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Abstract: Cardiovascular disease(CVD) has become a major disease burden affecting people’s health in China. Blood vessels are
very important for human health and are the “sentinel” for the development of many cardiovascular and cerebrovascular diseases. The
key to effectively preventing fatal, disabling heart, brain and peripheral vascular events lies in controlling traditional and non-
traditional risk factors for vascular health from the source, and early assessment and intervention of early vascular lesions. Since 2004,
China government promoted the early detection technology of vascular lesions and vascular medicine, and proposed the Beijing
Vascular Health Stratification (BVHS) to provide suggestions for the examination, evaluation and management of risk factors, and to
provide new ideas for lifelong maintenance of vascular health. This review mainly introduces the establishment and development of
the clinical discipline of “vascular medicine” in the past 20 years in China, introduces the indicators for detecting vascular function and
structure and the predictive value of vascular events, and carries out intelligent and digital management of vascular health throughout
the life cycle of individualized prevention, treatment and rehabilitation for people with different parts or degrees of lesions, effectively
reducing the occurrence and development of cardiovascular and cerebrovascular diseases, and the prospect of new technology in
maintaining vascular health.
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Introduction

Cardiovascular and cerebrovascular diseases are one of the most serious diseases threatening human health in the world,
and the pathophysiological basis is vascular lesions, then the maintenance of vascular health is extremely important. In
the past 20 years, with the promotion of appropriate technologies for the early detection of vascular diseases, the
exploration of comprehensive management models of vascular diseases, and the development of professional disciplines
in vascular medicine, a group of medical and health institutions represented by Peking University Shougang Hospital
have gradually explored the characteristic cardiovascular and cerebrovascular diseases prevention and treatment model of
the whole life cycle of management with vascular health as the core, closely uniting secondary and tertiary hospitals,
community health service centers, and family doctors. It has realized the “threshold forward” and “sinking the center of
gravity” in the prevention and treatment of chronic diseases, and has made positive contributions to reducing the
mortality and disability rate of cardiovascular and cerebrovascular diseases.

Vascular Health and Risk Management 2023:19 741-751 741
Received: 27 July 2023 © 2023 Wen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 25 October 2023
Published: 14 November 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-9660-2927
http://orcid.org/0009-0006-3245-8800
http://orcid.org/0000-0002-0888-6059
http://orcid.org/0000-0003-1297-2176
http://orcid.org/0009-0009-6902-4354
http://orcid.org/0000-0001-8896-3765
http://orcid.org/0000-0002-5676-3491
http://orcid.org/0000-0003-1869-7718
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wen et al Dove

Vascular Health Promotion Project in China

The China International Congress of Vascular Medicine(CCVM)), the first Chinese Heart and Vascular Health Promotion
Program (CHVHPP) Promotion Conference, has been held since 2004, originally named the Chinese Conference on
Vascular Disease and Arterial Function, which is the first international academic conference on early stage of vascular
lesions and vascular health maintenance, vascular risk factor identification and intervention, vascular biology, vascular
disease medical surgery and interventional treatment, vascular disease rehabilitation and other comprehensive contents.
Since 2006, the Asia-Pacific Congress of Vascular Medicine has been held during the CCVM, and the CCVM has
become international.’? In 2010, the first vascular medicine center in China, the Vascular Medicine Center of Peking
University Shougang Hospital, was established, aiming to explore the prevention and treatment mode of vascular
diseases. In 2011, vascular medicine was opened as an elective course at Peking University Health Science Center. In
2012, the Blue Book on the Development of Vascular Medicine in China was officially released. In 2014, vascular
medicine was opened as a public elective course at Peking University, and vascular medicine entered the public
university lecture hall as a new discipline. In December 2014, the establishment of the Vascular Medicine Professional
Committee of the China Medical Education Association, the first second-level academic organization specializing in
vascular medicine in China, marked that vascular medicine is not only a new field of medical clinical practice, but also
enters the track of standardized construction.

