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The Development of a Risk Model in Valvular Heart Surgery
in Korea
Joon Bum Kim', Yun Jung Kim’, Ho Jin Kim', Sung-Cheol Yun',

Sak Lee’, Cheong Lim', Byung-Chul Chang®, Jae Woong Choi®,
Ho Young Hwang®, Sung-Hyun Kim’

! Asan Medical Center, University of Ulsan College of Medicine
2 National Evidence-based Healthcare Collaborating Agency

3 Severance Cardiovascular Hospital

4 Seoul National University Bundang Hospital

> CHA University Bundang Medical Center

¢ Seoul National University Hospital

O Introduction
This study aimed to develop a new risk model for operative mortality in

Korean patients undergoing valvular heart surgery with a use of data in
Korea Heart Valve Surgery Registry (KHVSR).

J Methods
We analyzed 4,742 adult patients (62.3+13.2 vyears, 2,242 women)

undergoing valvular heart surgeries in 9 Korean institutions between January
2017 to December 2018 whose demographic profiles, clinical and operative
data are prospectively registered in KHVSR. The risk model were developed
for operative mortality which was defined as the occurrence of death within
30 days after surgery or during the same hospitalization. The statistical

model was made using multiple logistic regression analysis.
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(J Results

Operative mortality occurred in 142 (3.0%) patients: 87 (2.5%) in isolated
valve surgery and 55 (4.3%) in multi-valve surgeries. Surgical ablation was
most frequently performed concomitantly with valve surgery in 976 (20.6%)
patients, followed by aortic surgery (n=493) and coronary bypass surgery
(n=346). On multiple logistic regression analyses, the following 13 variables
emerged as a significant predictor of operative mortality and was scored
from 0 to 2 accordingly: age, New York Heart Association 3 or 4, emergency
operation, body mass index, diabetes melitus, infective endocarditis, renal
insufficiency, cerebrovascular disease, anemia, left venticular dysfunction,
severe tricuspid regurgitation, previous heart surgery, concomitant coronary
bypass surgery. The C indices for operative mortality was 0.845. We
developed a separate risk model based on the incorporation of complexity
of valve surgery (isolated vs. multi-valve operation), and the C indices for

operative mortality was 0.842.

(J Conclusions

We constructed the first risk model for operative mortality in patients
undergoing valvular heart surgery in Korea. This risk model is expected to
better reflect the current status of valve operation in Korea than other risk
models developed in the Western Societies. With a expansion of KHVSR,
incorporating more low-volume centers, the risk model needs to be further
refined to better reflect the overall situations in Korea and validated by the
following data in the KHVSR.
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J21 2. EgiM CHsoHmaksist (New England Journal of Medicine 2014;371:744-756)

1.1, oFma Zzgto] Tt

RN FlEs B AZolu 57 dado], AXEoM e HES
52 AHd A2 wapEeke] Ao Qlo] F8% ©A7F E & IARE At 4
2] HFA R FAHEAE BWA o] FofRth. A 223 (echocardiography)
= 7M S83% AAE AEE 52 AT AF 250E B9 weEsks Adsta
waAge] Ay Amer Wl W & At (3" 3). CT  (computed
tomography) -2 MRI (magnetic resonance imaging) 52 G4 AAR= Tako] A

313} (calcification) S5 &la} XA (ventricle)?] €24 I A2 (myocardium)9

3} (fibrosis) =g &74ok=tl F-&oltHKameswari 5, 2010).

