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Subject:
Emergency department triage prediction
of clinical outcomes using machine

learning models
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« Name: critical care
 Indexing: ISI, Scopus, PubMed, Embase, DOAJ
e 2017 Impact Factor: 2.540

« Categories:

- Health Informatics: Q1
- Information Systems: Q1
- Health Information Management: Q1
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Abbreviation

English

AUC

Area under the curve
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CDC

Centers for Disease Control and Prevention
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ED

Emergency Department
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ESI

Emergency Severity Index
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NHAMCS

The National Hospital Ambulatory Medical Care

Survey
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NPV

Negative Predictive Value

PPV

Positive Predictive Value
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TRIPOD

Transparent Reporting of a multivariable prediction

model for Individual Prognosis Or Diagnosis
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regression, random forest, gradient boosted decision tree,

deep neural network
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1. Immediate opile s oL Ja ¥
2. Emergent 1. Logistic Regression and Lasso Regularization
3. Urgent 2. Random Forest
4. Semi-Urgent 3. Gradient Boosted Decision Tree
5. Non-Urgent 4. Deep Neural Network
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1. Lasso Regularization
2. Out-of-Bag-Estimation

3. Cross Validation

4. Dropout, ridge regularization, batch normalization in each model
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1. The Area Under The Receiver-operating-characteristics Curve (AUC)
2. Net Reclassification Improvement
3. Confusion Matrix Result

4. Net Benefit Through Decision Curve Analytic
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Table 1 Predictor variables and outcomes in 135,470 adult emergency department visits

Variable n=135470
Age (year), median (IQR) 46 (29-60)
Female sex 58,450 (43.1)
Mode of arrival
Ambulance 26820 (19.8)
Emergency Severity Index
1 (immediate) 26.8 (1.9)
2 [emergent) 16,208 (125)
3 (urgent) 65917 (48.7)
4 (semi-urgent) 41007 (303)
5 (non-urgent) 2010 6.7)
Critical care outcome® 2782 (2.1)
Hospitalization outcomet 22010 (16.2)
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Critical care outcome

Hospitalization outcome

5" Diagnostic category n 5" Diagnostic category n
122 Preumania 181 102 Monspecific chest pain 1836
102 Monspecific chest pain 181] 251 Abdominal pain 200
109 Acure cerebrovascular diseass 138] 122 P neumonia g293
108 Congestive heart failure (non-hypertensive) 133] 133 Other lower respimtony diseases 732
133 Crther lower respimtony dissases 125 108 Congestive heart failure (non-hyperensive) 626
153 Gastrointestnal hemomrhage 101 127 Chronic obstructive pulmonary disease and bronchiectasis 570
106 Cardiac dysrhwthmias 95 245 Synoope 556
131 Res piratory failure, insufficiency, and amest o0 259 Residual codes (unclassified) 554
2 Septicemia o0 657 Mood disorders 535
259 Residual codes (unclassified) 85 197 Skin and subcutaneous tissue infections 531
55 Fluid and slectralyte disorders 82 106 Cardiac dysrhwthmias 530
127 Chronic obstructive pulmonary disease and bronchiectasis 70 109 Acure cersbrovascular disease 483
100 Acute myocardial infarction &4 153 Gastrointestinal hemomrhage 455
101 Comnary athemsclerosis and aother heart dissass 62 159 Urinary tract infections 463
50 Diabetes mellitus with complications 57 55 Fluid and slectrolyre disorders 459
233 Intracramial injury 53 659 Schizophrenia and other psychotic disorders 391
2437 Poisoning by other medications and drugs 45 101 Comnary atherosclerosis and other hearnt disease 319
251 Abdominal pain 43 660 Alcobolkrelated disorders 285
245 Synoope 40 252 Malaise and fatigue 270
159 Urinary tract infections 40 245 Fewver of unknown arigin 258
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Outcome and model AL Pwalus* MRIT P valuet Sensithvity Specificity PPy NPV

