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2021d BHAEXE7} wsisl OECD Health Statistics 2021¢f w2 o

q]

=2 20199 7] 4 1,0008% 9 A= 2.59% OECD=7}
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F Eac, WA= olo] A3l
wol Hglel SHsw Uk W oAb BEslol s WS
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e 498E Y8 ARS (False Alarm) & dAufeshs &8st A AA &
O Y AR eHEt SR dsel A4 EAF Ha =

ol oA % uls]d A2 ol tt (Borowski M 9] 5, 2011).
1



B
s 50 “FEE Qg 9 & (Alarm fatigue)”7} EatellAl YA A&

5o F£4] E3trly vtk (Barbara J. Drew 2] 1, 2014).

ECRI(2019) & 20149ef] o]o] 2019de% 74N 7+ Ko
ot 32 % (Alarm, Alert, and Notification Overload)E Top 10 Health

Technology Hazards for 20201 33HA] F ¢}

Fernandes 2] 2, 2020).

udFNA ARSFS A s AR AU AR 7
T At Bdd ARS o|&2] Aoe Ao AH W TA| Aol o
3l JEA FoAFE S7IAA A S FEATV] A RS ol
ok7]1 %ttt (Healthcare Technology Foundation). 24 A o] Z A Etd3st 4
HEE st Agst4 dolee x14gsh 9nts Uil ARes onlst
(Graham K 9] 1, 2010). Wb 91Fd ZFRF9] o]2% Fo= &xto] dH

W3l7h Qe Addola wAstE ARSoR dAH o ZzhHel FAvF e
A o= ARS o7 Aottt (Park MY, 2016). 9% AR S9 =274 A
o= g A et dolg el fuk glolx e
(ECRI, 2007).
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ML, ARSe WeE U WA HIROoRA AR Fuistn
e A APl 23 BN FRgo] AANA G FAL 2

@ & glov ol% Qs FAMA @ Az el AVHL Yov F

wo 7AEL Al de] ZEst FAZ %A HFRS (False Alarm) 2] ¢
S A2sta gl AAolth (Ok Min Cho,2016)

= A AA S5 B 8 AR eFE st SHEEA tSel A AT
Sa vkl 7l ok

David M. Maslove 2] 321(2016) & %A 9 =53 <] sxp7hA 3= 9

AT zke] Aol o w2 Awe] AslAH gRH S sorstia
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WA ANl A HaL ol= Qs HEA L=rh RS dn o
45 &de d9dd €Ay A dHE He dEs S 70%
ol F5 HMEAT B HEAE &aaR IPATh (o]FY 9] 1, 2014)

s AET= =M wAdZA SR AFEES 30~50%F A+ 8t

v, AA Agel

30%°l cl2= 5 HESH HIAAY &as A AAHCR FEAIA THE

ko
o
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=
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Ak
T
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Z HAFOR AT A

B AT RN B gHe] B mEFe AXet ALE
g9 Holgz AT S
B opeEe 97 et reolHA TN A% S4sE MIMIC-II b

ol gl eICU T&Ad HlolHE ol &s3laL 7IAS s &ads 27k 9k 4



A I dolg 2 719
A1 A AT TolH

Hole AEZ Edae Algal

(1) "oy A E
= AF4E HEA vgs 2572
MIMIC—III+= Medical Information Mart of Intensive Care—32] 9kx}=
Beth Israel Deaconess Medical Center & 3FAF2A oA 2-AlSE Hlo]E|E MIT
ATEAAR
w5, o] 7],

1) MIMIC-Ill "ol AE
B dlo]gmlo] 2otk 2001~2012d Apo]ef oF
dolHE *¥3stn

H oad Al
BAo=
Ay, Aubd, 78y

ol Aelsta Jpde
47F v o]Fe] mlA¥sEl
(demographics), A 2%, 234
AP o T F 26709 HolEE T EH Ut
2) elCU dlolE ME
elCU dHlo]H M E+= Collaborative Research Database®] ¢FAFE, Philips
Healthcare®} MIT Laboratory for Computational Physiology”7} #&°.%
AL
AE Ho]E Ho] Aotk