In the past 20 years, with the promotion of appropriate technologies for the early detection of vascular diseases, the
exploration of comprehensive management models of vascular diseases, and the development of professional disciplines
in vascular medicine, a group of medical and health institutions represented by Peking University Shougang Hospital
have gradually explored the characteristic cardiovascular and cerebrovascular disease prevention and treatment mode of
life cycle vascular health management with vascular health as the core, and closely united with tertiary hospitals,
secondary hospitals, community health service centers, and family doctors to achieve the “threshold forward” and
“sinking the center of gravity” of chronic disease prevention and treatment. It has made positive contributions to reducing
the mortality rate and disability rate of cardiovascular and cerebrovascular diseases.

Since 1997, China began to carry out vascular function research, and with the support of the Ministry of Health,
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carried out the promotion of “Centennial Plan” “early detection technology of vascular lesions”, with the development of
promotion, clinical and scientific research, gradually formed the prototype of vascular medicine. In 2006, he put forward
the methodological concept of the early detection technology system of vascular disease as the basis for the prevention
and treatment of systemic vascular disease, began to explore the management concept of systemic vascular disease, took
the lead in proposing the “Application Guide of Early Detection Technology of Vascular Lesions” in China, and
established the first early detection company for vascular and heart diseases in April 2010. Comprehensive Prevention
and Treatment Center for Early Prevention and Early Treatment: The Vascular Medicine Center of Peking University
Shougang Hospital integrates medical treatment, scientific research, teaching, prevention, and academic exchanges at
home and abroad, and is the vanguard of promoting the construction of professional disciplines in vascular medicine. In
2015, the BVHS system was proposed, creating a model of transformation from “disease treatment” to “health manage-
ment” characterized by vascular health system assessment and full life cycle management.

In 2017, it undertook the key special project of the national key R&D plan “Digital Diagnosis and Treatment
Equipment Research and Development”: “High Credibility and Strong Intelligence Diagnosis and Treatment Service
Model Solution for Cardiovascular and Cerebrovascular Diseases”, and opened the research and application of artificial
intelligence(Al)-assisted three-level diagnosis and treatment of cardiovascular and cerebrovascular diseases - Shougang
Vascular Management Model. In 2019, the Vascular Health Research Center of Peking University Health Science Center
was established, the first China Intelligent Digital Heart and Vascular Health Integrated Traditional Chinese and Western
Medicine Management Forum was held in Xindu District, Chengdu in 2021, and the second forum was held in Gucheng
Community Health Service Center in 2022 to explore the frontier cross-technology fields of applied medicine, especially
the fields of Al, machine learning and deep learning, to strengthen clinical disease diagnosis and treatment decisions, and
promote the integration, reform and innovation of the whole life cycle management of Chinese and Western medicine

healthy heart and vascular health. Ultimately building the future of medicine.
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In March 2023, the National Research Institute of Health and Medical Big Data of Peking University established
the Intelligent Heart and Vascular Health Digital Management Research Center, which will rely on the superior
Shougang population data resources to analyze and research, explore intelligent and digital management in the field of
vascular diseases, and the management mode of the whole life cycle, which is of great significance for reducing the
increasingly heavy medical burden of CVDs in the country and Beijing and improving the quality of national health.

In 2023, the practice guidelines for digital management of the whole life cycle of intelligent vascular health in China
(the first report in 2022) were released,® which pointed out that digitalization, smart medical care and deep learning
processes have greatly improved the prospects for the prevention of vascular diseases. Based on traditional risk factors,
non-traditional risk factors,* clinical and laboratory tests, imaging data, wearable devices, induction data and bionomics,
today’s vascular health service system will be reconstructed in the future, patients will obtain maximum benefits, and the
digital smart health road will reshape the prevention model of vascular diseases. Therefore, the launch of the national
digital vascular medical center construction project is of great significance.

