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Abstract: In order to understand cerebral vascular disease better in stroke, we collect
the reasons of prevention and control so as to find the methods. Complex network is a
new tool to find the inner factors of a real system that it can be used to cerebral vascular
disease to improve the prevention and control. The custom methods provide active role
for prevention and control of cerebral vascular disease, which can work together with
complex network to get better. The design method of stroke based on complex network
will provide the novel window for Cerebral vascular disease.
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INTRODUCTION

Stroke is a catastrophic disease of mankind. It is characterized by high
morbidity, high mortality, high disability rate, high recurrence rate and high economic
burden. It is one of the three major causes of human death. Data from the Third National
Survey of Death Causes and the China Stroke Congress show that stroke has become the
first cause of death in China [1, 2]. Among the deaths caused by various causes, the
proportion of stroke deaths in China is four to five times higher than that in developed
countries in Europe and the United States, and at least half of the surviving patients have
varying degrees of disability, and about three-fourths of the survivors are incapacitated,
of which about forty percent are severely disabled.

Stroke is an acute cerebrovascular disease,
which is caused by sudden rupture of blood vessels in
the brain or by blockage of blood vessels that prevents
blood from flowing into the brain and causes brain
tissue damage, including ischemic and hemorrhagic
strokes [3].

Ischemic stroke is the most common type of
stroke, accounting for sixty percent to eighty percent of
all the stroke types. Chronic neurological deficits such
as limb paralysis caused by ischemic stroke require
long-term, large amount of medical care and daily life
care, bringing great burden to society and families.
Therefore, the diagnosis, treatment and prevention of
stroke are of great importance to human health [4].

Different types of stroke have different
treatment modalities. Because of the lack of effective
treatment, prevention is considered to be the best
measure. Hypertension is an important controllable risk
factor leading to stroke. Therefore, antihypertensive
therapy is particularly important to prevent the onset
and recurrence of stroke. Education on risk factors and
precursory symptoms of stroke should be strengthened
in order to prevent and treat stroke [2].

Prevention and control of cerebrovascular
disease is a difficult problem in the field of chronic

disease prevention and control. Early intervention of
risk factors can effectively reduce its morbidity and
mortality. With the research and development of
science and technology in the field of medicine,
especially in the field of emergency medical treatment,
although the number of survivors after ischemic stroke
is increasing, the means of prevention and treatment are
also increasing, but due to strict. Because of lattice time
window restriction and lack of effective methods of
stroke for evaluation and prediction, which was
restricted within 3 hours after onset, clinical treatment
such as thrombolysis can only benefit a very small
number of patients with ischemic stroke after ischemic
stroke. The number of patients with chronic
neurological impairment is increasing, and the vast
majority of patients are facing neurological impairment.
So far, there is no effective prevention and cure method
for stroke prediction. Therefore, the effective
prevention and treatment of ischemic stroke is one of
the important medical tasks and research topics facing
our country [5, 6].

METHODS

To solve this problem, we uses the advantages
of network evaluation and prediction to establish a
complex network model of blood flow perfusion in
ischemic stroke, and studies the evaluation and
prediction methods of blood flow perfusion through the
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changes of network dynamics attributes, and then
establishes an effective evaluation and prevention
measures for ischemic stroke. It provides a new means
for the diagnosis and treatment of ischemic stroke.

Hemodynamics is a branch of biomechanics.
Its main task is to apply the theory and method of fluid
mechanics to study the causes, conditions, States and
various influencing factors of blood flow along blood
vessels in order to clarify the law of blood flow,
physiological significance and the relationship between
blood flow and disease [7].

Complex network is a research tool. It
abstracts the real system into a network by extracting
the actual meaning, and then studies the physical
meaning of the real system through the dynamic
characteristics of the network. Complex networks use
models to study the relationship between network
nodes, so that people can make clear the correlation or
internal relationship between the nodes in the real
system, and then further explore the evolution,
mechanism and application [4].

Based on hemodynamics and complex
networks, combing with computed tomography,
magnetic resonance imaging, ultrasound and digital
subtraction imaging and so on, computer modeling
methods provide a reliable data base for the
establishment of personalized 3D models based on
precise anatomical structures. The development of
computational fluid dynamics, finite element analysis,
fluid-solid coupling technology and high-performance
computer hardware provides a powerful theoretical
basis for hemodynamic analysis [4, 7].

Brain network is a research hot for human
disease from structural and functional. With
hemodynamics, we can also set up blood brain network
to make research on it so as to find the mysterious of
human brain.

