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FE 2021d7b4E] 5@z Hd AHTIAISEAA A Al
2,0837 9 AAARE FE¢ F, R ZE TS o] &-slo] 4513t

Avjst w2k glo] AWaly] 9a AATWEI=9 The Confusion
Assessment Method for the ICU (CAM-ICU) 37} A3}, 113 YUX]
25 e, Ay, gazdzkestat erakel g 9l haloperidol # ¥ 9
5 7HA AR T g 7HA] ool A A iR gjld B9 AW A=
oot A A 1] = dA 2,083 F 41771 (20.0%)°130 1L,
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AATHAE1071).
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"2 A okl A (C—Reactive Protein, CRP) ©] AFE & ¢l T}

Zrdle ZAAE 39 (Logistic Regression), JAFEAAYHF
(Decision Tree), WHIX Y AE (Random Forest), 181 eXtreme
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A @7 3bel] @At WEske A, FoY W A5
Zrojo] T} (American Psychiatric Association, 2013). I YAES
Z3 24 1 gslol g FAoA] 7 = Ao 7 A 9t (Hshieh et
al., 2017). o] FolA 53] F&AAAY A BB Foish

FAAAILE o]0l A 7hsAo] B7] wRel, @Y TRAEC] FEa
A

o
WA SO} (Tilouche et al., 2018). AW oAAF-5 oS53 4 glow AL
N

et al., 2018).

SHA, A SEAe 3 3 AR uE AW 2 s
Hol7] wjite] A% ZAE vE W olE sk Aol Hestt Kim
+(2018) 9] Aol wEHE, A FAE BAW T8 A A S5 AIRE
2 B AR A E oAFe e offel wEt AR Fosh
2ol & HERAT BE WA S8 o B VA S-S Basthe
AMA L Fraefol gk uolrt QA e FoMRE ARATES
419 7] (Cardiopulmonary bypass, CPB) & A8-3} & 574 A
ELosrle] mdZeEd LeEe] v Aok g (Silva et al, 2021).
AT SZ4 AH719 AR, = E7H(median sternotomy),
A 919 (embolic load) ¥ 1 F=/mkF] AR AW A ecle=w

ZF 231} (Berger et al., 2018).
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TAARA 712 P&t A v XA kAT, A o] whAef tisA =
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Zloltk, ey ofH 7k A Mg S aA o 5T F Qe FEE
FAetth Aol ko] @A AW AR5 A e TR
2453 9k

A Ao AMY =2+ The Confusion Assessment Method

for the ICU (CAM~-ICU) ¢} The Intensive Care Delirium Screening
Checklist (ICDSC)7F €2 AF&¥H1 Stk (Krewulak et al.,, 2018).
el A= Moe AR sh=rolt CAM-ICU7ZE 7Hd B A 0 2 A5 11
ATHHAA 5, 2021). CAM-ICUE Aol Wk 712l Diagnostic
and Statistical Manual of Mental Disorders (DSM)el Z23HA]
A dE A AP =791 Confusion Assessment Method
(CAM) & FT3#x8° 2 43 “Fo]th(Ely, Margolin, et al., 2001).
M Aol 47182 FAE e w g A Ak B A3t
96.5%°] WAL B 99% 9] So]=E B3tk (Ely, Inouye, et al., 2001).

Ty AA dRelE Y U A4 0% &858 ekl
Swan (2014) 2] AT-oA4= CAM-ICU ARgol tig WSS v ok
(S AHES] CAM-ICU 715 423 21 % 87 11(21%)o] EXHASS
WA=, 1 T 80 A gATE oAo] qlo] HIML Thsdt AHE
o] %= ‘Unable to access’® 7|55 3t A% th Awan 5 (2021)9]
ATol= of2o] WRaAY oFgke] WA Al ke CAM-
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i1 #HE JIREY FAME & JdFE FedH, 53 ZREFW
A7k (Prothrombine Time, PT), 4¢3 4% X171 &S W
2o 2 v F vk (Hofer et al., 2016).

Rudiger ©(2016)2 HA+<s A9 #F=H 9 (intraoperative)

WS fi&l] diss 248 AgRS w AH7] A AIZE (p<0.001),

Tt dAAAAAE GA A5, A 1 LA, GA 2 AR Al A el A
Hlastals o, A A5 FAFo] A B Atele] 7H
SAAOR T Aol & vEhd S Btk A A59 24k (p<0.001),
Alanine aminotransferase (p=0.024), CRP (p=0.025), W3
(p=0.035) % FEZFEZR (p=0.047)0] sFH}. ol HAFE &
gate] dNHAL FAFE WgrE AREE w oy Jje HAF AlH Tl A

A
P AF) FAE Agshs Zlo] e St

FAst= 2% 9tk(Maldonado, 2013). HFA B Fwger 2 FHA

|9} &= ik Ao WA e F AYE U E

A% FHRrZF2ZW 3 (Marcantonio et al., 1998), % Tff 3
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&= A AY A Bl FEFE T AR 4P (Marcantonio
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et al., 2006).
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A8+ #HAF(Complete Blood Count)? #d+ |24, 2
sagdAre] A4 (Fibrinogen), 843} ¥ EFR ZTiAd A3
(activated Partial Thromboplastin Time, ©]3} aPTT), ZTZEEW]
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39 Bt ¥ $2 des ®olil 3t (Lindroth et al, 2018). Hur &
(2021)©] The Medical Information Mart for Intensive Care III
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gk AsAE Aded @d, A 7 vy gewd
A= 1 doleel dis A Y] Aok C5.0 dagEa
A A FE obF Eol vhE F, Aol J o] gl EV1E AAsE A9
AP ZEA A 7] W e ARE S ZIAIEE U T AEAA VTS =2
314 8 (Perceptive interpretability) = Ho|wW ZA37} =& 7|74 9
= ARbA QI o2 A o= Q= e 7HxTh

ALY AE 9 XGBoost WHZ 2] 719 qAHEAP YT 242 &
A sto] Abgets S dadFoltt ArA U= wFe
Z1A8rE 71 8] 71&27F ¥ =), olest 7Y 5+ ‘tree based” ¥ilElE
olg} dA=T APHEHAES XGBoost & 2AAGUTFHT 34
oy x| uk, GA HAgEHA il 52 5 dea Bl
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AGEHAEE Breiman  (2001)¢]  Alkst ®wHo=w  Zhash
AU ) e T ) e dF d9E usdEd F
o= o)t AREEHE GAME 9 V)E delE ‘Bagging (Bootstrap
Aggregating)-olth. AFEFUR-E sty A4 uirink dd 4
toleleA HdFE WHoE TS 718 MEE Fd HolHE
At o]y gk WAS Bootstrap MEHolgtal stk U A HRA
Aesr o, Ao JaAra Uy 7IMd=

©
HEA A4 SAe FERE FA &1, O 5 ARl el & ekl

ARESEE AEEA U] Ul W RV AEE B $E O FE

AREARZE A E o Qlth A A B A SEde dig AAA
Ex 2AAY 398 o] 7 wol AMgH =

| &5 W o] #lE ltt (Christodoulou et al., 2019).

XGBoost (eXtreme Gradient Boosting) += Bl 4 7} & Zof A7H

T3z A A EY A

~
At

NASE 7oz B Aol 1 oS Aes de v 9tk
2015 d =A JA¥As AL Axos]d Kaggle ©l4 29 7 5
&7 5 17 717F XGBoost & AHE-sE Aoz F/jEw O $FA o] T
k7] A2t (Chen et al, 2016). A%y #AH"d A% o=
A& EJ+=d, 71 F Bishara 5(2022)9 F& F AW o=rd s
Aol A XGBoost Ed ¥ 2 A¥ 37 2] AUROC += 2+7F 0.851

0.762 & XSt}
XGBoost + SAPEAYFE  ‘Gradient Boostingolghs
druulFor ST dFES TG SAF R ARE VE
2 2 AES A5 43Ry A9t 9
el A= wEFor AT HE Adgs eyl faiA s A1FE
ASgkell F7tE = B2 EA ArtE e dS5akd AAgE Aol
Apol7h EakA 0w HellAl=E, B 0.02 o4 0.2 Afele] gho®
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Qe 85E (Learning  rate) S  Jote]  ©lEth ARgstE
Aol Sy A7), S5 E TS AMEAE ARZE 4 Qdth
S5E0] W AFEEE JAEAUT ] U e s 94 S WA s

] &3 XGBoost FEo] &= Z o Z defA Q)

