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Abstract: By summarizing the overview, evaluation content, effect evaluation and limitations of existing
models, this paper reviews some domestic models for ischemic stroke recurrence risk prediction, in
order to provide reference for building a more simple, efficient and targeted ischemic stroke recurrence
risk prediction model suitable for Chinese population, and at the same time, it can accurately identify
patients with ischemic stroke recurrence in the early stage.
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1. Introduction

Stroke, also known as cerebrovascular accident, is an acute focal injury of the central nervous
system(!l. Stroke includes ischemic and hemorrhagic subtypes. Ischemic stroke is the most common!?.,
In recent years, with the progress of medical technology, the mortality rate of stroke has been
decreasing year by year, but it still has the characteristics of high morbidity, high recurrence rate and
high disability rate!> .. This not only brings serious disease burden to patients and their families, but
also increases the social burden and the health cost invested by the state®). Among them, the nerve
injury caused by the recurrence of ischemic stroke is more serious and more difficult to treat than the
first stroke, and the mortality rate is higher!®. It is worth noting that studies have shown that timely and
effective secondary prevention can reduce the recurrence of ischemic stroke by about 80%!". The
prediction results can obtain the related influencing factors and risk levels of stroke survivors'
recurrence, which can identify high-risk groups early, prevent and reduce the risk of ischemic stroke
recurrence, and provide reference for clinical nursing of stroke patients. Therefore, this study
summarizes and summarizes the risk assessment tools for ischemic stroke recurrence constructed by
Chinese scholars in recent years by consulting domestic and foreign literature.

2. Research status of risk prediction model of ischemic stroke recurrence
2.1 Scale

2.1.1 Essen scale (ERS)

The Eisen stroke risk score scale was first developed on the basis of CAPRIE study of clopidogrel
and aspirin in the observation of the efficacy of high-risk ischemic events®. In 2013, YangPreviewed
the case data of 433 patients. On the basis of ERS, 8 variables were added to prepare a modified stroke
risk score(SRS)scale, and a one-year follow-up was conducted. The study showed that the C statistics
of ERS and SRS scores predicted within 30 days, 90 days, 180days, and lyear were 0. 617and 0. 638,
respectively; 0. 619, 0. 583;0. 626, 0. 572; 0. 608, 0. 615, that is, ERS has a certain predictive value for
the recurrence of ischemic stroke within 30 days and 1 year, but has a poor predictive value within 90
days and 180 days. SRS has a certain predictive value for the risk of early and middle recurrence after
ischemic stroke. However, the population of the modified scale is only through case review. The
clinical applicability of the scale needs to be verified, and prospective studies should be added in the
future.

In 2018, Xial'%developed an improved Essen scale. The study prospectively included 887 patients
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and followed up for 1 year by multivariate logistic regression analysis. The results showed that the
AUC values of ERS and modified ERS were 0. 58and0. 70, respectively, suggesting that the modified
ERS was superior to ERS in predicting the recurrence of ischemic stroke within 1 year in China.
However, since the score is only used for some people with large vascular sclerosis and lacks external
verification, the predictive effect and applicability of the score need to be further verified.

2.1.2 Recurrence risk perception scale for patients with ischemic stroke

In 2021, Chinese scholar Lin!'Yland others finally formed the first draft of the scale through
literature analysis, qualitative interview, expert correspondence, reliability and validity test and other
steps, and selected 265cases of stroke patients in tertiary hospitals for reliability and validity test. The
scale consists of two parts. The first part is the assessment of the possibility of recurrence, including
three items;the second part consisted of 17 items and 3 dimensions. The Cronbach 'sacoefficient of the
total scale was 0. 850, indicating that the scale had good internal consistency. However, due to the
small sample size and the limitations of the results, the scale should be verified and optimized by
increasing the sample size to increase the universality of the population.

3. Traditional logistic regression model
3.1 Cox proportional hazards regression model

In 2013, an?lreviewed the clinical data of 408 patients with primary ischemic stroke. Through the
multivariate analysis of Cox proportional hazards regression model analysis, six influencing factors
were finally include. The individual prognostic index of the model was PI=0. 025xage+0. 681 xhistory
of hypertension+0. 395xtotal cholesterol+0. 973 xhistory+0. 283x(ESRS)+0. 636xdisease progression.
When the PI value was 2. 289 as the cutoff point, the area under the curve was 0. 827, the sensitivity
was 0. 731, and the specificity was 0. 795. Therefore, when the prognostic index is greater than or
equal to 2. 289, ischemic stroke has a greater possibility of recurrence. However, the recurrence rate of
this model within 1 year and 2 years is inconsistent with the foreign recurrence rate, and no external
verification is carried out, which may have certain limitations.

