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age

sex
admission_datetime
ed_diagnosis
mechvent_fla
vitals_temp_ed_first
vitals_sbp_ed_first
vitals_dbp_ed_first
vitals_hr_ed_first
vitals spo2 ed first
pmhx_diabetes
pmhx_hld
pmhx_htn
pmhx_ihd
pmhx_ckd

pmhx_copd
pmhx_asthma
pmhx_activecancer
pmhx_chronicliver
pmhx_stroke
pmhx_chf

pmhx_dementia

age on admission

sex

date of admission

primary symptom

indicator for mechanical ventilation

body temperature at ED triage

systolic blood pressure at ED triage

diastolic blood pressure at ED triage

heart rate at ED triage

SpO2 at ED triage

indicator for comorbidity: diabetes

indicator for comorbidity: hyperlipidemia
indicator for comorbidity: hypertension

indicator for comorbidity: ischemic heart disease
indicator for comorbidity: chronic kidney disease
indicator for comorbidity: chronic obstructive pulmonary
disease

indicator for comorbidity: asthma

indicator for comorbidity: cancer
indicator for comorbidity: chronic liver disease
indicator for comorbidity: stroke
indicator for comorbidity: chronic heart failure

indicator for comorbidity: dementia

lab_sodium

lab_leukocyte
lab_mean_platelet_volume
lab_neutrophil

lab_alt

lab_ddimer

lab_inr

lab_mch
lab_creatinine
lab_mcv

lab_aptt

lab_platelet
lab_lymphocyte percentage
lab_glucose
lab_neutrophil_percentage
lab_ldh
lab_prothrombin_activity
lab_urea

lab_lymphocyte

lab_crp

lab_rdw

lab_hemoglobin

lab_rbc

lab_hct

lab_potassium

lab_ast

serum sodium

leukocyte count

mean platelet volume

neutrophil count

serum alanine aminostransferase
serum d-dimer

international normalized ratio

serum mean corpuscular hemoglobin
serum creatinine
mean corpuscular volume

activated partial thromboplastin time
platelet count

lymphocyte percentage

serum glucose

neutrophil percentage

lactate dehydrogenase

prothrombin activity

serum urea

lymphocyte count

serum c-reative protein

red blood cell distribution width
serum hemoglobin

red blood cell count

serum hematocrit

serum potassium 8
serum aspartate aminotransferase
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?#‘lg & 4p & hIDE & FAlenid i 2 label &

?#Jﬁﬁ Rk R R R - TR oldn] KA R
v 4w o @ % Label encoding#-1 w4 = g4 L 0 1

VAR IR EMRF = T A% %], % * one hot encoding#-F fE g 4T = -
- D! =y

#E fd FLabel encoding##E#R, BHAEjiAFone hot encoding#Efi
label encoder=preprocessing. LabelEncoder ()

encoded sex=label encoder. fit transform(df x[’ sex’ ])

df x[ sex ]=encoded sex

data_dum = pd.get dummies(df x[ ed diagnosis’ ])

df dia=pd.DataFrame (data dum)

df x=df x.drop(columns=["ed diagnosis’])

df x=pd. concat/([df dia, df x], axis=1)

df x.to csv( ’clean data.csv’ . index=False )
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CREE AR P ERE N

SR SR IVA YIRS =T =
values={}
L=[]
for 1 in df x
L. append (i)
vital list=L[7:12]
pmhx_1ist=L[12:24]
lab 1ist=L[24:]
for 1 in wvital list:
values[i]=np. nanmedian (df x[i])
for 1 in pmhx list:
values[il]=stats. mode (df x[i]) [0][0]
for 1 in lab list:
values[i]=np. nanmedian (df x[i])
df x=df x.fillna(value=values)

i = : patient ID, admission_datetime

A TR A

df x.to csv( ’'modified data.csv', index=False )

fhadk i o
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%32 (Imbalance data)

« Random Under Sampling
v T "/T‘ 9005 575k ik 5 007 F)#cdy » 1 Finfor = chdicdypt bldRiT

4:1

P 900 % Hody 12
VT £9344 T

#tdown sampling (THER900%E)
idx list=[]
random. seed (a=42, Version=2ﬂ
Y = ’hospital outcome’
count 0 = 0; count 1 = 1
for i in df y[Y]:
if i=0: count 0 +=1
else: count 1 +=1

print (f"0: {count_0}, 1: f{count_1}, ratio:{round(count_0/count_1, 4)}’) print (f°0: {count 0}, 1: f{count 1}, ratio:{round(count 0/count 1,

delete = 900 #count 1%4
print (f’ £ {len(df _y. index) } F’)