In the future, through Al, the Internet and new 5G technology to support the maintenance of vascular health and
ultimately reduce the incidence of CVD, comprehensively evaluate the individual’s vascular health classification, and
formulate individualized prevention, treatment and rehabilitation strategies combining traditional Chinese and Western
medicine. The early comprehensive maintenance of vascular health provides new ideas and new means for the early
prevention and treatment of chronic diseases, helping to achieve the national strategic goal of “Healthy China”.

Vascular medicine establishes the concept of “vascular tree”, vascular medicine is based on blood vessels, human
blood vessels as a whole, research on diseases of organs and systems such as the heart, brain, kidney, lung, intestine,
peripheral blood vessels, including early detection, intervention and rehabilitation of vascular diseases. Vascular
medicine is a new interdisciplinary clinical discipline integrating cardiology, neuroscience, endocrinology, nephrology,
coronary surgery, vascular surgery, vascular biomechanics, health education and genetics. The most striking feature of
vascular medicine is its distinctive translational properties. The concept of vascular medicine is actually advocating the
establishment of a new model of vascular disease health management, abandoning the traditional “headache and foot
pain”, treating the important organs of the whole body as a whole, comprehensively evaluating the health status of the
blood vessels they supply, and guiding medical staff to adopt early intervention strategies including lifestyle improve-

ment, drugs, surgery or intervention, and early detection, prevention and even reversal of adverse vascular events.

Vascular Assessment Indicators in Clinical Practice

Vascular Endothelial Function Assessment

Coronary endothelial function assessment is the gold standard for endothelial function testing using coronary angio-
graphy, where drugs such as acetylcholine are injected into the coronary arteries to induce coronary vasoconstriction.
Ultrasound testing of brachial artery flow-mediated vasodilation (FMD) is the most effective noninvasive assessment of
endothelial function method, normal value is FMD >10%.> Post-exercise reduction of brachial FMD > 1.3% is predictive
for cardiovascular events in patients with intermittent claudication.® FMD may simply reflect compound risk burden that
impacts upon vessel function and hence may not provide incremental risk prediction. FMD examination is highly
dependent on the skill level of the tester, FMD results are influenced by cuff position, and there is a lack of uniform
guideline standards for laboratory testing.” The reactive hyperemia index (RHI) test reflects the microcirculatory function
and endothelial function of small blood vessels throughout the body, RHI is a predictor for assessing acute coronary
syndromes bleeding and cardiovascular death®” Reduced RHI is associated with an increased risk of adverse clinical
outcomes in Heart Failure.'® RHI values correlate with CHA2DS2-VASc scores, Assessing the endothelial function could
enable the risk stratification of cardiovascular events after AF ablation.'' An 18-month follow-up study of patients with
unstable angina pectoris and type 2 diabetes mellitus (T2DM) found that a decrease in peripheral RHI was associated
with adverse cardiovascular events.'? PAT also suffers from defects, such as blood flow to the peripheral vascular bed
affected by autonomic tone and environment, and sensitivity to probe movement may lead to errors.The finger detection
device uses disposable finger sleeves, which is slightly more expensive for clinical and research purposes.
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Ultrasound Techniques to Assess Arterial Structural and Functional Abnormalities
Comprehensive screening of cervical vascular ultrasound is the most important basis for early diagnosis of systemic athero-
sclerosis. Carotid intima-media thickness (cIMT) is closely related to CVD, and higher than the normal value in this age group is
judged to be endo-medial membrane thickening.'® Near and far wall common carotid artery-IMT values were approximately
linearly associated with CVD risk.'"* CIMT progression as surrogate marker for cardiovascular risk, and the extent of
intervention effects on cIMT progression predicted the degree of CVD risk reduction.'> The presence of a heterogeneous
carotid plaque in patients who underwent PCI predicted future CV events. These patients may require more aggressive medical
therapy and careful follow-up.'® Criteria for determining arteriosclerotic plaque: both longitudinal and cross-sectional scans of
blood vessels show the presence of echoic structures protruding into the lumen, or abnormal blood defects protruding into the
lumen, or local cIMT exceeding 50% of the adjacent median-medial membrane thickness. Routine subclavian artery detection
can effectively improve the detection rate of early atherosclerosis, which greatly helps the diagnosis of early atherosclerosis.
Ultrasound of the abdominal aorta, renal artery, and lower extremity arteries can also detect stenosis and occlusion.

