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Abstract

Introduction: Cardiovascular diseases remain a leading global cause of
mortality, with ischemic heart disease projected to account for 23.3 million
deaths by 2030. Heart failure and cardiogenic shock account for a significant
proportion of these deaths and require timely treatment as medical emergencies.
This study aims to predict mortality within one month in patients experiencing
cardiogenic shock secondary to heart failure using a concise set of predictive
features.

Method: An analytical cross-sectional study was conducted at Babol Razi
Hospital, involving 201 adult patients (>18 years) treated for cardiogenic shock
in 2020. Data from 34 clinical variables, including age, history of cardiac
surgery, pH levels, lactate concentration, diabetes status, and blood pressure,
were meticulously analyzed. Mortality outcomes within one month were
assessed via structured telephone follow-up. Logistic regression and Gradient
Boosting Machine (GBM) algorithms were used for predictive modeling.

Results: The average age of patients was 69.44 £15.71 years. Among them,
47.7% died. The study identified age, lactate levels, diabetes, and initial
confusion as significant predictors of mortality risk. Each additional year of age
was associated with a 7% higher probability of mortality. Diabetic patients
faced more than double the mortality risk compared to non-diabetics. Confusion
at presentation increased the mortality risk fourfold, while elevated lactate
levels raised it by 1.5 times.

Conclusion: Logistic regression and GBM algorithms demonstrated
effectiveness in predicting one-month mortality among cardiogenic shock
patients with heart failure based on selected features. This approach holds
promise for improving referral processes and reducing costs in healthcare
settings.

Keywords: Heart Failure, Cardiogenic Shock, Death Prediction, Logistic
Regression, Feature Selection

© 2024 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cite

ALY

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243



http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.27&domain=pdf&date_stamp=2024-12-20
https://dx.doi.org/10.34172/jhbmi.2024.27
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

FYATEY o AP s g oylad comdil oys0  Sontd 33 Connnd § § ooV Soiilo 54851 o r

doi: 10.34172/jhbmi.2024.27

oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

®

CrossMark

o (S50 Gl ylow 0395 Ve gm0 9 F 0 (S ST 9 peo ST 39 Wbl
S 3930 ,55 S gw (51419

F g s AL T2k e TGgues gl ' S Igad

Ol el o Jb 053 5 sk o83 (b dige (6753 (s pmtils )

Ol e bl e bl 058 5 ke o8l lis udign 05 8 colinl Y

Ol ebl el Sl Ol oy Dl 5 0 (ol (S ke o015 iy 5 B Ly b gl 0y 8 skl ¥
D1l e el 053 5 psle oails ¢ 5alS guntign 05,8 skl ¥

LXVOCS

Socslos: 31 (53U yp09 S y0 Vo¥'e Jlo U355 o (n ey 5 Conl yro9 Sy ol o 51 (S (o (sl 0o
D)1 B g S o ol J1 (VL e S523)l S 5 (ol Loyl il (Rl )8 gk YWY @ (g — (8
@bl ohlow )3 Sye @y dmpin Wik (ol Ban s @sedr floyd diajls (S5 iliygl Sl g

ol oS (gl Sy 3l oolisl b Sijee)l8 S b 8

ol o Vo) sloosls (85 g0 (5l ploi (5 S aiges b (sabaie — JLlod (39 4 gy ol ) 09
YY1 Sl wyp ldg ol 559008 S'ad jlon b Slogy liwylaw ;0 VoV Jlo o a8 Jlo YA (YL
oles oyl 5 anlocSy (5 po g b odlitsl 595l 5 s «lSY PH (Gl B ol ails (oo Ao S5

5 odlizsl GBM o081 5 Sitord (9005 J) o (il gl 05 o (U

oy Jold (S sl 3,5 g5 Mo yd VIV wliws ol 513 Sl VOIVYESUFY il oy (055ko sl 8L
o ¥ Spe Jlaint copw 5o Gilil Jlo SO b sas obasl b Sy cnbeke olesd (S 5 cobd sy
st alsY iliel g ol ¥ ) Spe s oS Canl plpgd 1 i ol olal 5 S e Jleis] b o ]38l

A2 o yli8l )l VD 1) S e

b S5920,8 Sgd b (ol byl hlew Spe e 3 o sla Shy ol oh (Ui gulis 16 S e
claauia Jials g Sloyd el )l cladsl p dguy 4 L1530 g Canl piy yIKal GBM 1,63l 9 S ygum )5

Ao SleWb!
Wlis disluw

VETENY el
VYA 15
VP clas s Ll

iSpunno Ol o5

G Iguid

Shiva.kanani@ustmb.ac.ir

@l o s LS gL/
S I L
Slr oo slaShy plolis
ojoy Vo x5 Sy wmiin
Sad gy il gla hyles
Slojeil  de . Sijed)l8
AFY Sdh Caw) g codlw

FYREY ()1

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243

AR



https://dx.doi.org/10.34172/jhbmi.2024.27
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.27&domain=pdf&date_stamp=2024-12-20
mailto:Shiva.kanani@ustmb.ac.ir
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

B
y ofSen 5 GlaiS 359235 Sond 039, Yo a0 9 S yo (S SIS SS9

dodde

Mo VoV Jluo b (3935 g gl 398 oo sy 29050 slosd & yog S po (ol Y3 JI (S0 (BB slacslow: Elgil 0 o]
9958 30 Iy S ye il o )d ¥ lpl 50 05 U Bgye— B sl glow 5l ke 53 jeesS pe d)lse noy Fe YD I i
9ol slaey 654 (e 9 Glrl ) (B slagsslon g9xd waa gl gycnlil 8l oo BT (Bgje g (B (il J> @
V] sy 55 4 900 el ol g @ (2B Saisslon (lopd £95 Bgeds 9 D S Cag