» UB2A KRB BT RIRE
LR RTATE, e 1875

for i in df y[Y]:
if 1==0: count 0 +=1
else: count 1 +=1

print (f #{len(df y. index)} %)

for idx,i in enumerate(df_y[ hospital outcome’ ]): 0: 1577, '1: 258, ratio:6.1124
Lo 118342
if  i==0: 0: 677, 1: 258 tio:2.624
: ‘ ‘ : , 1: , ratio:2.
idx_list. append (idx) 19344

idx_list=random. sample(idx_list, delete)
df x.drop(idx_list, inplace=True)

df y.drop(idx_list, inplace=True)

count 0 = 0; count 1 = 1

H})
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WLl

* Logistic Regression (LR)
* Binomial LR: models the probability of occurrence of the success one of the
two classes

 Linear combination of predictors is used to fit a Logit transformation

7
Ln [(1 _lﬁ\.) =W, + w Xq; + -+ BwpXni
l

estimated probability T; = 1+ eWotWiXoit +WnXp;’

if > 0.5 (or other user predefined threshold value): success group
else: failure group

15



WLl

» Support Vector Machine (SVM)
* Developed by Vapnik and his group in former AT&T Bell Labotories
 Important topic in machine learning and pattern recognition

* “hyper-plane classifier”: using a linear hyper-plane which maximizes the
distance between two class to create a classifier

( x:vector of predictor
@:nonlinear feature function
w:weight

\ b: bias of f set

w'o(x)+ b =05
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« Random Forest (RF)

» Bagging (Bootstrap aggregation): Random Forest Simplified
 Split and build decision trees: each time a random Instance

sample of m predictors is chosen as split candidates Ra“““ﬂ‘fy \

from the full set of p predictors

« Final prediction is made by voting (classification) / ﬁ @ m ﬁ @
averaging (regression)

. Tree-1 Tree-2 Tree-n
* Boosting:
' ifi ' i Class-B Class-B
 Learn from misclassified data to improve final Class-A ass ass
prediction

* “iteratively learning weak classifiers with respect to a
distribution and adding them to a final strong classifier”

17
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Logistic Regression Model (LR)
BEHr FHGIR $K)

Data X
Data_ Y

df x[COD["all’]]
df y[Y]

Training Set X, Testing Set X,
sc=StandardScaler ()

sc. fit (Training Set X)
Training Set X=sc. transform(Training Set X)

Training Set Y, Testing Set Y = train test split(Data X,

Testing Set X=sc. transform(Testing Set X)

model

model. fit (Training Set X,

pred Y

LogisticRegression()

model. predict (Testing

Training Set Y)
- Set X)

pred_train Y = model.predict(Training Set X)& TFHHIGI%EE Training Set X

print (£’ #&

{len(Data_Y. index) } 2 :

******Testing Set*******

FlZ%4E {len (pred_train Y)}

Precision: ©.7347
Recall: 0.6667
F1: 0.699
Accuracy: 0.8342

HIELEE {1en (pred_Y)})

Data Y, test size = 0.2, shuffle = False)

#importance features

FI = {}

feat_importances = pd.Series(model. coef .ravel(),
Testing Result[Y] = re[ pred Y]

FI[Y] = feat importances

show FI (FI)
FI name = show FI 2(Y, FI)

hospital_outcome

age 1.398893

lab_neutrophil_percentage 0.688699

lab_leukocyte 0.647015
lab_crp 0.445243
lab_urea 0.389462

index=COD[" all’])
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3 1P
Logistic Regression Model (LR)
BRI Hw b7 153

C CAR | R4 4 g 4% > 333 4 S &L 1

0.7347 0.8342

o R e 4 A% 5y 100 0.7143 0.8235
max_iter & & i e 0.1 0.7826 0.8503
penalty L T L=

100 0.7347 0.8342

Precision: 6 7347 500 07347 08342
Accur‘aE;L/; gggiz pena ty pI’ECISIOH aCCUfaCy
Model 2 0.1 100 2 Precision: 07826 12 0.7347 0.8342
F1: 0.72 11 0.75 0.8396
Accuracy: ©.8503
MOdel 3 01 100 |1 Precision: @8.7317
Recall: ©.5556
F1: 0.6316

Accuracy: ©.8128
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B3l
Support Vector Machine Model (SVM)
A@Ee T PBHAGEER &)

Data_X = df_x[COD[ all’]]

Data Y = df y[Y]

X train, X test, y train, vy test = train test split(df x, df y, test_size=0.2, random state=1)

sc = StandardScaler()

sc. fit (X _train)

X train_std = sc.transform(X train)

X test_std = sc.transform(X test)

#fit model

model = SVC(I) #importance features
model. fit (X _train std, vy _train.values) FI = {}

pred Y = model.predict (Testing Set X) feat_importances = pd.Series(model.coef .ravel(), index=COD[ all’])
pred train Y = model.predict(Training Set X)# THAMIFISHE Training Set X Testing Result[Y] = rel’pred Y']

FI[Y] = feat importances
show FI(FI)
FI name = show FI 2(Y, FI)

print (f #:{len(Data_Y. index) } Z: #ll%k%E {len(pred_train Y)}, HIF{%E {len(pred Y)} )

