds (CMBs) in patients with acute isch-
the present study, the incidence of CMBs was 46.23%, emic stroke.
Folia Neuropathologica 2023; 61/3 313
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Table IV. Night diastolic blood pressure-stan-

dard deviation (NDBP-SD) was further changed

into a dichotomous variable for univariate

regression analysis
Variable

NSBP-SD

OR value (95% Cl) P
3.872 (1.347~11.125) 0.012

which was basically consistent with the results of pre-
vious related studies.

It has been shown that age and hypertension are
independent risk factors for CMBs, and the prevalence
of CMBs increases with age, with prevalence rates of
11%, 22% and 39% in the 60-69, 70-79 and 80 years
and older age groups, respectively [11]. The incidence
of CMBs in patients with hypertension is significantly
higher than that in the general population, and the
number of CMBs is proportional to the level of blood
pressure control [7]. In addition, the risk factors associ-
ated with CMBs include a history of diabetes, abnormal
lipid metabolism, abnormal renal function and inappro-
priate anticoagulation/antiplatelet therapy [8,27]. How-
ever, in this study, the univariate analysis of the base-
line data of the enrolled patients showed that there
was no statistical significance in age, hypertension,
diabetes history, abnormal renal function and abnor-
mal blood lipid metabolism between the strictly deep
CMB group and the non-CMB group. This is different
from the results of some previous studies. Considering
the small sample size of this study and the inclusion of
patients with acute ischemic stroke, such patients are
often accompanied by risk factors for cerebrovascular
disease, such as hypertension, diabetes and abnormal
blood lipid metabolism, resulting in no statistical differ-
ence between the two groups of samples.

In this study, the proportion of patients with hyper-
tension in the strictly deep CMB group was 87.5%, and
the proportion in the non-CMB group was 81.3%, indi-
cating that the detection rate of CMBs in patients with
acute ischemic stroke and hypertension was higher.
The NLR — a systemic inflammatory indicator — is asso-
ciated with the occurrence, development, prognosis
and mortality of cardiovascular and cerebrovascular
diseases [20]. However, Chung et al. found that NLR
has nothing to do with the progression of CSVD [6]. In
the present study, there were no significant differenc-
es in systemic inflammatory indicators (such as NLR)
and vascular inflammatory indicators (such as Hcy)
between the strictly deep CMB group and the non-CMB
group. Considering the small number of samples includ-
ed in this study, the sample size should be expanded to
further explore the relationship between the two.

A cross-sectional study of 178 patients with acute
ischemic stroke by Liang et al. showed that the coef-
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ficient of variation of 24-h SBP was an independent
risk factor for CMBs [17]. Similarly, studies have shown
that in elderly patients with hypertension and under-
lying vascular endothelial dysfunction, the 24-h blood
pressure variation coefficient and 24-h blood pressure
standard deviation were significantly increased. This
indicates that hypertension and increased BPV are
closely related to vascular endothelial dysfunction, and
this correlation may indicate that higher BPV may lead
to more severe vascular dysfunction, resulting in the
generation of CMB lesions [22]. Corresponding studies
have also revealed the correlation between BPV and
the location of CMBs.

A 1-year follow-up study of 720 patients with isch-
emic stroke by Liu et al. showed that systolic BPV and
diastolic BPV were independently associated with
strictly deep CMBs, while diastolic BPV was inde-
pendently associated with infratentorial CMBs, but the
inter-office average during follow-up. Blood pressure
is an indicator that is influenced by numerous factors,
and it involves the possibility of a missed diagnosis
or misdiagnosis of a transient increase or decrease in
blood pressure [18]. In the present study, the univari-
ate analysis of ambulatory blood pressure parameters
showed that there were statistically significant dif-
ferences in NSBP-SD and NDBP-SD between the two
groups. The mean values of NSBP-SD and NDBP-SD
in the strictly deep CMB group were higher than those
in the non-CMB group. After a further multivariate
regression analysis, NDBP-SD was independently cor-
related with the occurrence of strictly deep CMBs, indi-
cating that NDBP-SD was an independent risk factor for
the occurrence of strictly deep CMBs.