Evaluation of Arteriosclerosis

Arterial stiffness depends primarily on the functional status of the aortic and is a risk factor for CVD progression and an
independent predictor of all-cause mortality. Arteriosclerosis detection can be detected by non-invasive arteriosclerosis
detection equipment, which is easy to conduct census in community medical institutions. PWV is a common measure of
arterial stiffness. Among them, carotid-femoral pulse wave velocity (CF-PWV) detection is currently considered to be the
gold standard for the hardness assessment of large dynamic prices. Normal values: CF-PWV<9 m/s, brachial PWV
<14 m/s."” IMT and brachial artery PWYV, especially when combined, are useful in predicting future vascular events in
elderly subjects.'® There is a correlation between CF-PWYV and biomarkers such as NT-proBNP, Hcy, and urine albumin
(microalbumin)."® Especially in older adults without CVD, CE-PWYV is strongly associated with the development of
coronary heart disease and heart failure.?® In cohort studies of the relative contribution of pulse pressure and arterial
stiffness to CVD, pulse pressure-arterial stiffness mismatch is common in the community. CF-PWV may modify the
association of CPP with CVD risk, with the greatest risk being observed in those with elevated CPP and CF-PWV.?! The
cardio ankle vascular index(CAVI) test is a new assessment of arterial stiffness derived from the stiffness factor Que and
is related to arterial stiffness and compliance. CAVI is a marker of Vascular health (VH) associated with arterial damage
in patients with hypertension, diabetes, metabolic syndrome, and dyslipidemia.”*>> CAVI was developed to reflect the
stiffness of the arterial tree from the beginning of the aorta to the ankle, which is not affected by blood pressure
immediately at the time of measurement, is reproducible, and can be used to assess the severity of CVD and its risk.*
CAVI may have higher discrimination in all-cause mortality and major adverse cardiovascular endpoints.”” CAVI is
a more stable indicator, CAVI has the advantages of non-invasive, immune to blood pressure, and inexpensive. Generally,
arteriosclerosis detectors can measure CAVI and ankle brachial index(ABI), and can be considered for large-scale
vascular screening in the future. Central artery pressure can be obtained by invasive cardiac catheterization and
noninvasive radial or carotid artery tone testing, reflecting the stiffness of the aorta, and central artery pressure predicting
cardiovascular events in the elderly population.

ABI Detection

Post-exercise ABI should be measured in patients with normal or low resting ABI and clinical suspicion of LEAD.?® An
ABI < of 0.9 or >1.3 should be considered an increased risk of cardiovascular events or death, regardless of LEAD
symptoms or other cardiovascular risk factors. Among patients with nonembolic ischemic stroke or transient ischemic
attack, those with low ABI had a higher rate of vascular events and death in this population. Screening for ABI in stroke
patients may help identify patients at high risk of future events.?’ In studies of black adults, lower extremity symptoms

and ankle-brachial index screening were found to be predictors of cardiovascular outcomes.*°
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Radial Pulse Wave Analysis

Radial pulse measurement and analysis can measure central aortic pressure, pressure wave enhancement index, and aortic
and arteriole elasticity, all of which reflect the compliance of systemic vessels. Impaired arterial elasticity predicts
cardiovascular morbidity and mortality, and there is a strong and independent association between small artery elasticity
and CVD in men. In postmenopausal women, similar trends and effect sizes were observed.>' The first harmonic of radial
pulse wave predicts major adverse cardiovascular and microvascular events in patients with type 2 diabetes.*