A
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13 3. sumal A=0| M= (color-flow image) E49| Ol(Enriquez—Sarano S, 2004)

o=Rick &, 2014) ¥ SHBaumgatner &, 2017) & A&t Azko] X7 A3
of olstH A3k Wt oA F5, 35 Igt 59 FAo] SHEHAY AF 75 At
7t BEtE A0 &4 A5E dFcHL e, S40] = Al diedwet g2

(severe aortic stenosis)oA F7] $£& ¥ At HEAH A F5E A5 SR HTE
AFTEO] FooH W= AYH A+ 23t BuEY|E iitKang 5, 2019). &
o fYUEoAE B2 HESolA SRRt AU gAE FE0E T AEH
(heart team)g HASto] Z4Zto] gt A9 A= AgE FHok= FAlolH
(Baumgatner %, 2017). 189 IFF A= $&0] ofd A”HE A&
(transcatheter aortic valve implantation, TAVD)Y} 22 M2 Al&Z] A5HS &
= st lon, I i #ifle £ o SE Aot Aed &7 HA de
HFEI QAT QI st ohE EYA weEee] FHE A5oE Qlote] wa
& Ao IF UL 71 ACE aidEY, dRgRArgdaeystslel A o5t
W 20118704 S2uet wbEste] e 5] Sk itk (E 4).

rlok



YIRS MBS HXN B SR T

Valve Surgery

2500

2000

1500

1000

00

2006 2007 2008 2009 2010 2011

B Valve Surgery
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o

d e 3T e A SRS oY 9 ARES HoSlal olF HElE &
235 5] 9 T e BdE $Hckes AL o 208 PR U #
gk ofyz}, 1o wE &9 d HYE skt FH 851t o2dt oS nd
SR AFHEAE oln] oARH A= o, Hrh et REls HHol
flsf @2 o] oiHt

oF 30" A, 1986 A= Medicare ¥ Medicaid Service 2 ¥&%] the Health
Care Financing Administration (HCFA)Y A 3stof uj= gHJ#t s+ (The
Society of Thoracic Surgeons, STS)= HoJEH|o|AE F=0517] 3t YYIE +4
SH3laL, olZgt HolEHo]AE HIF O R x| AYUASEIS At FAl A
&9 FHE WAEH3+E (coronary arterial bypass grafting, CABG) °J]31S
H, °F 80% ol AAerEo] WEHXIeEol Y] Hieol, A S
g &= HE] A o] Hz AdSEEL 74 Y FAEY 5o&
Qlsto] W FAEE 23 UL, AAZ o] Hdo] AFA, dAH o E de AMGEA|
= ZSRUAEE, ol HlolHHe|A f50] FaAY AAlR Yol A& THsT H
Fasrd +d9 F84L2 99 49 & Sle AVI7E Hith 1 % o] glojEuo|A
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+ e 4 A opel A=Al VEYAE FAote] 1 HRE s 9k,
A AIARIA 7P 23 3418 Qe HALEE FE6IGIH 11 & F71H0E 939
Z0d E3H AYO|E HAA, A Feulgo 24 HIkRT opdet dd A 4
<9 e ATS urdet IPdEndo] Yo Ao wel STSE 20079 HlolEHolA

o ddigt AAs QI HAamA

20084, dAEAE STSY 7%
2009).

STS A& Y (o]st STS 2302 IA Al FEOZ oA et A HA
HEE s H3eEo] gt Aojn, & WALt Al WA stEV 247t ddmes,
gduttes 9 T HeSEo] A AlPE Ao digh Zdojth STS Aoj:
2002¥5E 20069 Ate] ml= STS9] HlojgHo]Ao] FEH wdwEEdRt
109,759 9 TddEteedt FeH3eS I Al 34} 101,661 B4
o7 2AAY I HAS HEoIL, & T AN, HES, ARA, VY Q1Bs
7] AR, A A, Aee 5 ¥ B7F 7hstt, ol fI' Web A oA zb
dolA At & e AHIAE AlBSt thWang 5, 2014).

STS A3iof= APG Ext oz} 7|8t 8 T a7 A5 4 drke 3ol
A olA9 ofet HYEY Z AEYE T 4 QAT gECl Higt 952 ¥E
] STS dlojEHolA P & H 7l~o}°ﬂﬂ E}% H‘Eoﬂ H] 5] %Lzﬂ& l Hr} A
HAQ A3t FES A=