Compared with previous research, the present
study focused on the analysis of BPV while refining the
diurnal BPV. Studies have shown that nocturnal diastol-
ic BPV is associated with stroke recurrence in patients
with ischemic stroke and small artery occlusion [25].
We extended the existing study on the relationship
between BPV and CMBs and evaluated the model of
NDBP-SD composition to predict strictly deep CMBs
using the ROC curve. The AUC of the model was 0.682,
and the NDBP-SD cut-off value was 7.81, which shows
that the model has better predictive value. A further
binary univariate regression analysis of NDBP-SD
showed when NDBP-SD > 7.81, the occurrence of deep
CMBs was 3.872 times that of NDBP-SD < 7.81, fur-
ther suggesting that NDBP-SD > 7.81 might promote
the generation of deep CMBs. The results of this study
suggest that the parameters related to mean blood
pressure and the variability of daytime blood pressure
are not statistically significant, which is inconsistent
with the results of previous research, considering that
this is related to the purpose of reducing daytime blood
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pressure in patients with acute ischemic stroke after
admission.

After focusing on intensive daytime blood pressure
management, this study believes that the treatment of
hypertension should be aimed at reducing mean blood
pressure and BPV while focusing on daytime blood
pressure management, with particular emphasis on
night-time diastolic BPV.

Although 24-h ambulatory blood pressure monitor-
ing can more objectively reflect blood pressure levels
and their variability than incidental blood pressure
measurement in the office, there is still some contin-
gency. In addition, this study was a single-centre study,
its sample size was small, and the data were not repre-
sentative. The results of this research are based on the
overall analysis of patients with acute ischemic stroke
and do not make specific divisions in terms of aetiology
and mechanism. The distribution of and risk factors for
CMBs may vary according to different stroke subtypes,
which may have implications for influencing the results
of this research. Therefore, long-term follow-up stud-
ies with large-sized samples are required in the future
to further explore the correlation between ambulatory
blood pressure and CMBs and to explore whether the
occurrence and progression of CMBs can be prevent-
ed when the average blood pressure and BPV are con-
trolled.

Conclusions

The standard deviation of nocturnal diastolic blood
pressure in patients with acute ischemic stroke is an
independent risk factor for deep CMBs. A night-time
diastolic standard deviation greater than 7.81 may pro-
mote the generation of strictly deep CMBs. Therefore,
the monitoring of and intervention in 24-h ambulatory
blood pressure levels and NDBP-SD may be an import-
ant therapeutic method for regulating deep CMBs.

Funding

This study was supported by the Study and Inter-
vention Management of Risk Factors for Stroke Recur-
rence in the Rural of Zhejiang Province (GF19H090030).

Disclosure

The authors report no conflict of interest.

References

1. Berge E, Whiteley W, Audebert H, De Marchis GM, Fonseca AC,
Padiglioni C, de la Ossa NR, Strbian D, Tsivgoulis G, Turc G. Euro-
pean Stroke Organisation (ESO) guidelines on intravenous
thrombolysis for acute ischaemic stroke. Eur Stroke J 2021; 6:
[-LXI1.

Folia Neuropathologica 2023; 61/3

w1

(o)}

10.

11.

12.

13.

14.

15.

16.

. Charidimou A, Karayiannis C, Song TJ, Orken DN, Thijs V, Lem-

mens R, Kim J, Goh SM, Phan TG, Soufan C, Chandra RV, Sla-
ter LA, Haji S, Mok V, Horstmann S, Leung KT, Kawamura Y,
Sato N, Hasebe N, Saito T, Wong LKS, Soo Y, Veltkamp R,
Flemming KD, Imaizumi T, Srikanth V, Heo JH; International
META-MICROBLEEDS Initiative. Brain microbleeds, anticoagu-
lation, and hemorrhage risk: Meta-analysis in stroke patients
with AF. Neurology 2017; 89: 2317-2326.

. Chen YK, Liang WG, Yuan SL, Ni ZX, Li W, Liu YL, Qu JF.. Circadian

rhythms of blood pressure in hypertensive patients with cere-
bral microbleeds. Brain Behav 2022; 12: €2530.