Biomarker Detection of Vascular Aging and Endothelial Dysfunction

Including blood lipids, blood sugar, homocysteine, hypersensitivity C-reactive protein, uric acid, brain natriuretic
peptide, D-dimer, albumin (ALB) and glycated hemoglobin. Patients with hypertension, diabetes, coronary heart disease
(CHD), and LEAD have higher CAVI levels and are associated with lipid levels, homocysteine, hypersensitivity
C-reactive protein, uric acid, and brain natriuretic peptide.**** Homocysteine as a predictor and prognostic marker of
atherosclerotic CVD.* In people without CVD, risk assessment with hypersensitivity C-reactive protein or fibrinogen
can help prevent cardiovascular events. There is evidence to support the role of ALB as a strong predictor of
cardiovascular risk. According to several cohort studies and meta-analyses, hypoalbuminaemia is a strong predictor of
all-cause and cardiovascular mortality in hospitalized and non-hospitalized patients with or without comorbidities.*® In
prospective cohorts, BUN was assessed for risk of CHD and elevated BUN levels may be associated with an increased
risk of coronary heart disease.’’” HbAlc has been recognized as a predictor of cardiovascular events.>® There is
a sustained relationship between HbAlc and CHD risk, even below the diagnostic threshold for diabetes.** Novel
stratification of lipid risk, simply using triglyceride and non-high-density lipoprotein cholesterol levels, combined with
FMD measurement, is useful for predicting cardiovascular outcomes in patients with coronary artery disease.*” The
detection of lipoprotein (a), nanoscale selenium, Human umbilical vein endothelial cells, and miR-145 indicators can be
used as a new strategy for the treatment of vascular dysfunction.*’

Testing for Atherosclerosis

CTA/MRA/DSA/MRI High classification intracranial/External vessel wall imaging) shows changes of cerebral
Atherosclerosis.** Coronary angiography (CAG): the gold standard for pre-diagnosis of coronary artery narrowing. High-
risk plaque features and plaque burden at coronary CT angiography were associated with cardiovascular events.* Left
atrial function by cardiac computed tomography is a predictor of heart failure and cardiovascular death.** Intravascular
ultrasound (IVUS): higher sensitivity than CAG, which has certain advantages in judging whether plaque is stable;
A meta-study evaluating the association between coronary plaque regression and MACE by intravascular ultrasound
(IVUS) found that regression of atherosclerotic plaque by 1% was associated with a 25% reduction in the odds of
MACEs.* Optical coherence tomography (OCT): more accurately reflects heavy conditions than IVUS, allowing more
accurate detection and classification of plaques; Multimodal IVUS+OCT images accurately and efficiently predict plaque
cap thickness and stress/strain index changes, which are essential for the assessment and prediction of the risk of fragile
plaque progression and rupture, and for the diagnosis, management and treatment of CVD and the prevention of
cardiovascular events.*® Multi-layer spiral computed tomography (MSCT): screening for vulnerable plaques; MRI:
dynamic observation of plaques multiple times in a row. Nuclide scintigraphy: there is a certain prospect in judging
whether the plaque is stable; Vascular endoscopy: direct visualization of the surface of the plaque and the structure in the
lumen.