L )ldle bl Jlid 4 o cosl (SlS ppain S (ol L)l g ik (D8 2Lyl (B lacsilon gl (S0
(ol (S5 e Mo b g 935 (o (lB J3I3 jLid l38 L GBSl e Sley g3 (il sl oS 59 Sl (B (93 )Shes
bl &Bly 3 [V] 29800 8L J5S 05 259 Ui Galjal g o9y il (b dalae 13 9 298 o0 patdie (Slos plil p )95 iy
S 4 (6 lam 3988 s ogmime oS3y oilipgl S0 1 408 _o Sl 001005 9 Sl 35 3o ] Swifgrn )l Sgb b o
D9 Hlews 8wl Blo sules loyd aluwgdy WS o Tl 0 S g s (o0le L]yl (0 WS o annlye S55g00
Slg o silow opl calio g p&imdg) loyd [Y] 34l (698 (loyd 5 pasis 4 jLs (Cardiogenic Shock) Ssj5g:0,l8 Sgu
st Sl GEals” Jols b jlims cpl 25)ls Coponl (Gl Jline (i «S55020)l8 Sod pasiids )3 amd (il ) a9 S e lise
09> yio ko 8+ 34 SBP(Systolic Blood Pressure) S giuw (o5 ,Lid il g moyo yio p dids 3 yud VIV jl S 4
S gt (155 Ui bois (gl gm0 9]ly logls 5l oslisl 4y 5l b LSy Jobo aaBo Y 5l Gy 1l 055 )LiS ialS ol o8 ol
Caogy (63w o5 lubgn gaw oS ASle dacdl 4 Sy (EalS @Me ol p ogMe bl il 929 092 yia Jee R+ (VL
St Sy sl L siimen 3 ok (5 5 seoke ¥} i) 09 SESY Il U Sl ol eals
[F-5] ol 09> yio ko V0 jI yiaS Ygano Paop(Pulmonary Artery Occlusion Pressure)

ol Jo Gl P )y ((Shy oblcwl glae pliixe ol sl pille Sl (So glgiea Yhall b glaosly Julodga jo5
slrosly (Sauzn 9oL ez aad (ials ) o i pldl o) Wlgi o yel (pl LS o wly8 035 g b el (slaodly CBis b JSUie
209 Sy S Ul Slp wre Oloreusd @y (pdm )3 Sfad)l5 Sed Gl (b byl (lew dine) )3 pogad 4 (Sdj
nlple e GBI Hlow 13 S g plays pas Jlad g A8 o pole g e Slays Sless (Buims il (g ln )
P bl Sy b by (o glapsie Blo g ) hlew Jl atwd (p] Spe b blo)l &5 coge g 58 Sl ysio slasi I osliial
23,5 (oo ey S Sl C p GRaljEl g Lad Sl cglon el 5 b eodl (Saemy bLd 4 (Sap gleedh
5 Sz Slidl ] g pSels 4 015 sl ite Gl g 5l 5o i Ly yeiio b (5 oline bloyl 45 age (sl pmite 5l ozl
ot 3550as e (V loys o 9 G2 (1 5l Ml Sy nlS ol ol sblze 5 o S8 (gloyd 380as 25
dallas ol Gan sl ()5laer sam ol )3 @lio > g abyo (B 5 Gloyd CusS 3500 (F o po (sla Sy (ol (F
Sl ey (Smite x> 9 Sl Sl b (B le)lb ghlew Spe uiia (lp e S (S L (Jae 1))
P Sy Saotn 9 GWlas b G5 4 ey ©lead Bl g Glops slaania g Gloj Ll jlateds (5)low cawlie
el oad o bl byl 5l B ar ) Jgds 3 a5 canl adply ploul I8 Ses ol ylow

AR Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

FYATEY o AP s g oylad comdil oys0  Sontd 33 Connnd § § ooV Soiilo 54851 o

doi: 10.34172/jhbmi.2024.27
oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

D

B lilows S po (S Sl Hgp0 Jou 1) Jauar

OB Mg Jo g B aleyl GBSl Ghjlew 93 S 059, Te Spe
ohKea 5 Ostberg Yovy  [v] ® ® * -
oL o Krittanawong — v-vy  [A] * - -
ohen 5 Awan ARAL Y| ® - * *
) %en g Rahman yovy [ve] * * # -
)% 3 Chang Yovy o [W] * * # -
Alotaibi ARALSEERN * - _
ohiKen o Li yors [w] - ® * -
ol )Sen s Knig vovy o hy] * - * -
Current Study Yov¥ o - * * * ®

J psbar silow cnl Gladsr (B jein (S5l Sed disej )3 0308 Clided w8 le bl YL > &5 sk plan
S9b Jelgs 5 (S plyisar o5 cunl (B (ol )b 4 e (ilons jrogS 5o (i 9> BBIS (n inten 1 (o wCanl 05 (g
Oblew 3)50 3 (oS SledMbl 5 W)l S 05 s ogiS il 4 Mo lhlew 1 35350 Clalllae i g o adlid K5590,8
S S ) b sl Sy 58,5 000l 4 Llg e odld dgueS pl il ey (3 S5ed)l8 Seib b 8 Sl )b
20950 YL 25 o a4 ipllon cpl )3 g S ye (miten i 3583 9 @ laibe) 654 Bk 5l 2gd e (low
sl 908 o Gloy 4 5L
b 0oy ¥r 5 yo 0iiS  iar sty Jolse By 45 103, 38 ya SleMbl (slacsil (slaodls y (tivo olb ey s (i Colinios
Slsgl Gi5e hlen Sledbl | oslitul  0pdle ils adllas bled,S ool Lol i clbog)S 3 |y Sllen o
D3 pcse SielS S b JLo VA VL llon 09y Yo S pe i 4 (bl Sbg)y ol )low
Olojwn (g pis 0jg) Yo Spe p 1503 (B g Slwlon 192> Sye p lallas (B J 505 ol 39290 sl ille &y
So b Jlo W VL hlow clp 1y 0jg) Yo g Sliwlow (19,0 Sye 93 2 Sl o (dladllas ol b dngin )3 9
D9 e e (Slayd (sl paly drwgi g b e €83 3900 4 Wlgi e WS e Glojen ssbd SS9l
Blioe ) T 40,8 Ol GBS B plgisd 5 €85 (i o0 OV lie (383 adlllas 5 Ll e Sl 4N jobo 4y oS (laoms
)0 3939 S5590,)8 Saud
o sl 1) 99 5 Sloan gboty yiaS 5 6lo3,S Iz 1) 015y ¥ Spo b Jliwlow (19,9 Syo bdes clllas
Wlo3,8 bl Jls VA YL

el A5lg e mb lojen bl 1y Vb |y inphe €8> Wl e Lidbigo SIS0 Syl slapiie Spo 355 it sl
Oloy P 4 Ll o CuanleS (sloppiie Bl 5 e sl Sy (2lwlid gghaie cul sl Wigdy Sloys P8l gl ooy oYL
Sy LS S8 S pe (35 9 @ (Snobe lp OS5
2 ) 500 s )l 5l (86 Sl Ll ()50 008 5Ny SloygS gy 4 adlae S > ySen 5 Acharya
5 o9 Syo skt b ol bLi) oy 42 9 20,8 45 (olos 30095 50 e 10 008 58ty (sl ) ] Lol izl
Fe Jolos cn it olgier |y lioslon 4 @iMe £9,5 5l ey oloj g ouilS «OlSY aw bl bl 39290 lagle)d
V0] 05,8 plolid S59u0)l5 Sgd 59hli b ol g I L lilews 53 oy 03 9 099995 llyge

