
World Journal of
Clinical Cases

World J Clin Cases  2019 April 6; 7(7): 809-907

ISSN 2307-8960 (online)

Published by Baishideng Publishing Group Inc



W J C C World Journal of
Clinical Cases

Contents Semimonthly  Volume 7  Number 7  April 6, 2019

MINIREVIEWS
809 Ultrasound imaging of abdominal sarcoidosis: State of the art

Tana C, Schiavone C, Ticinesi A, Ricci F, Giamberardino MA, Cipollone F, Silingardi M, Meschi T, Dietrich CF

819 Porphyromonas gingivalis and digestive system cancers
Zhou Y, Luo GH

ORIGINAL ARTICLE

Retrospective Cohort Study

830 Clinical evaluation of endoscopic resection for treatment of large gastric stromal tumors
Xiang YY, Li YY, Ye L, Zhu Y, Zhou XJ, Chen YX, Li GH

Observational Study

839 Value of superb micro-vascular imaging in predicting ischemic stroke in patients with carotid atherosclerotic

plaques
Yang DB, Zhou J, Feng L, Xu R, Wang YC

CASE REPORT
849 Open anterior glenohumeral dislocation with associated supraspinatus avulsion: A case report

Faur CI, Anglitoiu B, Ungureanu AM

855 Vein of Galen aneurismal malformations - clinical characteristics, treatment and presentation: Three cases

report
Spazzapan P, Milosevic Z, Velnar T

863 Non-Invasive management of invasive cervical resorption associated with periodontal pocket: A case report
Alqedairi A

872 Robot-assisted gallbladder-preserving hepatectomy for treating S5 hepatoblastoma in a child: A case report

and review of the literature
Chen DX, Wang SJ, Jiang YN, Yu MC, Fan JZ, Wang XQ

881 Congenital bronchobiliary fistula: A case report and review of the literature
Li TY, Zhang ZB

891 Villous adenoma coexistent with focal well-differentiated adenocarcinoma of female urethral orifice: A case

report and review of literature
Qin LF, Liang Y, Xing XM, Wu H, Yang XC, Niu HT

WJCC https://www.wjgnet.com April 6, 2019 Volume 7 Issue 7I

https://www.wjgnet.com


Contents
World Journal of Clinical Cases

Volume 7  Number 7  April 6, 2019

898 Min-invasive surgical treatment for multiple axis fractures: A case report
Zhu XC, Liu YJ, Li XF, Yan H, Zhang G, Jiang WM, Sun HY, Yang HL

903 Type I congenital extrahepatic portosystemic shunt treated by orthotopic liver transplantation: A case report
Xiang W, Wang H, Si ZZ, Chen GS, Wang GW, Li T

WJCC https://www.wjgnet.com April 6, 2019 Volume 7 Issue 7II



Contents
World Journal of Clinical Cases

Volume 7  Number 7  April 6, 2019

ABOUT COVER Editorial Board Member of World Journal of Clinical Cases, Shaoping Yu, MD,
Associate Professor, Chief Doctor, Department of Gastroenterology and
Hepatology, Dongguan Kanghua Hospital, Dongguan 523080, Guangdong
Province, China

AIMS AND SCOPE World Journal of Clinical Cases (World J Clin Cases, WJCC, online ISSN 2307-
8960, DOI: 10.12998) is a peer-reviewed open access academic journal that
aims to guide clinical practice and improve diagnostic and therapeutic skills
of clinicians.
    The primary task of WJCC is to rapidly publish high-quality Case Report,
Clinical Management, Editorial, Field of Vision, Frontier, Medical Ethics,
Original Articles, Meta-Analysis, Minireviews, and Review, in the fields of
allergy, anesthesiology, cardiac medicine, clinical genetics, clinical
neurology, critical care, dentistry, dermatology, emergency medicine,
endocrinology, family medicine, gastroenterology and hepatology, etc.

INDEXING/ABSTRACTING The WJCC is now indexed in PubMed, PubMed Central, Science Citation Index

Expanded (also known as SciSearch®), and Journal Citation Reports/Science Edition.

The 2018 Edition of Journal Citation Reports cites the 2017 impact factor for WJCC

as 1.931 (5-year impact factor: N/A), ranking WJCC as 60 among 154 journals in

Medicine, General and Internal (quartile in category Q2).