Beijing Vascular Health Stratification(BVHS) Comprehensive Evaluation
System

Based on traditional risk factors, BVHS superimposed comprehensive evaluation indicators of vascular structure and
function, including non-invasive determination of vascular endothelial function and arterial valence hardness. BVHS
integrates different assessment and grading strategies from vascular function to structure, from early to late disease, and
individualized intervention and management for people at different levels. A cross-sectional study evaluating the
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correlation between cerebral white matter lesions and arteriosclerosis in 1176 adults using the Heart Ankle Vascular
Index found that higher arterial stiffness evaluated using the Heart Ankle Vascular Index was associated with the
presence of cerebral white matter lesions. The observed longitudinal characteristics of the correlation are helpful in
assessing whether arteriosclerosis predicts white matter lesions.”> Serum uric acid (UA) and CF-PWV Studies of carotid
radial PWV (CR-PWV), CAVI, ankle brachial index (ABI), and cIMT, and gender differences in the real world
population from China have found that all vascular parameters in men are higher than those in women. The relationship
between UA and vascular markers has no gender difference except for ABI. UA and CAVI are independently linearly
correlated. In populations with higher UA levels, the risk of elevated CF-PWYV is increased. Higher UA may primarily
affect vascular function rather than vascular structure.®® A prospective observational and follow-up study involving men
and women aged 45 to 75 years was designed as an observational study. Through a questionnaire survey and a 3-year
follow-up, vascular function and structural parameters were evaluated without any intervention, and arterial functional
indicators such as PWV, CAVI, FMD, ABI, and cIMT were collected, And 2858 plasma biomarkers were included in this
study at baseline. This study will provide important information on traditional and new risk factors related to metabolism,
and establish a new early detection and scoring system for vascular disease based on comprehensive vascular disease risk
factors and vascular function and structure assessment indicators.*’ A study evaluating the relationship between serum
bilirubin levels and ABI to determine whether gender affects the correlation between bilirubin levels and peripheral
arterial disease (PAD) in hypertensive patients found that serum total bilirubin (TBiL) and direct bilirubin (DBiL) levels
in men were higher than those in women. The total bilirubin and DBIL were significantly decreased in the PAD group.
After adjusting for cardiovascular risk factors, PAD was independently negatively correlated with TBiL and DBIiL, and
the relationship between PAD and bilirubin levels was only found in men.*® A study evaluating the relationship between
systemic atherosclerosis and multiple atherosclerotic plaques found that MAP was highly prevalent in this cohort, with
a higher prevalence in men than in women. High systemic arteriosclerosis is independently associated with multi-site
atherosclerotic plaques (MAP), indicating that arteriosclerosis has complementary value for early recognition and
intervention of MAP."> A study assessing the arterial function of different vascular related diseases and the potential
interrelationship between these diseases and atherosclerosis found compared with participants without vascular-related
diseases, those presenting the diseases showed a significantly higher prevalence and age- and sex-adjusted OR of
arteriosclerosis. The associations between arteriosclerosis and diseases other than hypertension were largely explained
by the association with hypertension, indicating that hypertension could be the single most important factor that leads to
arteriosclerosis.'” A study evaluating the independent relationship between HbAlc and low ABI found that HbAlc is an
independent factor associated with lower ABI, linearly correlated with ABI levels, and not related to fasting blood
glucose and other cardiovascular factors.”® A cohort study explored the predictive value of BVHS for new cardiovascular
and cerebrovascular events, mainly for CHD and cerebral infarction events. CF-PWYV, carotid radial artery PWV, CAVI
and ABI are also predictors of CHD and cerebral infarction, among which CAVI is a more stable indicator. In addition,
with effective vascular health management and intervention, even high CF-PWYV levels at baseline are not necessarily
risk factors for cardiovascular and cerebrovascular events. This study preliminarily verified that BVHS has predictive
value for CHD in Chinese population, while the predictive value of cerebral infarction needs to be studied.*’ In order to
further facilitate clinical practice, BVHS is hereby supplemented and revised.’® To further advance clinical practice,
BVHS is hereby supplemented and revised. The BVHS study (ChiCTR2000034085) was initiated in 2020 and is
ongoing, combining vascular structural and functional indicators to further validate the predictive value of BVHS for
future cardiovascular events.”'

Vascular Health Management Throughout the Life Cycle of Tertiary

Hospital-Community-Family

The core of the management of VH is to screen out subclinical vascular lesions with early non-invasive examination,
improve vascular function by controlling risk factors, prevent the occurrence of CVD, and ultimately reduce the
cardiovascular events that cause death and disability. Hierarchical management of different vascular risk groups can
also save medical resources and reduce the increasing burden of CVD. Relying on the practical experience of the
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“Shougang Model” of hypertension prevention and treatment by the World Health Organization, the “Shougang Vascular
Health Management Model” was explored, that is, the integrated mechanism of tertiary hospitals and community medical
services, which can implement the whole process management of CVD.>* Through the information system of the close-
knit medical alliance and the embedded “intelligent diagnosis and treatment of cardiovascular and cerebrovascular
diseases based on AI” system, the whole process management of VH is realized. Providing clinicians with the intelligent
collaborative auxiliary diagnosis and treatment function of CVD and applying it to community health service centers can
greatly improve the clinical diagnosis and treatment skills of general practitioners.

