Development of Unplanned Extubation Prediction Model in Intensive Care Unit
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Abstract
Unplanned extubation (UE) is an important incidence in the intensive care unit (ICU). UE is the related to patient safety and associated with increased morbidity. The aim of this study is development of UE prediction model in the ICU. Inclusion criteria were admitted in the ICU and underwent intubation cases, between January 1, 2010, and December 31, 2018. Among the 7,190 cases who underwent first extubation in the ICU, the incidence of UE was 249 (3.5%). The input variables of the machine learning algorithm were use of restrains, CAM-ICU, RASS, and glasgow coma scale. The result of AUROC were 0.817 for support vector machine, and 0.813 for random forest. Because of the small occurrence of UE events, multi-center studies are required for validate machine learning algorithm. OMOP-CDM based algorithm extension is expected to improve the quality and safety for patients care.
Introduction
Unplanned Extubation (UE) reported 0.5% to 35.8% in the literature review1. The proper position of the endotracheal tube is essential to maintain the respiratory support. UE is the adverse event in the intensive care unit which is related to the patient safety and morbidity. Several studies have demonstrated that the UE patients are associated with increased complications such as airway injury, aspiration, and hypoxia2. Reintubation causes an increase in pneumonia and failure of reintubation can lead to death, and respiratory failure. In addition, emergency reintubation after UE will result in clinician overload. In previous studies, the risk factor of UE is use of sedative, mental status such as Glasgow Coma Scale (GCS), alert and oriented, and duration of ventilation and physical restraint3,4.
Method
A retrospective study was carried out in ICU of an academic tertiary hospital. The study included patients who admitted in the ICU between January 1, 2010, and December 31, 2018. During the study period, 102,178 cases were treated in the ICU, 46,018 cases underwent intubation. Include criteria is the first episode of extubation in ICU and needing invasive mechanical ventilation for at least 24 hours. Patients aged<18 years were excluded. Among 7,189 include cases, 249 cases underwent UE event. 
Result
During the study period, among the 7,190 cases, 249 underwent UE. The basic patient characteristics are shown in Table 1. Among the unplanned extubation group, 31% underwent reintubation within 1 hour and 55% was within 3 hours. 10% of planned extubation group underwent reintubation within 1 hour. We developed machine learning prediction algorithm using support vector machine, and random forest. The input variables were GCS, CAM-ICU, RASS and use of restrains. ROC curves showing a performance comparison between random forest (AUC: 0.813) and support vector machine (AUC: 0.817). Figure 1 shows AUROC results.
[image: ][image: ]Table 1. The basic patient characteristicsFigure 1. Receiver operation characteristic curves of models for predicting unplanned Extubation. Red line represents support vector machine model and green line represents random forest model, respectively.
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Conclusion
In this study, we development of unplanned Extubation prediction model in ICU, the result of AUROC was 0.817 using support vector machine.
References
1. Da Silva PSL, Fonseca MC. Unplanned endotracheal extubations in the intensive care unit: systematic review, critical appraisal, and evidence-based recommendations. Anesth Analg 2012; 114: 1003-14.
2. Lucchini, A., Bambi, S., Galazzi, A., Elli, S., Negrini, C., Vaccino, S., … Foti, G. Unplanned extubations in general intensive care unit: A nine-year retrospective analysis. Acta Bio-Medica : Atenei Parmensis, 2018; 89(7-S), 25–31.
3. De Groot, R. I., Dekkers, O. M., Herold, I. H. F., de Jonge, E., & Arbous, M. S. Risk factors and outcomes after unplanned extubations on the ICU: A case-control study. Critical Care, 2011; 15(1).
4. Cosentino, C., Fama, M., Foà, C., Bromuri, G., Giannini, S., Saraceno, M., … Sarli, L. Unplanned extubations in Intensive Care Unit: evidences for risk factors. A literature review. Acta Biomed for Health Professions, 2017; 88, 55–65.
image2.emf
Extubation state  Unplanned   (N=249)  Planned   (N=6,941)  P   -   value  

Sex, N (%)    <0.001  

-   F  59 (23.7)  2,460 (35.4)   

-   M  190 (76.3)  4,481 (64.6)   

Age, mean ± SD  62.2 ± 13.8  62.0 ± 15.0  0.871  

CPR, N (%)    0.687  

-   No  240 (96.4)  6,639 (95.6)   

Intubation site, N (%)    <0.001  

-   ICU  176 (70.7)  4,193 (60.4)   

-   ER  33 (13.3)  631  ( 9.1)   

-   OR  17 ( 6.8)  1,320 (19.0)   

-   Ward, Others  23 ( 9.2)  797 (11.5)   

Intra - hospital location, N (%)    <0.001  

-   ICU  35 (14.1)  799 (11.5)   

-   ER  87 (34.9)  2,034 (29.3)   

-   OR  28 (11.2)  1,976 (28.5)   

-   Ward  85 (34.1)  1,432 (20.6)   

-   Others  14 ( 5.6)  700 (10.1)   

Admission purpose, N (%)    <0.001  

-   Respiratory  139 (55.8)  2,578 (37.1)   

-   Cardiovascular  41 (16.5)  940 (13.5)   

-   Peri operative  38 (15.3)  2,419 (34.9)   

-   Others  31 (12.4)  1,004 (14.5)   

Operation, N (%)    <0.001  

-   No  187 (75.1)  3,720 (53.6)   

ICU mo r tality, N (%)    0.002  

-   No  199 (79.9)  6,031 (86.9)   

In - hospital mortality, N (%)    0.001  

-   No  150 (60.2)  4,867 (70.1)   

Reintubation within 24hrs,  N (%)     <0.001  

-   No  144 (57.8)  6,328 (91.2)   

MV days, median (IQR)  73.3   (106.0)  65.7 (77.3)  0.027  

Hospital days, median (IQR)  27.5 (32.2)  25.9(34.2)  0.001  
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