xAg WEsel Asele AWsiAn 1 Ane
3 ¥o) gHelEnde] YHFkShahian 5,

1 7Y 58730 Rrhe AN ofn| off A XW.EM St

T dl&sk=t] Qo] ul=e] STS AFo] o 71 de] 2ol A
¥ international European database® 7|%= 3t EuroSCORE7} Qlt}. 19904 th
249 5] (oA EAF R Wy o2 SRS §H AGIML HRT =9
2 QU AL, HE 89X do] PP §F Ao 2R P ZA|ZHQ FR
o} 529 HolgHo]AE F=okL 19999 EuroSCOREE HstthHRoques &,
1999). 19959 9¥RH 1297M4] 871l FE=7F 132719 Aol AqHH71E ol
oto] AR e AY w2 19,0308 AP #AEQH. SsHARE o] A WA
EuroSCORE 2d Al 11 A9 HAHL Hlofd 4 gls By ofys}, A5d A

O



AEHIRES RS HAIN BEY OISR Y

Fol 493 FHYs A4S Woldkeh 1 T olejd BAS BUSle] 20124
4370 2719 154709) AEelA] 20109 59 3UNH B g 54 AFHL
22,3819 S EA5te] EuroSCORE 11 7F 3 4 E}(Nashef 5. 2012).
EusoSCORE I ol S0 lisiel L A2 Qi it 4k o
T ol Wk 54 ¥ o] ohle WYEUSLSL, EY £4 HYFE A 4
7% o|§3te] AWHE BE S4B Eudz AUsel, BH 549 9
HES s Sold 94A A8 W Bl Astol ek Ee 5 AHS 4%
$Ego] A@ Ao BRI 4 94 WAYoR AR,

A3 AEE Fo ALO] oBge] 2 Xol2 Holn, ATA BASIH ofle},

lo

n i ru[

—l> o)

=5] Fobil QPZPEQ 7|EEA] 2 Aol Hlths HolA, obilo} ATE A
o S B4 JulSuo] Wasithe sl YAHT olsiet M4 Sof of

Alotof| A= dro] HzxZ 2000d0] Y& A5t (the Japanese Society for
Cardiovascular Surgery)?} Y& %—*rﬂﬁﬂﬂ (Japanese Association for Thoracic
Surgery)’t 352& A=l A& HolgHolAE #5517 {3t Y1H¥3E 4ot
R, 2003y LE AL fﬂO]EiHﬂ |2 (the Japan Cardiovascular Surgery
Database, JCVSD)E "AsIoith o|gA +5% Q]O]H‘iﬂo]’\i 7I9ko g2 26,1379
eES AR SRS eE AM 9 HEF, AIRH, A7 A85E7] AR,
BAA, &8 5ol oig A¥dSEdo] M, 20159 FREAH Miyata .
2015). %—4 g 42 179 MAE 9 £ EFAS A6l v=dt f9
oA 2HE&e AdSEEET FiE S0 o] 999 AEo] H xqﬂo}‘:}’“ Hy
(Kurazumi &, 2011)7F oy, =9 WY (B vs. EQHE) 82 FHiE=
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UA FZ A ddmEutpEs FActe] A4 Anet & IYE Holil §lof, X
STS dloHH[o]AE ol&sto] o]2jgt B4t 9o dgshz Hxo fd&nd
Nst7] et A-HLaPar 5, 2018)7F Q71%= St
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1. XI=¢

2 ATs dREFEAREHees] Atote] Bl e HAAEL
9+3] (Korean Heart Valve Surgery Registry, KHVSR)OIA =3t ¥7]8F dlo]g
Hlo]A A Z2 73 (heartvalve.or.kr)? & A2E ARSI

1.1. Korea Heart Valve Surgery Registry (KHVSR) ¥

20159 109 229 ks R @] ets] ojAbgloA KHVSR 7 € 4152 5
ek, 20159 11€ 3¢ AFWEYH KHVSR YA 2HYgoA Agwass o
o[efHo] A 52 913t A7IRt HlolH mEIH Jdof Apsl7]E SHelrh o]% 2016
W 195E KHVSRO| ol BHeES Bystr] A&l 20179 195H 4lE AlE
HAHY, B ASHsta oA dHeld dge ARGtk 20199 129 @A
KHVSR| #od&<l Q57|18 ot 2t