In 2017, in order to further verify the accuracy of the prediction model of ischemic stroke
recurrence risk. An["3ldivided the patients into 1058cases in the modeling group and 616 cases in the
verification group by prospective study. Through Cox regression model analysis, five influencing
factors were finally included in the main effect equation of Cox regression model. Based on this, the
individual PI equation was PI=0. 265xage+0. 581xheart disease+0. 640xhypertension+0.
515xdiabetes+0. 759xTC. The AUC was 0. 817, and the cut-off point was when the PI value was 1.
248, that is, when the PI value was>1. 248, the patient was more likely to have stroke recurrence within
3 years. However, this model only conducted a 1-year cohort study, and the model fitting effect was not
determined. The clinical applicability of this model needs to be further verified.

In 2022, Gaol'*lused a multi-center, prospective research design to establish an early warning model
of ischemic stroke recurrence based on TCM syndromes. A total of 1741 inpatients with first-episode
ischemic stroke were collected. Through the multivariate Cox regression model, combined with the
opinions of stroke experts, 16 recurrence influencing factors including TCM syndromes were finally
formed. In this study, 60% of the enrolled cases were selected as the training set for model construction,
and the remaining 40% were used as the validation data set. The AUC value of the modeling group was
0. 64+0. 02, and the AUC value of the validation model group was 0. 70+0. 03, indicating that the
model had a moderate discrimination effect. In order to improve the practicability of the model, a risk
score was developed on the basis of the model. Among them, for every 5 years of age, 1 point is added,
and the scores corresponding to each influencing factor are calculated. According to the corresponding
table of risk probability in different time periods, the ROC curve is divided into three groups of low,
medium and high risk to predict the recurrence of stroke. The model integrates TCM syndromes into
influencing factors and considers the early warning effect of TCM factors in the disease. However, this
model ignores the possible influence of age on the recurrence of ischemic stroke, and its prediction
results may be limited. In the future, the population range should be increased.

In 2022, Zhou!'*reviewed the clinical data of 538 patients with ischemic stroke, and used
multivariate Cox proportional hazard regression to screen the influencing factors of ischemic stroke
recurrence. On this basis, a predictive model equation was constructed and followed up for 5 years. The
predictive equation was PI=2. 793xage+10. 444xhypertension+5. 557xdiabetes+5. 078xheart
disease+4. 874 xcholesterol. However, due to the limited population included in the study, the
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population should be increased in the future. Prospective studies should be conducted to improve the
accuracy of the model.

3.2 Logistic regression model

In order to accurately predict the influencing factors of ischemic stroke recurrence after aspirin
treatment, Yul'®'reviewed the data of 1381 patients. Finally, 876 patients were included and followed up
for 2 years. The model prediction equation Logit(p)=0. 4693 xhyperglycemia+1. 0592 hypertension+ 0.
773xhyperlipidemia-0. 3804xmental status-0. 3661xmedication compliance-1. 2531, and the model
intercept was-1. 2531. The AUC value of the model is 0. 7529, the positive predictive rate of the model
is 68. 41%, and the negative predictive rate is 85. 39%, suggesting that the model has good predictive
performance, and after the goodness of fit test, it is suggested that the model has a good fitting effect on
the data in general. And the study concluded that hypertension is the main factor in the recurrence of
ischemic stroke, which is consistent with the results of Zhou!'”.. The model has good predictive
efficacy and provides a basis for secondary prevention of patients.

