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Abstract: Objective: To evaluate the clinical value of microemboli combined with cerebrospinal fluid inflammatory 
factor level monitoring in the prediction of recurrent stroke in middle cerebral artery stenosis. Methods: This is a 
retrospective study. Patients (n=170) who were hospitalized in the Department of Neurology of the First People’s 
Hospital of Jiangxia District from June 2019 to January 2021 with cerebral infarction or transient ischemic attack 
were included in the study. Among them, 85 patients with ischemic attack were divided into the non-recurrent stroke 
group (primary onset, n=40) and the recurrent stroke group (history of cerebral infarction or transient ischemic at-
tack within 5 years prior to the onset, n=45). Routine blood biochemical tests were performed using the Olympus 
5800 automated chemical analyzer. Cerebrospinal fluid levels of inflammatory factors (TNF-α, IL-6) were detected 
by ELISA kits. Special Doppler hyperintensities for microemboli in cerebral blood flow were tested by transcranial 
Doppler ultrasound. Results: The mean age, statins and LDL-C were higher in the recurrent stroke group than the 
non-recurrent stroke group (P<0.05). The levels of cerebrospinal fluid TNF-α, PCT, CRP and IL-6 in the recurrent 
stroke group were higher than the non-recurrent stroke group (P<0.05). The proportion of grade 0 microemboli in 
the recurrent stroke group was lower than the non-recurrent stroke group (P<0.05), and the proportion of grade 1, 
2, 3, 4 and 5 microemboli was higher than the non-recurrent stroke group (P<0.05). The positive rate of microem-
boli in the recurrent stroke group was higher than the non-recurrent stroke group (P<0.05). The accuracy rate of 
microemboli combined with cerebrospinal fluid inflammatory factor level monitoring in the recurrent stroke group for 
the prediction of recurrent stroke due to middle cerebral artery stenosis was higher than that in the non-recurrent 
stroke group (P<0.05). Increased age, statin use, microembolization, and increased LDL-C, TNF-α, PCT, CRP and 
IL-6 levels were independent risk factors. Conclusion: Microemboli combined with cerebrospinal fluid inflammatory 
factor level monitoring can increase the detection rate of recurrent stroke in middle cerebral artery stenosis and 
prevent vascular events to a great extent.
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Introduction

Cerebrovascular diseases are becoming more 
and more common worldwide and they play an 
important role in the global morbidity and mor-
tality [1-3]. According to reports, Asian people 
are more vulnerable to middle cerebral artery 
stenosis [4]. Despite many treatment mea-
sures, the incidence of stroke in invalids with 
middle cerebral artery stenosis is still high [5]. 
Ultrasound technology can also detect small 
circulating emboli by detecting embolic signals 
in ipsilateral middle cerebral artery stenosis 

using transcranial Doppler [6-8]. In this tech-
nique, it is usually necessary to record an audi-
ble, high-intensity embolic signal for 30 to 60 
minutes, and small emboli can be detected with 
high diagnostic accuracy [9, 10]. A large num-
ber of publications in recent years have de- 
monstrated that inflammatory factors make an 
important contribution to the development,  
progression and instability of atherosclerosis 
[11-13]. Atherosclerotic lesions in the cerebral 
arteries are associated with elevated cere 
brospinal fluid of inflammatory markers [14, 
15]. The cells of atherosclerotic plaques are a 
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source of locally and systemically acting cyto-
kine [16, 17]. IL-6 is one of the key mediators 
that limit the inflammatory process in athero-
sclerotic plaques. Infection and its associated 
immune response are also factors that deter-
mine the instability of atherosclerotic plaques. 
In recent years, studies in China and abroad 
have found that procalcitonin, (PCT) and C-re- 
active protein (CRP) have certain application 
value in the differential diagnosis of cerebro-
vascular diseases. The motivation for this study 
is that the balance of interactions between pro-
inflammatory in atherosclerotic plaques seems 
to determine the disease, but the exact rela-
tionship is not clear and affects the develop-
ment and implementation of clinical treatment 
protocols. The innovation of this study was to 
monitor the special Doppler high signal of mi- 
croemboli in cerebral blood flow by transcranial 
Doppler ultrasound, and to analyze the risk fac-
tors of recurrent stroke with middle cerebral 
artery stenosis by Logistic binary regression. 
The clinical significance of this study is to re- 
search the clinical value of microembolus com-
bined with cerebrospinal fluid inflammatory fac-
tor level monitoring in predicting recurrent st- 
roke caused by middle cerebral artery stenos- 
is, and to provide theoretical basis for clinical 
diagnosis of recurrent stroke.