Critical care outcome
feference model 074 (0.72-0.75) Reference Reference Reference 050 (047-053) 085 [082-087) 007 ([0.05-008) (0.988 (0.588-05988)
Lasso regression (.84 (0.83-085) < 0.001 (.35 (0.32-0.46) < 0.0 0.75 {0.72-0.78) 0.77 10.75-0.80) 0.06 (0.06-0.07) 0553 (0.5953 CLS'?J,‘;
Random forest D85 (DE4-DE7) <000 0.07 (0.003-0.14) 004 085 (083-D.EE) D68 (068-0.71) 005 (0.05-0.06) D.996 (0.996-0.995)
Gradient boosted decision tree 0.5 (0.83-0.85) < 0.001 0.32 (0.25-0.38) < 0.001 0.75 (0.73-0.79) 0.77 10.75-0.80) 0.06 [0.06-0.07) 0,593 (0.593 0.??4::
Deep neural network 0.8 (0.85-0.87) < 0.001 0.73 (067-0.79) < 0.001 D.BO [0.77-0.83) 0.76 [0.73-0.78) 0.06 [0.06-0.07) 0,995 (0.554 0_;;5}

Hospitalization outcome |
Feference model 069 (068-069) Feference Feference Feference QA7 (086-087) 042 (039-043) 023 (0.22-0.23) 094 (0.94-0.94)
Lasso regression D.E1 {080-081) < 0.001 0.53 {(0.50-0.55) < 0.001 0.71 [0.70-0.72) 0.76 [0.75-0.77) 0.36 (0.35-0.37) 053 (0.93-0.93)
Random forest DE1 {081-082) < 0.001 066 (DA3-0.58) < 0.001 0.77 0.76-0.78) 0.71 [0.70-0.72) 0.34 [0.33-0.35) 0.54 [0.54-0.94)
Gradient boosted decision tree D.B2 (082-083) < 0.001 063 (061-058) < 0.001 0.75 [0.73-0.76) 0.75 [0.74-0.76) 0.37 10.36-038) 0.54 [0.54-0.94)
Deep neural network DA2 (0A2-083) < 0001 D68 (0A5-0.70) < 0001 0.79 (0.78-0.80) 0.71 (068-072) 035 (0.34-0.36) 055 (0.94-095)
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Outcome and model AL Pwalus* MRIT P valuet Sensithvity Specificity PPy NPV

Critical care outcome
feference model 074 (0.72-0.75) Reference Reference Reference 050 (047-053) 085 [082-087) 007 ([0.05-008) (0.988 (0.588-05988)
Lasso regression D24 (083-085) < 0.001 0.39 (0.32-0.45) < 0001 0.75 (0.72-0.78) 0.77 (0.75-0.80) 006 (006-0.07) 0.993 (0.993-0.994
Random forest D85 (DE4-DE7) <000 0.07 (0.003-0.14) 004 085 (083-D.EE) D68 (068-0.71) 005 (0.05-0.06) D.996 (0.996-0.995)
Gradient boosted decision tree 0.5 (0.83-0.85) < 0.001 0.32 (0.25-0.38) < 0.001 0.75 (0.73-0.79) 0.77 10.75-0.80) 0.06 [0.06-0.07) 0,593 (0.593-0.954
Deep neural network 0.8 (0.85-0.87) < 0.001 0.73 (067-0.79) < 0.001 D.BO [0.77-0.83) 0.76 [0.73-0.78) 0.06 [0.06-0.07) 0,995 (0.554-0.995)