RESPONSIBLE EDITORS
FOR THIS ISSUE

Responsible Electronic Editor: Yun-Xiaojian Wu Proofing Editorial Office Director: Jin-Lei Wang

NAME OF JOURNAL
World Journal of Clinical Cases

ISSN
ISSN 2307-8960 (online)

LAUNCH DATE
April 16, 2013

FREQUENCY
Semimonthly

EDITORS-IN-CHIEF
Dennis A Bloomfield, Sandro Vento

EDITORIAL BOARD MEMBERS
https://www.wjgnet.com/2307-8960/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
April 6, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJCC https://www.wjgnet.com April 6, 2019 Volume 7 Issue 7III

mailto:bpgoffice@wjgnet.com


W J C C World Journal of
Clinical Cases

Submit a Manuscript: https://www.f6publishing.com World J Clin Cases  2019 April 6; 7(7): 839-848

DOI: 10.12998/wjcc.v7.i7.839 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Observational Study

Value of superb micro-vascular imaging in predicting ischemic
stroke in patients with carotid atherosclerotic plaques

De-Bin Yang, Jie Zhou, Lan Feng, Rong Xu, Ying-Chun Wang

ORCID number: De-Bin Yang
(0000-0003-0119-636X); Jie Zhou
(0000-0002-1297-1937); Lan Feng
(0000-0001-1653-1539); Rong Xu
(0000-0001-1384-1846); Ying-Chun
Wang (0000-0002-1493-2357).

Author contributions: Yang DB,
Zhou J, Feng L, Xu R and Wang YC
contributed to the manuscript
design and manuscript writing; All
authors approved the final version
of the manuscript.

Supported by Shanghai Jiading
District Health and Family
Planning Commission Health
Planning Commission Scientific
Research Project, No. KYXM, 2015-
KY-02.

Institutional review board
statement: The study was
approved by the ethics committee
of Jiading District Central Hospital
Affiliated Shanghai University of
Medicine & Health Sciences.

Informed consent statement: All
patients gave informed consent.

Conflict-of-interest statement: The
authors declare that they have no
competing interests.

Data sharing statement: No
additional data are available.

STROBE statement: The authors
have read the STROBE Statement,
and the manuscript was prepared
and revised according to the
STROBE Statement.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external

De-Bin Yang, Jie Zhou, Lan Feng, Rong Xu, Ying-Chun Wang, Department of Ultrasonic Imaging,
Jiading District Central Hospital Affiliated Shanghai University of Medicine & Health
Sciences, Shanghai 201800, China

Corresponding author: Ying-Chun Wang, MD, Chief Doctor, Department of Ultrasonic
Imaging, Jiading District Central Hospital Affiliated Shanghai University of Medicine &
Health Sciences, No. 1 Chengbei Road, Shanghai 201800, China.
wangyingchun4478@163.com
Telephone: +86-21-67073318

Abstract
BACKGROUND
Unstable carotid atherosclerotic plaques are prone to cause ischemic stroke.
Contrast-enhanced ultrasound (CEUS) is the primary method of assessing plaque
stability, but CEUS cannot be a method for screening for unstable plaque. The
emergence of superb micro-vascular imaging (SMI) offers the possibility of
clinically screening for unstable plaque

AIM
To investigate the value of SMI in predicting ischemic stroke in patients with
carotid atherosclerotic plaques.

METHODS
Patients with carotid atherosclerotic plaques (luminal stenosis of 50%-70%) were
enrolled into the present study. All patients received conservative medication.
The patient's clinical baseline data, serological data, CEUS and SMI data were
analyzed. All patients underwent a 3-year follow-up. The follow-up endpoint
was the occurrence of ischemic stroke and patients were divided into stroke
group and non-stroke group according to whether the prognosis occurred or not.
Subsequently, the difference in clinical data was compared, the correlation of SMI
and CEUS was analyzed, and multiple Cox regression and receiver operating
characteristic curve were applied to investigate the value of SMI and CEUS in
predicting cerebral arterial thrombosis in three years.

RESULTS
In this study, 43 patients were enrolled in the stroke group and 82 patients were
enrolled in the non-stroke group. Cox regression revealed that SMI level (P =
0.013) and enhancement intensity (P = 0.032) were the independent factors
influencing ischemic stroke. There was a positive correlation between SMI level
and enhancement intensity (r = 0.737, P = 0.000). The area under curve of SMI
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level predicting ischemic stroke was 0.878. The best diagnostic point was ≥ level
II, and its sensitivity and specificity was 86.05% and 79.27%. The area under
curve of enhancement intensity predicting ischemic stroke was 0.890. The best
diagnostic point was 9.92 db, and its sensitivity and specificity was 88.37% and
89.02%. As the SMI level gradually increased, the incidence of ischemic stroke
increased gradually (X2 = 108.931, P = 0.000).