In 2022, Liul'®lthrough Meta analysis and quality evaluation, 7 risk factors for modeling were
finally screened out. The model constructed by Logistic regression analysis was Logit(p)=a+0. 633x
smoking+0. 622xheart disease history+0. 771xhypertension +0. 473xdiabetes+0. 543xhigh
fibrinogen+0. 8xlow/high density lipoprotein+1. 16 statin medication compliance, where o is a
constant term. For example, the study reported that the recurrence rate of stroke in China was 5. 48%!!!.
At this time, the calculation method of the estimated constant term was 0. 0548/(1-0. 0548). In this
model, the most relevant factor for recurrence is the medication compliance of statins, which is
consistent with the research results of Huang®, that is, statins can reduce the recurrence rate of
ischemic stroke, so regular use of statins is worthy of attention. The model excludes the limitations of
single-center research, and uses high-quality literature review to screen influencing factors, which
increases the applicability of the model. The follow-up time of the included literature was different, and
the model was not verified. The model may be biased. In the future, the reliability and accuracy of the
model should be improved based on evidence-based literature review and patient data collection for
model verification.

4. Prediction model of ischemic stroke recurrence risk based on machine learning

With the advancement of computer technology and intelligent medical care, machine learning has
begun to be used for disease risk prediction. The artificial intelligence of the computer can be realized
by the ability of the machine to learn from the inherent regularity information of the data and obtain
new experience and knowledge. The disease risk prediction models constructed by BPNN, SVM
algorithm, XGBoost algorithm and other machine learning algorithms are superior to traditional
statistical methods!?!- 2],

4.1 Column diagram

In 2020, Yuan™lincluded 604 patients with primary ischemic stroke. Cox proportional hazard
regression was used to construct the model. Finally, five influencing factors were included and a
nomogram was developed. The top score of the nomogram is 0-100 points. The intersection of the
vertical line and the top score of each influencing factor is the corresponding score of the influencing
factor. The scores of all influencing factors are added to obtain the total score. The total score of the
nomogram ranges from 0t0o280. When the score was>245, the risk of recurrence within 1 year was
about>50%. The C-index of the model in the modeling group and the test group was 0. 72 and 0. 76,
respectively, suggesting that the model has a certain predictive ability. However, this model is a
single-center prospective case retrospective study, and there may be bias in the collection of patients'
general social data and diagnostic results.

In 2021, Yu**'reviewed the medical records of 2216 patients . Finally, 1244 patients were included
and divided into training group (n=796) and verification group (n=448). The influencing factors were
determined by multivariate logistic regression and the model was constructed. On this basis, a
nomogram was developed. When the score>210 points, the probability of stroke recurrence>0. 5.
However, the nomogram has certain limitations. First, the data are collected through case review, and
the results may be biased. Secondly, the model validation population is all patients in the hospital, and
external validation should be carried out in the future to ensure the population universality of the

Published by Francis Academic Press, UK
3



International Journal of Frontiers in Medicine

ISSN 2706-6819 Vol.6, Issue 7: 1-6, DOI: 10.25236/1JFM.2024.060701

nomogram.

In 2022, Liu™lincluded 821 patients with first-episode ischemic stroke. The histogram was
established by R software, and the nomogram of ischemic stroke recurrence based on Cox proportional
model was constructed. The total score range of the nomogram is 0-350 points. When the score is
greater than 260, the probability of ischemic stroke recurrence within 3 years is greater than 50%;when
the score>240, the probability of recurrence within 5 years is about>50%;the C-index of modeling and
validation of the model in 3 years of recurrence were 0. 640 and 0. 603, respectively. The C-index of
5-year recurrence was 0. 671 and 0. 635, respectively, suggesting that the nomogram was better than 3
years in predicting Syear recurrence rate. However, this study is a small sample single-center study. The
results of Cox analysis may be biased and multi-center verification should be carried out.

4.2 Risk prediction model of ischemic stroke based on artificial neural network

In 2013, Tan%lconstructed a risk prediction model of ischemic stroke recurrence based on neural
network. A total of 589 patients were collected. The 16 factors screened by univariate logistic
regression were used as input variables to construct three artificial neural models with different number
of hidden layers. At the same time, the model is constructed by traditional methods. The results show
that the prediction consistency of the single-layer artificial neural network is higher than that of the
other two models. Therefore, the single-layer model will be compared with the traditional model in the
future. The model was applied to the validation group. The AUC values of the artificial neural
network-based ischemic stroke recurrence prediction model and the Logistic traditional model were 0.
787and0. 729, respectively. The sensitivity was 81% and 61. 9%, the specificity was 79. 3%and 72. 3%,
and the accuracy was 84. 6% and 81. 7 %. It is suggested that the prediction ability of the model is
medium, the model is more robust, and it is superior to the traditional regression model.