2) H°ole E43 A
ASEAS NI w &9 ofAlFel gk 5o T3] o] Fo A A
%= Synthetic Minority Oversampling Technique (SMOTE) 71¥&
£ F Qv JAgE 2l 771 dHelHE stEAd W,

dSstd = FHPAe vHEo] YF Fow HAE HolEoA W

TS RolA Hth Ao FP i g FE3 o] o] FojA A
E35k7] wjiolth. SMOTE & 2002 el A& A7|E o]%F o]g]3t B3
HolE & EAZ Hasts wHo=r dy g8y u Qrt s

oversampling 3t WHE oA, 48 RIS 3l
Eot= AAE MEA Fdete] Frlsks Wolv &
AA e} 19k TP FARE v oAl AtololA dH o R AEA AAE
Ast=dl, 7S fARSE dAIE 1 E wle AR e SurEe
7V oAl el e shuE Agitth Chawla 5 (2002)=
teFgt AtelE S8l SMOTE 9o 45 95331, Fernandez &
(2018)2 1 ¥ 2P FAF SMOTE 7} thFstAl W@ = da] 295S
18T
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A3F AT E

A1d AT 99

BT o] 9o Celi 5(2014)9] #|A)3t ‘Data—driven Care
System’ a2 AwWst 4= Qlt}, o] a2 Az Aol Material energy

flow’ ©]9] ‘Information flow'S E3 YA 2] dloJglo oJas

Zedez ARy Z2 9 A

~

Clinical issue)® <2J=579]
%A (Clinical practice)®] 9323 W= 22} AEf (State of patient) 7}
WL, 2] A= AME Tl A4F FAEE AIFE dHolg o] e
Atk A AHEAL Ao dH= 3= (Feed back) 78
Fall oAl mFe FAe S vt} o] ‘Material energy
flow = A ¥},

I SR 22 dHolE ek SAREA A o] ZEHA o,
‘Information flow’& &3l 94 -4 (Clinical issue) 7} 22} A H (State
of patient)ol] QS nx|7] o ¥ =X = (Feed forward) S
&5 o84 FA (Clinical practice) 7} 7hsaldvt. o] Edls S8

PgelA AZmA FeYL BEE F Ak

2
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Figure 1. Data—driven Care system
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A22d A7 HH4

2 AT AA A Q] 552 Cross Industry Standard Process for Data
Mining in Medicine (CRISP-MED-DM) R9-& 7|qto @ A A 38kt
o] mele 2000 el 7he 5 AA7HA dolE wlold gle o] &4
S5 AFets ol 7h ol AFg-H a1 Sl (Schrder et al., 2021) Cross
Industry Standard Process for Data Mining (CRISP—DM) & Olegas
(2015)7F 98t ool ot WFs wdojr. o wdd viRrAR
CRISP-MED-DM & & 6 QA= FA0o] Holglth o] dAle] 93 2
A9 355 Aot va 3 2ok

A HA A4 o] (Problem understanding) A= A slaAt sl

olgfjataL HolE &A1 HxE £ otz AR, & Aol

Aol gelg AT PAEe] AR =] Haw ¥ QAR

JS olsfsttt. thgo 2 A WA= Yoy Y] (Data preparation)

Jm
S~
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Under Receiver Operating Characteristic Curve) %9 FX=
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st AA Aol @& wF D A e el =2 gk} mpA] et
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= Aol M AR AR VI SA RS ey A58 S2
AT Maistwgde] Azolth Y Y

System (°]3} HIS)-> o]x]Alo8] A}9] ‘Best Care 2.0°% ARE-3it},

2] Hospital Information

A7e] LT WHEE AT W HIS B B H2® 5 e
AR RN ZAQ QPPRRINBA, RBEAA, FET] S, w7

= =
ol wE ARE FAHE 5 deAE FAFeR etk
g sty ¥ 9] Clinical Data Warehouse (CDW) A A A]AEloQ]
Seoul National University Hospital Patient Research Environment
(°]s} SUPREME) & &3l ARddell ol w2 A7 A4 dshs HIS
G AR FIIEARE A Ao r =5 5 Uk

= el 8% B AAEFVIEARE SUPREME 1.0 (2018.
4.30~) 2 SUPREME 2.0 (2023.02.10~) oA A7A7} FZ3H3it

(@)

FZ3 A AEE R (version 4.2.3; R foundation for Statistical

Computing, Vienna, Austria) & =3 7} 3t}
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Table 1. Classification of Major Cardiac Surgeries with Examples

Surgery type Number (when including all details) Examples of specific surgery names
AORTA Replacement 2 (7) ‘Replacement of aorta (descending thoracic)’, ‘Replacement of thoracoabdominal aortic aneurysm’
Bentall op/ David op 2 (2) ‘Composite graft interposition for annuloaortic ectasia (Bentall operation)’
Repair/ Resection 5 (12) ‘Repair of aneurysm (ascending aorta)’, ‘Resection of aneurysm, descending thoracic aorta’
Stent 1 (1) ‘Insertion of aortic stent’
Bypass 4 (1D ‘Aorta to other artery bypass (subclavian/ left/ artificial vessel graft)’, “Thoracic aorta to abdominal aorta bypass’
CORONARY Off pump CABG 1 (5) ‘Off pump CABG (coronary artery bypass graft) surgery (LAD/ LITA)’
CABG 4 (4) ‘Aortocoronary bypass of one coronary artery’, ‘Redo coronary artery bypass graft’

VALVE Repair 4 27) ‘Open heart valvuloplasty without replacement (aortic valve)’, ‘Repair of heart valve (tricuspid valve/ valve)’
Replacement 2 (26) ‘Replacement of heart valve (aortic valve/ tissue valve)’, ‘Replacement of redo—valve (unspecified valve)’
else 2 (2) ‘Revision of prosthesis of heart valve’, ‘Operation of heart valve’

MAZE Maze op 2 (3) ‘Cox—Maze procedure’, ‘Maze operation (bilateral)’

ELSE ASD 1 (12) ‘Repair of atrial septal defect (secundum/ patch closure/ bioprosthesis)’

VSD 1 (14) ‘Repair of ventricular septal defect (primary closure)’
Mass 12 (19) ‘Excision of cardiac tumor (partial)’, ‘Excision of mediastinal mass (midline/ sternotomy)’
Window op 1 7) ‘Pericardial window operation (bilateral/ VATS)’
Vessel 4 21) ‘Thrombectomy (bilateral/ full sternotomy/ partial)’, ‘Operation for thromboembolism’
Thymectomy 2 (13) ‘Thymectomy (full sternotomy)’, ‘Subxiphoid approach thymectomy (bilateral / robotic/ total )’
L—-VAD 3 (4) ‘Insertion of VAD (Ventricular assist device)’, ‘Implantation of heart assist device’
Heart TPL 2 (2) ‘Transplantation of heart’, ‘Transplantation of heart—lung’
else 3 (3) ‘Total correction of tetralogy of Fallot’, ‘Repair of heart’
Total 58 (195) op=operation; CABG= Coronary Artery Bypass Graft; LITA= Left Internal Thoracic Artery; LAD=

Left Anterior Descending coronary artery; ASD= Atrial Septal Defect; VSD= Ventricular Septal Defect;
VATS= Video—Assisted Thoracic Surgery; L—VAD= Left Ventricular Assist Device; TPL= Transplant
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Attt Ko 5(2019), Simeone (2018) ¥} 0]& 41 (2013) &5 Z3kxp2
Ayt e d o8 B2 Ao A 7170 24 AIZF ol uiQl A9+
AT At A 9] skar Sl

Table 2. Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

- Age > 18 years - Receilved 2 or more major

- Admitted to the Intensive Care cardiac surgeries before
Unit (ICU) after a major discharged
cardiac surgery - RASS —4~-5 throughout the

whole ICU stay
- History of admission in the
same [ICU within last 2 years
- ICU stay less than 24 hours

24 -':I'-\._E = ::' 1..5



A+ 78 9l

oY

Y
TR

}

A

A 44

712 % H% CAM-ICU

e, A A 7

Bebol ARRHAOHA T AN AAE A el B @ Afoldl

QA7 4 B

‘Delirium’e] 3

54 g Afelql F 42 A

2 i e R P

oo

T

o] 4141 g}

o
=

t, A

S

‘Haloperidol 5mg/1ml inj’ 2] 7]&o] &)

54w Abolel B9 49

R

k. ofell Hls) v H
st 7+

3l oF

=z ]
=

== =
=

]

Uo]-

1 2] glo] A

Z o
1

ZAEE 37}

9

i

SUPREME of|A4 A o=}

7

_Et}3] 41 _FREE TEXT® A 2]

Sk

RN

7o)st

1 Clinical

et A el

A%

I_E}73]| A _CGD

S}
S1

o
=

Impression (CGI)

Global

‘delirious’,

‘delirium’,

’