CONCLUSION
SMI can be used as a non-invasive method of screening for unstable plaques and
may help prevent ischemic stroke.

Key words: Superb micro-vascular imaging; Contrast-enhanced ultrasound; Carotid
atherosclerotic plaques; Ischemic stroke

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Unstable carotid plaques are easily ruptured leading to the occurrence of
ischemic stroke. Contrast-enhanced ultrasound is currently the primary means of
assessing plaque stability, but it cannot be used for screening for unstable plaques.
Superb micro-vascular imaging is able to check for low-speed blood flow in the plaque
and is expected to be a screening tool for unstable plaques. This study found that superb
micro-vascular imaging shows promise in predicting ischemic stroke.

Citation: Yang DB, Zhou J, Feng L, Xu R, Wang YC. Value of superb micro-vascular
imaging in predicting ischemic stroke in patients with carotid atherosclerotic plaques. World J
Clin Cases 2019; 7(7): 839-848
URL: https://www.wjgnet.com/2307-8960/full/v7/i7/839.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i7.839

INTRODUCTION
Effective preventive measures are important ways to prevent ischemic stroke[1,2].
Studies have revealed that carotid atherosclerotic plaque is an independent risk factor
for ischemic stroke[3,4].  Carotid plaques cause stenosis of the lumen, and unstable
plaques are also prone to rupture and to form thrombi[5,6]. Thrombosis can block distal
intracranial blood vessels leading to ischemic stroke[7,8]. Researchers have found that
neovascularization in  the  plaque is  closely  related to  the  stability  of  a  plaque[9].
Contrast-enhanced ultrasound (CEUS) can sensitively detect neovascularization in the
plaque and then determine the stability of the plaque. It is currently the main clinical
detection  method for  assessing  plaque  stability[10,11].  However,  patients  must  be
injected with contrast agents to perform CEUS, which requires the assistance of a
nurse. The operation is more complicated than conventional ultrasound examination
and requires more examination time. Therefore, it cannot be a method for screening
unstable  plaques.  With  the  development  of  new  ultrasound  technology,  the
emergence of superb micro-vascular imaging (SMI) provides a more sensitive method
in detecting low-velocity blood flow than color Doppler, providing the possibility of
clinical screening for unstable plaques[12,13]. Therefore, the present study compared the
accuracy of SMI and CEUS in predicting ischemic stroke and explored the potential
value of SMI in predicting ischemic stroke.

MATERIALS AND METHODS

Study object
Carotid atherosclerosis patients with a lumen area stenosis of 50%-70% who were
confirmed by conventional X-ray angiography in Jiading District Central Hospital
Affiliated Shanghai University of Medicine & Health Sciences from March 2013 to
March 2015 were recruited. These patients underwent carotid ultrasound and at least
one side of carotid atherosclerotic plaque was confirmed. In total, 130 patients with
complete clinical data were included in the study. Patients with hemorrhagic stroke,
brain trauma, poisoning, post-epileptic state, hypertensive encephalopathy, abnormal
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blood glucose,  encephalitis  and vital  organ function were excluded.  All  patients
provided informed consent, and the study was supported by the Ethics Committee of
Jiading District Central Hospital Affiliated Shanghai University of Medicine & Health
Sciences.

Research methods
Clinical data records: The clinical data of each patient, including age, gender, blood
lipid  index  (cholesterol,  triglyceride,  high-density  lipoprotein,  low-density
lipoprotein, lipoprotein a), smoking history, diabetes history, hypertension history,
and high-sensitivity C-reactive protein, were recorded.

Ultrasound examination:  Toshiba Aplio500 ultrasound (PLT-1005BT linear array
probe,  5-10 MHz) equipped with SMI imaging software was used in the present
study.  GE Logiq E8 ultrasound (9L4 probe,  4-9 MHz) equipped with ultrasound
contrast imaging was also used in the present study. The patient was placed in a
supine position with the head biased to the opposite side, and the neck was fully
exposed. The carotid artery was continuously scanned longitudinally and laterally to
observe the presence of plaque and plaque echo. The position, length and thickness of
the target plaque were recorded. If the patient had multiple plaques, then the thickest
hypoechoic or mixed echo plaques were selected as the target plaque.

