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	Abstract:
	In a hospital setting, monitoring a patient's condition and predicting potential deterioration is crucial for allowing medical staff to act promptly and reduce patient mortality rates. While many early warning scores have been developed to address this issue, there has yet to be a tool with high predictive power that can help medical staff respond proactively for patient safety. To address these limitations, we have developed AITRICS-VC (“VitalCare”). VitalCare aims to improve the quality of medical services through AI-applied patient monitoring, predicting in-hospital deterioration before they occur. Our state-of-the-art AI technology is linked to clinical value, enhancing patient prognosis. For medical staff, VitalCare aims to support clinical decision-making and efficiently distribute medical resources. Based on our experience and technology, we hope to contribute to the development of an evaluation framework for AI-based early warning scores.





Overview 
Early warning scores are one of the biggest challenges in patient safety. Preventable patient deterioration is a serious issue in healthcare, with many statistics indicating that a significant proportion of adverse events in hospitals can be avoided.
For instance, sepsis is a serious medical condition in hospitals that affects millions of people in the United States each year. It is a life-threatening condition that can occur when the body overreacts to an infection, leading to tissue damage, organ failure, and even death. According to the Centers for Disease Control and Prevention[footnoteRef:1], at least 1.7 million Americans contract sepsis each year, and 350,000 (about one in five) of them die. On average, amputations to save the limbs or lives of sepsis patients occur 38 times a day, according to the Sepsis Alliance[footnoteRef:2], and the condition’s inpatient and follow-up costs make it the single most expensive medical condition. Sepsis is highly treatable if measures are taken swiftly at the onset, but the death rate remains high because it is difficult to detect sepsis at an early stage. Early symptoms such as chills, high fever, headache, pulse change, etc., are difficult to notice on their own, and even if tests are performed to confirm infection in patients with symptoms suspected of sepsis, it takes at least 2 to 3 days. Therefore, early prediction of sepsis is difficult. [1:  https://www.cdc.gov/sepsis/what-is-sepsis.html ]  [2:  https://www.sepsis.org/sepsisand/amputations/ ] 

Including sepsis, early prediction of patient deterioration (e.g., cardiac arrest, death, and unexpected intensive care unit transfer) is critical for successful treatment and outcomes. Early detection allows healthcare providers to initiate appropriate interventions as soon as possible, which can improve patient outcomes and reduce the risk of serious complications.
Furthermore, early warning scores can also help to reduce healthcare costs by avoiding unnecessary testing, treatments, and hospital admissions. Additionally, by identifying patients at risk of developing deterioration, healthcare providers can implement preventive measures to reduce the risk of deterioration occurring in the first place.
In conclusion, early warning scores for deterioration are a crucial component of patient safety management and have the potential to improve patient outcomes, reduce healthcare costs, and save lives.
Relevance 
AITRICS’s solution for this problem is AITRICS-VC (“VitalCare”) – a MFDS(Korea)-approved Class II medical device for the predict of patient deterioration in hospital settings. The VitalCare is embedded the deep learning-based prediction model and provides 3 types of prediction score for patient deterioration in the hospital in real time in conjunction with the EMR system.
1. Prediction score of MAES (Major Adverse Event* within 6 hours) in general wards.
(* Cardiac arrest / mortality / unexpected ICU transfer)
1. Prediction score of SEPS (Sepsis event within 4 hours) in general wards.
1. Prediction score of MORS (Mortality event within 6 hours) in Intensive care units.
Key features of VitalCare are as follows.
1. The prediction is Based on Multi-dimensional EMR Data.
3. A combination of vital sign from the patient monitor system, lab tests result, and additional patient status information leads to a comprehensive AI analysis of target outcomes, with enhanced precision.
3. Input features are as follows; 6 types of vital signs (Temp, Sys. BP, Dias. BP, Pulse Rate, Respiration Rate, SpO2), 11 types of lab tests results (potassium, sodium, creatinine, HCO3, WBC, Haematocrit, pH, Platelets, CRP, Lactic acid, Total bilirubin), 2 types of patient status information (Glasgow Coma Scale, Age).