RESULTS AND DISCUSSION

In the study of cerebrovascular diseases, the
detection of cerebrovascular reactivity is a common
method to identify impaired automatic regulation of
cerebrovascular function ©!. Vascular examination is the
most basic means of stroke detection and treatment.
Because of its low cost and non-invasive operation,
blood flow detection has become the most direct choice
and examination means of vascular diagnosis and
treatment [6], brain tissue. The changes of blood
perfusion indices can directly reflect the degree of
cerebral ischemia and the normal and abnormal state of
brain tissue [7]. The changes of blood flow are
quantitative indicators of different types of brain failure,
and can indirectly reflect the degree of vascular wall
lesions [8, 9]. Therefore, the evaluation and prediction
of cerebral blood flow perfusion provide a direct basis

for the diagnosis and prevention of stroke [10, 11]. In
the study of ischemic stroke, abnormal cerebral
hemodynamics is closely related to the risk of stroke,
and has been considered as an important pathogenesis
of ischemic cerebrovascular disease [7].

The index of blood perfusion reflects the
pulsatile blood flow, which reflects the ability of blood
perfusion. The larger the pulsatile blood flow, the
greater the pulsating component and the greater the
blood perfusion index. Therefore, measuring the site
(skin, nails, bones, etc.) and the patient's own blood
perfusion (arterial blood flow) will affect the value of
blood perfusion index. Because sympathetic nerves
affect heart rate and arterial blood pressure (affecting
arterial blood flow), the human body's neuroregulatory
system or mental state also indirectly affects the value
of blood perfusion index. Therefore, the index of blood
perfusion is different under different anesthetic
conditions [12, 13].

As the most commonly used detection method
for stroke, there are few tools to mine the minor
changes and potential relationships contained in the
blood perfusion data, but complex networks can use
their own advantages to find more functions and
meanings, giving it more clinical significance.
Combining the research thinking of complex network
and the functional characteristics of hemodynamics in
ischemic stroke, a reliable complex network model is
established by grasping the structural and hemodynamic
changes of cerebral blood flow system, and the
advantages of complex network evaluation and
prediction are applied to the study of ischemic stroke. It
provides a new way of thinking for prediction and
prevention [4, 7, 12, 13].

Through the perfusion network, not only can
the decrease of cerebral blood flow perfusion and
collateral circulation in the lesion area caused by
ischemic stroke be quantitatively calculated, but also
the degree of stroke damage and the relationship
between blood supply improvement can be evaluated,
and the wvascular compensatory capacity can be
predicted. In addition, the security and robustness of
blood perfusion, including the stability of various
pathways and the connectivity of regions, can be
studied by evaluating and predicting the effectiveness of
blood flow networks and the buffering and
compensating capabilities of individual sites or vessels
[14, 15].

Blood flow perfusion assessment is helpful for
the selection of treatment options, clinical prognosis
and risk stratification of ischemic stroke; on the basis of
the assessment, changes in network indicators can
predict risk factors, the risk of wvascular access
decompensation, the health of individual nodes or
vessels, and so on, and then proceed. Early diagnosis
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and monitoring can even delay or prevent recurrence of
stroke [16, 17].

CONCLUSION

In this paper, we put forward a design method
for stroke research with hemodynamics and complex
networks, which provides a new way to make research
for stroke prevention and control. This design will
establish a new method and strategy for the effective
evaluation and active prediction of stroke. It will play a
guiding role in the diagnosis, injury and risk
assessment, treatment and prevention of stroke. It is of
great theoretical and clinical significance to provide a
reference for the evaluation, prediction and prevention
of neurological function after ischemic stroke, as well
as for the evaluation, diagnosis, treatment and
monitoring of stroke by clinical staff.

Of course, any research needs to be combined
with practice, especially clinical practice to be more
meaningful and convincing, but this method not only
provides theoretical support for stroke research, but also
can be applied to clinical practice, through practice to
verify the theoretical method, and improve the
theoretical method of research.

ACKNOWLEDGEMENTS

This research was supported by the Natural
Science Foundation of Shandong (Grant No.
ZR2017LF014).

The authors thank the Department of Medical
Information and Engineering Taishan Medical
University colleagues for manuscript comments.
Special thanks to Xiaochen Xu for suggestions on
writing in the English language. The authors are
grateful to the anonymous referees for their valuable
comments and suggestions.

REFERENCES

1. Mokdad, A. H., Marks, J. S., Stroup, D. F., &
Gerberding, J. L. (2004). Actual causes of death in
the United States, 2000. Jama, 291(10), 1238-1245.

2. Wang, Y., Li, Z, Zhao, X., Wang, C., Wang, X.,
Wang, D., ... & Shen, H. (2018). Effect of a
multifaceted quality improvement intervention on
hospital personnel adherence to performance
measures in patients with acute ischemic stroke in
china: A randomized clinical trial. JAMA, 320(3),

245-254.
3. Szewka, A. J, & Prabhakaran, S. (2009). An
update on acute ischemic stroke

therapies. Comprehensive therapy, 35(2), 72-80.