T 1. KHVSRO| &0ZQ! oz7|2 (ZiLiTte)

o7 =l
JEistn QI NEHY
ABoe S AE NETAHH
=Y MStistuda QpAF BACHEND Y
g AEE AZ MSTA T|=HA
HEM=EH M S
MEtietuHe HEE S
M20perES e ml




Almoiaas AlGHEES S0 BH2E QSIS D EO| Tyt

2. ATMA U MY

2.1. [HLI'II- IAJI‘l

s 2o digh os 29SS APEeh] s KHVSRO 5% &4F 5 20174
19 1959 20184 12¢¥ 31974 AAReaS A2 s tdAE 4st
ot wakrel diEHeEt (aortic valve), SR (mitral valve), AT
(tricuspid valve), He®HHY (pulmonary valve) 5 4% 3+ 3 ol4t9] Hu-& 7j
5 (sternotomy) & A LA d7) & QATAH7] (cardiopulmonary bypass)=
Argato] olgmato 29 Q3 mul X8 (replacement) 22 A¥<% (valvuloplasty)
= ASE Ao=® Aot
A e AR A F 2 Aol HoikE BAskL, YRS =Y
of A3t MFE FA] At JuU|He] TAE HASELUWIAE AASH
Zr 9]55'-_7 T2 7| H] ALY D3] (Institutional Review Board, IRB)S] &
HVSROY| SlolBE Alstltt. E3F AFAAA] s 718l A=oMihy
A AT YN AT reS Al B2 SAolA Y S
7RE(IRB No. 2019-1222)'9] A+5<1 wol 97f Q=7|3e] HoJelE EAste] 2

o J
rqu
II
O
=)
~

2.2, 7IM#2 Y H YO

JeIZRY AL Fste] KHVSRA] 528 dlold] %% (Data field) 3 973
of Bj9}g Fato] YYHO oot o] AFASEFe] YAHoE TPAY F8
ESE AT, B8 e Lo,

oS d

B2 2 0 20 et 71N Hae 2 Ho

Baseline variables (7|XH2 Definition (H2))

g4 O B4 10 oy

LIO] years

HE Kg

A cm

=i A0 O HEHS| HHIMIHE AFBEt 0120] U= B2
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Baseline variables (7|X{tH4)

Definition (H9])

20|L9| S¢et B SMEH= 7IE.

| SToreh 1t SiMES, 20 IEd

T HLL O

AL =
T§9| ?_Iu)é-'

. Elective (procedure can be deferred without risk)

o5t

=240

: Urgent (3IX 20N $£0]
: Emergent (ZM/A|ZH0f A IO

239)

=

1T

ZIIH0| AS0| LWQE Algh

#=8 NYHA class

- Class | (no limitation of physical activity)

. Class Il (marked limitation of ordinary physical activity)

. Class IV (symptoms at rest or minimal activity)

1
1
1
0: normal sinus rhythm
1: atrial fibrilllation or flutter

=
90mmHg Ofel 29

—oI YUHEUME

0
2
3
2: Class Il (slight limitation of ordinary physical activity)
3
4
2

0147

~g| TIHHO|

-SL7I5HN|, Q1&21 2 J|Et intervention0| T3 AL

~IXEE0| HER| 9l FS

HQZ0| 2O
—1Oo L oT

-SIxEEoE

-EZYAHE 200mg/dL O, LDL ZHAEE 130mg/dLONY,

HDL SYAEIE 30mg/dL O|gt

-hiasisiol Jjg

~Creatinine 2mg/dLO |4

M Faf BMZ Ae 42
DR RIS COPD/emphysema/asthma?l 7|Z20| U= ESP

~Srs o] AT JjgE

21O
-HRSH0| AlES Aldet 32

Ch32l 17tK] Olol| Ofelf YUSE =it Zet

=t

24A12F OS] o4

=
=== £ (coma), transient ischemica attack, =&E=

a4 Al & N UHHATAL L MEESTON THS Z2

O M S0 2AG0| 010l MErEs B2 J1E0| Us ER

M & M HDZMO| 7|13H0| U= 82

1"