1. Uses of explainable AI Technology to enhance clinical usability.
4. The AI prediction score is often ambiguous to make clinical decisions. The explainable AI can show the reference of the result. These new functionalities will accelerate the assimilation of AI technology into clinical values.
Impact
This artificial intelligence based-early warning scores provide for more effective treatment than conventional early warning scores. 
The comparison between the predictive performance of the VitalCare's early warning score in pivotal clinical trial and the predictive performance of the conventional score are as follows.
(Trial #1) Sepsis prediction in general wards - According to some studies that evaluated the performance of predicting the occurrence of sepsis in patients through the early warning score called q-SOFA, which is used in general wards to determine sepsis in patients, the AUROC of q-SOFA was observed to be 0.67 to 0.77. But VitalCare showed excellent predictive performance with AUROC of 0.869 as a result of the pivotal clinical trial in Korea. 

	Clinical Trial (AITRICS-VC)
	Study #1 
	Study #2 
	Study #3 

	A single-center, single-group, retrospective pivotal clinical trial to evaluate the effectiveness of ‘VitalCare-SEPS4’, a software that predicts the risk of sepsis based on artificial intelligence using EMR medical data of patients in general wards
	Usefulness of qSOFA and SIRS scores for detection of incipient sepsis in general ward patients: A prospective cohort study, Journal of Critical Care
	Prognostic accuracy of SOFA, qSOFA and SIRS criteria in hematological cancer patients: a retrospective multicenter study, Journal of Intensive Care
	Prediction of Sepsis in the Intensive Care Unit with Minimal Electronic Health Record Data: A Machine Learning Approach, JMIR Medical Informatics

	Sample size: 3,668
	Sample size: 409
	Sample size: 450
	Sample size: 22,835

	[SEPS] AUROC 0.869 
(95% CI: 0.86 - 0.88)
	[q-SOFA] AUROC 0.75 
(95% CI: 0.71–0.79)
	[q-SOFA] AUROC 0.67 
(95% CI, 0.62-0.71)
	[q-SOFA] AUROC 0.772




(Trial #2) Major Adverse Event (Cardiac arrest, mortality, unexpected ICU transfer) prediction in general wards - According to some studies that evaluated the performance of predicting the occurrence of deterioration in patients through the early warning score called MEWS, NEWS, which is used in general wards to determine deterioration in patients, the AUROC of MEWS and NEWS was observed to be 0.60 to 0.77. But VitalCare showed excellent predictive performance with AUROC of 0.961 as a result of the pivotal clinical trial in Korea. 

	Clinical Trial (AITRICS-VC)
	Study #1 
	Study #2 
	Study #3 

	A single-center, single-group, retrospective pivotal clinical trial to evaluate the effectiveness of ‘VitalCare-MAES6’, a software that predicts the risk of major adverse event based on artificial intelligence using EMR medical data of patients in general wards
	Risk Stratification of Hospitalized Patients on the Wards, Chest
	Predictive powers of the Modified Early Warning Score and the National Early Warning Score in general ward patients who activated the medical emergency team, PLoS One
	Evaluation of the threshold value for the modified early warning score (MEWS) in medical septic patients: a secondary analysis of an Italian multicentric prospective cohort, Quarterly journal of medicine

	Sample size: 2,953
	Sample size: 59,643
	Sample size: 6,729
	Sample size: 1,300

	[bookmark: _Hlk129338183][MAES] AUROC 0.961 
(95% CI: 0.955 - 0.973)
	[MEWS] AUROC 0.75 
(95% CI: 0.74–0.76)
	[NEWS] AUROC 0.60 
(95% CI, 0.59-0.62)
	[NEWS] AUROC 0.77
(95% CI, 0.66-0.85


(Trial #3) Mortality prediction in intensive care units - According to some studies that evaluated the performance of predicting the occurrence of mortality in patients through the early warning score called APACHE-II, APACHE-III, which is used in ICUs to determine mortality in patients, the AUROC of APACHE was observed to be 0.67 to 0.79. But AITRICS-VC showed excellent predictive performance with AUROC of 0.975 as a result of the pivotal clinical trial in Korea. 

	Clinical Trial (AITRICS-VC)
	Study #1 
	Study #2 
	Study #3 

	A single-center, single-group, retrospective pivotal clinical trial to evaluate the effectiveness of ‘VitalCare-MORS6’, a software that predicts the risk of mortality based on artificial intelligence using EMR medical data of patients in intensive care units
	Validation of APACHE II, APACHE III and SAPS II scores in in-hospital and one year mortality prediction in a mixed intensive care unit in Poland: a cohort study, BMC Anesthesiology
	Dynamic APACHE II Score to Predict the Outcome of Intensive Care Unit Patients, Frontiers in Medicine
	The association between the APACHE-II scores and age groups for predicting mortality in an intensive care unit: a retrospective study, Journal of Anesthesia & Intensive Care Medicine