SMI examination: After clearly displaying the two-dimensional ultrasound image of
the plaque, the patient was instructed to continue to breathe calmly. The target plaque
was observed using the transverse and longitudinal sections of the SMI imaging
mode. The video of the target plaque was recorded. After the scan was finished, the
video was played back and was observed whether there were new blood vessels in
the plaque. The blood vessels in the plaque were categorized as follows[14]: level 0: no
blood flow signal is found in the plaque; level I: one or several dot blood vessels were
found in the plaque; level II: dot blood vessels and 1-2 linear blood vessels are found;
and level III: Multiple linear blood vessels are visible in the plaque, and most of them
penetrate the plaque.

CEUS examination: Sonovue microbubble contrast agent (Bracco, Italy) and 5 mL of
physiological saline were used to prepare a suspension. The truncated median vein
was punctured and injected with 2.0 mL of contrast agent. After the injection, 5 mL of
physiological saline was injected immediately, and the contrast mode was started. The
enhancement  of  the  plaque  was  observed,  and  the  video  was  retained  for  later
analysis. The contrast video was played back and the contrast perfusion of the plaque
was observed. The image was analyzed by contrast analysis software, and the region
of interest was manually drawn. The time-intensity curve was plotted to obtain the
contrast parameters: time-to-peak and plaque enhancement intensity (EI)[15,16].

Patient follow-up and grouping
A total of 130 patients who participated in the study were followed up for 3 years. The
first  follow-up was performed at  3  mo after  the end of  treatment.  Subsequently,
follow-up  was  performed  every  6  mo  by  phone.  The  endpoint  was  defined  as
ischemic stroke occurring during patient follow-up. Patients’ refusal, midway exit,
and accidental  death were  defined as  loss  of  follow-up.  Based on the  follow-up
results,  patients  with endpoint  events  were defined as the stroke group and the
remaining patients were defined as the non-stroke groups. The baseline data, imaging
parameters,  blood lipids (cholesterol,  triglyceride, high-density lipoprotein, low-
density  lipoprotein,  lipoprotein  a),  high-sensitivity  C-reactive  protein,  smoking
history, diabetes history, hypertension history, SMI and CEUS diagnostic parameters
were analyzed.

Statistical analysis
Statistical analysis was performed using Statistical Product and Service Solutions and
Medcalc software. The measurement data was expressed as x ± s, and the count data
was  expressed  in  frequency.  The  comparison  between  the  two  groups  of  mea-
surement data was performed using an independent sample t test, the count data was
applied by chi-square test, and the graded data was performed using Subparameter
test. Correlation analysis between SMI level and EI was performed using Spearman
correlation analysis. Multivariate Cox proportional regression was used to analyze the
risk of stroke in patients. The receiver operating characteristic (ROC) curve was used
to evaluate the accuracy of the potential indicators in predicting ischemic stroke. The
incidence of ischemic stroke in patients with different SMI levels was analyzed by
Kaplan-Meier, and the difference was analyzed by log-rank. P < 0.05 was considered
statistically significant.
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RESULTS

General data analysis of patients
By the end of the follow-up, five patients were lost  to follow-up and forty-three
patients were diagnosed with ischemic stroke and placed in the stroke group. There
were 82 patients in the non-stroke group. The general information for the two groups
of patients was presented in Table 1. Comparison of the clinical data between the two
groups found that the age,  gender,  plaque thickness,  lipoprotein a,  high-density
lipoprotein, high-sensitivity C-reactive protein, cholesterol, triglyceride, low-density
lipoprotein, smoking history, diabetes history and hypertension history in the two
groups were similar. There was no significant difference between the two groups (P >
0.05).

The number of SMI vascular grading cases in the stroke and non-stroke groups
were as follows: level 0: 1 case and 17 cases, respectively (Figure 1A); level I: 6 cases
and 48 cases, respectively (Figure 1B); level II: 17 cases and 14 cases, respectively
(Figure 1C); and level III: 19 cases and 3 cases, respectively (Figure 1D). Patients in the
stroke group were mainly in level II and III, while patients in the non-stroke group
were mainly in level 0 and I. There were statistically significant differences between
the two groups (Z = 56.678, P < 0.001).