A

M2l wgel

‘haloperidol’ ©@o}7} =

A histor

o 54 %

5 O
y S

25



= o M
© X5 mw_m Hom oo Ry l
T 5 = ¥ = oy WoT Z
o Ak W B < A E 7 No ) o
J_,NO —_ - — —_ ,mﬂ 0 T T ﬂﬂ O_L —
Al o ol W 8 pp <V N po A= M SR T o W T
o W = = I A mﬂ%%ﬂw% ® oy x d
W ogp o g W O o= T o= x F 5 X
o = o o % 9 A T FoWOE T g = - ot > T
‘T 3 asTEx @%@g%lgz_frs@
¢ &% < 1éwMﬂuw.M w oo Z x o ox oM D =N
= X - <X X = I S\ e~ o
i = ™ ot (- 5o %O W = oT H SR Hr olp T O & W
T W < ) Zo o O o Wl N P &0 Guoe £
o X 6T N WL ~ © [0) Y R = oK 2 = v
i _ " g T il
}o1ﬂ.zvﬂegﬁﬂ_ﬁwamﬂewMahTzwz%ﬂ&%am%m
< e B R G T 3 o /g
= Mo o e ol Ca WE = o pul G e Bo 3 To o ) §
! 0 N 3 N T —
s 5T o & wugmwww ) wgﬁ:imwﬂ e %ﬂﬂ,Txﬁ%
S B o s N o X ™ N’ T LA N Bl
N N B o Ao B R NG N T A oIk X W = BB oF &
T X o SN i U Y
W T LG g x ¥ P EE 8 g
~ =T _— — = -~ o
MM oy wh i w;a_ L% oF M = MLTH o o AMn wrm MM = ok © X 2 M g
m%ﬂ%m@@ﬂ%mﬂfgﬁfﬂf,AT@%VE%EWWM
o S o 5= ) G B oE 2 %ﬁ@ % N O w &
rPEET e ME%QMLHO%L%;HOE#EQ ©hosh 3
w oY= W F oo o I 2o ow o 8
T LN w g . g™ <E i e o S g
BOMo e tr g $PT ey o T = 5E L 8T 2
p ¥ op R N A T
RGNS G ° L_}Rﬂ_JJV T oW T
o AF A ® o Ho 5w o ook X% ARG o S 3
B oE I A Lo s o A Z = 4oy T oo S o o
A - - S Y £ wlegﬂf_éldp
PRET LS4 ST N O
Vo< X o X & by B < - mo -
Cmaﬂ,¢meu% ﬂﬂg1,%
e ~ Q )|
T < B =

] o
= =

O/\

26

o] FTF 7}t obd &7
Fd <§3 ol AY 715X oA A

€]

o
T



!

_5D
2]

o ‘emergency’, ‘em’, ‘urgent’ B+ ‘urgency’? WolE

=73

2=
T
73

1Rt HH

Be

g2

St ARA

FojE it AAR

of 12 3%kol
207 7

o
T

)

79

!

B 7}

Eix

oM o g

M

B

)
W

5

0

o

AF

B/

)

N

o7
N
A

aK
—~
file)
N
i
)
file)

;OU
2]

i

)

A A

=
-

ghol =4 Alzko] uh

;OU
2]

ol

_5 r

Gl
A

# 23}

SA7F

°17] witoltt.
AR7F AlEA A HAL w0l

fol Za@Ae] wuUE

43

ke
T

O~ 2=
T=

b,

S

tol Aeg 44

S

Ly

o

HE 100%2

RIS

=
=

sl

27



Table 3. List of Risk Factors for Delirium

Variable Variable type

Data source

1. Preoperative variable

Sex (1='Male") discrete (binary)
Age (years) continuous
Body Mass Index (kg/m’) continuous
Pre ICU admission (1="'Yes") discrete (binary)
Hospitalization before continuous

the surgery (days)

basic info.

basic info., admission data
clinical observation sheet
surgery list, admission data
basic info., admission data

2. Intraoperative variable

Surgery type
Aorta op. (1="Yes")
Coronary artery op. (1='Yes') discrete (binary)
Valve op. (1='Yes")
Maze op. (1='Yes")
else (1='Yes") discrete (binary)

discrete (binary)

discrete (binary)
discrete (binary)

Redo op. (1='Yes")
Emergency op. (1="'Yes')
CPB use (1='Yes")

discrete (binary)
discrete (binary)
discrete (binary)

CPB time (min) continuous
Operation time (min) continuous
EBL (ml continuous

surgical record
surgical record
surgical record
surgical record
surgical record

surgical record

surgical record, surgery list

ECC record
ECC record
surgery list
anesthesia record

3. Immediate postoperative variable

Body weight gain (kg) continuous

Vital sign
SpO2 abnormality (1='<98%')  discrete (binary)
Body temperature (C) continuous
Heart rate (bpm) continuous
mean ABP (mmHg) continuous

Arterial Blood Gas analysis

pH continuous
pO2 (mmHg) continuous
pCO2 (mmHg) continuous
HCO3~ (mmol/L) continuous

Complete Blood Count

WBC (x 10%/ul) continuous
Hemoglobin (g/dL) continuous
Platelet (x 10%/ul) continuous

28

clinical observation sheet

clinical observation sheet
clinical observation sheet
clinical observation sheet
clinical observation sheet

laboratory result
laboratory result
laboratory result
laboratory result

laboratory result
laboratory result
laboratory result



Coagulation test

Fibrinogen (mg/dL) continuous laboratory result
aPTT (sec) continuous laboratory result
PT (INR) continuous laboratory result

Other blood serum test

Potassium (mmol/L) continuous laboratory result
Sodium (mmol/L) continuous laboratory result
Calcium (mg/dL) continuous laboratory result
Magnesium (mEq/L) continuous laboratory result
Phosphorus (mg/dL) continuous laboratory result
BUN (mg/dL) continuous laboratory result
Creatinine (mg/dL) continuous laboratory result
AST (IU/L) continuous laboratory result
ALT (IU/L) continuous laboratory result
Total Bilirubin (mg/dL) continuous laboratory result
Alk.phos (IU/L) continuous laboratory result
Albumin (g/dL) continuous laboratory result
CRP (mg/dL) continuous laboratory result
Glucose (mg/dL) continuous laboratory result
Lactate (mmol/L) continuous laboratory result

Info.=information; ECC= Extracorporeal Circulation; op.=operation; CPB=
Cardiopulmonary Bypass; EBL= Estimated Blood Loss; ABP= Arterial Blood
Pressure; pO2= partial pressure of oxygen; pCOg2= partial pressure of carbon
dioxide; HCO;~ = Bicarbonate ion; WBC= White Blood Cell; aPTT = activated
Partial Thromboplastin Time; PT= Prothrombin Time; BUN= Blood Urea
Nitrogen; AST= Aspartate aminotransferase; ALT= Alanine aminotransferase;
Alk.phos= Alkaline phosphatase; CRP= C—reactive protein
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Raw data format (surgical records)

TAP with Tri Ad ring 28mm under De Vega annuloplasty,
(B ID) |(7IBAIZh =& F7H1UH <- S/ABE_+&7|E_FREE TEXT| MV repair (secondary chordae resection in A1, A2), Cox-
maze |V op. (Cryocath) with LAA ligation

(B ID) [(71BAIZH Sth +@P <- AHBE +@&7| &/ FREE TEXT |Cardioplegia

(BH5HID) |(PI1|AIZH| 4th 8% <- SHEZ 8 _$%7|% _FREE TEXT  |Extracorporeal circulation auxiliary to open heart surgery

(EHXE D) (7| BAIZH] 3rd 8Y <- ANEE %718 FREE TEXT |Cox-Maze procedure

(@74 10) (V1BAIZ)] 2nd &Y < BRBS_+@7|8_FRe Texr |OPen N3 Valvuloplasty without replacement ( mita

(B ID) [(PIBAIZH] 1st &Y <- AHEE =& 7|2 _FREE TEXT  [Open heart annuloplasty of tricuspid valve

op free opl opl lop3 opd op5
Open heart |
TAP with Tri Ad ring 28mm under De Vega valvuloplasty Extracorpocsd!
annuloplasty, MV repalr (secondary |Open heart without Cox-Maze draistion
X 2 ! i
(®H1D) |71 &AIZh chordae resection in A1, A2), Cox-maze IV ,::(nulo:lastly :' replacement ( procedure :uxl::az ':: Cardioplegia
op. (Cryocath) with LAA ligation ARG VAVE | mitral valve / “:” g
valve ) rgery
Final dataset format
AORTA CORONARY MAZE VALVE ELSE
(81t ID) 0 0 1 1 0

Figure 2. Data Preprocessing Example of Surgery Name Variables
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A Aol sl 2 W] AA BFageE diAseE
W (imputation) & g3t} of
B oz tAsr] ol 7lE&
21 7F AR O 1 gro 2 thA sl o

rEl
]I.g
>
X,

¥

2) o)A A=

= Aol = 35708 Aol dis) 4R HTE e F 1A
—LoAREAIRSPE SRt R, SART ST+ Lo ARSI S E Ao R
sto] o] A E Gt oA = TR ek e shete] AAR e R
A gt G AFE d5ste 7AEE ZESs /e Roy 5(2021)
oy} Hasan 5 (2020)9 AFoxE 22 7|& 2 4SS ARSI
AU W2 o] A Y] FFEFES AA WA, 2AAE 37 2
o FA Al oAXIE HF Aol & AelE & F A Nyitrai et al,
2019). oA A= 7AgE Edo] & ¢ dtstd AES g5 &

ol gk,

upper limit = 3¢ quartile + 1.5 * interquartile range
lower limit = 1% quartile — 1.5 * interquartile range



A&msuit vhepe WS Agea P kel Wt B

o] Qe G S Far7lE Hgo] B ast.