Materials and methods

General information

This is a retrospective study. A total of 191 
inpatients with cerebral infarction or TIA from 
June 2019 to January 2021 in the Department 
of Neurology of our hospital were selected. 
Among them, 21 patients were excluded, and 
170 patients were included in the study. Then, 
85 patients with ischemic attack were divided 
into the non-recurrent stroke group (primary 
onset, n=40) and the recurrent stroke group 
(history of cerebral infarction or transient isch-
emic attack within 5 years prior to the onset, 
n=45). The recurrence and non-recurrence gr- 
oups were observed for 12 weeks. Prior to  
the study, authorization from the Ethics Com- 
mittee of the First People’s Hospital of Jiangxia 
District and informed consent from the patients 
and their licensors were obtained. The approval 
number of the ethics report is 2019-002. 

Eligibility criteria

Patients were eligible if they were 40-80 years 
old, had recurrent stroke (the first diagnosis: 
“cerebral infarction” or “cerebral hemorrhage” 
with new neurological deficits), had aggravated 
initial symptoms and signs, had the first stroke 
over 1 month ago and had a narrowing of the 
middle cerebral artery and a stroke in the area 
of blood supply to the narrowed artery (reveal- 
ed by computed tomography angiography). 
Intracranial arteries include intracranial inter-
nal carotid artery I-ICA, MCA, ACA, PCA, I-VA 
and BA.

Exclusion criteria

Patients were excluded if they were potential 
cardiogenic cerebral embolism patients and 
had pulmonary embolism or atrial septal and 
paradoxical aneurysm embolism, received th- 
rombolysis, intravascular intervention or carot-
id endarterectomy in the acute phase, had ip- 
silateral extracranial carotid artery stenosis 
≥50% according to carotid artery ultrasound 
examination, had progressive stroke, asymp-
tomatic stroke (judged by neuroimaging), in- 
tracerebral hemorrhage (detected by head CT 
scan), severe cardiac, hepatic and renal insuf-
ficiency or stroke that lead to by non-athero-
sclerotic vascular stenosis, and were unable to 
participate in the study, those who could not 
accept stents (vascular stenosis or deforma-
tion, resulting in the inability of the catheter to 
reach the affected area, continuous multiple 
segments of stenosis or too long narrow seg-
ments, arterial occlusion), or those who did not 
want to receive stents.

Medical ethics statement

When patients were covered in the outpatient 
clinic, they all signed the informed consent 
form. This study followed the principles of the 
Declaration of Helsinki and was authorized by 
the Hospital Bioethics Committee.

Methodology

Follow-up observation

All invalids enrolled received standard treat-
ment (100 mg/d aspirin or 75 mg/d clopido-
grel, 20 mg/d atorvastatin calcium). Blood glu-
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cose levels were controlled to adjust blood 
pressure (Extended Release Nifedipine Tab- 
lets or benazepril) in hypertensive patients. 
Patients with symptomatic stenosis were fol-
lowed up regularly, at home or as out-patients. 
Duration of follow-up was from the point of 
enrollment in the study. All patients with cere-
brovascular disease were followed up regular- 
ly by telephone once a month. The endpoints 
included primary endpoint (cerebral infarction 
and TIA), secondary endpoint (acute angina 
pectoris), and death due to various causes,  
and follow-up was terminated once an end- 
point occurred.