AEHIRES RS HAIN BEY OISR Y

2.3. SAHA 4 R H2

AHASEGo] dAH o= ZHAR E

B 3. SOHZA} &K I HARHO| XO|

A A oheat 2

¢ 4

Hemoglobin

L 13-17 g/dL; Of: 12-16 g/dL

GFR by CKD-EPI equation

90 mL/min/1.73m? OA

GFR by MDRD equation

90 mL/min/1.73m? O

By Y % FO

3=

Left ventricular ejection fraction (LVEF) 56.5-71.7 %
Left ventricular end-systolic dimension (LVESD) 22.3-33.7 mm
Left ventricular end-diastolic dimension (LVEDD) 36.8-52.7 mm
Systolic pulmonary artery pressure (SPAP)

0: none-to-trivial

. . . 1: mild

Tricuspid regurgitation (TR)

2. moderate

3. severe

12



25. QOIS DHO| EE WAt 2
Jelolznge] Ee Bupae thew 2o

AN
A mat =4
Chsoy maf s ZHE HEGHK| 42 MefR|Es (aortic valve replacement)

motMdSis (David operation)

SRmat DMt X[2ks (mitral valve replacement)

SDMAE M= (mitral valve repair)

Abdmat AEmat X2k (tricuspid valve replacement)

ALMIOE M&% (tricuspid valve repair)

ol X|&k= (pulmonary valve replacement)

MmOl M4 (pulmonary valve repair)

pateeat oA SHkElo] AIYEE & (concomitant surgery)e 1) HA3Y &
(surgical ablation, maze operation), 2) WAEHLI4E (coronary artery
bypass grafting), 3) HEWA|g& (aorta replacement), 4) AFFY AA=, 5 4

o
W A4 34 9 UAg INee mEsr,
2.6. Zut W Ho|
SNSRI BT Arast BeE F 30801 A (operative 30-day

mortality) 02 A5}t

2.7. SAEA

13



MRS NBHS SR R STl T

om, 71 oo AR oA wet MeE FUKsIoIh ERE 7|E9] A Ed 9
WA dto] wet W] Y-S ATl A 0E HPS Aot

o 24 HPojAe= 1,000 ZAEF (bootstrap) HlP|HACE FXIAA
M (backward elimination)& A3t 4008 oA AEiE= HE4E EZFSIAT 30
dolif AFZY] AHASE AFoj= AP 204 71 &¥E 18C0E o9y, 1 a3
A7) vlFsto] Z+ WM<=9] Penalized maximum likelihood estimates 7|§to.2 3
5 Fos1oitt. Y¥dE 23709 H7H= discriminationE A4 C statisticsO=,
calibrationZ¥o)|4 Hosmer-Lemeshow test®} calibration curveZ ©]Foj%th T
3t YYoE AF0]9] AL internal validation¥}t external validations AJ8sH
t}. Internal validation 1,000819] BAEHOZ optimism corrected C statstics
£ ARESIlH. External validation 91¥9E AF0|E external Hlo[EAlo] A-83F
%, discriminationZ®¥o)4 C-statistics®} calibrationZ®o|4] Hosmer Lemeshow
test@} calibration curveZ H7}o}3iT}.

14



1. APLHAR}

20179 1€ 1955 20184¢ 12¢¥ 31¥7HA] KHVSRO| 558 A= % IRB &<t
Az 1S E‘H B4 0o B 41 F 476690190 ©] F ARBurE
(& 5)° Ao L 2433 AL HF B4 ATIHYAE 47427 ©lek
2. 2425}

21. ﬁ__rl.[HAI'II- EA‘I

20174904 20189 Ato] 97l SmridoA A eas T2 S B U
ol 62.441%2H, H4Y l = 53 47% ‘a“ o 25 WY 79 sUsIH

H 6. Skt EME

A missing
ge n=0
=l 2,500 (562.7%)
o 2,242 (47.3%)
Li0] 62.4 * 13.2 years n=2
80A| Ol 282 (5.9%)
B60Al O[A 80A O|2t 2,727 (57.5%)
60A| D2t 1,731 (36.5%)
HES 62.7 + 12.4 kg n=1
S 161.7 = 9.8 cm n=2