4) dHole E73 A=
Zrdg /el 2 Ao, HF HolE A E Synthetic Minority
Oversampling Technique—Nominal Continuous (SMOTE—-NC) 7|9 <
Agotel A Aot v dAe] WE 111 AR gtE ] BEdS
ST B S2ke) dHolE= IulE fAstEA d }
ghate] dlolel g F7kekgith SMOTESF 28 71 & &83hd o SRdle

NAEE S7HE 7 Atk SMOTE-NC 7I"H& &5 S#iiel oist

(i
I
ol

54 e o]t (Chawla et al.,, 2002). & 5°] 0 £+ 19 &S 7HA=
AR W] AMbA <l SMOTE 7I¥le A48% 4+ 0.734 9 #he=
_]

F7del HARE, SMOTE-NC 7= #4838t 0 B 19 gl o]
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SR kol ARG thekst A4, VIAISkE VWS R 2R 1% 9

W g5 9 ek 7142 Faste] FAstth AT HAe wE

SRR A4 ¥ OlmE T WAL
A3k,

3) R 9 caret H7)|AE o]g3dto] ZAAE 3] (method=‘glm’,
family=bionomial)), 2JAFEA Y (method=C5.0°), WHIXHAE
(method=‘rf’) % XGBoost (method=‘XghTree’)2 7]Agts 7S
7+7y FEstEeh whEA K-3 w325 (Repeated K—fold cross—
validation) *¥H 2= 5-4 wAHdTe 10 8 Wt o] FoAz 2d
H dbA Q1 o= A
4) AdE RES ol o5 BEREE Hashs Heds Wik
(Sensitivity), S°]% (Specificity), ¥4 oI5 % (Positive Predictive
Value), =4 9=% (Negative Predictive Value) % Receiver
Operating Characteristic curve (ROC Curve)2] Area under ROC
curve (AUROC) AZE AFESFATY. R 9 caret #7]#2F pROC
7)1 A& o] &3t
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A5F AT 2

ALA R Qe 54

N R
A Ae A4 217 A9 xel WE AT oax 44 B3

B4 i 2,075%Qld, RF fdte] o] FR: o) YA v} e
A7k Q14 Shdnta 3 E Aelh, A 2

A Aol ol YAl Az 1A 2ol Ptk mebA HF
AT g} 571 2,083 9 oleka B@F) Felsk Qv

A 71z 5 ) (2017.01.01 - 2021.12.31 )
Al gl ottt 9 Aul 2] A F A gl

ARG 36773 ( 3049% A4 )
|z AR (AR B 184 ol4) |
36763 ( 3048%38) 520 R AT £ 218 R
MR e \ (%] ! 1

> 1 pE@] F oh bl LaE Hay

322 7o 985% ve F 9 |
291371 ( 28304 )
' > 397 AN sl 20 eE 2 01 A0E
28749 ( 2802%3)
> 187 477k Uil RASS —1—-=5 L B B
28564 ( 2784% )
> 174%h: #2248 olulle] 4904 LEEST
Rz ( 26739 )
> 3993 Al M 7| TH 24413 ol g2 =31
"

20837 ( 2075% )

Figure 3. Subject Selection Process
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Ao Hl&S 60.5%0]a, §F 654 o] Hl&S 59.6%°|th Hit
A" 65.8E11.941=, 71 o7} W2 oAl 964tk F8 =
% 2627 (12.6%) 0] AFEo]aL, 2057 (9.8%) 0] &FF<=o|t}. 1,4897
(71.5%) 8 =l A7 AAgEden, A 41,0154,
48.7%), VAT £4(6607, 31.7%), e £4 (3767, 18.1%),
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Table 4. General Characteristics of Patients

(N=2,083)

Variable Categories n (%)
Sex (Male) 1,260 (60.5%)
Age group < 65 840 (40.3%)
=65, <80 1,048 (50.3%)
>80 195 (9.3%)
Age (years) M=£SD 65 =+ 11.9
median (min, max) 67 (19, 96)
Redo op. (Yes) 262 (12.6%)
EM op. (Yes) 205 (9.8%)
CPB use (Yes) 1,489 (71.5%)
Surgery type Aorta op. 376 (18.1%)
Coronary artery op. 660 (31.7%)
Valve op. 1,015 (48.7%)
Maze op. 214 (10.3%)
Hospitalization before the M=SD 7.1 £ 14.9
surgery (days) median (min, max) 5 (0, 363)
Pre ICU admission (Yes) 88 (4.2%)
ICU length of stay (days) M=*SD 3.7 T 54
median (min, max) 2.1 (1,121)
ICU discharge type Death 34 (1.6%)
Transfer 2,045 (98.2%)
Discharge 4 (0.2%)
Length of hospitalization M=ESD 28,6 £ 62.5
(days) median (min, max) 18 (5,1,532)
In—hospital death (Yes) 68 (3.3%)
op.=operation ; EM=emergency ; CPB = Cardiopulmonary bypass
] l
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Table 5. Delirium Rate with Subject Selection Process

Total Delirium
Subject selection process criteria Delirium  subject rate
- admitted to the ICU 607 3,677 16.5%
2 -age = 18 years 607 3,676 16.5%
- received a major cardiac surgery
3 right before the admission and no 474 2,874 16.5%
more before discharged
4 - at least one RASS score > —4 474 2,856 16.6%
5 * no histors.f (?f admission in the 429 9,682 16.0%
same ICU within last 2 years
6 - ICU length of stay = 24 hours 417 2,083 20.0%

RASS = Richmond Agitation—Sedation Scale

AA WEAF F 417 o] & AFellx] Ak Aol 224 Aol gk
oA 7S] 27 F s oS HSAIFATE 242 AlF 21E WS AIR
)32 4= Table 6 o 231t} Haloperidol IM F9FC 2 7 o] & =
A A b 341 Wom P wgtal, s dA AW el
Aoy = 4713 W o7 7 A9t} Figure 4 $F Table 7 S Z3)] A
ZAE 7o TAAE YERQLT

e
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Table 6. Delirium Rate using Different Operational Definitions

Operational definition Yes No Yes%

1. CAM—-ICU positive 71 2,012 3.4%
2. Nursing notes about delirium 13 2,070 0.6%
3. Diagnosed as delirium 78 2,005 3.7%
4. Neuropsychiatry consultation 227 1,856 10.9%
5. Prescription of haloperidol IM 341 1,742 16.4%
Delirium (meets more than one 417 1,666 20.0%

conditions in 1~5)

Total 2,083 -

CAM-ICU= The Confusion Assessment Method for the Intensive Care Unit;
IM= intamuscular injection

)
\ A
AN
W \v?’
136
tZ X o,
N=13
°
@
(<]

Figure 4. Inclusion Relations of Different Operational Definitions

39 2 M E g



Table 7. Inclusion Relations of Different Operational Definitions

Delirium definition
( ‘1” =Yes, ‘O =No)

Type Sum
CAM note dg cst hdl Number of cases
01 0 1 1 1 1 1
02 4 1 0 1 1 1 6 g
03 1 1 0 1 1 2
04 o 0 1 1 1 44
05 0 1 0 1 1 4
06 3 1 0 0 1 1 23 o4
07 1 0 1 0 1 2
08 1 1 0 1 0 1
09 0 0 0 1 1 97
10 0 0 1 0 1 11 417
11 0 0 1 1 0 10
12 ’ 0 1 0 0 1 , 138
13 1 0 0 0 1 13
14 1 0 0 1 0 5
15 0 0 0 0 1 136
16 0 0 0 1 0 34
17 1 0 0 1 0 0 4 196
18 0 1 0 0 0 3
19 1 0 0 0 0 19
20 0 0 0 0 0 0 1,666
Total 2,083

CAM= Confusion Assessment Method for Intensive Care Unit;
note= nursing note; dg= diagnosis; cst= consultation; hdl= haloperidol
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Table 8. Properties of 11 Discrete Variables