The follow-up period was set from one day  
after discharge to one month after discharge. 
For the consideration of the safety of the sub-
jects, if the subjects experience adverse ev- 
ents or abnormal laboratory tests, the resear- 
chers increased the number of follow-up visits 
to the subjects according to actual needs, na- 
mely unplanned follow-up visits. During the fol-
low up, concomitant medications/treatments, 
adverse events, relevant examinations (includ-
ing imaging examinations, etc.) were recorded. 
Follow-up frequency was set to once a week. 
The end point of follow-up was set at 1 month 
after discharge.

Laboratory and imaging evaluation

All patients underwent MRI, computed tomog-
raphy angiography, complete blood count, bl- 
ood chemistry, coagulation and electrocardiog-
raphy. Baseline data included sex, stroke risk 
factors (hypertension, diabetes and smoking) 
and physical examinations.

Assessment of cerebral infarction and middle 
cerebral artery stenosis

MRI evaluation: Phased array coils were scan- 
ned using a SIEMENS 1.5T NOVUS MRI scan-
ner. The scanning parameters were as follows: 
thickness of 5 mm, interval of 1 mm and matrix 
of 256×256. DWI SE-EPI axial view was TR 
3400 ms, TE 98 ms, and single echo planar 
imaging was used to generate diffusion-sensi-
tized gradient pulses in the X, Y, or Z directions 
with diffusion sensitivity coefficients (b-values) 
of 0 and 1000 seconds/mm2. 

Computed tomography angiography: 64-slice 
CT, intracranial and carotid computed tomo- 

graphy angiography (the upper edge of the aor-
tic arch reaches the cranial bone), post-process- 
ing techniques, including VR, 3D-MPR, CPR and 
3DMIP, were used to observe the degree of ste-
nosis and occlusion of the arterial lumen and to 
quantitatively measure the lumen stenosis.

MRI and computed tomography angiogram im- 
ages were tested by two deputy directors of 
imaging respectively, and the results were con-
firmed by two physicians. The North American 
Symptomatic Carotid Intima-media Test (NAS- 
CET) 9 was performed to calculate arterial ste-
nosis rate. The extent of the stenosis was clas-
sified as mild (1%-39%), moderate (40%-69%), 
severe (70%-99%) and occlusive. The main 
recording parameters are as follows: ① Mi- 
croemboli signal: signal identification-high sig-
nal above baseline, tilted in one direction; ② 
Number and classification of microemboli sig-
nals: positive results-the occurrence of micro-
emboli signals within 10 seconds is considered 
as a positive standard. The criteria were as fol-
lows: grade i: no microemboli signal (negative); 
grade ii: 1-10 microembolic signals; grade iii: 
more than 10 but no “rain curtain”; grade iv: a 
“rain curtain” is formed.

Blood biochemical analysis

Blood samples were gathered 48 hours after 
the onset of ischemic stroke. Routine blood  
biochemical tests were performed using an 
Olympus 5800 automatic chemical analyzer 
(Olympus, Tokyo, Japan). CHOL, LDL-C, HDL-C, 
TG, Cr, AST, and ALT were assessed.

PCT, CRP, TNF-α and IL-6 were measured in 
cerebrospinal fluid

Cerebrospinal fluid samples were collected 2, 
3, 4, 5, 6, and 7 days after the onset of isch-
emic stroke. Cerebrospinal fluid was centrifug- 
ed in an EDTA tube at room temperature at 
3500 RPM for 15 min. Cerebrospinal fluid was 
collected and stored at -80°C. Serum concen-
trations of TNF-α and IL-6 were determined 
using enzyme immunoassay (ELISA) kits (hu- 
man PCT ELISA Kits were purchased from 
Shanghai Beyotime Biological Company, China, 
lot No. 2020-050214; human CRP ELISA Kits 
were purchased from Shanghai Beyotime Bio- 
logical Company, China, lot No. 2020-1366001; 
human TNF-α ELISA Kits were purchased from 
Shanghai Beyotime Biological Company, China, 
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Table 2. Routine blood biochemical tests (
_
x±sd, mmol/L)