15



ymALSS AL SO 33 SiiSDHY Y

A Hap missing

Body Mass Index 239 n=2

2504 1,693 (35.7%)

200}4 25002F 2,440 (51.5%)

20012t 607 (12.8%)
=Nl n=8

oot 3,448 (72.7%)

SEA 392 (8.3%)

HEA 894 (18.9%)
&9 7154 n=0

Elective 4,376 (92.3%)

Urgent 165 (3.5%)

Emergent 201 (4.2%)
NYHA Class 3 or 4 1,235 (26.0%) n=0
sl dERE HH n=0

Normal sinus rhythm 3,011 (63.5%)

Atrial fibrillation/flutter 1,594 (33.6%)

Others 137 (2.9%)
k=l 2,165 (45.7%) n=0
Y 896 (18.9%) n=0
IS5 1,244 (26.2%) n=0
DREAEESS 364 (7.7%) n=0
e 132 (2.8%) n=0
DREmZSt 315 (6.6%) n=0
i Sl 264 (5.6%) n=0
et 364 (7.7%) n=0
Zgd Al 347 (7.3%) n=0
ey 812 (17.1%) n=0
AlT7AA 140 (3.0%) n=3
SHHAL

Hemoglobin 12.5 + 2.0 mg/dL n=2

13 mg/dL O 2,071 (43.7%)
13 mg/dL 0|2t 2,669 (56.3%)
eGFR 75.7 + 25.9 mL/min/1.73m? n=3

60 Ol

3,638 (76.8%)

30 Ol 60 D2t

871 (18.4%)

16



A Hap missing
30 O/t 230 (4.6%)
HAYEST Parameter
LVEF 58.8 + 10.8 % n=34
55% O 3,512 (74.6%)
30% Of& 55% D|2t 1,104 (23.5%)
30% 0|2t 92 (2.0%)
LVESD 35.6 £ 9.1 mm n=56
LVEDD 53.9 £ 9.4 mm n=46
sPAP 37.8 £ 16.1 mmHg n=402
TR n=38
None to trivial 2,636 (56.0%)
Mild 1,097 (23.3%)
Moderate 409 (8.7%)
Severe 562 (11.9%)

NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate; LV, left
ventricular; EF, ejection fraction; LVESD, LV end-systolic dimension; LVEDD, LV end-diastolic

dimension; sPAP, systolic pulmonary artery pressure; TR, tricuspid regurgitation

< SEEEAg
uk
To
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2N

Ho

[SOIEZ &0 Y

B 7. SROHAKIe) Bates 513
TR & U
Tl 3471
ChS oL 2ks 1.845 &
SRMOR|SE 462 ¢
SDHUNES 611
AHTORES 82 4
AEmaNEE 187 7
David4-2 52 A
Bentall$= 218 A
HSYLeLS 147
SgoLs () 1075 &4
CHSUEIRISHS + SRS 218
CHSOEIiR|eks + SREss 50 71
CHSOEIRIEHS + MRS 94 2
CHSOEIIR[SHS + AREIOIRIES 15 7
CHSOEOIR|SS + HS UL 1
SRHUR|EE + HSUZESS 34
SRMUURS + AHLUNES 434 2
SRMUUR[ES + AHHR[ES 21 2%
Bentallrs + SEHAENs 6
Bentall-+2 + AMHANSE 5 21
Bentall-+2 + AMHAIR|eks 1
Bentall~2& + HESAUMHAURE 2d
Davids& + SRS 6
David4:& + AHEAtES 1
SDUANHS + AHHUNHS 209 2
STUUNSS + MHTORIES 47
AHPOSES + HSUHIRS 47
AREURES + HSUHIRS 12
=simes () 196
ISUEss + SRHoRS + AN 188 71
Bentall-h2 + SREISS + A0S 47
ISUEacs + SEHLE + HSUHISE 12
Bentalld2 + AREALS + HSHLISS 3 2
1) Bentall4% ¥ Davideas 25 X3