24 & 5167 (75.2%)°] 100%2] =
ALEMERTG o MR FEH=

Variable

Number of '1'(%) Number of '0'(%) missing

1. Preoperative variable
Sex (1='Male")
Pre ICU admission (1='Yes")

1,260(60.5%)
88(4.2%)

823(39.5%)
1,995(95.8%)

0

2. Intraoperative variable

Surgery type
Aorta op. (1="Yes")
Coronary artery op. (1='Yes')
Valve op. (1='Yes")
Maze op. (1="'Yes")
else (1='Yes"

Redo op. (1='Yes")

Emergency op. (1="'Yes')

CPB use (1='Yes")

376(18.1%)
660(31.7%)
1,015(48.7%)
214(10.3%)
223(10.7%)
262(12.6%)
205(9.8%)
1,489(71.5%)

1,707(81.9%)
1,423(68.3%)
1,068(51.3%)
1,869(89.7%)
1,860(89.3%)
1,821(87.4%)
1,878(90.2%)

594 (28.5%)

O O O O O o oo

3. Immediate postoperative variable
SpOz2 abnormality (1="<98%")

265(12.7%)

1,818(87.3%)
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Table 9. Properties of 35 Continuous Variables

Variable min median M=SD max missing
1. Preoperative variable
Age (years) 19 67 65.8 £11.9 96 0
Body Mass Index (kg/m?) 11.7 23.4 23.5 £3.4 38.6 13
Hospitalization before 0 5 71 +14.9 363 0
the surgery (days)
2. Intraoperative variable
Estimated Blood Loss (ml) 0 400 599.5 £800.5 11,700 0
Operation time (min) 105 310 323.9 £99 865 0
CPB time (min) 17 162 169.8 £65.4 487 594
3. Immediate postoperative variable
Body weight gain (kg) -9.8 1.5 1.52 £1.98 11.9 13
Vital Sign
Body temperature (C) 33 36.1 36 £0.72 38.6 0
Heart rate (bpm) 35 79 79.9 £15 160 0
Mean ABP (mmHg) 24 79 80.1 £18.1 152 0
Arterial Blood Gas analysis
pH 6.99 7.42 7.42 £0.07 7.68 0
pO, (mmHg) 46 194 201.3 +£88.3 667 0
pCO, (mmHg) 10 38 38.9 £6.3 77 0
HCO3~ (mmol/L) 11.3 25.1 25.1 £2.7 36.5 0
Complete Blood Count
WBC (x 10°%/ul) 0.7 9.6 10.3 £4.5 56.5 0
Hemoglobin (g/dL) 5.9 11.3 11.4 £1.5 17 0
Platelet (x 10%/ul) 11 108 114.4 £49.5 608 0
Coagulation test
Fibrinogen (mg/dL) 46 201 211.5 £66.5 565 0
aPTT (sec) 20.1 33.8 36.9 £12.7 201.1 8
PT (INR) 0.85 1.24 1.28 £0.2 3.59 0
Other blood serum test
Potassium (mmol/L) 2.2 4.2 4.2 £0.5 7.5 0
Sodium (mmol/L) 127 139 139.3 £3.7 154 0
Calcium (mg/dL) 4 8.6 8.8 1.4 26.6 0
Magnesium (mEq/L) 0.8 1.8 1.9 £0.4 3.8 2
Phosphorus (mg/dL) 0.5 3 3 £0.9 7.3 0
BUN (mg/dL) 4 15 16.8 £8.3 82 0
Creatinine (mg/dL) 0.23 0.79 1.08 £1.2 11.75 0
AST (IU/L) 6 40 72.5 £139.3 4,355 0
ALT (IU/L) 1 18 27.5 £49.8 1,063 0
Total Bilirubin (mg/dL) 0.2 1.3 1.5 £1.1 33.2 0
Alk.phos (IU/L) 14 42 456 £18.6 235 1
Albumin (g/dL) 1.2 3 3 +0.5 4.7 0
CRP (mg/dL) 0.01 0.94 1.6 £2.2 20.2 3
Glucose (mg/dL) 24 132 138.3 £39.7 488 0
Lactate (mmol/L) 0.3 1.4 1.9 £1.6 13.3 4
: e A
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Figure 5. Change in Boxplot Distribution after Treating Outliers (ALT)

(a)before, (b)after

4) dHlolE B3 Ag

Table 102 % dolgAEC SMOTE ¢ 9% SMOTE-NCE
Agst Aoty HF HolEAES AW FAFE 41790l Y
HAE2 20%09, SMOTE 2 7]&9 dlolHE 7|Hto = A7 $x}2
dolHE 1,249 @A F7ksisict. 2 A3 wEox A% S8 E

50%°] HoHAEE oS E 7fdkof ARg-3l3itt

F

Table 10. Datasets before and after Applying SMOTE

No Delirium
Delirium  delirium Total Rate
Final dataset 417 1,666 2,083 20%
Final dataset + SMOTE 1,666 1,666 3,332 50%

SMOTE = Synthetic Minority Oversampling TEchnique
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Table 11. Univariate Analysis of 11 Discrete Risk Factor Variables

(N=2,083)
Delirium No delirium
Variable N=417 N=1,666 »
n (%) n (%)

CPB use (Yes) 358 (85.9%) 1,131 (67.9%) 0000™"
Aorta op.? (Yes) 126 (30.2%) 250 (15%) .0000™
Coronary artery op.? (Yes) 87 (20.9%) 573 (34.4%) .0000™
SpOg abnormality (Yes) 77 (18.5%) 177 (11.3%) .0001™
Pre ICU admission (Yes) 32 (7.7%) 56 (3.4%) .0001™
Emergency op. (Yes) 62 (14.9%) 143 (8.6%) .0001™
Valve op.? (Yes) 237 (56.8%) 778 (46.7%) .0002™
Redo op. (Yes) 67 (16.1%) 195 (11.7%) .0163"
Sex (Male) 234 (56.1%) 1,026 (61.6%) .0410°
Other op.® (Yes) 39 (9.4%) 184 (11%) 3176
Maze op.? (Yes) 39 (9.4%) 175 (10.5%) 4885

Variables are arranged in ascending order by p—value;

* p<.05; ™ p<.01; ™ p<.001;

4Variables derived from surgery name data;

CPB= Cardiopulmonary bypass; op.= operation
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Table 12. Univariate Analysis of 35 Continuous Risk Factor

Variables (N=2,083)
Delirium No delirium
Variable N=417 N=1,666 »
M=£SD M=ESD
Age (years) 69.3710.6 64.9T12.1 .0000™
Operation time (min) 367.1£107.8 313.14%+93.6  .0000™
CPB time (min) 168.4+92.5 109.6+£91.4 .0000™
Body temperature (C) 35.87x0.7 36.1+0.7 .0000™"
mean ABP (mmHg) 76.1£17.8 81.1£18.1 .0000™"
Hemoglobin (g/dL) 11.0£1.5 11.5%£1.5 .0000™
Platelet (x 10%/ul ) 101.0+43.9 117.7£50.3 .0000™
Fibrinogen (mg/dL) 193.6£66.0 216.065.9 .0000™"
PT (INR) 1.36+0.25 1.26+0.18 .0000™"
pO2 (mmHg) 181.2£86.9 206.3+87.9 .0000™"
Glucose (mg/dL) 148.8141.5 135.7£38.8 .0000™"
Lactate (mmol/L) 26122 1.8€1.5 .0000™"
Calcium (mg/dL) 9.1*1.5 8.7t1.3 .0000™
Magnesium (mEgq/L) 2.0£0.4 1.8+0.4 .0000™
BUN (mg/dL) 18.7%9.2 16.4 8.0 .0000™
Albumin (g/dL) 2.970.6 3.1T0.5 .0000™
pH 7.41%+0.07 7.42710.06 .0001™
Body Mass Index (kg/m’) 22.97£3.55 23.68£3.4 .0002™
Total Bilirubin (mg/dL) 1.69*+1.11 1.46*+1.11 .0002™
CRP (mg/dL) 1.99+2.7 1.5+1.98 .0004™
EBL (ml) 724.31902.5 568.2+770.0 .0012™
aPTT (sec) 39.9*+18.1 36.9+15.7 .0019™
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pCO2 (mmHg)
Creatinine (mg/dL)
Sodium (mmol/L)

Heart rate (bpm)

ALT (IU/L)

AST (IU/L)

Hospitalization before

the surgery (days)
WBC (x 10%/ul)
HCO3™ (mmol/L)
Phosphorous (mg/dL)
Potassium (mmol/L)
Body weight gain (kg)

Alk.phos (IU/L)