	Sample size: 754
	Sample size: 303
	Sample size: 6,374
	Sample size: 150

	[MORS] AUROC 0.975
(95% CI: 0.973 - 0.979)
	[APACHE-III] AUROC 0.79
(95% CI: 0.74–0.84)
	[APACHE-II] AUROC 0.743 
	[APACHE-II] AUROC 0.67


Existing work 
A total of four studies have been completed in relation to this technology and product. 
1. Development and validation study of AI model published in the SCI journal
Sung M, et al. “Event Prediction Model Considering Time and Input Error Using Electronic Medical Records in the Intensive Care Unit: Retrospective Study”, JMIR Med Inform 2021;9(11):e26426
1. 3 of Pivotal Clinical Trial for medical device in Korea (As mentioned in ‘3 Impact’ above) 
1. Evaluate the effectiveness of ‘VitalCare-MAES6’, a software that predicts the risk of major adverse events based on artificial intelligence using EMR medical data of inpatients in general wards (IRB No. NHIMC 2022-04-012-003)
2. Evaluate the effectiveness of ‘VitalCare-MORS6’, a software that predicts the risk of mortality based on artificial intelligence using EMR medical data of inpatients in intensive care units (IRB No. NHIMC 2022-04-011-003)
3. Evaluate the effectiveness of ‘VitalCare-SEPS4’, a software that predicts the risk of sepsis based on artificial intelligence using EMR medical data of inpatients in general wards (IRB No. NHIMC 2022-04-013-003)
At present, we are conducting several prospective clinical trials to gather real-world data and cost-effective data, and clinical studies for the US population.
Feasibility 
VitalCare and its clinical trials have been validated by the regulatory body and approved as a medical device in Korea as of October 2022. Furthermore, VitalCare has been designated as a breakthrough (innovative) medical device in Korea as of December 2022 and is receiving significant support for creating the real-world evidence.
This product has already been implemented to multiple hospitals in Korea, and it is expected to be approved by regulatory bodies in other countries. Therefore, it has already demonstrated to be feasible.
Data availability 
The datasets generated during and/or analyzed in above study are not publicly available owing to hospital regulations for electronic medical data but can be made available from the corresponding author upon reasonable request.
Another available for this topic group, there is a credible open dataset which is named MIMIC-III https://mimic.mit.edu/docs/iii/), MIMIC-IV https://mimic.mit.edu/docs/iv/). MIMIC (Medical Information Mart for Intensive Care) is a large, freely-available database comprising deidentified health-related data from patients who were admitted to the critical care units of the Beth Israel Deaconess Medical Center, US. These database can provide critical care data for over 40,000 patients. 
For a test dataset that has never been disclosed to anyone, we are trying to find an institution to provide data and cooperate with through the establishment and promotion of this topic group.
Data quality 
In the case of the clinical studies we conducted, all data were recorded based on GCP(Good clinical practice) regulations. And MIMIC datasets were all validated technically and instructions for use and quality improvement are in progress at the link above (6. Data availability).
Annotation/label quality 
The artificial intelligence model used to predict patient deterioration relies on EHR data, such as the patient's vital signs, time of death, and time of ICU transfer. The quality of the labels is heavily influenced by how well the hospital's EHR records are collected during their workflow. All data have been verified by researchers, and the hospitals where clinical trials were conducted and the MIMIC data were collected are both reliable hospitals that represent their respective regions.
Data provenance 
In the case of clinical trial data, it was obtained according to Korea's Institutional Review Board (IRB) and Data Review Board (DRB). And MIMIC data can be used only after completing the CITI (Collaborative Institutional Training Initiative) program course based on HIPAA regulations and human research subject protections.
Benchmarking 
Through this group, it is possible to benchmark artificial intelligence models that predict 'deterioration events' in hospitalized patients. The primary metric for evaluating prediction performance is AUROC (Area Under ROC curve).
The performance of VitalCare can be summarized as follows. (Refer to 3. Impact)
1. Sepsis prediction in general wards; AUROC 0.869
1. Major Adverse Event (Cardiac arrest, mortality, unexpected ICU transfer) prediction in general wards; AUROC 0.961
1. Mortality prediction in intensive care units; AUROC 0.975
Organizer 
AITRICS’s vision is to establish a global standard for patient safety utilizing artificial intelligence technology. We strive to make this technology available to all individuals, regardless of their socio-economic status or background. We understand that effective evaluation and widespread implementation of these technologies require collaboration with international organizations such as ITU and WHO, as well as researchers, institutions, and companies from diverse countries.
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