Project
Non-recurrent 
stroke group 

(n=80)

Recurrent 
stroke group 

(n=90)
T value P-value

CHOL 6.08±0.52 6.12±0.54 2.937 0.838
LDL-C 2.54±0.31 3.26±0.28 8.928 <0.001
TG 1.82±0.29 1.89±0.26 1.028 0.278
HDL-C 1.19±0.37 1.18±0.15 1.082 0.788
hs-CRP 3.05±0.24 3.22±0.57 1.141 0.938
Note: T test was used for CHOL, LDL-C, TG, HDL-C, hs-CRP. CHOL: 
cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-C: high 
density lipoprotein cholesterol; TG: triglyceride; hs-CRP: high-sensitivity 
C-reactive protein.

Table 1. General information of patients (
_
x±sd)

Project
Non-recurrent 
stroke group 

(n=80)

Recurrent 
stroke group 

(n=90)
T/X2 P

Age (years) 61.4±6.5 68.3±5.5 7.867 <0.001
Sex (n) 1.874 0.648
    Male 48 52
    Female 32 38
BMI (kg/m2) 26.12±3.54 26.38±2.54 2.443 0.558
Smoking (%) 32 (40.00%) 36 (40.00%) 1.234 0.882
Hypertension (%) 44 (55.00%) 50 (55.56%) 1.947 0.948
Diabetes (%) 46 (57.50%) 52 (57.78%) 1.934 0.478
Statins 44 (55.00%) 46 (71.11%) 5.927 <0.001
Note: T test was used for age and BMI. The X2 test was used for gender, 
smoking history, hypertension, diabetes and statins.

lot No. 2019-12120369; human IL-6 ELISA  
Kits were purchased from Shanghai Beyo- 
time Biological Company, China, lot No. 2019-
11063680). Absorbance values were obtained 
using a Sirio S spectrometer at 450 nm.

Detection of microemboli by transcranial Dop-
pler ultrasound

Transcranial Doppler monitoring was perform- 
ed using a transcranial Doppler sonographer 
equipped with a head rest and two 2 MHz 
probes. The patient was monitored by transcra-
nial Doppler for 30 minutes while breathing 
room air, for up to 1 hour while breathing 100% 
oxygen through a one-way Hi-Ox mask at a rate 
of 8 L/min. The purpose of the oxygen inhala-
tion was to remove nitrogen from the blood 
thereby preventing the formation of nitrogen 
bubbles that typically form in the cavitation and 
flow outside the valve. Oxygen monitoring was 

started 20 minutes after the start of 
oxygen inhalation. 

Statistical analysis

The monitoring data were analyzed by 
statistical software SPSS 19.0. The 
results of data analysis were repre-
sented as mean ± standard deviation  
(
_
x±sd). Multigroup data analysis was 

founded on one-way ANOVA. LSD test 
was used for subsequent analysis. 
P<0.05 indicated a significant diffe- 
rence.

Results

Comparison of general data in pa-
tients 

According to the general statistics of 
patients with middle cerebral artery 
stenosis, the average age of invalids  
in the non-recurrent stroke group was 
61.38±6.48 years old, the ratio of men 
to women was 24:16, and the BMI was 
26.12±3.54. In the recurrent stroke 
group, the average age was 68.32±5.47 
years old, the ratio of male to female 
was 26:19, and the BMI was 26.38± 
2.54. The recurrent stroke group had 
36 subjects with a history of smoking 
in the past three years, 50 with under-
lying hypertension and 52 had underly-

ing diabetes. The mean age and history of 
statins in the recurrent stroke group were high-
er than those in the non-recurrent stroke gr- 
oup, but there was no difference in other gen-
eral information (P>0.05). See Table 1.

Routine blood biochemical tests

Routine blood biochemical tests were per-
formed using Olympus 5800 automatic che- 
mical analyzer. LDL-C was higher in the recur-
rent stroke group than that in the non-recurrent 
stroke group (P<0.05), and CHOL, TG, HDL-C 
and hs-CRP were not statistically different bet- 
ween the two group (P>0.05). See Table 2.