By establishing a three-level intelligent diagnosis and treatment service collaboration platform for cardiovascular and
cerebrovascular diseases to improve the overall diagnosis and treatment level and provide a complete medical service
system, Peking University Shougang Hospital and its four community health service centers were selected to carry out
the construction and application of the three-level diagnosis and treatment service collaboration platform for cardiovas-
cular and cerebrovascular diseases, mainly including the establishment of diagnosis and treatment data, intelligent
diagnosis and treatment platform and intelligent medical knowledge dissemination network. The system terminal
remotely uploads electrocardiogram, echocardiography, cardiovascular CTA, MRI, carotid ultrasound, electroencephalo-
gram, monitor, digital subtraction angiography X-ray imaging system (DSA) and other diagnosis and treatment data to
the medical equipment network sharing platform, community hospital staff can independently and professionally operate
the above diagnosis and treatment equipment, promote the medical diagnosis and treatment data of medical institutions at
all levels to meet the examination quality and technical homogeneity, and apply the tertiary diagnosis and treatment
platform for intelligent auxiliary diagnosis. The utilization rate of medical equipment and data resources, patients’
awareness of cardiovascular and cerebrovascular diseases, and the satisfaction of medical staff and patients with
intelligent diagnosis and treatment services were observed. After the application of the tertiary diagnosis and treatment
platform, the diagnosis and treatment service level of each community center was significantly improved, the utilization
rate of medical equipment and data resources increased significantly, the patient’s awareness of cardiovascular and
cerebrovascular diseases was significantly improved, and patients and community medical staff were very satisfied with
the application of the tertiary diagnosis and treatment platform.” By taking the lifelong management of VH in tertiary
hospitals as the leader, and giving full play to the advantages of integration with general medicine in community
hospitals, not only CVD patients are managed, but also high-risk groups are detected early, and the early prevention of
vascular diseases integrated with traditional Chinese and Western medicine is realized. Adhering to the concept of
traditional Chinese medicine prevention before disease, hospitals at all levels have established pre-treatment departments,
continuously explored service models and clinical paths for pre-treatment, and established VH management clinical
pathways and service models.

Through the extension of the network architecture of community health service organizations, including general
practitioners and health service personnel, remote real-time communication of data can be realized with the help of
remote monitoring instruments, and then the goal of integrated collaborative service management with hospital health
record data as the main line is realized. The construction of the remote monitoring application system allows residents to
monitor their own health at home, and through the collaborative analysis of data inside and outside the hospital, they can
more accurately grasp the control of health indicators, which is convenient for them to implement refined health
management.

Establish a specialist-family physician team in tertiary hospitals, integrate with the family physician team of
community health service centers, and provide “group-type” contract services for patients, and the VH services provided
by the specialist-family physician team in tertiary hospitals are mainly based on cardiac and vascular medicine
specialties. The family physician team of the community health service center mainly provides vascular disease chronic
disease management, community rehabilitation and extended family health services for contracted patients.