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243 Yy


https://dx.doi.org/10.34172/jhbmi.2024.27
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

B
y ofSen 5 GlaiS 359235 Sond 039, Yo a0 9 S yo (S SIS SS9

Ot S Sigdssl g Oilen axlpe g 5 JU)e0)lS 3 Sles & Wity ae ) 4 ol 28 oy 1y ol 5sl &
Sod )l (ilize Jolge b i logs 53 45l YOV 13 Jliw)lows (19,0 (250 008 298y Jolse (yp &2 o) Sem 5 Li
SRR IRASW-SP RS S5 o A5k L;Lnb.c a$oly oléd asllao oy =l S0 Lbo] Sl Mo 9 WD S5590,8
DAL mpin 1) Se590)8 Sob ol 0jg) Ve oo 5 Sy

(SoME (£laS 1305 oy Sislo lolgs 5 03,5 Jas st Stz i3m0y Jbo 5| g ko a5 ol ol anllas ol gl 5 sl
IV] 6us ololis $he (laossS wiw oloicds pH 5 gy Jo «lSY D-dimer

20,8 &l s Jolse Jdotiga 56 gl opmile (6 030b l edlatwl b 1y 8 Sloyb hlew b o ie (o) Ken g 0o
lolid jUsSgiud sl g eSSy EF oy iy il ol (5 oLyl phlewr slp ol s Jole (b copizeon
PIA] Bus

ng:')p L,’.I,)U)y L £y <YL obsy 9 u“b EF sdj%.éjlf e ke ‘_,’J.ab.c &S ol ul““ C;Lu .&5‘3)3. C)i LEL&"’-WS&&Q:‘-:’., 9
A] scs

IV gy slod s (aST0 b 2)lge 51 S @ adgl ool b adgl (YL ]S d0s 5 Y o 05015

Extracorporeal Life ) »,b coles 4 ;L5 9 AMI (Acute Myocardial Infarction) s, g sl ogST)as1 L ol yons
ol Capte Jolse et ) el pll el oy ke (3l 8 3l s adllas ) gl .03 plos! ECLS(Support

Syl 9 385> G Ui 1) Lo Sl Olen | s (pl Spe S50 sla (SR 4 ey [YV] el Gliles Sl 095
90 @ly She cuwlie Ologeuad Sosl Caa gloyy I 5 (S5 sl g Sy 5k

5 R,

S5l 5 Gl 5 Sl 9e3 ANl SIS 5 i 2y90 Mlord Si550)lS Sy s a3 ol 158 55 e
plad (6 S W95 ) Mb (o) G5 poled Byl 5l ] aalocSy adliygo g 0 oo g 00 ()b (pladabipiun s 53 ollew
Ao (5sled

Jbo 3 bl Sbgy lijlony B Guilisl (iw )3 syt Ghlow om 1 SEiaa)lS Sod b (B oloyb sl Vo) @leM]
(odB piy cas Gbpd A Jotebd e lid ¢ Jgtmms e lid Jold (She Y b a5 00,8zl 5 olelis Y¥AR
S90S bl (b 2lo)b phlen Sy dnpin Cae O)aL 65k 3%, S pingh cnl ¥ i e
g (train) —;ee] Coond g5 4 aodly Ll aalllas oyl 53 s 13,9501 3)lg «(63959 (ylgicas odldac gomo axlllas (pl y3 il o
Jo s 2 Lal aodly (69 oy 1230590 2l a9 AL oo Yo 0 Av s a0 b ol 13 a5 0055 ans (tES) il

Yy Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 ]

FYATEY o AP s g oylad comdil oys0  Sontd 33 Connnd § § ooV Soiilo 54851 o

doi: 10.34172/jhbmi.2024.27
ol (S psle oKl o K5 Klosgil Slados 55

J

o a8 (3 Vb jglatods ol wae (Sl Shy 9 20,5 dbrl S5e0)8 S (gl (B ooyl e Sye ot
Sod s (B byl hlew Spe miin piagk onl Baa (@ly 1) HE pwyp g Hlalel 390 ol slalns
0joy Yo Sye (it J Solasld 0 50 Ml i €85 (VL jslatedy jiaS g whe (sla Shg (8,5 550 b Ssfe )

sl 0 &8l S50l g cgsbls b b oluyb e

LS P J5 30 salind L ad13 degass

St K] ey s

T2 ok

1 Bl Ly 2818 deganes
sad b gl Fhag

GEM

sl S

Lodld (w0315 1y
olie Bl wile oSSl aalaiwl b osldds ez il (6)9)—8 odly CursS oo Linled (sly odldas gosmo yijld 0 iy

S G byl 5] Co e ol 0ad 531, i Min Max Scaler 4SS (Standard Scaler) e sl
olie (gols oaldacgemme LT aSil fpuni b ¢ oyl plis ©99u5 co 03liian] cawd S o3l3ds gee S dloul (gl aS sl 03l jld i
oS e JolS 58 S0l alos ¢ dliseo (sla gy dy e oo 1y byl polde [YYVY] 0l g9y b b ol (glosinad
S oSle e b ol (il by Sk ol élp @l el Jlado Lol (jole weaae ke jo Lol jSole s
old oSt oduiieS jlade 90 3l addllas oyl )d oolaiwldyge S5500,8 Sod (gobl b (W8 Ll )b (glews eddds ez D) Cu e
W35 il b She 6Ske polde b adycwesjl polie .l

L S dod b S po (Sl

odls 48,5 559 V¥ aca L GBM (Gradient Boosting Machine) i ol 5,k 51 ol 0l Sy i 518 ol j
ol 035 0359l GBM v )¢5 5l Lo ym5 05 55 s plol

GBM % 45

G2l bgy jl ooliial b ol ablidningd mroad 550 )l p oS 3o (dle 50k o )sSl 5l (o GBM (o )53l
Gl ot ) 5y 3 Skos 4D 5 5 oderd st 1y (bigel slmodld 02 ) pl oreal G50 3l dsganee o g boLS
[YFNO] A8 o 6 xS gl Jao (S 1 g 28lior (29,5 6363k wia)pNl S W 48 o 2] s (slaoals

Sy e Sle Sy P!