4. Strogatz, S. H. (2001). Exploring complex
networks. nature, 410(6825), 268.

5.  Wang, X., & Li, X. (2017). H-Type Hypertension,
Gene, Folate: China Stroke Primary Prevention
Trial. Innovation in Aging, 733-733.

6. Russell, S. M., Woo, H. H., Siller, K., Panasci, D.,

10.

11.

12.

13.

14.

15.

& LeRoux, P. D. (2008). Evaluating middle
cerebral artery collateral blood flow reserve using
acetazolamide transcranial Doppler ultrasound in
patients with carotid occlusive disease. Surgical
neurology, 70(5), 466-470.

Astrup, J., Symon, L., Branston, N. M., & Lassen,
N. A. (1977). Cortical evoked potential and
extracellular K+ and H+ at critical levels of brain
ischemia. Stroke, 8(1), 51-57.

Shah, M. K., Shin, W., Parikh, V. S., Ragin, A,
Mouannes, J., Bernstein, R. A., ... & Carroll, T. J.
(2010). Quantitative cerebral MR perfusion
imaging: preliminary results in stroke. Journal of
Magnetic Resonance Imaging, 32(4), 796-802.
Wiest, R., Abela, E., Missimer, J., Schroth, G.,
Hess, C. W., Sturzenegger, M., ... & Federspiel, A.
(2014). Interhemispheric cerebral blood flow
balance during recovery of motor hand function
after ischemic stroke—a longitudinal MRI study
using arterial spin labeling perfusion. PloS
one, 9(9), e106327.

Arenillas, J. F., Cortijo, E., Garcia-Bermejo, P.,
Levy, E. I, Jahan, R., Liebeskind, D., ... & Albers,
G. W. (2018). Relative cerebral blood volume is
associated with collateral status and infarct growth
in stroke patients in SWIFT PRIME. Journal of
Cerebral Blood Flow & Metabolism, 38(10), 1839-
1847.

Renu, A., Laredo, C., Tudela, R., Urra, X., Lopez-
Rueda, A., Llull, L., ... & Chamorro, A. (2017).
Brain hemorrhage after endovascular reperfusion
therapy of ischemic stroke: a threshold-finding
whole-brain  perfusion CT study. Journal of
Cerebral Blood Flow & Metabolism, 37(1), 153-
165.

Zherebtsov, E. A., Kandurova, K. Y., Seryogina, E.
S., Kozlov, I. O., Dremin, V. V., Zherebtsova, A.
I, ... & Meglinski, 1. (2017, March). The influence
of local pressure on evaluation parameters of skin
blood perfusion and fluorescence. In Saratov Fall
Meeting 2016: Optical Technologies in Biophysics
and Medicine XVIII (Vol. 10336, p. 1033608).
International Society for Optics and Photonics.
Feng, X., Yu, H., Yi, X., Wang, S., Li, G., & Lin,
L. (2017). The relationship between the perfusion
index and precision of noninvasive blood

component measurement based on dynamic
spectroscopy. Analytical Methods, 9(17), 2578-
2584.

Galazzo, 1. B., Pizzini, F. B., Pini, L., Ferrari, C.,
Cobelli, C., Menegaz, G., ... & Pievani, M. (2017).
Network-Based Modulation Of Cerebral Perfusion
And Functional Connectivity In Alzheimer’s
Disease. Alzheimer's & Dementia: The Journal of
the Alzheimer's Association, 13(7), P130.

Venkatesh, B. A., Nauffal, V., Noda, C., Fuijii, T.,
Yang, P. C., Bettencourt, J.,, ... & Ebert, R. F.
(2017). Baseline assessment and comparison of
arterial anatomy, hyperemic flow, and skeletal

Available online: www.saudijournals.com/journal/sjm/home

650



Zhaojun Liu et al., Saudi J. Med., Vol-3, Iss-11 (Nov, 2018): 648-651

16.

17.

muscle perfusion in peripheral artery disease: The
Cardiovascular Cell Therapy Research Network
“Patients with Intermittent Claudication Injected
with ALDH Bright Cells”(CCTRN PACE)
study. American heart journal, 183, 24-34.

Al Badarin, F., Aljizeeri, A., Almasoudi, F., & Al-
Mallah, M. H. (2017). Assessment of myocardial
blood flow and coronary flow reserve with positron
emission tomography in ischemic heart disease:
Current state and future directions. Heart failure
reviews, 22(4), 441-453.

Ouyang, M., Liu, P., Jeon, T., Chalak, L., Heyne,
R., Rollins, N. K., .. & Huang, H. (2017).
Heterogeneous increases of regional cerebral blood
flow during preterm brain  development:
preliminary assessment with pseudo-continuous
arterial spin labeled perfusion
MRI. Neuroimage, 147, 233-242.

Available online: www.saudijournals.com/journal/sjm/home

651