39.8%£6.8
1.25%+1.33
138.8+t4.4
81.5+14.9

31.5£59.8

79.2+101.5

8.1£19.2

10.5*4.8

25.0+2.9
3.1£1.0
4.2%0.6
1.56+2.3

45.6£20.8

38.7£6.2
1.03*1.12
139.5£3.5
79.5+15.0

26.5£47.0

70.81147.2

6.9£13.6

10.2%t4.5

25.1+2.6
3.0£0.9
4.2%0.5
1.56%1.9

45.6*£17.9

.0021™
.0021™
.0044™
.0154"
1119

.1682

.2208

.3331
3790
4096
0798
.8368

.9642

Variables are arranged in ascending order by p—value;

*p<.05; " p<.01; 7 p<.001;

CPB= Cardiopulmonary Bypass; ABP= Arterial Blood Pressure; PT= Prothrombin
Time; pO2= partial pressure of oxygen; BUN= Blood Urea Nitrogen; CRP= C—
aPTT = activated Partial
Thromboplastin Time; pCO2= partial pressure of carbon dioxide; ALT= Alanine

reactive protein;

aminotransferase; AST= Aspartate aminotransferase; WBC= White Blood Cell;

Estimated Blood Loss;

HCO3;™ = Bicarbonate ion; Alk.phos= Alkaline phosphatase
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FAE AT 53] N E W g St wo] FdE

duE|FEE AWESS W, SMOTEE A43HA] o2 ol oA+
< AUROC (0.7564) %= Heb3A T, SMOTE
AUROC (0.9575) #& Rith

@z ATk of W W%, Solw, ¥ AFE, L &4
A== 747 0.9050, 0.8650, 0.8702 ¥ 0.9011 o]}, Figure 69}
Figure 791+ #% 2499 ROC curves t& 293} vt}
Table 13. Evaluation of Delirium Prediction Models
Algorithm Sensitivity Specificity PPV NPV AUROC
Dataset : imbalanced dataset (20% delirium)
Logistic Regression 0.2302  0.9537 0.5546 0.8319 0.7564
Decision Tree 0.1874 0.9490 0.4789 0.8235 0.7204
Random Forest 0.0628 0.9827 0.4755 0.8073  0.7453
XGBoost 0.1760  0.9487 0.4621 0.8214  0.6933
Dataset : balanced dataset (50% delirium) after applying SMOTE
Logistic Regression 0.7186 0.6994 0.7051 0.7131 0.7860
Decision Tree 0.8852  0.8657 0.8683 0.8829 0.9464
Random Forest 0.9050 0.8650 0.8702 0.9011 0.9575
XGBoost 0.8367 0.8031 0.8095 0.8311 0.9014

PPV= Positive Predictive Value ; NPV= Negative Predictive Value; AUROC= Area Under
Receiver Operating Characteristic Curve; XGBoost= eXtreme Gradient Boosting; SMOTE=
Synthetic Minority Oversampling Technique
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S;;izgy Specific Surgery names (details not included)
1 Aorta to other artery bypass
2 Aortosubclavian—carotid artery bypass
3 Composite graft interposition for annuloaortic ectasia
(Bentall operation)
4 Excision of vessel
5 Femoro—femoral bypass
6 Insertion of aortic stent
7 Repair of aneurysm
AORTA
8 Repair of ruptured aneurysm of sinus valsalva
9 Replacement of aorta
10 Replacement of thoracoabdominal aortic aneurysm
11 Resection of aneurysm
12 Resection of vessel, abdominal aorta
13 Root remodeling operation for annuloaortic ectasia
(David operation)
14 Thoracic aorta to abdominal aorta bypass
15 Aortocoronary bypass
16 Aortocoronary bypass of one coronary artery
17 CORONARY Aortocoronary bypass of two or more coronary artery
18 Off pump CABG (coronary artery bypass graft) surgery
19 Redo coronary artery bypass graft
20 Cox—Maze procedure
21 MAZE Maze operation
22 Open heart annuloplasty of tricuspid valve
23 Open heart valvuloplasty without replacement
24 Operation on heart valve
25 Pulmonary valve valvuloplasty
VALVE
26 Repair of heart valve
27 Replacement of heart valve
28 Replacement of redo—valve
29 Revision of prosthesis of heart valve
30 Embolectomy or thrombectomy
ELSE
31 Endarterectomy
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32
33
34
35
36
37
38
39
40
41

42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Excision of benign mediastinal tumor
Excision of cardiac tumor

Excision of malignant soft tissue tumor
Excision of mediastinal lesion or tissue
Excision of mediastinal mass

Excision of myxoma

Excision of pericardial mass

Excision of pleural mass

Implantation of heart assist device

Insertion of VAD (Ventricular assist device)

Mechanical cardiopulmonary bypass assist
(left ventricular assist device (L—VAD))

Operation for mediastinal tumor

Operation for thromboembolism

Pericardial window operation

Repair of atrial septal defect

Repair of heart

Repair of ventricular septal defect

Resection of intracardiac tumor or foreign body
Revision of vascular procedure with interposition graft
Robotic mass excision, mediastinum
Subxiphoid approach thymectomy
Thrombectomy

Thymectomy

Total correction of tetralogy of Fallot
Transplantation of heart

Transplantation of heart—lung

Wide excision of malignant soft tissue tumor
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)= A 2= > == 2~ 1 [e)
F53. AGHT o] 3R 7IE, MM+ R vl &
Variable Ql—- Q3+ Number of Percentage of
Ql Q3 1.5#IQR 1.5#IQR outliers outliers (%)
1. Preoperative variable
Age (years) 59 74 36.5 96.5 55 2.6
Body Mass Index (kg/m?) 21.3 25.6 14.7 32.2 27 1.3
Hospitalization before 3 7 —3 13 157 75
the surgery (days)
2. Intraoperative variable
Estimated Blood Loss (ml) 100 800 —-950 1850 102 4.9
Operation time (min) 257 375 80 552 60 2.9
CPB time (min) 0 187 -280.5 467.5 2 0.1
3. Immediate postoperative variable
Body weight gain (kg) 0.4 2.65 -2.98 6.03 68 3.3
Vital Sign
Body temperature (C) 35.6 36.5 34.25 37.85 42 2.0
Heart rate (bpm) 70 88 43 115 53 2.5
Mean ABP (mmHg) 67 92 29.5 129.5 16 0.8
Arterial Blood Gas analysis
pH 7.38 7.47 7.24 7.6 25 1.2
pO: (mmHg) 131 259 -61 451 18 0.9
pCO; (mmHg) 35 42 24.5 52.5 75 3.6
HCO;™ (mmol/L) 23.5 26.8 18.55 31.75 43 2.1
Complete Blood Count
WBC (x 10%/ul) 7.28 12.38 -0.38 20.04 73 3.5
Hemoglobin (g/dL) 10.3 12.3 7.3 15.3 17 0.8
Platelet (x 10%/ul) 80.5 140 —-8.75 229.25 44 2.1
Coagulation test
Fibrinogen (mg/dL) 166 245 47.5 363.5 64 3.1
aPTT (sec) 30.6 38.8 18.3 51.1 158 7.6
PT (INR) 1.16 1.35 0.87 1.64 97 4.7
Other blood serum test
Potassium (mmol/L) 3.9 4.5 3 5.4 40 1.9
Sodium (mmol/L) 137 142 129.5 149.5 25 1.2
Calcium (mg/dL) 8 9.3 6.05 11.25 76 3.6
Magnesium (mEq/L) 1.6 2.1 0.85 2.85 27 1.3
Phosphorus (mg/dL) 2.5 3.5 1 5 54 2.6
BUN (mg/dL) 12 19 1.5 29.5 148 7.1
Creatinine (mg/dL) 0.66 0.99 0.17 1.48 202 9.7
AST (IU/L) 26 72 —43 141 258 12.4
ALT (IU/L) 13 26 -6.5 45.5 186 8.9
Total Bilirubin (mg/dL) 1 1.8 -0.2 3 95 4.6
Alk.phos (IU/L) 34 52 7 79 84 4.0
Albumin (g/dL) 2.7 3.4 1.65 4.45 29 1.4
CRP (mg/dL) 0.52 1.74 -1.31 3.57 184 8.8
Glucose (mg/dL) 110 160 35 235 39 1.9
Lactate (mmol/L) 1 2.2 -0.8 4 161 7.7
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7-=4. R code AN: &8 & ¥

# 1. SUPREME 1.0, ‘HYFTE_$%7]= FREE TEXT AAdA F&38 Y& excel
gds By @F 71EA e Hd 16719 e gk 4 )

OP <— readxl::read_excel ("OP.xlsx")
View (OP)
colnames (OP)<—c ('idid', 'ID', 'write.date", 'type', 'value') #H54 A A