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243 YYe


https://dx.doi.org/10.34172/jhbmi.2024.27
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

)
‘ H ohlSen 5 Sl Si920,5 Sgui 059, ¥+ a0 9 S0 (sl (S5 51 S g

S g 5 S 5 3 3 ol e 5 550 S S e ln S (g )l wipeSll Jlasl 36 ol >
Wl 035 03]

S (g5 )

Sl yite (595 2 mitn lymiie St wyp & Ggr)S) Sl de bl Syl bl slabyy S (o geesS s
) O poelgd oo & (6 i) il yuite Sy 295y 45 Sl (Gloleo G g S) S o Jmol )3 05 o0 Ay
g Sy NS (o0 i ()5 ai )3 (i Olgiedr &5 (6 o) Jime e b b Sy (olol 2y (o085 gt
b (slaibogd) (2990 ©yguods uios dunly yuiio o )3 48 Wil oo (y9um S, lgil 5 o (Logistic Regression) s
D905 oty Ol |y ite ol 45395 geil g (2l (Jae cunl pl adllas (] Bua g Cunl 0dd sdomin gldbaiy
(39mib g0 S St youw)Sy o 4 el o) (Binomial Logistic Regression) (glalesgd Siwsd yguw )5, s
b dlwgn Jiiue yuiito > b SO bl p (dichotomous) 615 s> diuly pte diuwdgd j1 (SO 50 sdalin G a8 ol Jloss!
Lly, il e UIlel s lel (sl o g (sllangd Sutaond ygmmsSy Loy 31 ooliaol b i o iy |y 3065 s ol (sl
VP Jled (o A8l 0ad oo (ol b (055 @50ty oS (laiibogs) (2993 diely e L]y misbey sl yiie (o
Ad o ga 355 SPSS Statistics (s (glales 93 St ygmw )5 31 odliiwl b bnodly g

B B Sh9 b S e e

O3Sy )bl 3 Gl jlosal unas (Shy ¥ LGBM (2,8 o258 55k 5l clolem cnl Spo impsig 31 58
oy el pgw 5 Jol 5B o (93 Sdas (b))l g dumlie 5 8 plool Siitucd

b syl

odnlio ¥ ot 5 &8 3Lzl e ilo il oalistasl b 48 abbi o (6)500L § Comuo F1 jlal ey ol ilisee b5 (slolins
5 6 amd o ojlel laie a4y (SLel L ilo gl po Cod 4y 059, Ve Spo e SSSS L e el S 0
TP (sl oais Sgd jlaws g Canl Sy i) (HBly Cuto Jolis Juol Jole jlon & dtin (sanddls Pl jo 1y aeis 5 Slos
site 9 TN (Sl 04 Jlaws 9 ol Sy (Sapsin) (Bly (ite FP(eul 00 Jlaw 5 ol i (i) O3S st

[TV ] bl oo Jio 85 5l plis ey (al38l ) o) Y

S ey 5l Y Jga

S R yd g Fle D S L o 2
(P)eaie (N) e
0 gy ey (P)cose True positive (TP) False negative (FN)
(N) Lo False positive (FP) True negative (TN)

:.).))fuao Mbu 2 Jyo)s Lv 9 Cwl dd.) )J.5> Cudo U"% L uL.».u] oS Jgfuao d);o)l.b] SpeCIﬁCIty

yYyo Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

FYATEY o AP s g oylad comdil oys0  Sontd 33 Connnd § § ooV Soiilo 54851 o

doi: 10.34172/jhbmi.2024.27
oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

D

e TN
Specificity = TN T FP

903 Al o Jgoy8 bawgi Glyie 1) <8

TP + TN
TP+ FP+TN+ FN (all data)

Accuracy =

ol 09, Yo S o aS Jlilews Cond a5 Cawl bize (pl 4 0445 o0 dpwlne 00 Slwlid o ydd 3)lse goamme lgicds &S Cono
33,5 oo Ao 1) Jgo b Lawgi Coomo i 5 ye Sy (1l bly etilond ool

pocicion — TP
recision = TP n Fp
Recall = — %

et = TP T FN

2 X Precision X Recall
F1 — Score =

Precision + Recall

MRl S Glgieay as RStudio Ly > FY.Y a5 R = g3dol p b3 5l cadllas Cpl 50 ead edliiwl wsgidely slass
oy Rj18 05 5l oolaial b o aoxie de g (olise] o yile g b JSb plod aibl o cmwl cpile (63800 (slaais]yd )0 wiad)ad
Ad,8

Sy Sl g, 3l alisal b K500, S b (ol L) il 3 Sy (e S5 S0 g ol 5l Bam
Slgice S o0 plml Ghlos 1 S (St Gln & e G Shs O | Fhe Sl Sh Ll Bk Iy canl Siesd
235 505 s isu 4 jlew gl sl sl Sloys gy Gl @ pus 4 (LS S8

=W
o) anlocSy (5 yo g 0 oS5 ol iy 13 09y To o 5 Sho ¥F b lam Vo) (SedS1l 5 il o Kbl Sgod e
Mo ilor: 595 p sSiosis] ©yomeS aalllas Sl (5 lad plas (65 Wig05 gy 43,5 eSS g gy A oled 305k
Sy 88 18 Sbilayse VeV Jlo j0 wiloads K5035, S (5obl jlad axnlye gy 3 & Conl I8 Sluyb o
P9 oo el Syl Sod sohl b (8 alu)b silom S99 059y T Spe AL (Sl NS 93 4 (Bus) (295
odldasgarme (¢l (Hloaw F+) 031> jl dops Yo g ijgel odldacgerme (gl (Hlaw VEV) 03l 5 aoyd Ae Wmodly o315 i 51 o
dgs 0855 Mo 3 BY/Y 5 gd duoy> FY/V oluss ol 51 e Jlo SUFFENO/VY addllan ol 33 olows po 635kio 213,5 jslaie  oiiolo)l
OF/A 5 ©gd 1o )d> OVNY g YOIV iy & ()b g (oo 51V Jodo Guo oS Widgy 5 o pd FY/A 5350 doy OV/Y cCuunis jlas ]

Silosile 035 duoyd FA/AY

iy o 3 (ot il (Silgl 8 o yd 1Y Joun

JS ao D Cgd LR Commni>
7aviY VATYAL VAN 30
VARTL) ANYANG YAZYINS O
Journal of Health and Biomedical Informatics 2024; 11(3): 229-243 v


https://dx.doi.org/10.34172/jhbmi.2024.27
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