We carry out health education and publicity in a variety of ways, including patients attending medical institutions,
patients serving family doctors, and healthy people in society. Every month, he will give lectures on vascular health at the
community health service center and community activity station under Shougang Hospital; In the health programs of TV
stations, popularize vascular health knowledge to the people of the whole country; Regularly carry out science
popularization on the hospital’s official public account platform. Foreign studies have found that behavioral guidance
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based on family blood pressure has anti-albuminuria effect on people with microalbuminuria.>* Face-to-face interviews
on chronic disease management were conducted at least quarterly, and 2867 patients with chronic diseases were managed
in the Gucheng Community Health Service Center under Beijing Shougang Hospital, and 2149 were archived after the
first diagnosis, with a filing rate of 74.95%, and 72.13% could adhere to regular follow-up after filing. The prevalence of
hypertension was the highest (88.22%), and the medication was more reasonable, and the blood pressure control was
more satisfactory (53.61%), which was similar to foreign studies.> It is inseparable from increasing the publicity of the
harm of hypertension, improving drug compliance and regular follow-up. The prevalence of CHD was 28.38%. The
prevalence of hyperlipidemia was 26.64%, and the medication was more standardized and reasonable, and the blood lipid
control was satisfactory (78.99%). The prevalence of diabetes (39.19%) was second only to hypertension, and most
diabetic patients were found to have poor blood glucose control (70.94%), stroke prevalence of 14.09%, and prevalence
of 2 or more chronic diseases 66.8% during follow-up. The achievements and problems revealed in the above survey
provide data support for the direction of our further efforts.’® Family physicians play an important role in the clinical
assessment and monitoring of hemodialysis vascular access.”’

For health education, Internet of Things diagnosis and treatment, offline or online consultation and other services for
patients with vascular diseases, specialists and general practitioners can jointly complete. Specialists can carry out
specialized heart and VH management teaching clinics in community health service centers, and general practitioners can
also regularly participate in teaching rounds in cardiac and vascular medicine specialty wards of tertiary hospitals, so that
more contracted patients can truly feel the authenticity of performance services, and continuously improve the diagnosis
and treatment level of general practitioners in community health service centers, so as to provide better medical security
and life-cycle health management for patients with vascular diseases.

Intelligent Digital Heart and Vascular Health Model

The dynamic changes of vascular remodeling are the basic mechanism for blood vessels to maintain health and develop
diseases.”® It is of great practical significance to prevent vascular damage with vascular health management as the
starting point. Hierarchical management of different vascular risk groups can also save medical resources. Actively
explore the embedded “Al -based intelligent diagnosis and treatment of cardiovascular and cerebrovascular diseases”
system, which can provide clinicians with intelligent collaborative diagnosis and treatment functions for cardiovascular
and cerebrovascular diseases. The predictive value of the BVHS system for CHD has been preliminarily validated.*’
Deep learning models for analyzing electrocardiogram show better performance compared to existing methods such as
hardware or rule-based algorithms used to detect or predict CVD.> The deep learning model is integrated into the Al-
based AtheroEdge-aiP3 framework to determine the risk of CVD/stroke in rheumatoid arthritis patients.®® AI may
improve large vessel occlusions stroke detection and rapid triage necessary for expedited treatment.°' Compared to
existing analysis methods that use humans to visualize or extract manual features of biological signals, deep learning
algorithms show very high performance. Al models for diverse cardiovascular-related diseases are being developed, and
that they are gradually developing into a form that is suitable for wearable and mobile devices.®* With the help of
artificial intelligence such as wearable devices, not only can the concept of smart family doctors be embodied, but also
medical services can be truly extended to patients’ homes through information means, which will become a new model of
medical and nursing combined home care and full-life vascular health management in the future.

Prospect

With the aging of the population, vascular lesions associated with aging have become a serious social problem, and the
early comprehensive maintenance of vascular health provides new ideas and new means for the early prevention and
treatment of chronic diseases. The combined application of vascular evaluation indicators and the exploration of novel
vascular detection biomarkers have great research prospects, avoiding the limitations of single indicators. The tertiary
hospital-community-family diagnosis and treatment model plays a very important role in the whole life cycle manage-
ment of vascular health. Digitalization, smart healthcare, and deep learning processes have greatly improved the
prospects for vascular disease prevention. In the future, convenient, real-time and intelligent Al, Internet and 5G new
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technologies will have broad prospects in the prediction, prevention, treatment, rehabilitation and drug research and
development of vascular diseases.
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