Cheng AL, Batool S, McCreary CR Lauzon ML, Frayne R, Goyal M,
Smith EE. Susceptibility-weighted imaging is more reliable
than T2*-weighted gradient-recalled echo MRI for detecting
microbleeds. Stroke 2013; 44: 2782-2786.

. Chinese Society of Neurology, Chinese Stroke Society. Chinese

guidelines for diagnosis and treatment of acute ischemic
stroke 2018. Chin J Neurol 2018; 51: 666-682.

. Chung D, Lee KO, Choi JW, Kim NK, Kim OJ, Kim SH, Oh SH,

Kim WC. Blood neutrophil/lymphocyte ratio is associated with
cerebral large-artery atherosclerosis but not with cerebral
small-vessel disease. Front Neurol 2020; 11: 1022.

. Davis KA, Miyares MA, Dietrich E. Dual antiplatelet therapy

with clopidogrel and aspirin after ischemic stroke: A review of
the evidence. Am J Health Syst Pharm 2015; 72: 1623-1629.

. Ding], Sigurdsson S, Garcia M, Phillips CL, Eiriksdottir G, Gudna-

son V, van Buchem MA, Launer LJ. Risk factors associated with
incident cerebral microbleeds according to location in older
people: the age, gene/environment susceptibility (AGES)-Reyk-
javik study. JAMA Neurol 2015; 72: 682-688.

. Dong J, Liu M. Analysis of influencing factors of ineffective

ambulatory blood pressure monitoring and characteristics of
related blood pressure data. Chin Nurs Res 2022; 36: 2395-
2397.

Gao YY, Xu Y. Diagnosis and treatment of cerebral small vessel
disease. Int ) Cerebrovasc Dis 2017; 25: 233-238.

Graff-Radford J, Botha H, Rabinstein AA, Gunter JL, Przybelski SA,
Lesnick T, Huston J 3rd, Flemming KD, Preboske GM, Senjem ML,
Brown RD Jr, Mielke MM, Roberts RO, Lowe VJ, Knopman DS,
Petersen RC, Kremers W, Vemuri P Jack CR Jr, Kantarci K. Cerebral
microbleeds: Prevalence and relationship to amyloid burden. Neu-
rology 2019; 92: e253-e262.

Gregoire SM, Chaudhary UJ, Brown MM, Yousry TA, Kallis C,
Jager HR, Werring DJ. The Microbleed Anatomical Rating Scale
(MARS): reliability of a tool to map brain microbleeds. Neurolo-
gy 2009; 73: 1759-1766.

Haji S, Planchard R, Zubair A, Graff-Radford J, Rydberg C,
Brown RD Jr, Flemming KD. The clinical relevance of cerebral
microbleeds in patients with cerebral ischemia and atrial fibril-
lation. J Neurol 2016; 263: 238-244.

Haller S, Vernooij MW, Kuijer JPA, Larsson EM, Jager HR, Bark-
hof F. Cerebral microbleeds: imaging and clinical significance.
Radiology 2018; 287: 11-28.

Henskens LH, van Oostenbrugge RJ, Kroon AA, de Leeuw PW,
Lodder J. Brain microbleeds are associated with ambulatory
blood pressure levels in a hypertensive population. Hyperten-
sion 2008; 51: 62-68.

Ikebara JM, Takada SH, Cardoso DS, Dias NM, de Campos BC,
Bretherick TA, Higa GS, Ferraz MS, Kihara AH. Functional role of
intracellular calcium receptor inositol 1,4,5-trisphosphate type 1
in rat hippocampus after neonatal anoxia. PLoS One 2017; 12:
e0169861.

315



Yaya Bao, Jiayi Gu, Tian Lv, Miao Chen, Ke Zhao, Yue Yang, Dadong Gu

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Liang M, Xu S, Luo S, Miao F Liu Y, Zhong W. Correlation
between ambulatory blood pressure variability and vasodilator
function in middle-aged normotensive individuals. Blood Press
Monit 2017; 22: 355-363.