‘B O g SleS Si920,5 Sgui 059, ¥+ a0 9 S0 (sl (S5 51 S g

A8 uilygl i > Sia)l Sed b B bl Ghlar 0jg) Yo S b oaus layiie i (Siuly muoy F S
S5l Sed b (8 alo)b Ghlew )3 059, Yo Sye jlad (Jlo OY 51 5VL) (o Jal38l b dmd oo (Lt 1) (Slg)y Gl lo
S yo b (yioren Bl oo O 5l eSSyt (93)Li8 5l yidi VO 51 5V (Jgts (93)L28 09, ¥+ Sy jlad b oo 138
SRy Ve 5 5L 0jg) Vo S o st bl oo ¥e I a8 Jgiold (98l 5l it 00 (VL Jgianh> (p93)Ld sl 09, Y
Ol L g Mo (tlS 09, Yo Sy sl lilen (sytun oy ORI b e e Lt ¥ JSS izmen ke taliél Lvef
Shlesr 3 0jgy Yo Sya Jlas VIV 5l 1208 Ph e 2alS b b o Gl 35 Spo jlad lijlons 4 Jlow (il 3 530
Gl 55 chlaw 53 039y ¥+ Spe Sy ¥ 1 VL Lactat (ulidlaboe Gl 55 Sjenn)ll Ssd sl b (W8 alo)b

ke

10o death
alive
O 10 20 30 40
Lactat
TS death
alive
a o 5 10 1S5
rASI
-— ,
= P . y -
= S0 S0 death deatts  — — death — T
o alive: alinwe alive
a0 80 80 100 [a] 20 40 25 50 7.5
Na PH
o _ i
= seon — 2GR acamn ceain
alive alive alive
120 140 160 6870727476
shockindex Timelnotrop
. .."ﬁ"\____
o death —i B - death —4 =TT
alive alive
alive death 1.0 1.5 2.0 S50 60 70 80 90 o 10 20O 30
Class W

Olilowt Syo b (6338 b pkio (Jja (Kantly 1TSS

Sl 95 Scsunrd (gm0 5 ) Jodi (29,3 (0,155 9 el

Jsie S0 s (i (nl )3 900 1 (o0bj (295 S5l SPSS Statistics ) (slalexgd St (g3 plol pKin
5 Ll lalor 9> Stncd Ggm)S) ) 5l S Sy Sl jl)y9e Lo

Pl Sy TF (3 oS5 o eten (st x5 s> SISV (o ol Sy oy St (S J oolizal
AW

(S1g) cystas 55 031 6 )lel o] 395 o oolitl o sl yito 51 S o (sl (ylol (s oline (s (] (Wald) lg (05
o 4 «OlSY g (oS (ubd (o 4T LB o L gl pl Sl /0D 5 o) pxe Hlade &S Cunl oyl sl g dgu o L
SleMbl 5l les oo pomed Cunl 0ais a8lS] Jdo 4y (2555 BB jobo 4 Lo psie il Lol <50 aBLSl i i/ Jo & o255 LB
Sloj e ysie 5 jd s ly S yuss (bl oy S g48s Jloin! i i sl “Variables in the Equation” Jgu»
Jleasl oy 50 iol38l Jlo SO b s o Lis ¥ Jods Jlo ylgicds 0900 oolatiw] cdigud oo diiild o556 colb Jitue (sl puxio yolus &5
(P=+/-Y OR=Y/-0V) cel plp ¥ 3l L (0l 58l 13 S e Jlas! (P<e/e o) OR=V/+V) 5l o ()38l ao ¥ S e

Yyv Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

YYA-YEY Lo OFY Jlo cpouw oyladd (o2djl 090

(S 31 a3 9 Ceodw Sl yd31 s

doi: 10.34172/jhbmi.2024.27

oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

(P<+/++) OR=V/¥$) 1l

S 9am 55 5 (5 bl 3IUT g S 30w s (510 oRe0 (U puiio 1€ Jou>

Variables B S.E. Wald Df Sig. Exp(B) 95% Confidence
Interval FOR
Exp(B)
Lower Upper
Age -/evy Y2 Ye/YA \ ofes V-V V¥ AR
Diabet (1) /YY) /%0 YIVY \ IR Y/ -[ay F/OYA
Confusion(1) V¥YY Nials A IR ) ofey ¥/\as VASY a/¥fo
Lactat JYAY NARES W/ -AD ) ofee V/ESD ALY VAR
Bho ol g5 ¥/ v AL
(V) 8Ly ool g —eINTY -Jovy VAN \ hss </$YA NAYON AT
(V) (B8Lys oggpl g9 NARL <. SALY \ [ssy Atas -/yva D¥FVA
Na ERTERS o[xY JANE \ <IV¥- < /a3 </a¥- V¥
Siwslon 4 Gy oloj AR ¥ I¥FE
(V) liwylon 4 Gy loj -/yvy -[f08 -850 ) /5N AT NI v/OFF
(7) obaslow 4 oy oo /A5 -Jos¥ Y/vYY ) \ys \IAra’ - /VA¥ YIVEY
() biwslow & Gy ol N <[SAA -JAVD \ I¥s¥ V/ASA -[¥AD VIY-Y
(F) biwslow & dwwy olej Y/\AD V/$A AV \ D AA /AR V£V VA
Constant S Y¥Y Y/SA Y/AVA ) [-a- ofeey
s 23

Sob b B alo)l

Ohles 09y Yo Sye i L Mdbe (29,5 w5 G a5 GBM o2 ,6301 5 onlaal b a5

bl 5T oo sl st 51 ool b s o JLa5 )3 tosbey ol sl 1) Sye 0 50 (i ¥F dew g b aislyyy Sijans S
b a3l gy S559:0)8 S9b gl (B alo)b lews 039, Yo Sye miiar 4 GBM 02,6501 5l eoliss] b oSt (150005 )

A eolawl (_';’L))‘ L;lm)hxo )] .),S oS d\AMJLM LS‘)'? I LJ9A> d)l.L:A ‘)>1 . - I

Si5920,5 Sond (5115 (oS (b, U (ylylow 059, Yo S 0 sy 510 GBM Juo (b 5)! (s ,kne 20 Joo

Index W S39 aed b O TL
Sensitivity -Ivsy /a0
Specificity -/ IEAY

Pos Pred Value -IVsY -Ivs-
Neg Pred Value -Ivvy I
Precision Y5 -Ivs
Recall - IV LY

F1 -IveY INT4
Prevalence [0+Y0 NINTA
Detection Rate -I¥ <I¥VD
Detection Prevalence NN <[5V
Balanced Accuracy - Iv¥a - Ivay

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243

YYA


https://dx.doi.org/10.34172/jhbmi.2024.27
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

‘B O g SleS Si920,5 Sgui 059, ¥+ a0 9 S0 (sl (S5 51 S g

Sra ¥ YY) phlew jlatod (ol o9 S he dwiin sl jldyge slapusie daad i o &S D9d 0 bliiul £ 9 0 g
Doy A4 VO cBy Jlade 50l ials