In 2022, Lu?lused the same method to construct a risk prediction model of ischemic stroke
recurrence based on blood pressure network. The model was applied to the validation set, showing that
the AUC, sensitivity and specificity of the model based on blood pressure network and the traditional
model were 0. 796and0. 735, respectively. 82. 1%, 63. 2%;80. 5%and75. 6%, respectively, suggesting
that the predictive effect of the model is due to the traditional model.

4.3 Construction of ischemic stroke recurrence prediction model based on extreme gradient boosting
(XGboost) algorithm

In 2018, Xu®reviewed the data of 6070 patients. Through data cleaning, missing value filling and
assignment of categorical variables, a risk prediction model of recurrent readmission within 90 days of
ischemic stroke based on Logistic regression and XGboost algorithm was constructed, and the AUC,
specificity and sensitivity of the two were compared. The XGboost algorithm suggested that the top six
influencing factors were hypertension, red blood cell distribution width, direct bilirubin, length of
hospital stay, pulmonary infection, and alkaline phosphatase. ROC curve showed that the AUC based
on XGboost and traditional model were 0. 792and0. 739, respectively, suggesting that the predictive
effect was better than that of traditional model, which could be of significance for early recurrence of
ischemic stroke. In 2021, Zheng!>”! used the same method to construct model . Comparing the AUC,
specificity, sensitivity and accuracy of the two, the XGboost algorithm can deeply mine the data to
obtain the predicted value and the actual data error is minimized, so the prediction value of the model
based on XGboost is higher. However, due to the limitations of the selected population, and only
through retrospective studies, the applicability of the model to other populations needs to be further
verified.

4.4 Prediction model of ischemic stroke recurrence risk based on deep learning

In 2022, YuanP®used 1960 electronic cases of ischemic stroke patients . After the removal of
repeated values, the processing of missing values of personal information, and the numerical
processing of non-numerical content, the importance of attribute reduction information entropy was
repeatedly calculated, and finally five major categories of influencing factors were included. This study
compared the efficacy of four machine learning models in predicting the recurrence of ischemic stroke.
The results show that the accuracy rate and AUC value of the BILSTM model are 84% and 0. 95,
suggesting that the model has a good predictive effect, and the model is generally superior to other
models. The model test based on BILSTM can solve the problem of low accuracy of traditional models,
which is consistent with the research results of Wul!l. The scholar compared the traditional model. The
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results show that the model based on machine learning has a stronger ability to identify people with
recurrent stroke within 1 year. At the same time, the BILSTM model calculates the influencing factors
with the strongest correlation with the recurrence of ischemic stroke through the attribute reduction
information entropy algorithm, which can accurately identify the recurrence risk of patients in advance.

5. Comparison of risk model prediction

A total of 14 studies were included. In terms of research design, the models were mainly
retrospective studies and prospective studies. Retrospective studies collect data conveniently, but there
may be data missing, resulting in bias in the prediction effect of the model. Prospective studies can
collect complete patient data, but there is a certain rate of loss of follow-up. In terms of model
construction methods, three?->*studies constructed a nomogram, which could more intuitively reflect
the level of recurrence risk;among them, 5studies®®-*%constructed models by computer and presented
models by Internet technology, which can effectively evaluate the risk of recurrence of patients and
provide convenience for the evaluation of medical staff. Therefore, in the future, the risk prediction
model should be associated with the medical platform to provide more convenient risk prediction.

In terms of model validation, only one study supplemented external validation!!?!, and other models
have not yet described whether external validation is performed. Therefore, in the study of model
construction, the construction method of high-quality model should be followed, internal and external
validation should be performed, and predictive performance and clinical applicability should be
improved.

6. Summary and prospect

In summary, there are many domestic models for predicting the recurrence risk of ischemic stroke,
but they all have certain limitations. Most of the models are single-center research designs. In future
research, multi-center prospective research and external verification should be carried out to improve
the applicability and accuracy of the model in the population. The risk prediction model of ischemic
stroke recurrence based on machine learning can solve the problem of accuracy of traditional models.
However, due to the complex use of the model and the lack of clinical applicability, in the future, it
should be dynamically associated with the medical records or patient information of the hospital
diagnosis and treatment platform, automatically analyze the prediction model, or create the
Internet+nursing platform of the risk prediction model.
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