Liu W, Liu R, Sun W, Peng Q, Zhang W, Xu E, Cheng Y, Ding M,
Li Y, Hong Z, Wu J, Zeng ), Yao C, Huang Y; CASISP Study Group.
Different impacts of blood pressure variability on the progres-
sion of cerebral microbleeds and white matter lesions. Stroke
2012; 43: 2916-2922.

Malik EZ, Abdulhadi B, Mezue KN, Lerma EV, FPSN (Hon), Ran-
gaswami J. Clinical hypertension: Blood pressure variability. Dis
Mon 2018; 64: 5-13.

Min K, Kwon S, Cho SY, Choi WJ, Park SU, Jung WS, Moon SK,
Park JM, Ko CN, Cho KH. Atrial fibrillation is strongly associat-
ed with the neutrophil to lymphocyte ratio in acute ischemic
stroke patients: A retrospective study. J Clin Lab Anal 2017; 31:
€22041.

Picone DS, Schultz MG, Otahal B Aakhus S, Al-Jumaily AM,
Black JA, Bos WJ, Chambers JB, Chen CH, Cheng HM, Cremer A,
Davies JE, Dwyer N, Gould BA, Hughes AD, Lacy PS, Laugesen E,
Liang F Melamed R, Muecke S, Ohte N, Okada S, Omboni S, Ott C,
Peng X, Pereira T, Pucci G, Rajani R, Roberts-Thomson B
Rossen NB, Sueta D, Sinha MD, Schmieder RE, Smulyan H,
Srikanth VK, Stewart R, Stouffer GA, Takazawa K, Wang J,
Westerhof BE, Weber F, Weber T, Williams B, Yamada H, Yama-
moto E, Sharman JE. ] Am Coll Cardiol 2017; 70: 572-586.

Qian JF, Wang GJ, Ji LB, Yang L, Liu YY. Correlation between 24-h
ambulatory blood pressure variability and cerebral microbleeds
in patients with acute ischemic stroke. Int J Cerebrovasc Dis
2018; 26: 583-587.

Sakuta K, Yaguchi H, Sato T, Komatsu T, Sakai K, Mitsumura H,
Matsushima S, Iguchi Y. The impact of cerebral microbleeds
presence on outcome following minor stroke treated with anti-
platelet therapy. Front Neurol 2020; 11: 522.

Sarafidis PA, Ruilope LM, Loutradis C, Gorostidi M, de la Sierra A,
de la Cruz JJ, Vinyoles E, Divison-Garrote JA, Segura J, Banegas JR.
Blood pressure variability increases with advancing chronic kidney
disease stage: a cross-sectional analysis of 16546 hypertensive
patients. ) Hypertens 2018; 36: 1076-1085.

Wang TT, Xu J, Wang AX, Liu Y, Zhao XQ, Wang YJ, Wang YL
Night-time diastolic blood pressure variability relates to stroke
recurrence in patients who had ischaemic stroke with small
artery occlusion. Stroke Vasc Neurol 2022; 7: 237-244.

Wu Y, Chen T. An up-to-date review on cerebral microbleeds.
J Stroke Cerebrovasc Dis 2016; 25: 1301-1306.

Zhang C, Li Z, Wang Y, Zhao X, Wang C, Liu L, Pu'Y, Zou X, Pan Yy,
DuW, JingJ, Wang D, Luo Y, Wong KS, Wang Y; Chinese IntraCra-
nial AtheroSclerosis (CICAS) Study Group. Risk factors of cere-
bral microbleeds in strictly deep or lobar brain regions differed.
J Stroke Cerebrovasc Dis 2015; 24: 24-30.

Zhou TL, Rensma SR van der Heide FCT, Henry RMA, Kroon AA,
Houben AJHM, Jansen JFA, Backes WH, Berendschot TTIM,
Schouten JSAG, van Dongen MCJM, Eussen SJPM, Dagnelie PC,
Webers CAB, Schram MT, Schalkwijk CG, van Sloten TT, Stehou-
wer CDA. Blood pressure variability and microvascular dysfunc-
tion: the Maastricht study. J Hypertens 2020; 38: 1541-1550.

316

Folia Neuropathologica 2023; 61/3