8 ol sl 039, ¥o S po (S iy <80 g AUC amslio 1 Jgur

S0, Sa glyls
Models B S dod b Sl g S b
AUC Ay +/AYA
Accuracy - Ivo <IA

OB 5 b serd Ol lisan JS5 ol S &S b plan amd o s 3 Slas auglio gl |) (S yen)d (le ¥ IS
2900 it 3,8as GMB 02)s80 b Sitad (9005 ) oo (sl it

b ysie JS L GBM (S j0m)3 o yile bl e g Sy oo s yiiie L GBM (S j05 (o il
Actual Actual
Class2 — Class?
° 3 T
g bl
j: J
[+ ] [+ ]
g g
m [}
5] O

3,500s dmlio (11 (S0 2,5 il 1Y JSU

S35 4l g Sy
ool Jeloigan o ) oolizl b 35920, S'95 59l b (ol byl ilon sl Sye a5 385 i SiRok ol
d9sb e ogmne (Siby il gl o S590)8 S (gobl Ll o)l (g)low &S ool bl plos] Stod a5
St (g0, 48 dal G & 4 ol )13 13U lylows sl 1 (K85 bawwgs 0 plowl slagleys 9 303 (6598 loyd 4 3L
Orped S Copde |y (Slopy ;505 saise 4 jlew gl 0go0 ullinly U S oo (i 1) oo cnl S pe (2YL cddl
J>lye 5> @Byt (o> 9 pBB395 b5 b ilews jlatid cpl 3 Spe 5 @ 9 S8 Lmiin (b e S SRy (2lold
S (o S8 ) e nl o9 S e Jleinl (alS 4, 4yl
Ooles: 23 055 T S po lgi o 45 s Bl Jlelse (g &2 Stucrd e Sy ()l Jelowiga 326 5l oalitol L e gy ol 3
Al e PH ials o Gl 381 omen Jelge a5 0ls (lits golis 8" o 1) Sfged)l5 S (s5h b (b (olo)b
ot 2 o5 Sl yite (B g ol (It (55 (S i Sljg S5 IRl el 4 slor (3l 5 3T S
b 5l o 39 VF o 1 o Shog cnpete Olsiods (265 9 o> Y (o Jols (g Jlagy - Attid 138,55 11095 50
Syt el Ghlow Sl atws cpl > S FE8 Gmiin b e G SRy allid ()5 wxd lge 9y e
Db pie (ol (SUj CudsS dgarg g sl Gl 4 Wi e 4 398 00 5350 (Slopd sladpealy ST g (L (Sl S maenas
yra Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

FYATEY o AP s g oylad comdil oys0  Sontd 33 Connnd § § ooV Soiilo 54851 o

doi: 10.34172/jhbmi.2024.27
oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

D

caloas 5151038 0 )Ll (B gLy hles (15T ot 2 DS 5 53 PH ile (So55lsa5 Jolse 556 4 b iy Ol
Oty o ey 3> )Lt «SC3590,l8 s b 5y g0 2> oS3l 13 Spe Jle g loj» > o)) Ken g Davodian aslles
SaS 15155 oo oylages ) tlpls )] lodd 451 S o )3 o Joloe (Slsims 5l 5 YU SLSY (s o &
S ohles Spe b la Shy (B (Stuly 0,90 55 SleMbl C8L > (gl At paasile o Slopy I 4 (> SLLS
Sliwlony (9> Spe 4 baid Slallas I (Sl o plnil (W8 oLyl ilow Sye (i dej d 2iagk 0Mea
b oS Olalls [A] B8 55,5 on |y 0jgy ¥o o oyan o Awan wsle LSul c¥lis 5 JANYAF] wlasls,,
i lans 595 <o Nicolai sggepll [Ve s )] o3, blod |y SifennlS Sgib slyls ld losb oyl 0oy T o
DNVVE] 10358 L) S50, S 51 gl i S Slalln 5y ¢ [V] sl 8,8 i o ],

Ohlow slp ) S55920)8 S9d b (B (2l (lilews 0jg) Yo So g (Sliwlow (190 Sy Jolis 3150 plos wlgis &5 (laslllase
ol 8kl aes &l il gl Cond (3 (gamy Sloyd pladl gl S ye jl (65880 dw i Llgi e A8 Blod Jlw VA (YL
ol 3098 e i 51 Blgioe it sl @ h9) xS 4 ol sl e Gloyd 5 g Solom ! GV a9 Sye £
5 0lep I sl a8 5 o sl Sy posglcesdas sl (Shy Sl 3,85, il ealizal b oslite bl £ySsk> (slox
oo Gl a0 )0 VS pe Jleinl o ) Gl Jls G L el 0,Lal YU 3 a8 jsb e Bl ppe cul 4 ol S5
S yo b (S 5 LilsEl L amd o il il B 1, S e s ouS Sy sl ply ¥ 51 i s Sl o e Loz
b Gl plp V0

Sl oo bl a8 sla Sy Sl b gty sladse b Gil3l g snotn anl® iluodls adllas ol b L ]
b sy slajgy sl Gial3dl (e sl oAb osalie fi o latio e laailly (S cadllan cpl )3 sl 0392 31095 pe (i
o laiie & e cpl Al F Yol (Kb slacudlie (oisu Sl eaimd il (Sas & 30 olpen 0jg) Yo Sy jlad als
Lol gpdge ol 45 Nz S S8 plhlen Candg 9 4 Slon (sl 3 eyl Glej e LS a5 am o (LS
Cuol Soo oS Sl gloodly (B wyiwd (0 olbcudgiow 4 gl o 50 ddllas Cans bl dles Il piinn sla )y
il Glogy liaslen 53 YoY+ Jlo )3 &8 lylow slodly (59 3 ks &5 ingly (SIS0 5 Sloj slacuzgioe g azily iS5k
g lplslon plo & @5 Sphmmes 2 g w2 )3 bcos 1) bt ugin €85 Slge cul osb plosl wlodg: (5 st
o3l S S8 (8 ol )b Ghlows 55 (e 5 (Sloyd sadia]d e 4 i oo Sigk (nl (Slaaidl b ilisee slale
ol ol i ploxl @gedy |y calie slagleys 5 03,8 (QLolid 1) jlas  lows 3l oo IS5 0ad Sl iy sl Sl
S paly dsogi & Ny o gl ool SBl (pimen 295 xie (lonr (SU) CulsS S99 o9 S e EBE 4 Nl e
S S8 (8 aloyb ol (leyd 9 Cote )3 >

S55923)5 S0 soblb b (ol (2loyb lylew 09 Ve S po Kl oo (Vb B0l St (190 )55 Jao oS 0> (LS 3l gl
Slyicee Jho onl (dmoie 83 Gl jolateds (oS g Cubd (DUSY gaw (o 3l mree la Sy (lelid LS o )
ozl B 0500 4y Wil o gl ) 20,8 )8 edlituldyge Jlady hles S e 5 Gl Slas Sl 0 S0 )l Glsisa
A S e sl Gl 5 o