Precision: ©.9111 hospital_outcome
Reca l ]. - 9.7593 lab_leukocyte
e age
F1: ©.8283 lab_neutrophil_percentage 0.461286
. lab_ast 0.408425
Accuracy: 0.9091 21

lab_rbc 0.292921



Support Vector Machine Model (SVM)
AF# L PBHRI

orTn T

PR i o CAR & #4534 4§ cfly 0.9111 0.9091
}l' éﬁg /F Fé‘pi:'—gﬁ—f "5 ’ lE /il Hb ; 100 O 9412 0 9519

kernel % & Hic ' .
0.1 0.9048 0.893

SVM Model - kernel result
Model 1(3g 2% Precision: @.9111 kernel precision accuracy

Recall: ©.7593

F1: 0.8283 rbf 0.9111 0.9091

Accuracy: 0.9091
. linear 0.7818 0.877
Precision: ©.9412 ' '
MOdeI 2 100 rbf Recall: ©.8889
F1: ©.9143
Accuracy: ©.9519

H Precision: ©.7736
Model 3 100 linear Recall: 8.7593

F1: ©.7664
Accuracy: 0.8663
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Random Forest Model(RF)
T AR (GEK $3)

import math
from sklearn.ensemble import RandomForestClassifier

Data X = df x[COD[ all’]]

Data Y = df yl[Y]

Training Set X, Testing Set X, Training Set Y, Testing Set Y = train test split(Data X, Data Y, test size = 0.2, shuffle = False)
Testing Result = {} # RS R ()

model = RandomForestClassifier ()

model. fit (Training Set X, Training Set Y)

pred Y = model. predict(Testing Set X)

pred train Y = model.predict(Training Set X)# FHHEIFIZEE Training Set X
print (f" :{len(Data_Y. index)} 5%: Gll%i£E {1en(pred train Y)}, iHGil%E {Ilen(pred Y)} )

#importance features

FI = {}
- - feat importances = pd.Series(model. feature importances , index=Training Set X. columns)
P reclsion. B 7692 Testing Result[Y] = re[ pred Y ]

FI[Y] = feat importances
Recall: ©.5556 R
FI _name = show FI 2(Y, FI)
F1: ©0.6452

hospital_outcome

Accuracy: 0.8235 age
lab_urea 0.060701
vitals_spo2_ed_first  0.056227
lab_neutrophil_percentage 0.049156 2 3

lab_creatinine 0.045734



FEAE
Random Forest Model(RF)
%#%ﬁﬁﬂ

n_estimators 338 Y Boak < = Nk 0.7692 0.8235
bootstrap A F G R Rk 100 0.7805 0.8342
criterion CART B3| & B $ 43 e ® | n%, 1 & 0.7857 0.8396
- recision: True 0.7692 0.8235

Model 1(¥g 3k True gini P cision: g ;gg;
F1: 0.6452 False 0.7111 0.8128

Accuracy: 0.8235

Model 2 500 True gini Precision: 0.775 criterion precision accuracy

Recall: ©.5741

F1: 0.6596 gini 0.7692 0.8235
Accuracy: ©.8285

Model 4 500 True entropy  Precision: 0.7368 entropy 07561 08235
Recall: ©.5185
F1l: ©.6087

Accuracy: ©.8075
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Important

Feature

Models
LR SVM RF
Age lab_ leukocyte Age
(# #£) (v o 3%) (# #£)
lab_neutrophil _
Age lab_urea
percentage ) ~
(& &) (k7 %)

(F ¥ 1o 5 3f)
lab_leukocyte

(v o 3%)

lab_crp
(CF fsiv)

lab_urea
(k%)

lab_neutrophil
percentage
(v%’ ?ote w If)
lab_ast
R
(% % 2ApE %)

lab_rbc
frw 3R #Y)

Vitals_spo2_ed first
(£ 3 &2 i)

lab_lymphocyte
percentage
(% = %)

lab_neutrophil
percentage

(¥ {25 5 3)
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o §
-

: 1 3% gx % (Precision) ~ 7. w

\‘x
,3

“(Recall) ~ F1-score ~ Accuracy
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#(1/2)

e Confusion matrix

Positive | negative . TPHTN . o
Predict True False (1) Accuracy : TRETN+FP+FN B2l A
or:itil\ie positive | positive | (2) Precision & —— 3 $5-A] 1L fr 5
P (TP) (FP) (3) Recall : —— ; F %7 = ¥ Sppl 7> = & (v £5)
Predict False True (4) F1 score : - sz*g —
" | negative | negative . R S
negative | 0" | Ty | (@) et sk A8 1 AN it
Model Precision Recall F1-score  Accuracy
LR 69.69% 59.83% 64.24% 81.69%
SVM 69.32% 56.8% 62.23% 80.94%
RF 73.86% 54.13% 62.36% 82.12%
A C E ARG SR E T 2 LI R( R RE 2 T D)
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Cross Validation: Precision

i

B3l e

Cross Validation: Recall
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Cross Validation: F1_score

08

F1_score
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Recal |

L
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Cross Validation: Accuracy

038

0.6 1

Accuracy

044

00
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