Comparison of cerebrospinal fluid inflamma-
tory factors

The levels of cerebrospinal fluid inflammatory 
factors (TNF-α and IL-6) were higher in the 
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Table 5. Levels of PCT in cerebrospinal fluid (
_
x±sd, μg/L)

Groups
Non-recurrent 
stroke group 

(n=80)

Recurrent 
stroke group 

(n=90)
t value P-value

2 days after stroke 0.08±0.04 0.49±0.14 9.659 <0.001
3 days after stroke 0.14±0.03 0.53±0.09 11.923 <0.001
4 days after stroke 0.19±0.02 0.61±0.15 13.025 <0.001
5 days after stroke 0.27±0.04 0.73±0.10 16.112 <0.001
6 days after stroke 0.20±0.02 0.59±0.08 12.750 <0.001
7 days after stroke 0.11±0.02 0.52±0.04 10.539 <0.001
F value 15.657 22.526 - -
P-value <0.001 <0.001 - -
Note: F test was used for levels of PCT in cerebrospinal fluid. PCT, procalci-
tonin.

Table 3. Levels of TNF-α in cerebrospinal fluid (
_
x±sd, pg/mL)

Groups
Non-recurrent 
stroke group 

(n=80)

Recurrent 
stroke group 

(n=90)
t value P-value

2 days after stroke 1.26±0.12 1.87±0.15 8.937 <0.001
3 days after stroke 1.41±0.10 2.12±0.11 9.125 <0.001
4 days after stroke 1.57±0.08 2.30±0.05 15.267 <0.001
5 days after stroke 1.69±0.09 2.45±0.12 19.553 <0.001
6 days after stroke 1.42±0.10 1.89±0.11 12.029 <0.001
7 days after stroke 1.35±0.06 1.45±0.07 10.955 <0.001
F value 21.003 35.216 - -
P-value <0.001 <0.001 - -
Note: F test was used for levels of TNF-α in cerebrospinal fluid. TNF-α, tumor 
necrosis factor-α.

Table 4. Levels of IL-6 in cerebrospinal fluid (
_
x±sd, pg/mL)

Groups
Non-recurrent 
stroke group 

(n=80)

Recurrent 
stroke group 

(n=90)
t value P-value

2 days after stroke 2.24±0.16 4.55±0.28 9.272 <0.001
3 days after stroke 2.41±0.12 4.97±0.19 12.036 <0.001
4 days after stroke 2.53±0.13 5.12±0.17 17.667 <0.001
5 days after stroke 2.67±0.10 5.30±0.15 15.956 <0.001
6 days after stroke 2.22±0.10 4.61±0.19 11.251 <0.001
7 days after stroke 2.25±0.08 4.36±0.11 10.628 <0.001
F value 19.885 29.623 - -
P-value <0.001 <0.001 - -
Note: F test was used for levels of IL-6. IL-6, interleukin-6.

els were also higher in the recurrent 
stroke group than those in the non-
recurrent stroke group (P<0.05). 
See Tables 3-6.

Microembolic classification ratio

Special Doppler hyperintensities of 
microemboli in cerebral blood flow 
were monitored by transcranial Do- 
ppler ultrasound, which showed the 
presence of air bubbles in the cere-
bral arteries. In addition to the visu-
al output on the screen, a loud sig-
nal appeared in the audio output  
as each bubble passed through the 
patent foramen ovale. The propor-
tion of grade 0 microemboli in the 
recurrent stroke group was lower th- 
an that in the non-recurrent stroke 
group (P<0.05), and the proporti- 
ons of grade 1, 2, 3, 4 and 5 mi- 
croemboli were higher than those  
in the non-recurrent stroke group 
(P<0.05). See Figure 1; Table 7.

Comparison of positive rates of 
microemboli

The positive rate of microemboli in 
the recurrent stroke group was high-
er than that in the non-recurrent 
stroke group (P<0.05). See Table 8.