2014~2015 Afelel] ml= el ICU ¢F 200,00071 o]+

Ay nAEst @ R RE dolHE Y us
o] glolE o)l A= AA A%, X85 AlE FA|(care plan documentation),
17} (severity of illness measures), 2% A X (diagnosis

)

|\

A



information) % X8 A H (treatment information) 2] Hlo]gZ A5 o]
om, eICU HolEHo] AT AxPHZ ZhAIE 1 Qvf, 2 AFoA = 2018

Ay HolEE AMEH T

~

(2) glolg A3
1) dolg A 7|+

BoATe sruolelE P AL T g JEOR 14 A

a. 184 ol4ke] 4184
b FBAA YA F TAZ o1 PANEI 71ZE @A wlolE

TAZE o] AANZIE 71EE ghAtholH 2 AEsE J12 347 FH g

AFEE 53] skl ZAZ olR A% B dolEt Badt]

A7 @2k HlolHAME yolaA 3A1ZF F x}e] i8S 70 AFRE A
=

Aole 7o ®2E ICD-9 FE9 Angus ICD 9—CMeollA #d=aa A

K

=7 85 olgle dA9) AFE-E sepsis, severe sepsis, = £V}

7158 2] daevks FReke] 23 AES )

o

22k A dolHAENdA A stS (Hypovolemia) 7F §le el A
TAI npA YAl (Vasopressin) AlE S94AS S A MAPZF 65 vt
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olx HHU Ai FH7F 2mmol/L  °]delwWA  SBP(%7] @7t
100mmHg ©]3FQ] 219 HolH = HdS & AL (AP T, Treatment
Group), 71 Ht&E = $kxb (%, Control Group, HdZ5 237} HAEHA]
U2 Fdxh 2 S st <™ 2>9 o] FHUolHAES FA5
A7IA mtaZH A ALY SUAE HakrAl A9 S22 styR FEA

T AFTE FHetn 2A das FEAA 9 ol #AES vk
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MIMIC-3 & elCU
Dataset

1. Age >= 18

and
2. Vital Signs >=
7 hours

Target Group

N

1. (Infection and Organ Dysfunction)

or
2. ICD-9(Diagnosis Code
for Sepsis, Septic Shock)

or
3. Chart Notes(has words
" Sepsis " or " Septic Shock ")

\Kes

Target Group with Sepsis

2

1. Despite adequate fluid and
vasopressor administration in absence of
hypovolemia,

AP does not maintain over 65mm

and
2. Serum Lactate Level > 2mmol/L Yes
and -~

3. SBP £ 100 mmHg

e Vital Signs for the past

6 hours of more from
the onset of septic
shock are available

No

4

Control Group
(Patients with Sepsis)

<19 2> HoJEHME 2 38%

Treatment Group
(Patients with
Septic Shock)

2) oA
= ATl A AREE A7) 2% e] dHolEuolAE Y] YA e ¢

HAl et 71719 iR WHE Hlold tolelE Egeta Stk ol A&
b= B 719 F9 3R Robust Z—Score(©]3) “Z—Score”) & AF-&-310]

g WFRAA AL Rolik Y lolEE Robdnk, P WFe] WelE
12



Z—=Score7} 3.5 o7l #kell tisiA nullxe] & A HIPHE dPste] g

= 788tk Z=Score 3.5 oW 9] ¥ W= v weh A

Fl
>

rr

AS

g4 H AANgE o w1 3 ),

<E 1> g¥gus d Z4d4

Parameter 4 =9
SBP 34 < SBP < 300
DBP 12 < DBP < 200
HR 23 < HR < 250
RR 5 <RR <80

Tempc 25 < Tempc < 45
SpOs 60 < SpO2 < 100

HEo|A AZ&X+= carry forward W21 o2 FHZ HolgHE Uz 7HAHes
WAS FHste] 7 A AS5A WA S dEEit. AS5HE A Yokt ol
o