Hospitalization outcome
Feference model 069 (068-069) Feference Feference Feference QA7 (086-087) 042 (039-043) 023 (0.22-0.23) 094 (0.94-0.94) |
Lasso regression D.E1 {080-081) < 0.001 0.53 {0.50-0.55) < 0.001 0.71 0.70-0.72) 0.76 [0.75-0.77) 0.36 [0.35-0.37) 093 (093-093)
Random forest DE1 {081-082) < 0.001 066 (DA3-0.58) < 0.001 0.77 0.76-0.78) 0.71 [0.70-0.72) 0.34 [0.33-0.35) 0.54 [0.54-0.94) |
Gradient boosted decision tree 0.2 (0.82-0.83) < 0.001 063 (061-058) < 0.001 0.75 [0.73-0.76) 0.75 [0.74-0.76) 0.37 10.36-0.38) 004 (094-054)
Deep neural network D22 [082-0E3) < 0.001 DBE (DA5-0.70) < 0.001 0.7% (0.78-0.80) 071 [068-0.72) 035 (0.34-0.36) 095 (094-095)




(M\J\) Cuha

Predictor of Gritical Cara

ok
-
Fr4

Ambulanca uge-

Aga-

Faapiratory fate -

Fulsa rale-

Swaiobc Dhood presgure-

Cygen saturation -

Concpasivg hear tailre comorbadty -

Musculaskalelal related complainl -
Diasiodic blood prassure-

Bespiratory redated complaint -

Tamperalure =

Ganaral complaint -

Carndiac amythmas camorbidity -

Solid fumos wilhowl mealaslEss comabidity -

Famala=

100

Impoetance




(M\J\) Cuha

A
Ambulance Use-
Symiolic blood prassun-

DHasiodic Dipod prassng -

5 Pulsa rate-
g Raspirabary rabe -
a
0
g Tempemabura -
s
G Coregestive haar failure comcrtidity -
&
.,E Dxygen saturalion -
[

Fluid and slacinbie disarders comaortidity -
Paypchialry rekstad cornplaint -

Cardiac asrpthmias comarbidity-

Frernal -

Renal falure comarbidigy -

Alcahol abuse comartidity -

T

Importan

104

Cha
ka1
n
.|
n




= oo NS
SR Al g

4 N

b st (il 5 5800 e i Bl axdlas ol o

50 sl Ll e gl i G d e 38 bee (iile 5 RaL sladae () d sare sladae b Analia

o /
/ rstnile (5580l sldae Hy ugin 3 g daYa \

3 S das 4y jaie 48 Gl (S ED s ngin abie Sl ealiind Sdl b5 e cad 4 ES Ak, S -
A g oa RS A3l ) yia g Jan sia
ol i e dagl gy 5 aeati€ i i (G slhae Jalad o train s Sas ) -Y
cila (5 5800 sladae cpl el i e ) Jgane sladae 3 as ) Gi cildali )l a8 sy -Y

AT (6 ylun

\\ Al ilal el ) Gials chga iling slaa Sag /




(4alal) (5 8 A 5 Cany

O el b (adle (5 80k sladae (ED 4 JW& 5 3 YFOFY ¢ danal o (slaoala st 54y 383 (bl
Al sl 4w 3 ED 5L 3 slasala
L S under-triaged o) _len (ialS &ely 5 atiilhy Jle g3 Shae ES| n i Jae 4 G WaJae o
g e 02 8 el )8 e it Cajlatie slagis

GalS ) 3 s e Cadd (gl jlan 4y i 2 ) i panadi 4 jade 4S over-triaged @l Oripws

AR




dxlllan & 68 Lalss

e
4 N

Ol (5 8ol s dia ) e et oaléiul

- /

4 N
B alayl (imed (DCA a2 5 AUC _kai ) ad calise ala) ) b5 )

...5 PPV s Npv s sensitivity s specificity 1l
< /

5J9 1w ogll




‘\JJ\.L.A uAJ FREW

L missing data u’ala}

aasil g ySKe gur g oLl (gab 4tk

L age il (sl yaiia (A sl aen e—\c}

5J9 1w ogll



odjgj J\Sju\d\.@_\.uu

il 5 5) database center xia (59 s LSS ) ) saldial

O ) Cuman L o) el 5 Jae (g s (a5

5J9 1w ogll



31