Comparison of joint monitoring 
accuracy

The accuracy rate of microemboli 
combined with cerebrospinal fluid 
inflammatory factor level monitoring 
in the recurrent stroke group for the 
prediction of recurrent stroke due  
to middle cerebral artery stenosis 
was higher than that in the non-re- 
current stroke group (P<0.05). See 
Table 9.

Independent risk factors for recur-
rent stroke

Results showed that increased age, 
statin use, microembolization, and 

recurrent stroke group than those in the non-
recurrent stroke group (P<0.05). The cerebro-
spinal fluid inflammatory factors (PCT, CRP) lev-

increased LDL-C, TNF-α, and IL-6 levels were all 
independent risk factors for carotid stenosis. 
Sex, BMI, HDL-C, smoking history, CHOL, hyper-
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Table 6. Levels of CRP in cerebrospinal fluid (
_
x±sd, mg/L)

Groups Non-recurrent stroke 
group (n=80)

Recurrent stroke group 
(n=90) t value P-value

2 days after stroke 14.95±0.87 35.27±3.41 12.786 <0.001
3 days after stroke 16.02±0.91 37.52±2.29 15.127 <0.001
4 days after stroke 16.19±0.25 39.02±1.71 17.701 <0.001
5 days after stroke 16.52±0.62 38.85±2.16 19.962 <0.001
6 days after stroke 15.15±0.75 37.23±2.19 10.239 <0.001
7 days after stroke 41.32±2.57 35.56±3.13 11.627 <0.001
F value 25.639 36.870 - -
P-value <0.001 <0.001 - -
Note: F test was used for levels of CRP in cerebrospinal fluid. CRP, C-reactive protein.

Figure 1. Transcranial Doppler ul-
trasound study and microembolic 
detection. A: Grade 1 microemboli; 
B: Grade 2 microemboli; C: Grade 
3 microemboli; D: Grade 4 micro-
emboli; E: Grade 5 microemboli.

tension, diabetes, TG, and hs-CRP were not risk 
factors. See Table 10.

Discussion

The relevant factors affecting the prognosis  
of invalids with symptomatic middle cerebral 
artery stenosis were analyzed in this study. It 
was shown that sex, smoking, hypertension 
and diabetes in the recurrent stroke group we- 
re not different from those in the non-recurrent 
stroke group. This indicates that the research 
subjects included in this study are relatively 

homogeneous. A study followed 569 patients 
found that 106 invalids (19.0%) had cerebral 
infarction with severe arterial stenosis, while 
≥70% of the patients had the high risk of stro- 
ke, and the risk for women was increased. 
There was no effect on stenosis site or anti-
thrombotic drug pretreatment. Logistic regres-
sion found that diabetes was significantly asso-
ciated with stroke recurrence, making it known 
that patients with diabetes mellitus associat- 
ed with cerebral artery stenosis were more like-
ly to have stroke recurrence and are a high-risk 
population worthy of attention by clinicians.
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Table 7. Microembolic classification (n (%))

Projects
Non-recurrent 
stroke group 

(n=80)

Recurrent 
stroke group 

(n=90)
χ2 value P-value

Level 0 68 (85.00%) 40 (44.44%) 15.839 <0.001
Level 1 6 (7.50%) 10 (11.11%) 3.837 <0.001
Level 2 4 (5.00%) 12 (13.33%) 6.849 <0.001
Level 3 2 (2.50%) 8 (8.89%) 8.532 <0.001
Level 4 0 (0.00%) 12 (13.33%) 9.826 <0.001
Level 5 0 (0.00%) 8 (8.89%) 10.937 <0.001
Note: The X2 test was used for microembolic classification.

Table 8. Positive rate of microemboli (n (%))

Groups Positive rate of 
microemboli (%)

Non-recurrent stroke group (n=80) 12 (15.00%)
Recurrent stroke group (n=90) 50 (55.56%)
χ2 value 6.038
P-value <0.001
Note: The X2 test was used for the positive rate of microemboli.