There was no statistically significant difference in plaque time-to-peak between the
stroke group and the non-stroke group (t = 1.618, P = 0.108). EI in the stroke group
(Figure  2A)  was  larger  than  that  in  the  non-stroke  group  (Figure  2B),  and  the
difference was statistically significant (t = 7.526, P = 0.000).

Multivariate COX regression analysis of ischemic stroke
Multivariate analysis of SMI level and EI showed that SMI level (P = 0.013) and EI (P
= 0.032) were the independent influencing factors affecting ischemic stroke (Table 2).

Correlation analysis of SMI level and EI
Spearman correlation analysis revealed a positive correlation between SMI level and
EI (r = 0.737, P = 0.000; Figure 3).

Diagnostic efficacy of SMI grade and EI in predicting ischemic stroke in patients
with plaque
According to the ROC analysis, the area under curve (AUC) of SMI level predicting
ischemic stroke in patients with plaque was 0.878. The best diagnostic point was ≥
level II. The sensitivity was 86.05%, and the specificity was 79.27%. The AUC of EI
predicting ischemic stroke in patients with plaque was 0.890. The best diagnostic
point was 9.92 db. The sensitivity was 88.37%, and the specificity was 89.02%. The
difference was similar and there was no statistical significance between them (Z =
0.336, P = 0.737; Figure 4).

Survival  curve  analysis  of  patients  with  ischemic  stroke  under  different  SMI
classification
Survival  curve  analysis  of  patients  with  ischemic  stroke  under  different  SMI
classification was plotted by Kaplan-Meier. The results showed that with the increase
of SMI level, the incidence of ischemic stroke was gradually increased. The log-rank
test  revealed  a  statistically  significant  difference  (X2  =  108.931,  P  =  0.000).  The
incidence rate of SMI level 0 and level I was similar. The incidence rate of SMI level II
was significantly higher than level I. Therefore, it is feasible to use the SMI level II as a
predictor of ischemic stroke (Figure 5).

DISCUSSION
Carotid atherosclerotic  plaques are prone to cause ischemic stroke.  Studies have
shown that plaque formation is an independent risk factor for stroke[17,18]. Plaques
gradually block blood vessels and cause stroke as the disease progresses. In addition,
unstable plaques are prone to rupture, resulting in the blockage of distal blood vessels
and subsequent  ischemic  stroke.  Studies  have  found that  neovascularization  in
plaques is an important indicator of plaque stability[19]. Therefore, timely detection
and effective assessment of neovascularization in plaques have potential value in
predicting patients with ischemic stroke. Recent studies have shown that CEUS is of
great value in the detection and assessment of neovascularization in plaques[20,21]. The
operation of CEUS is complex and requires the support of contrast agents and nurses.
Therefore, it cannot be used as a screening tool for finding unstable plaques. SMI is a
novel technique for detecting blood flow in micro-vessels, enabling the detection of
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Table 1  Comparison of clinical baseline data between the two groups, n (%)

Stroke group (n=43) Non-stroke group (n=82) X2/t/Z P

Gender, male (%) 25 (58.14) 46 (56.10) 0.018 0.892

Age 70.04 ± 10.82 67.06 ± 8.59 1.672 0.095

Triglyceride (mmol/L) 1.68 ± 0.91 1.72 ± 0.67 0.279 0.780

Cholesterol (mmol/L) 4.50 ± 1.03 4.31 ± 0.88 1.080 0.282

Lipoprotein (a) (mmol/L) 235.67 ± 285.37 179.56 ± 184.67 1.243 0.216

High-density lipoprotein (mmol/L) 1.09 ± 0.24 1.15 ± 0.33 -1.086 0.279

Low-density lipoprotein (mmol/L) 3.13 ± 0.69 2.96 ± 0.72 1.272 0.206

High-sensitivity C-reactive protein (mg/L) 7.57 ± 4.74 6.23 ± 3.98 1.673 0.097

History of hypertension 22 (51.16) 40 (48.78) 0.064 0.800

History of diabetes 26 (60.47) 48 (55.54) 0.043 0.835

History of smoking 20 (46.51) 47 (57.32) 1.324 0.250

Plaque thickness (mm) 3.38 ± 0.83 3.30 ± 0.90 0.534 0.594

Superb micro-vascular imaging level

Level 0 1 (2.32) 17 (20.73) 56.678 < 0.001

Level I 6 (13.95) 48 (58.53)

Level II 17 (39.53) 14 (17.07)

Level III 19 (44.19) 3 (3.66)

Ultrasound contrast

Time-to-peak (s) 12.47 ± 1.88 12.98 ± 1.54 1.618 0.108

Enhancement intensity (db) 10.67 ± 1.52 8.82 ± 1.03 7.526 0.000

micro-vessels at a much lower speed[13,22-24]. However, there are few studies on the
assessment of neovascularization in plaque, and it is not clear whether it can be used
to predict ischemic stroke in patients with carotid plaque. Therefore, the present study
aimed to determine the ability of  SMI in detecting neovascularization of  carotid
atherosclerotic plaque and analyzed its value in predicting ischemic stroke in patients
with plaques.

