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The present research was conducted on two development items: (1) development of an algorithm
for predicting emergency diagnosis and (2) development of an algorithm for predicting emergency
prognosis.

(1) Emergency diagnosis prediction algorithm development

For stroke, 1,778 cases of suspected stroke transported by paramedics to 12 medical
institutions in Chiba City were included in the analysis, randomly divided into 80% for the
Training cohort and 20% for the Test cohort.5 Machine learning algorithms (Logistic Regression,
Random Forest, Support Vector Machine (SVM) with linear kernels, SVM with radius basis function
kernels, and XGBoost). The comparison of the accuracy of the five machine learning methods was
performed.

In the comparison of the five machine learning methods, XGBoost was able to develop the most
accurate algorithm. Therefore, we focused on the algorithm using XGBoost. We developed an
extremely accurate algorithm with an Area under the ROC curve (AUC) of 0.980 (95% CI 0.962-0.994)
for predicting stroke in the Test cohort. SHapley Additive exPlanations (SHAP) analysis, which
identifies important factors, identified sudden onset headache, right lower extremity paralysis
seizures, sudden onset headache/disorientation, and left upper extremity paralysis as important
factors. The results of these stroke prediction studies were published in Scientific reports
(PMID: 34654860)

We next developed the algorithm for acute myocardial infarction in the same way as for stroke
and were able to develop a highly accurate algorithm. A manuscript on the research results was
prepared and submitted for publication. We also developed an algorithm for sepsis.

The prognostic algorithm for emergency patients was analyzed using the presence or absence
of hospitalization as the short-term prognostic outcome. We developed an algorithm with a
prediction accuracy of the target (Test cohort, AUC >0.8).

We collected test data using hospital ambulances to examine the specifications of multimodal
data (e.g., audio and video data) that should be incorporated into prediction algorithms for
diagnosis and prediction of stroke, myocardial infarction, and sepsis, as well as for prediction
of emergency patient outcomes

We applied an image analysis algorithm based on deep learning to the recorded images to
analyze the posture and movement of the patients in the ambulance. In addition, a method for
monitoring respiratory rate of patients in an ambulance using a thermal imaging camera was
investigated. We proposed an algorithm that automatically detects the patient’s face and the
temperature change associated with respiration. With regard to stroke, symmetry of mouth movements
is used as one of the pre-hospitalization scales. Therefore, in this project, we devised a method
to estimate the presence or absence of disease based on the symmetry of mouth movements by
acquiring video images of the patient’s face area using a camera in an ambulance. We applied the
method to image data acquired in a hospital, and found that the method had 78% sensitivity and
94% specificity for 18 patients and 17 healthy subjects, which was a good initial result. In
addition, capillary refill time (CRT, capillary refill time) reflects micro-circulation
(peripheral circulation) and is a biological indicator that reflects circulatory dynamics in
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critically ill patients, and its importance has been accepted internationally for trauma bleeding,
triage in disaster situations, etc. Until now, CRT measurement has been a major challenge due to
visual measurement. Therefore, there has been no standardization of measurement conditions such
as force and duration of nail pressure, which has been an international challenge. We developed
a prototype of a portable measuring device for use in clinical settings and clarified the necessary
standard measurement conditions. In addition, sepsis is an internationally important disease, and
recently, CRT measurement has been newly recommended in international guidelines for sepsis

treatment, and international needs are increasing.