4
&t7] mizell, 1A3F FA o2 FAAFE (TO) #71 370 AIZF HoJB (T-1~T—

T &It ¥8E FE2 45

do
rlr
=
re
-
rlr
e
o,
>
o
=2
>
w
_).44
~
o
ot

3DE ARSI SEAlF ol ok IdAM VISR (T+3) o= AFE = Q=
A Az el miA e AR A AZ(T-3) 744 gk & 713 o732 A
A Nzt dQsitt (27 2).
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+~—O0—O0—0O0—0O0—+—0O0—0O—+0O—+—> sBP
—O0—O0—O0—0+—C0—0—F0——DpP
—O0—0—0—0—+—0——0—+0—+—H
+—~O0—O0—O0—0+—0—0—+0++>®
+0—0—0—0+0—0—+0++®
+0—0—0—0+0—0—+0-
i T T-2 T-1 To & T+ Te2 T+3 4
1 Dataset Composed of 24 Data Con‘trol

Point

4) #HF HolHAE

<1¥ 3> Ho]HAME Fx

A7 el F2 PSS A ALY dx2T9 doly = <& 2>%
Fdauy
<E 2> Ho|HAE T4 (undersampling &)
AHT =7
TE HAEF 237 A4S (2T EAEA 2 SHA
HEF IR HEFSAT)
MIMIC—-3 1,355 3,387 4,743
elCU 1,494 4,482 5,976
A 2,849 7,869 10,719

1714 iz

28]

= =

HolE AMER

O|HAEE 5:52 A3 tE. Undersampling®] ©]

=]. X~ O
2 g5 F

(accuracy) &=

oA A

dolg 7 Addel vsf 2.76MAE ¥ @

=)
=

T

o dlo]g ol 9A tiF++S undersampling sk )

14
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stold 4 gk,

(precision) &

A
=3

3> HF8EH ol 4 (undersampling 3§ %)

BEE
(HE% 237} B
H8Z $AD)

_?.

M

=T

(&TTRHA G

HEFEAT)

A

A 2,849

2,849

5,698

StEtolE Al ES HATHOIHAES 42t

HlolE = A9,

Al2Ad AT 7Y
(1) HOIEAE T2

B RN A8% &
dolHAEL et g

B € D E F G H | J K L M N (0] P Q R s

icustay_id label sbp3 sbp2 sbpl sbp0 dbp3 dbp2 dbpl dbp0 mbp3 mbp2 mbpl mbpO hr3  hrz  hrl k0 3 m2

283746 1 101 114 104 104 56 61 54 54 71 787 707 707 72 69 70 74
283159 1 120 97 111 115 33 42 29 29 62 603 563 57.7 62 60 68 66
208154 0 125 125 125 125 67 67 67 67 863 863 863 8.3 99 99 99 99
270086 0O 87 93 106 111 50 48 51 57 623 63 693 75 77 77 84 85
203378 0 117 117 118 119 60 61 62 63 789 79.8 80.7 81.6 112 112 121 118
207362 0 142 122 122 162 71 62 65 88 947 82 84 113 79 76 80 84
281750 0 155 180 183 185 78 88 89 90 104 119 120 122 92 93 93 93

< 4> SFHOHAE

A A A

Y
1o

15

T U

13 21
17 165
22 22
20 18
24 28
16 17
20 19

7] sdatel Abga ot

v

rrl
20
16
22
25
26
16
19

Tz

%714 (SBP) = sbp0, @A 7]

w

X Y

z

80%:20% = T/d3te] 7| At

§

=]

AA  AB AC AD AE

0 tempetempeitempetempel spo23 spo22 spo21 spo20

18
16.5
22
17
24
16
19

==
pLN

36.3 36.5
37.1 37.1
369 36.9

36 35.7
36.6 36.6
374 374
36.8 36.5

36.3
37.2
36.9
359
36.6
374
36.4

36.2
37.3
36.9
36.1
36.7
374
36.2

90 91 90
98 98 100
93 93 93
97 97 98
96 99 100
100 99 100
87 90 915

89
98
93
98
100
100
93




ore shpl, FAIZF A FF7] 4 sbp2, 3A A F£F7] LS shbp3=E

EASAY. o197] FH(dbp), EEF(rr), FUF(hh), AL (tempe), Abi

Labeld & @AM 7% 347 5| HEF &3 BARe] gow 18

o
L)
e
ah
i
o,
X
2y
rlo
=4
S
1o
L
&
o
rlr
ol
f
dlo
o
o
AC)
rlr
N
AN
o
il
b
rlr

ot

<E 4> S A FA%

SAYE 73 A%k
ek (4sh) 185
kg (3hsh) 40
TE5 (43 40
Z & (3hsh) 2

TH7IES ) 195
F5718 9t (3Fgh) 30
3718 S (s 180
4718 % (3heh) 45
A3 (AFE) 100
A2 328 (Bt 87
A& (73sh) 35.0
A& (8heh) 38.5