#2.8/4 A3 T Yot SAURE 7]E 167] 2 AMd F W5 S A4 s
## °] % opl~op5¢] T E AFFEd Y (A F 9~13L€4 dH)
## opl & NA 1S, U A op2~op5= NA gt 7HA 7| & &

OP <— tidyr::pivot_wider (OP, names_from = 'type', values_from = 'value")

OP <- 0P [,c(1,2,3,4,5,6,7,8,12,11,10,9,14,13,15,16) ]

colnames (OP) <— c('idid', 'ID', 'write.date', 'anes', 'date', 'dg.bef', 'dg.aft','op.free’,
'opl', 'op2', 'op3', 'op4', 'op5', 'finding1', 'finding?2', 'finding3")

# 3. 38, op 1~op5°ll S48 €™ Agol st HEE Algsiely, E535td
ARFed 19570 (AF54 23 98 excel #Uo 7129 Fo ade; ¥3e644 &S
A% 5871 & oAl FFE o] E4 o LA Z T opname.xlsx TP e o] &} &
Fey w5 495 AFs 7 &89l

op_name_group <— readxl:iread_excel("opname.xlsx")
View (op_name_group)

group_aorta<— op_name_group$ 'op name'[1:33] #3371
group_coronary<— op_name_group$ 'op name'[34:42] #97l
group_valve<— op_name_group$'op name' [43:97] #557)
group_maze<— op_name_group$'op name' [98:100] #371
group_else <— op_name_group$'op name' [101:195] #9571

#4.0P o +&4
]oq_o_) oL-1 ]6§
## OP2] 9~13¥€ <

OP[,17:21]<-0
colnames (OP) [,17:21]1<—=c('AORTA', 'CORONARY', 'VALVE''MAZE', 'ELSE")
for (i in 1:nrow (OP)) {
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for(1in 9:13) {if (OP[i,1] %in% group_aorta) {OP$SAORTAI[i]<—1}}}
for (i in 1:nrow (OP)) {
for(1'in 9:13) {if (OP[i,1] %in% group_coronary) {OP$CORONARY [i]<—1}}}
for (i in 1:nrow (OP)) {
for(1'in 9:13) {if (OP[i,l] %in% group_valve) {OP$VALVE[i]<—1}}}
for (i in 1:nrow (OP)) {
for(1in 9:13) {if (OP[i,1l %in% group_maze) {OP$MAZE[i]<—1}}}
for (i in 1:nrow (OP)) {
for(1in 9:13) {if (OP[i,1] %in% group_else) {OP$ELSE[i]<—-1}}}

#5. OPfﬂ date (F&E71EA 4 FEdAtd igEth & &85t 2 o tis] A A
num = t-3A| 71t}

## B AFAME AT 7|3 T Al TEAA YA A AAE ?Jél%*ﬂi Ud 5 1539
2 2 RS E Folsilnt. 2 94 Aol gist FEAFZA 2] num MFE 839 22
sxp7F oy W JA sk A$7F 9lo] A IDE AFE-of Algto] Q3T

## P2 A0 hF o olgel FE 5 TS S W3] L3k (1A
HYE 93l dataset ©|Y BASE 59 FHATE AHE3FSITH)

dataset <— OP
BASE <— base #%7 tjA#} ID, RID (Research ID), num, =3kab2l ¢ 5 A A 7+
# (in.date time, out.date.time) £°] A% % o03l&

dataset$num <—0
for(i in 1:length(group)) {
id <— groupi]
tablel <— dataset[which(dataset$ID == id),]
table2 <— BASE [which(BASE$ID ==id),]
for (1 in 1:nrow (tablel)) {
for(m in 1:nrow (table2)) {

if (tablel$date[l] >= date(table2%in.date.time[m]) —1 &
table1$date [1] <= date (table2%out.date.time) [m] ) {
table1$num (1] <— table2$num [m]
dataset [which(dataset$ID == id), 'num'] <— tablel$num}
I35

library (dplyr)

dataset <— dataset %>% filter (num != 0)

OP <— dataset

## QA A5 100l 1719 2 o] U= A7 2 A9 4 gl
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HEZ5 R code 4 A]: Estimated Blood Loss (EBL) W<

# 1. SUPREME 2.0 oA &% d# excel }Y& =2}

## vFH 7154 sy, AP E 715 E EBLiLS 3 %S FeloF s

## W3 7159 'F EBL' &80 M E 9oy}, ¥ EBL d5o= 7|5 Alzte] & §lo]
match A17]7] }§7] ditoltt (=2 % 9 Blood control 52 F7F £ 2 vl 7] 50|
a8 7 A 4 L, vFH I EX 7 S E A7) 5 A7 Zfol vt d 4 i)

ebl <— readxl::read_excel ("EBL.xlsx")
head (ebl)

# 2. 42 qAndeA Fadt A =%

tlo
Bl

ebl <= ebl[,c(1,5,7)]

colnames (ebl) <= c('RID', 'rec.time', 'value")
ebl$rec.time <— lubridate::ymd_hms (ebl$rec.time)
ebl$value <— as.numeric (ebl$value)

head (ebl)

# 3. AT A Ak g wk A skt — A AR} ID, RID (Research ID), num (94 2
TE2) So] A 'base' HolE X o] &

ebl <— ebl[which(ebl$RID %in% base$RID),]
ebl <— ebl[!is.na(ebl$rec.time),]

# 4. AER 23 e EBL FAlofl el sl e e 4 A (num) & s A1 (ZF numell
el RID7} #owA, =& 14 AIREa B4 AIZE Aol 7158 EBL tl5-A120H)

base_ebl <— base[which(base$RID %in% ebl$RID),] # 2 F3=]&
nrow (base) ; nrow (base_ebl)

dataset <—ebl
BASE <— base_ebl
head(dataset); head (BASE)

group <— unique (dataset$RID)
dataset$num <— NA

for (iin l:length(group)){
id <= group il
tablel <— dataset[which(dataset$RID == id),]
table2 <— BASE [which(BASE$RID ==id),]
{for (I in 1:nrow (tablel))

T T 11 = —
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{ for( m in 1:nrow (table2) )

{if (tablel$'rec.time'[l] >= table2%$'in.time'[m]

& tablel$'rec.time'[1]
{T<—tablel$'rec.time'[l]

<= table2$'out.time'[m

dataset [which (dataset$RID == id
==T), 'num'] <- table2$num[m]}

& dataset$rec.time

iy

head (dataset)

dataset <— dataset[!is.na(dataset$num),]
dataset <— dataset[!is.na(dataset$value),]

ebl <— dataset
ebl <— ebl[,c(4,3)]

# 5. num ¥ EBLY F 3t 3t (

library (dplyr)

ebl2).

D

ebl2 <= ebl %>% group_by (num) %>% summarise (EBL'=sum (value))

View (ebl2)

# 6. base©] ebl2 FHE E3A| 71t} eb127} = numol =

Holx #7715 HA g A0

)

ebl3 <— merge (base, ebl2, by='num/, all=T)

ebl3 [is.na(ebl3$EBL), 'EBL'] <-0
ebl3 <= ebl3 %>% arrange (num)
View (ebl3)

Ofk& e A1t (A E ko]
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=6. R code dA]: ST @A F E4

a

# 1. T—test @4% G QA dolHEdYEs Adetn 183 149 Wy S At

## FINAL & 1505 2531 A2 W9 HF rﬂOlEM]Ei 1595 499714 7}

AL 357100 # gttt 5092 HE A A5 YE = deli_l” AFo|t}

test<— as.data.frame ( matrix (NA, nrow=ncol (FINAL), ncol=19) )

colnames (test) <— c('variable', 'test', 'F.statistic', 'F.df1', 'F.df2', 'F.conf.int1’,
'F.conf.int2', 'F.p.value', 'T.statistic', 'T.df", 'T.conf.int1’,
"T.conf.int2', '"T.p.value', '"T.check’, 'avel’, 'aveQ', 'select’,
'sdl', 'sd0") #T—test & EAE o]& Ud

test$variable[15:49] <— colnames (FINAL) [15:49] #A& W4 o] 2 £717]

View (test)

# 2. H“P—?ﬂr HIAT ) A2 E FEeh H, 524 @AY T 24 (524 474 Ao
wE) S F835ty I A= test Hlo|EH x| Qo] H T

delil <— FINAL [FINALS$deli_1==1,] #A%
deli0 <— FINAL [FINALS$deli_1==0,] #

for (iin 15:49) {
test[i,3] <= round(var.test(delil [,i], dehO i]) $statistic,2)
test[i, 4] <— var.test(delil [,i], deliO[, )$Darameter[1]

[i,4]
test[i,b] <— var.test(delil [,il, dehO[, 1) $parameter[2]
test[i,6]<— var.test(delil [,il, deliO[,i]) $conf.int [1]
test[i,7] <— var.test(delil [,i], deliO[,i )$Conf int[2]
test[i,8] <— round(var.test(delil [,il, deliO[,i]) $p.value, 4) }