The subjects recruited in this study needed to meet two conditions. First, the degree
of vascular stenosis needed to be between 50% and 70%. Second, the patients were
only treated with conservative drugs in order to prevent ischemic stroke caused by
excessive plaque growth. These conditions controlled to the best of our ability that an
ischemic stroke in the study subject was caused by the rupture of an unstable plaque.

In this study, baseline data analysis was performed on patients who underwent 3
years of follow-up. The results showed that the clinical data of age, gender, serum
index, and medical history were not significantly different between the two groups (P
> 0.05). It indicates that the difference in patient baseline data is small. However, SMI
level and EI were different between the two groups. The results showed that patients
in the stroke group had higher SMI grades and higher EI values. Multivariate COX
regression analysis found that SMI level and EI were independent factors influencing
ischemic stroke. This initially suggests that SMI levels and CEUS markers can be used
to detect neovascularization in plaques of patients with carotid atherosclerosis and to
assess the occurrence of ischemic stroke. Previous studies have reported that unstable
plaques are prone to rupture and cause distal vascular obstruction to cause ischemic
stroke. The abundant neovascularization in the plaque is associated with rupture of
the plaque[25,26]. Therefore, SMI and CEUS are good tools for dynamic observation of
blood flow distribution in the plaque, which can be used to assess the occurrence of
ischemic stroke .

Studies  have  shown that  contrast  EI  in  plaques  have  a  good correlation  with
histological micro-vessel density[27]. It has been clinically established that CEUS can be
used to analyze the stability of plaques[20,28]. Therefore, we used correlation analysis to
evaluate the value of SMI in detecting low-velocity blood flow in plaques. Spearman
correlation analysis showed that SMI level was positively correlated with EI, with a
correlation of 0.737, suggesting SMI can evaluate blood flow in plaque like CEUS.

In order to investigate the value of CEUS and SMI in predicting ischemic stroke
caused by plaque rupture, the ROC curve was used for analysis, and it was found that
both  could  achieve  an  AUC of  approximately  90%.  This  indicates  that  both  are
excellent predictors of stroke. SMI is more convenient and easier to promote than
CEUS,  suggesting that  the  clinical  use  of  SMI can be  applied for  the  large-scale
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Figure 1

Figure 1  Superb micro-vascular imaging vascular grading in patients with carotid atherosclerosis. A: Blood flow level 0 in plaque; B: Blood flow level I in
plaque; C: Blood flow level II in plaque; D: Blood flow level III in plaque.

screening of unstable plaques.  In addition, the ROC curve revealed that the best
diagnostic point of SMI was level II. Furthermore, level 0 and I suggested a negative
result, while level II and III suggested a positive result. Based on the survival curve of
patients, which compared the incidence of ischemic stroke in different SMI levels, it
was found that patients with SMI level 0 and I had a similar incidence rate, but the
incidence of level II and III significantly increased. This suggests that SMI level II can
be used as one of the diagnostic criteria in clinic.

This study has certain limitations.  Although we have screened patients with a
stenosis degree between 50% and 70% through strict inclusion and exclusion criteria,
we still cannot fully guarantee that the reason for ischemic stroke during follow-up
was due to plaque rupture.  Some patients may have had a stroke due to plaque
clogging,  resulting in  false  positive  results.  To expand our  findings,  we plan to
establish a rabbit carotid plaque model with anatomical results as a standard for
plaque rupture to accurately compare the diagnostic efficacy of SMI and CEUS.