(2) vy
vl WL <29 4>)4 sbp0, dbpO, rrO, hr0, spo20, tempc02 ko]

A ANG <E 4>9 AAZE WlRe A% AT BA labeld] 7o) 1
16



9 A AP &Y, 09 ASE AP FRE gstn 247wty
%, SAAFAINE SRLANFTE BANE dolN Fust FHAW o] @

Aol 3AIZEF H AEIZE 23 EH7F ofyehd (label=0) $1d ARE A5t

MR 98 <& 359 dolEE HolE Mol A (mysaDel AAstn

Pl

7

o

BAAZE rete xS AdEsts SQLS Aty 1 &

i
[y

il
o

3) 45 24 &4
= AT HEF & g5 2 <T2H 3> dA(TO)FH HA 3
AIZH(T=3) 9] 67FA =3k HolHAER T8t mAled 9 Hed &

AEFOR g5t SARHT+I)F HES LT 52E] st =g

o ATelM CSEde] AREE YASkE, Astets daels2 3A3E o
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Al

W, XGBoost? A5 da= RE A4 EYY dxe] AR et
(Chen €] 3, 2016)

Inpan dets
Copisies Trew- (j_-f lr(:-n:nT-—l-;b {;;?-T_:QDR
0 | @ ©o \ o
O O o | ooh O 0l0 0 O
f |
00 090 /O 09 000/ 00 090

2) Random Forest

o 44 Eg 7 ulAd (bagging) X2 E 7HAE GAAE Rdolt), e
A7 Ert 4= dolgel dis] 2b7te]l Adgks =Fshd, FiE(voting) &
Jste] HE: Aygts EE3e € aglEolth (Breiman £ 1, 2001)

O
ooc{ooo c:ococ:bb
00 ' O 00 000 OO0 00O

==

(oweur ]

<% 6> Random Forest ¢138& /Jdx
18




3) Multi-Layer Perceptron

A3 (input layer) ® =33 (output layer)Alolel] o8 719 &Y%
(hidden layer) &% ©o]|Fo|z HEY ISt} AlWAe Aoz UYELIE

FA3k ¥ 7H (perceptron)©] g5 T3l AlWAS A3t AVIE WHSHA

=

A, A d T8 RoFs daglFolth (Schmidhuber 2] 1, 2015)
Input nodes Output nodes
Hidden nodes
Connections
<I¥ 7> MLP €13 = ¥E=
4) A=

ofo
_OL
32
5

shar, dHbstEl Al ModelS WHE7] 98] k—fold x5S A}
MIMIC—3 & eICU HIo|H M EA 2tHllEH dlo|lH = 5—fold n2AtH 5SS Al

g3l 8% 0 4% dolHAER T

19



Dataset

A

Iteration 1 Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Iteration 2 Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Iteration 3 Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Iteration 4 Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Iteration 5 Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
Fold Training Fold Fold Validation Fold

<18 8> 5 3 axAF NE=E

5 H7F A&

Z1AEE w5 Rde st HUMA = A% (Accuracy), A

k1

(Precision), 34 (Recall), F1 A59°], ROC % AUC o] Qit}, o] &

ATl = F7HAE AUCE 7522 AFEE F7hs72 sigin

AUC+E Area Under the ROC Curve?l ¢Fat= ROC (Receiver Operating
Characteristics) oFgfe] |45 Z£gtth. ROC AH XF& FAolef &3
43+ WS (False Positive Rate), Y& S0z G4 #43 v]& (True
Positive Rate) 0% 38t 1EE 2ujstt}, ROCHHEE 57
A qdoR FRVE vwstux & o ¢l Az gtow ddste A T