'

test [which (!is.na (test$F.p.value) & test$F.p.value<0.05), 'test'] <—='0]&AFTH
test [which (!is.na(test$F.p.value) & test$F.p.value >=0.05), 'test'] <='S&EAFT

o

x !

ni

Equal <— test[which(test$test=="SEATHA") 'variable']
notEqual <— test[which (test$test=="'0]¥AF T A", 'variable']

for (iin 15:49){

if (test$variable[i] %in% Equal) {
test[i,9] <— round(t.test(delil [,il, deliO[,i], var.equal=TRUE) $statistic, 2)
test[i,10]<— t.test(delil[,i], deliO[,i], var.equal=TRUE) $parameter
test[i,11]1<— t.test(delil[,i], deliO[,i], var.equal=TRUE) $conf.int[1]
test[i,12]<— t.test(delil [,i], deliO[,i], var.equal=TRUE) $conf.int [2]
test[i,13]1<— round (t.test(delil [,i], deliO[,il, var.equal=TRUE) $p.value,4)
test[i,15]1<— round (t.test(delil [,i], deliO[,il, var.equal=TRUE) $estimate[1],2)
test[i,16]1<— round (t.test(delil [,il, deliO[,il, var.equal=TRUE) $estimate [2],2)
test[i,18] <= round( sd( delil[,il ) ,2)
test[i,19]1<— round( sd( deliO[,il ) ,2)

}

else{
test[i,9]1<— round(t.test(delil[,i], deliO[,i], var.equal=FALSE) $statistic,2)
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test[i,10]<— t.test(delil[,i], deliO[,i], var.equal=FALSE) $parameter
test[i,11]1<— t.test(delil[,i], deliO[,i], var.equal=FALSE) $conf.int[1]
test[i,12]1<— t.test(delil[,i], deliO[,i], var.equal=FALSE) $conf.int[2]

[
[

[
test[i,13]<— round (t.test(delil [,il, deliO[,il, var.equal=FALSE) $p.value,4)
[

[

[

[

[ i i e Y

test[i,15]1 <= round (t.test(delil [,il, deliO[,i], var.equal=FALSE) $estimate[1],2)
test[i,16]1<— round (t.test(delil [,il, deliO[,i], var.equal=FALSE) $estimate[2],2)
test[i,18]1<— round( sd( delil[,il ) ,2)
test[i,19]1<— round( sd( deliO[,il ) ,2)

I3

# 3. %2 o] £3}lo] p—value HYE A ZtA o7 331, p—value 0.05Z 7|F0 7
AeE WFE select=1%2 XA ST}

test$T.check<—NA
test [which (!is.na(test$T.p.value) & test$T.p.value<0.05 & test$T.p.value>=0.01),
'"T.check'] <= '"#'
test [which (!is.na(test$T.p.value) & test$T.p.value<0.01 &
test$T.p.value>=0.001), 'T.check'] <— "sx'
test [which (!is.na(test$T.p.value) & test$T.p.value<0.001), 'T.check'] <— "sxx'

test [which (lis.na(test$T.p.value) & test$T.p.value<0.05), 'select'] <—1
test [which (lis.na(test$T.p.value) & test$T.p.value>=0.05), 'select'] <= 0

## 4. p—value 7} & o2 JHs § A= &l

testl<—test[!is.na(test$variable),]
library (dplyr)

testl <— testl %>% arrange (T.p.value)
View (testl)
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£7. R code 9A]: AFEHGAE oS7d

# 1. SMOTE-NC & &
## FINAL2E SMOTEZ A|9)3 & AA g7}t By dolg A ES]

levels (FINAL2%deli_1)<— c('no', 'yes') #2753 &

library (recipes)

library (themis)

recipe_smotenc <— recipe(deli_1 ~., data=FINAL2) %>%
step_impute_knn (all_predictors () %>%
step_smotenc (deli_1, over_ratio=1) %>%
prep ()

data_smoted <— step_smotenc (recipe_smotenc, neighbors=>5) $template

# 2. WHELYAE o554 7|t

## repeated K—fold cross validation (5—fold, repeated 10 times)

## mtry GE71-0lA 1218 #d 54 5) ofe] /| Al=ske] /M -8k A A
hyperparatmeter tuning

library (caret)

repeat_cv <— trainControl (method='repeatedcv',
number=5, repeats=10, classProbs = TRUE,
summaryFunction = twoClassSummary,
savePredictions=TRUE, verboselter=TRUE)

grid_rf <— expand.grid (mtry=c(2,5,6,19,35))

set.seed(123)

rf <— train( deli_1~., FINALZ2, mdthod='r{', trControl=repeat_cv,
tuneGrid=grid_rf, metric='"ROC")

rf_smoted <— train( deli_1~., data_smoted, mdthod="rf', trControl=repeat_cv,

tuneGrid=grid_rf, metric="ROC")

rf$finalModel; rf_smoted$finalModel

confusionMatrix (rf$pred$pred, ri$pred$obs, positive="yes")

confusionMatrix (rf_smoted$pred$pred, rf_smoted$pred$obs, positive='yes")

# 3. ROC AX 18]7] (SMOTE &€ A% ROC # B H1)

ibrary (pROC)

roc_rf <— roc (rf$pred$obs, rfSpredPyes)

roc_rf_smoted <— roc(rf_smoted$pred$obs, ri_smoted$pred$yes)
roc_rf; roc_rf_smoted

par (mfrow=c(1,1))

plot(roc_rf_smoted, col='"red', lty=1, legacy.axes=TRUE)

plot (roc_rf, col="pink', lty=5, add=TRUE)
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Abstract

Development and Evaluation of
a Prediction Model for
Delirium after Cardiac Surgery

Using Electronic Medical Records

J1 Yun Lee
College of Nursing
The Graduate School

Seoul National University

The purpose of the study is to develop and evaluate a prediction
model for delirium after cardiac surgery using electronic medical
records. A retrospective analysis of 2,083 patients who were
admitted to Cardiopulmonary Intensive Care Unit (CPICU) in Seoul

National University Hospital between 2017 and 2021 was
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performed. Raw data was retrieved from Clinical Data Warehouse
(CDW) using 'Seoul National University Hospital Patient Research
Environment (SUPREME)', and analyzed with R programming.

Five operational definitions of delirium were used in order to
include as many delirious patients as possible. The Confusion
Assessment Method for the ICU (CAM-ICU) results of clinical
observation sheets, structured statements of narrative nursing
records, diagnoses, neuropsychiatry consultations, and prescriptions
of haloperidol were used. 417 (20.0%) out of 2,083 patients were
identified as delirious patients and no significant difference was
found when only used two operational definitions, which were based
on consultation and prescription data (410).

46 risk factors were selected after literature review, and
univariate analysis with either chi—square test or T-—test was
performed. The 35 risk factors with p—value less than 0.05 were
filtered and included in prediction models. Preoperative variables
include sex, age, body mass index, pre ICU admission, and length of
hospitalization before the surgery. Intraoperative variables include
types of surgery (aorta, coronary, heart valve), estimated blood
loss (EBL), operation time, use of cardiopulmonary bypass (CPB),
and CPB time. Postoperative variables include abnormality in pulse
oximetry (SpOg), body temperature, heart rate, mean Arterial Blood
Pressure (mABP), arterial blood gas (pH, pOgz, pCOgz), glucose,
lactate, hemoglobin, platelet, fibrinogen, activated Partial
Thromboplastin Time (aPTT), Prothrombin Time (PT), sodium,

calcium, magnesium, Blood Urea Nitrogen (BUN), creatinine, Itotal
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bilirubin, albumin, and C—reactive protein (CRP).

Delirium prediction models were developed using 4 different
algorithms, which were logistic regression, decision tree, random
forest, and eXtreme Gradient Boosting (XGBoost). When developing
prediction models, balanced dataset with 50% delirium rate was
used after applying Synthetic Minority Oversampling Technique
(SMOTE).

Performance of each model was evaluated using repeated K—fold
cross—validation method. 5—fold cross—validation was repeated 10
times and the mean values of each sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
AUROC (Area Under Receiver Operating Characteristic Curve)
were compared. The prediction model based on random forest using
balanced dataset performed best and its sensitivity, specificity, PPV,
NPV, and AUROC were 0.9050, 0.8650, 0.8702, 0.9011, and 0.9575
respectively. Further research is needed to prove its generalizability.

One of the limitations of this study is that the study does not
consider any subtype of delirium or time of delirium onset. More
researches should be conducted on data quality of electronic
medical records and utilizing unstructured data with natural

language processing.

keywords : Electronic medical records, Prediction model, Delirium,
Machine Learning, Intensive care unit, CDW
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