Table 9. Accuracy rate of joint monitoring
Groups Accuracy (%)
Non-recurrent stroke group (n=80) 14 (17.50%)
Recurrent stroke group (n=90) 80 (88.89%)
χ2 value 9.762
P-value <0.001
Note: The X2 test was used for the accuracy rate of joint 
monitoring.

Table 10. Independent risk factor for recurrent 
stroke
Projects Β 95% CI SE P-value
Age 1.238 1.026-1.487 0.458 <0.001
Statins 2.839 1.728-4.027 0.928 <0.001
Microembolus 1.567 1.016-2.067 1.698 <0.001
LDL-C 4.875 2.458-8.569 1.263 <0.001
TNF-α 5.369 2.637-9.528 1.148 <0.001
IL-6 6.514 3.458-11.561 1.534 <0.001
Note: The logistic test was used for independent risk factor 
for recurrent stroke. LDL-C: low density lipoprotein cholesterol; 
TNF-α: tumor necrosis factor-α; IL-6: interleukin-6.

In terms of intervention treatment, there was 
no obvious difference between regular or irreg-
ular use of antihypertensive and antiplatelet 
drugs in the two groups, indicating that the 
population in the region had compliance with 

control treatment. The statistical results sh- 
owed that the number of patients who used 
statins irregularly in the recurrent stroke gr- 
oup was higher than that in the non-recurrent 
stroke group, showing irregular use of statins 
go hand in hand with the recurrence of stroke, 
which was one of the key reasons for the recur-
rence of stroke [18]. This result is not consis-
tent with other relevant studies [19]. This indi-
cates that the regular use of statins is very 
important, that is, medication compliance is a 
key factor affecting treatment efficacy. This 
may be due to differences in stenosis severity 
and patient adherence to different interven-
tions. Researchers have shown that long-term 
use of statins can decrease the progression of 
stroke [20], delay the progression of athero-
sclerosis and even reduce the stenosis of 
already existing atherosclerosis. All findings 
were affirmed in coronary arteries. In one study, 
patients were observed to take atorvastatin 40 
mg/d orally for 6 months until the completion 
of the second MRI. By the end of the study, 58% 
of patients had improved arterial stenosis, 38% 
had no change, and in 4% of patients, the con-
dition deteriorated. Another study has shown 
that lower LDL cholesterol can decrease the 
risk of stroke recurrence [21]. This result sug-
gested that if symptoms of ischemia are caused 
by arterial-arterial embolism due to unstable 
plaques, pharmacotherapy to stabilize plaques 
and reduce plaque shedding during the recov-
ery phase should be further enhanced.

Previous studies have found that inflammatory 
markers (TNF-α, IL-6) are raised in patients with 
atherosclerosis. TNF-α is an inflammatory fac-
tor produced by macrophages. In the study, sig-
nificantly higher cerebrospinal fluid concentra-
tions of TNF-α and IL-6 were found in patients 
in the recurrent stroke group as compared with 
the non-recurrent stroke group. The severity of 
cerebral arterial stenosis is correlated with 
TNF-α and IL-6 levels. Other reports also dem-
onstrated an association between high cere-
brospinal fluid IL-6 and TNF-α concentrations 
and the presence of unstable plaques evaluat-
ed on ultrasound [25, 26]. One study has found 
that IL-6 is involved in the development of ath-
erosclerosis, and cerebrospinal fluid IL-6 level 
is an independent predictor of the development 
of early atherosclerotic lesions. Another study 
found that the cerebrospinal fluid IL-6 of the 
cerebral artery stenosis group was higher than 
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that of the control group, and the cerebrospinal 
fluid IL-6 level of the symptomatic stenosis 
group was higher than that of the asympto- 
matic stenosis group. The importance of TNF-α 
and IL-6 in the progression of atherosclerotic 
lesions has also been demonstrated.