st AUCO| o

20



True Positive Rate

False Positive Rate

21



A I A
woAeld mAs: Auls gy Aue] U@ ol AW oF e

A% Bersl Do) Ee] oS ndl Avtel AFelA A= HuA

A 1A o= A3
374 <185 = XGBoost2t Random Forest?] AUCYF 0.86°.%

MLP(0.80) Xt} & Ad5S EAth

<E 5 ¢18F ¥ d8F &£3 9F A Es

na|IE =Nl Precision Recall Accuracy AUC

XGBoost =2 0.77 0.78 0.77 0.86
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/* Detect Infection Codes */

if  substr(dx{i}, 1, 3)in
('001','002','003','004','005','008','009','010",'011','012",
'013','014','015''016','017",'018",'020','021','022','023",
'024''025','026','027','030",'031','032",'033','034','035",
'036','037",'038','039','040','041','090','091','092",'093",
'094','095','096','097','098'",'100",'101",'102','103','"104",
'110','111''112',"114''115','116','117",'"118','320','322",
'324''325','420','421''451','461','462','463','464' '465',
'481''482''485','486','494','510','513",'540','541','542",
'566','567",'590','597",'601','614','615','616','681','682",
'683','686','730') or
substr(ax{i, 1, 4) in
('5695','5720','5721','5750','56990','7110','7907",

'9966','9985','9993') or

Substr(dxit, 1, 5) in
('49121''56201''56203','56211','56213','56983') then

infection = 1,
/* Detect Acute Organ Dysfunction Diagnosis Codes */

it substr(dx{i}, 1, 3) in
('458','293','570','584') or
substr(ax{y, 1, 4) in
('7855','3483','3481','2874','2875','2869','2866','5734') then
organ..dysfunction = 1.

/~ Detect explicit diagnosis of severe sepsis or septic shock */

if  substr(dx{d, 1, 5) in ('99592''78552") then
et

end,
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Abstract

A study on reducing false-positive alarms in the intensive

care unit using a machine learning model

Hyun, Jung Kyun
Seoul School of Integrated Sciences and Technologies

Advisor: Chang Joong Ho

There has been an incessant controversy over the necessity and subject of Internet
contents regulation. Voluntray regulation by service providers' association is preffered to
government regulation from the perspective of the nature of Internet, that is, free excahnge
of information.

This study proposed a meaningful alarm indicator method that can reduce the fatigue of
medical staff due to the high false-positive alarm of the patient monitoring device in the
medical environment in Korea, where there is a shortage of medical staff, especially in the
intensive care unit.

Currently, the intensive care unit patient monitoring system is supposed to sound an
alarm when the upper and lower limit values set for major biosignals are exceeded. As a
method to help determine the authenticity of these false-positive alarms, a comparison with

the patient's emergency state (in this study whether septic shock occurred) was considered
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3 hours after the biosignal measurement time.

The data set used in the study was used by merging MIMIC-3 data and elCU data, which
were collected from ICU data in the United States. The artificial intelligence algorithm
used for shock prediction developed a predictive Al model using XGBoost, Random Forest,
and Multi-layer Perceptron.

The method of verifying false-positive alarms for alarms is a true positive alarm or
alarm condition if the patient's shock is recorded 3 hours later when the bio-signal at the
time of measurement exceeds the threshold set for the bio-signal and the alarm is triggered.
When the patient's shock occurrence was not recorded after 3 hours, it was defined as a
false-positive alarm and the number of times was compared.

A total of 5,698 data were compared. Of these, 1,799 cases were cases where an alarm
that exceeded the set threshold was sounded. In this case, septic shock was not recorded
after 3 hours in 624 cases. This means a reduction of about 34.6%.

In the environment of the intensive care unit, there may be differences depending on
the setting range of the warning range of the patient monitoring device or the operational
method. It can be said that we saw the possibility that it would be possible as an auxiliary
indicator.

The dataset used in this study is white-oriented data, and it is a dataset that may be
different from the operation situation of the intensive care unit in Korea. If it can be seen,
it is believed that it can be of some help to the domestic medical environment, which lacks

medical staff.

Key words: prediction, false alarm, sepsis, ICU, machine learning
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