F o SSimnl Sob b b b alo)b phlan Sye 0aiS 29Kiny loyeSl o bl (g il Clllae
Ol 2 ogMe ol Gl ) Gas 5 5l ey hlew S92, 8bes B I3;18 (bl 390 1) (Gad 5 51 g 05y Yo S pe) s 5
23,5 o0 ey mle (6153b slawis oSl (Shy QL slaets oSl Sl eslatl b (8 L)l 09,8 plo Sye Sy (i
Jodlatal (loyd (39 (omilingl (Shs b locsslon J| (B > Sye it Cuesl gl e oje> 5> (Shbleidy caa
e Blgi e Sloyd (Sl i g b o SISl (58,5 )ai s b (555L (sl ;o8 )y o ol 5l olisl (1 wen (sl pito o]
98 9 0ong lalpd b ohlan )3 ohage pol (nl 258 Cawpd Sye o Gy 85 a3 )3 L slow sy Colid i S 3] 4

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243 Y&


https://dx.doi.org/10.34172/jhbmi.2024.27
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

)
‘ H ohlSen 5 Sl Si920,5 Sgui 059, ¥+ a0 9 S0 (sl (S5 51 S g

9 0l S 1) ilem loyd Caopide g gl duld Wl oo plapiuns iz (6354l )08 5 (YL Cuenl Sl Sloy

Ded Slyou bl b )3 095 e Sy idlS 5 Jloyd Sloss cuas (il 4 e colyd
bl Jeloigan o ) oolizl b 35920, S'9 59k b (o8 byl pibon sl Sye @y 5 585 i SiRoi ol
oo (S5 illygl Ko Sjn)lS Sod ol b i alo)l glon Sl ol aibyyly plonl Situod (g3
Yl Bl Sitand (g Sy )b b phlen sl 2 S5 busgs 00 ol slaloyd 5 3 558 oy 4 jli 5 2980
Lol ezen WS Copie |y Slopy S50 lagisn 4 jlen gl ogu ulileply B S o0 i 1) ohlen cnl Sy
@ adgl Jolye )3 Bgedr (loyd g plim395 3L 5 L hlon Sl A (ol 3 Spe 5 mpw 5 S BEY Smoin (oS ke sl hg

23,5 (o0 (1335 0,8 )b hagh ool pldl )3 oS (g3l aled I abiwgons

&8l o)\

SIS

W] gl coley b g SAFEYY 05 b Ll cygid 5 pole olSuiils _ptingly ciglen M) diaaS 15 oiguas § ug adlllan oyl
w5 el bl e (Slgy Gliwslen 53 Jlo VA GV 9 S55923)8 S9d b (ol (oloyb 2 Mo (o (9 2 (S s
ok 45,5 e plos j) oS ST ol el okid odlitl _sliios Cilinl (gl baib 4 039 dilayme ylam M) plos
u.u|93 9 M MM.C‘ J}a.o] LB’JQ adlao L)"l Cawl 005 w u‘)Lo.u wy» U?J" u)a.a.odd 0l d)ﬁjé"‘} Sle M) Pl.o.’ Cawl
sl WAANVY - 50 il g8

OB Suungh &8 ) UWke oo
Ol it S oS g 4525 pgd odtung A lie (jbgi g Gig} adllae (b 53 dlie Jotue g Jgl oty b 185

ol g oS 9 4355 5 o)l by G 5 (S Sl o g 4 jos g dlie (S5 saodls (6)9l3)5 )3 pow ol g LS

References

[1]. Bahrami B, Hosseini Shirvani MS. Diagnosis of heart disease by using datamining technique. Second National
Conference on Applied Research in Computer Science and Information Technology; 2014 May 10-11; Tehran, Iran.
Tehran: National Conference Publications; 2014. [Persian]

[2]. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure. Eur Heart J 2016;37(27):2129-200. doi: 10.1093/eurheartj/ehw128

[3]. Jentzer JC, Chonde MD, Dezfulian C. Myocardial dysfunction and shock after cardiac arrest. BioMed Research
International 2015;2015(1):314796. https://doi.org/10.1155/2015/314796

[4]. Killip III T, Kimball JT. Treatment of myocardial infarction in a coronary care unit: a two year experience with 250
patients. The American Journal of Cardiology. 1967;20(4):457-64. https://doi.org/10.1016/0002-9149(67)90023-9

[S]. Vahdatpour C, Collins D, Goldberg S. Cardiogenic Shock. J Am Heart Assoc 2019;8(8):e011991. doi:
10.1161/JAHA.119.011991.

[6]. Reyentovich A, Thiele H. Clinical manifestations and diagnosis of cardiogenic shock in acute myocardial infarction.
[2020 Nov 20].  Available  from:  https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-
cardiogenic-shock-in-acute-myocardial-infarction

Y&y Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1155/2015/314796
https://doi.org/10.1016/0002-9149\(67\)90023-9
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

@
FYATEY o AP s g oylad comdil oys0  Sontd 33 Connnd § § ooV Soiilo 54851 o r
doi: 10.34172/jhbmi.2024.27
OleyS (S pole o8ty (S5 Sleyois] Clidios S 5

[7]. Ostberg NP, Smilowitz NR. Emergency department presentation of patients diagnosed with cardiogenic shock.
Journal of the American College of Cardiology 2022;79(9 _Supplement):385.

[8]. Krittanawong C, Virk HU, Hahn J, Al-Azzam FA, Greason K, Isath A, et al. Leveraging Machine Learning Models
to Predict In-Hospital Mortality After Mitraclip. Journal of the American College of Cardiology
2021;77(18 Supplement 1):940.

[9]. Awan SE, Bennamoun M, Sohel F, Sanfilippo FM, Chow BJ, Dwivedi G. Feature selection and transformation by
machine learning reduce variable numbers and improve prediction for heart failure readmission or death. PloS one
2019;14(6):¢0218760. https://doi.org/10.1371/journal.pone.0218760

[10]. Rahman F, Finkelstein N, Alyakin A, Gilotra NA, Trost J, Schulman SP, et al. Using machine learning for early
prediction of cardiogenic shock in patients with acute heart failure. Journal of the Society for Cardiovascular Angiography
& Interventions 2022;1(3):100308. https://doi.org/10.1016/j.jscai.2022.100308

[11]. Chang Y, Antonescu C, Ravindranath SR, Dong J, Lu M, Vicario F, et al. Machine Learning for Early Prediction of
Cardiogenic Shock. Journal of the American College of Cardiology 2022;79(9_Supplement):278.