PCT, as an emerging laboratory test in recent 
years, can roughly estimate the type of infec-
tious pathogens in the early stage, evaluate the 
severity of infection, guide drug use and deter-
mine the prognosis, which has been increas-
ingly recognized in clinical practice. When there 
is systemic bacterial infection, the body can 
have multiple organ failure syndrome, systemic 
inflammatory response syndrome and abnor-
mally increased cerebrospinal fluid PCT con-
centration, and the degree of increase is relat-
ed to the severity of the infection and the 
prognosis of the disease course. As one of the 
most commonly used acute phase-reaction 
proteins, CRP begins to increase at 6-8 h after 
infection and peaks at 24-48 h. It can reach 
hundreds or even thousands of times of the 
normal level. After the infection is eliminated, 
CRP content drops sharply and can return to 
normal within 1 week. After antibiotic treat-
ment, CRP drops rapidly as the infection is con-
trolled, and it can drop to 50% of the original 
concentration within 1 d. Therefore, a series of 
measurements during the course of the dis-
ease can provide valuable information for dis-
ease progression, early detection of complica-
tions, and treatment monitoring. In our study, 
significantly higher cerebrospinal fluid concen-
trations of PCT and CRP were found in invalids 
in the recurrent stroke group as compared with 
those in the non-recurrent stroke group.

In asymptomatic carotid artery embolization 
studies, the presence of embolic signals ipsi- 
lateral to the stenotic carotid artery increased 
the risk of future stroke by approximately six-
fold compared with subjects without embolic 
signals [22-24]. Researchers from asymptom-
atic carotid artery embolization studies execut-
ed a meta-analysis and other asymptomatic 
carotid stenosis studies and found in a pooled 
analysis of nearly 1000 invalids that positive 
embolic signals had similar predictive power for 
ipsilateral stroke. However, the pathogenesis  
of symptoms and the instability of plaques are 
acute. This is why the time period from determi-
nation of cytokine level to onset of symptoms 

could have some significance in assessing the 
detected cytokine level, although there is no 
significant correlation between the measured 
cytokine level and the time elapsed since cyto-
kine development. Symptoms (longer than 14 
days) were found. Surgery for internal carotid 
artery stenosis is performed within two weeks 
after the onset of clinical symptoms due to ste-
nosis, in order to maximize the prevention of 
vascular events. Surgical treatment for symp-
tomatic cerebral artery stenosis two weeks af- 
ter symptoms and asymptomatic cerebral ar- 
tery stenosis brings less benefit. The character-
istics of cerebral artery stenosis (stenosis over 
70% and plaque morphology, and the presence 
of ulceration or hypoechoic structure of plaques 
on the surface) are more common in the symp-
tomatic stenosis group in comparison with the 
asymptomatic stenosis group [27, 28]. These 
results found the usefulness of transcranial 
Doppler features of cerebral arterial stenosis 
instability in assessing the risk of clinical symp-
toms in invalids with cerebral arterial stenosis 
[29, 30].

We have found the role of PCT, CRP, TNF-α, IL-6 
and microemboli in the pathogenesis and insta-
bility of recurrent stroke lesions in middle cere-
bral artery stenosis, and we hope that drugs 
that affect the measured cytokine concentra-
tions may inhibit the progression of atheroscle-
rosis. Experimental and clinical studies on the 
treatment of atherosclerosis and its compli- 
cations with anti-cytokine drugs (TNF-α) have 
been reported.

For the credibility of the results, including more 
patients would be better. Also, there was no 
long-term follow-up of the patients and no prog-
nostic data for cerebral artery stenosis. Be- 
sides, the cerebral arteries, the vertebral and 
basilar arteries also play a key role in ischemic 
stroke [31, 32]. If more studies were conducted 
on the vertebral and basilar arteries, we might 
systematically assess the role of microemboli 
combined with cerebrospinal fluid inflammatory 
factor level monitoring in recurrent stroke due 
to middle cerebral artery stenosis.

In summary, microemboli combined with cere-
brospinal fluid inflammatory factor level moni-
toring can increase the detection rate of re- 
current stroke due to middle cerebral artery 
stenosis and prevent vascular events to a great 
extent.
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