In summary, SMI can be used as a non-invasive method for screening unstable
plaques. It has a high diagnostic accuracy and can be applied for the clinical diagnosis
and prevention of ischemic stroke.
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Table 2  Cox multivariate analysis of patients with ischemic stroke

Factors B SE Wald P-value RR
95%CI

Lower limit Upper limit

Superb micro-vascular imaging level 0.640 0.312 4.112 0.013 1.896 1.971 6.696

Enhancement intensity 0.601 0.226 1.428 0.032 1.824 1.171 2.840

Figure 2

Figure 2  Carotid plaque Tic analyses. A: Stroke patient, time-to-peak = 12.8 s, enhancement intensity = 9.6 db; B: Non-stroke patients, time-to-peak = 13.4 s,
enhancement intensity = 8.1 db.

Figure 3

Figure 3  The correlation between superb micro-vascular imaging level and enhancement intensity. SMI: Superb micro-vascular imaging; EI: Enhancement
intensity.
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Figure 4

Figure 4  Receiver operating characteristic curve of ischemic stroke in patients with plaques predicted by superb micro-vascular imaging level and
enhancement intensity. SMI: Superb micro-vascular imaging; EI: Enhancement intensity.

Figure 5

Figure 5  Survival curves of patients with ischemic stroke under different superb micro-vascular imaging levels. SMI: Superb micro-vascular imaging.

ARTICLE HIGHLIGHTS
Research background
Patients  with  carotid  atherosclerotic  plaque are  prone to  ischemic  stroke because  plaques
gradually block blood vessels and cause stroke. Secondly, unstable plaques are prone to rupture
and form thrombi, which in turn leads to ischemic stroke. Contrast-enhanced ultrasound (CEUS)
can be used to assess unstable plaques because it can detect blood flow in the plaque. However,
CEUS is complicated, requires the use of contrast agents and requires the support of nurses, so it
cannot be used as a large-scale screening tool for unstable plaques.

Research motivation
Superb micro-vascular imaging (SMI) is a new technique for detecting micro-vascular blood
flow, enabling the detection of low-speed micro-vessels. It is expected to be a screening tool for
unstable plaques. However, there are few reports on the evaluation of neovascularization in
plaques by SMI. Whether it can be used to predict ischemic stroke in patients with carotid plaque
is still inconclusive.

Research objectives
In this study, the distribution of micro-vascular blood flow in carotid atherosclerotic plaques was
detected by the SMI technique. The aim of this study is to compare the accuracy of SMI and
CEUS in predicting ischemic stroke, and to explore the value of SMI in predicting ischemic
stroke in patients with unstable carotid plaque.

Research methods
Patients with carotid plaques (luminal stenosis of 50%-70%) were recruited as the subjects in the
present study. The clinical baseline data, serological data, CEUS and SMI data were recorded. All
patients were followed up for 3 years. During the follow-up period, patients only underwent
conservative drug treatment to prevent an ischemic stroke caused by excessive plaque growth
within 3 years. According to whether or not ischemic stroke occurred during the follow-up
period,  the  patients  were  divided  into  the  stroke  group  and  the  non-stroke  group.  The
differences in clinical data between the two groups were compared. The correlation between SMI
and CEUS was analyzed. The value of SMI and CEUS in predicting ischemic stroke in patients
with carotid atherosclerotic plaque within 3 years was explored.
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Research results
In the present study, there were 43 patients in the stroke group and 82 patients in the non-stroke
group. Patients in the stroke group were mainly in SMI level II and III, while patients in the non-
stroke group were mainly in SMI level  0 and I.  Cox regression showed that SMI level  and
enhancement intensity were the independent factors influencing ischemic stroke. SMI level was
positively  correlated  with  enhancement  intensity.  The  area  under  curve  of  SMI  level  and
enhancement intensity predicting ischemic stroke was 0.878 and 0.890. It indicated that SMI was
as good as CEUS in predicting ischemic stroke in patients with unstable carotid plaque. As the
SMI level gradually increased, the incidence of ischemic stroke gradually increased. SMI level II
revealed the highest accuracy of predicting ischemic stroke in patients with carotid plaque.

Research conclusions
SMI can assess neovascularization in unstable plaques just like CEUS, but SMI is non-invasive
and simple to operate. Hence, it can be used as a non-invasive tool for screening for unstable
plaques. It can be applied to the clinical diagnosis and prevention of ischemic stroke.

Research perspectives
This  study  further  plans  to  establish  a  rabbit  carotid  atherosclerotic  plaque  model.  The
anatomical results of experimental rabbits will be used as criteria for plaque rupture, and the
value of SMI and CEUS for predicting unstable plaque rupture will be more accurately analyzed.
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