[12]. Alotaibi FS. Implementation of machine learning model to predict heart failure disease. International Journal of
Advanced Computer Science and Applications 2019;10(6).
doi: 10.14569/1JACSA.2019.0100637

[13]. Li X, Sousa-Casasnovas I, Devesa C, Juarez M, Fernandez-Aviles F, Martinez-Selles M. Predictors of in-hospital
mortality among cardiogenic shock patients. Prognostic and therapeutic implications. International Journal of Cardiology
2016;224:114-8.

[14]. Konig S, Pellissier V, Hohenstein S, Bernal A, Ueberham L, Meier-Hellmann A, Kuhlen R, Hindricks G, Bollmann
A. Machine learning algorithms for claims data-based prediction of in-hospital mortality in patients with heart failure.
ESC Heart Failure 2021;8(4):3026-36. https://doi.org/10.1002/ehf2.13398

[15]. Acharya D. Predictors of outcomes in myocardial infarction and cardiogenic shock. Cardiology in Review
2018;26(5):255-66. doi: 10.1097/CRD.0000000000000190

[16]. Ueki Y, Mohri M, Matoba T, Tsujita Y, Yamasaki M, Tachibana E, et al. Characteristics and predictors of mortality
in patients with cardiovascular shock in Japan—results from the japanese circulation society cardiovascular shock registry—
. Circulation Journal 2016;80(4):852-9. https://doi.org/10.1253/circj.CJ-16-0125

[17]. Rong F, Xiang H, Qian L, Xue Y, Ji K, Yin R. Machine learning for prediction of outcomes in cardiogenic shock.
Frontiers in Cardiovascular Medicine 2022;9:849688.

[18]. Ali MM, Al-Doori VS, Mirzah N, Hemu AA, Mahmud I, Azam S, et al. A machine learning approach for risk factors
analysis and survival prediction of Heart Failure patients. Healthcare Analytics 2023;3:100182.
https://doi.org/10.1016/j.health.2023.100182

[19]. Harjola VP, Lassus J, Sionis A, Keber L, Tarvasméki T, Spinar J, et al. Clinical picture and risk prediction of short-
term  mortality in  cardiogenic  shock.  European  Journal of Heart Failure  2015;17(5):501-
9. https://doi.org/10.1002/ejhf.260

[20]. Chaggar PS, McKay E, Williams SG, Barnard J, Yonan N, Venkateswaran R, et al. Predictors of Survival in Critical
Cardiogenic Shock Admissions to a Quaternary Heart Failure Unit in the UK. The Journal of Heart and Lung
Transplantation 2017;36(4):S219-20.

[21]. Demondion P, Fournel L, Golmard JL, Niculescu M, Pavie A, Leprince P. Predictors of 30-day mortality and
outcome in cases of myocardial infarction with cardiogenic shock treated by extracorporeal life support. European Journal
of Cardio-Thoracic Surgery 2014;45(1):47-54. https://doi.org/10.1093/ejcts/ezt207

[22]. Jain A, Zongker D. Feature selection: Evaluation, application, and small sample performance. IEEE Transactions
on Pattern Analysis and Machine Intelligence 1997;19(2):153-8. doi: 10.1109/34.574797

[23]. De Stefano C, Fontanella F, Marrocco C, Di Freca AS. A GA-based feature selection approach with an application
to handwritten character recognition. Pattern Recognition Letters 2014;35:130-41.
https://doi.org/10.1016/j.patrec.2013.01.026

[24]. Malik A, Saggi MK, Rehman S, Sajjad H, Inyurt S, Bhatia AS, et al. Deep learning versus gradient boosting machine
for pan evaporation prediction. Engineering Applications of Computational Fluid Mechanics 2022;16(1):570-87.
https://doi.org/10.1080/19942060.2022.2027273

[25]. Friedman JH. Greedy function approximation: a gradient boosting machine. Annals of statistics 2001:1189-232.
doi:10.1214/a0s/1013203451

[26]. Bardenheier BH, Shefer A, Barker L, Winston CA, Sionean CK. Public health application comparing multilevel
analysis with logistic regression: immunization coverage among long-term care facility residents. Annals of
Epidemiology 2005; 15(10): 749- 55. https://doi.org/10.1016/j.annepidem.2005.03.001

[27]. Fawcett T. An introduction to ROC analysis. Pattern Recognition Letters 2006;27(8):861-74.
https://doi.org/10.1016/j.patrec.2005.10.010

[28]. Chawla NV. Data Mining for Imbalanced Datasets: An Overview. In: Maimon O, Rokach L. Data Mining and
Knowledge Discovery Handbook. 1st ed. Boston: Springer; 2005. p. 853-67.

Journal of Health and Biomedical Informatics 2024; 11(3): 229-243 yey


https://dx.doi.org/10.34172/jhbmi.2024.27
https://doi.org/10.1371/journal.pone.0218760
https://doi.org/10.1016/j.jscai.2022.100308
https://dx.doi.org/10.14569/IJACSA.2019.0100637
https://doi.org/10.1002/ehf2.13398
https://doi.org/10.1253/circj.CJ-16-0125
https://doi.org/10.1016/j.health.2023.100182
https://doi.org/10.1002/ejhf.260
https://doi.org/10.1093/ejcts/ezt207
https://doi.org/10.1109/34.574797
https://doi.org/10.1016/j.patrec.2013.01.026
https://doi.org/10.1080/19942060.2022.2027273
http://dx.doi.org/10.1214/aos/1013203451
https://doi.org/10.1016/j.annepidem.2005.03.001
https://doi.org/10.1016/j.patrec.2005.10.010
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

[ DOI: 10.34172/jhbmi.2024.27 |

[29]. Witten IH, Frank E, Hall AM. Data Mining: Practical Machine Learning Tools and Techniques. 3rd ed. Burlington,
MA: Morgan Kaufmann; 2011

[30]. Kubat M, Matwin S. Addressing the Curse of Imbalanced Training Sets: One Sided Selection. Proceedings of the
Fourteenth Intemational Conference on Machine Learning; 1997 Jul 8-12; Nashville, TN, USA. San Francisco: Morgan
Kaufmann; 1997. p. 179-86.

[31]. Davodian LW, Larsen JK, Povlsen AL, Josiassen J, Helgestad OK, Udesen NL, et al. Timing and causes of death in
acute myocardial infarction complicated by cardiogenic shock (from the RETROSHOCK cohort). The American Journal
of Cardiology 2022;171:15-22. https://doi.org/10.1016/j.amjcard.2022.01.050

yey Journal of Health and Biomedical Informatics 2024; 11(3): 229-243


https://doi.org/10.1016/j.amjcard.2022.01.050
http://dx.doi.org/10.34172/jhbmi.2024.27
https://jhbmi.com/article-1-877-fa.html
http://www.tcpdf.org

