Using the Big data-based
prediction model for RRS
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Expert System Machine Learning
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1. Model derivation raw data
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3. Model fitting

f(xywy + xawy + 0+ XeWy + C)I

Kwon JM, Jeon KH, et al. Deep-learning-based out-of-hospital cardiac arrest prognostic system to predict clinical outcomes. Resuscitation. 2019.
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Deep Learning: AEGIS with LSTM

— AEGIS project —

cardiac Arrest Early warning alGorithm
In Sejong hospital

Joon-myoung Kwon', Youngnam Lee?, Yeha Lee?, Seungwoo Lee?, Jinsik Park’

Mediplex Sejong Hospital'!, VUNO?
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&> Deep Learning: AEGIS with LSTM

Table 4 The performance of 30 SPTTS, with 1 and >1 observational value exceeding preset limits, using hospital mortality as
the outcome

Class System evaluated Sensitivity (%) Specificity (%) PPV NPV Triggers
1 >1 1 >1 1 >1 1 >1 1 >1
1 Bell (standard)* 15.1 1.9 95.2 99.8 22.4 47 .1 92.5 91.8 563 34
2 Bell (extended)* 29.8 4.8 86.9 99.3 17.2 38.1 93.1 92.0 1451 105
3 Bell (restricted)® 7.3 0.4 98.1 100.0 26.1 429 92.1 91.7 234 7
4 Ball?® 28.3 5.4 88.0 98.9 17.7 31.7  93.1 92.0 1336 142
5 Parissopoulos'? 32.6 10.2 88.3 98.8 20.3 43.1 93.5 92.3 1339 197
6 Hickey?® 24.7 6.0 91.9 99.4 21.8 48.1 93.0 92.1 947 104
7 Salamonson® 19.0 3.1 95.0 99.7 257 53.1 92.8 91.9 618 49
8 Buist3? 23.0 4.8 93.4 99.5 24.1 47 .1 93.0 92.0 797 85
9 Bellomo?*® 23.1 4.9 93.2 99.5 23.8 47.7 93.0 92.0 811 86
10 Jones”! 25.4 6.5 92.3 99.4 23.1 49.1 93.1 92.1 916 110
1 Green’’ 26.7 6.9 91.3 99.3 21.8 46.4 93.2 92.1 1023 125
12 Harrison (early)>* b2.8  1/:2 69.1 95.8 13.5 27.5 94.1 92.7 3271 524
13 Harrison (late)>* 17.4 22 95.4 99.9 25.8 60.0 92.7 91.8 562 30
14 Smith® 50:5 15.7 73.5 95.5 14.8 24.3 94.2 92.5 2850 539
1-;2 .rlc Bonninnfnn‘” A‘)‘A ‘1 —A ‘Q AC;1A7 ASQAA “’;(\‘O ‘21‘7 ABQ‘n AAQ‘)‘ n ) ‘BAAA ) “QA

Smith GB, et al. A review, and performance evaluation, of single-parameter “track and trigger” systems. Resuscitation 2008;79(1):11-21.
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Deep Learning: AEGIS with LSTM

Random forest 0.801
Gradient boosted machine 0.794
Bagged trees 0.789 |
Support vector machine 0.786
Neural network 0.782
Logistic (spline)
K-nearest neighbors

Logistic (linear)

Decision tree 0.734
MEWS | 0.698
0.6 0.65 0.7 0.75 0.8
AUC

Churpek MM, et al. Multicenter Comparison of Machine Learning Methods and Conventional Regression for Predicting Clinical Deterioration
on the Wards. Crit Care Med. 2016;44(2):368-374.
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&> Deep Learning: AEGIS with LSTM

Cardiac Arrest Early warning alGorithm /n
Sejong Hospital

Joon-myoung Kwon', Youngnam Lee?, Yeha Lee?, Seungwoo Lee?, Jinsik Park’
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Joﬁg Mediplex Sejong Hospital

7 years Sejong hospital EHR data

1,217 IHCA patients
49,302 other patients
2,872,275 data set

#&(Blood pressure
Heart rate
Respiratory rate

Temperature

02 saturation
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Kwon JM, Lee Y, Lee Y, et al. An Algorithm Based on Deep Learning for Predicting In-Hospital Cardiac Arrest. J Am Heart Assoc.
2018;7:e008678.
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Kwon JM, Lee Y, Lee Y, et al. An Algorithm Based on Deep Learning for Predicting In-Hospital Cardiac Arrest. J Am Heart Assoc.
2018;7:e008678.
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Deep Learning: AEGIS with LSTM

1.0
Hospital A Hospital B
0.8 L AUROC (95% CI) AUPRC (95% CI) AUROC (95% CI) AUPRC (95% CI)
Predicting cardiac arrest
ol DEWS 0.850 (0.847-0.853) 0.044 (0.040-0.046) 0.837 (0.829-0.857) 0239 (0.219-0.257)
2 MEWS 0603 (0.603-0.603) 0.003 (0.003-0.003) 0.765 (0.765-0.765) 0.028 (0.028-0.028)
>
= Random Forest 0.780 (0.776-0.787) 0.014 (0.012-0.014) 0.823 (0.812-0.828) 0.203 (0.184-0.218)
c
3 0.4l Logistic Regression 0.613 (0.607-0.620) 0.007 (0.006-0.007) 0.780 (0.767-0.795) 0.057 (0.051-0.061)
— DEWS Predicting death without attempted resuscitation
55 — MEWS DEWS 0926 (0925-0929) 0188 (0.180-0.194) 0911 (0910-0922) 0221 (0.210-0.229)
) —— RandomForest MEWS 0.815 (0.815-0.815) 0.032 (0.032-0.032) 0.894 (0.894-0.894) 0172 (0.172-0.172)
LogisticRegression Random Forest 0910 (0.908-0913) 0.065 (0.061-0.068) 0910 (0.908-0911) 0.150 (0.141-0.160)
SPTTS
- ‘ . X . Logistic Regression  0.655 (0.650-0.661) 0.020 (0.019-0.020) 0806 (0.802-0.812) 0112 (0.105-0.118)
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Kwon JM, Lee Y, Lee Y, et al. An Algorithm Based on Deep Learning for Predicting In-Hospital Cardiac Arrest. J Am Heart Assoc.
2018;7:e008678.
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v Embedded Al in EMR

* Cardiac Arrest Early warning alGorithm In Sejong hospital
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v Embedded Al in EMR
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