18



53
1,789 (37.7%)%8°I. ° F s Fe2 VKA o AY
(3.4%)7g°IAe. &t &9 ¢

B 8 GIRONRIO| SHits Bigt

St a5 &5 74
BAEURSRS 346
SEUeS 976 7
TS x| 2t 493 71
LA e 6
A MM 57 9 LT MM 126 71

2.4, 302U0JL ArY e

B ATHYR 47427 F 30 %1 T AT AR S 102 609 oI
o] 2 toubalis o AlFure

opad)  4.1%(Estua)
Ak 3 9).

O
AL ssHelglth Wepgel 5w WE 2479 29 ARES 2 .5%<L ok
442719

mopes CHARRES: AR NgE
Tt 347 87 & 2.5%
SgmaE () 1075 9 4 3 4.1%
SEmeE () 196 % 19 5.6%
2.5. IR

30olH] APGe] Aol thoiA AFHCR Fatt W4E lsh] ) HE He
of thet ¥ EAAY IJARAS FPolgir. JEI=N], /\]“?Liﬂ@ﬂﬁ%, AAZgA
(body mass index, BMI) ¥ FHATEES HFE o] F &5ttt T 2AA
g EYolN g (P=0.482), &¥= (P=0.193), I¥Y (P=0.378), u}/ﬁrq]xli}
(P=0.121), TxEHAS (P=0.253), HLEM9 7199 (P=0.697) 6= AT i
Hp7h ol5HA| Ukt (& 10)

19



E 10. 2 2ZXA5 D= 20

ymALSS AL SO 33 SiiSDHY Y

Effect OR (95% CI) P-value

Lto| 1.04 (1.03-1.06) ( 0.001
NYHA class 3 or 4 2.54 (1.82-3.57) { 0.001
29| 7154

Elective vs. non-elective 4.58 (3.09-6.76) < 0.001
= JEElE e

Al vs HIEMES 1.65 (1.18-2.30) 0.004
Body mass index 0.89 (0.85-0.94) ¢ 0.001
S 2.11 (1.48-3.03) ¢ 0.001
DREAEE S 4.61 (3.11-6.81) ( 0.001
M= 4.15 (2.32-7.43) ( 0.001
NN 0.65 (0.43-0.998) 0.049
4T AU 2.99 (1.92-4.64) ( 0.001
eGFR, mL/min/1.73m?

60014 vs 30014 600]2t 2.93 (1.99-4.32) ¢ 0.001

600} vs 300]2t 9.01 (5.80-14.00) ( 0.001
et 2.41 (1.52-3.82) ( 0.001
Hemoglobin 0.68 (0.63-0.74) ¢ 0.001
LVEF 0.98 (0.96-0.99) 0.002
LVEDD 0.98 (0.96-0.997) 0.026
sPAP 1.02 (1.01-1.03) ( 0.001
TR

MildO[3t vs. moderateO|&f 2.31 (1.63-3.28) ¢ 0.001
s 2.83 (1.99-4.02) ( 0.001
S HYSUL|eE 2.70 (1.72-4.25) { 0.001
Hars9 Sk

UM vs 274 1.66 (1.15-2.40) 0.007

HMHOY vs 371 2.31 (1.21-4.41) 0.011

NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate; LV, left
ventricular; EF, ejection fraction: LVEDD, LV end-diastolic dimension; sPAP, systolic pulmonary
artery pressure; TR, tricuspid regurgitation

20



T H4Y A9E vgoE o 2AAE SRS SYP5iNE o dF
NYHA class 3/4, =9 7194, BMI A 9 AFoM %), B, FFZHHIA
W2 eGFR, HE@#A% 7199, 91¥ (32 hemoglobin), W2 #HATEE, F5
= oo AR HF (tricuspid regurgitation), Arad] 7198, i BT

93549 ojirt £ 3090l AR FR lFA4E debgth (& 11)

H 1. OiHg EXAE RIS 2t

Effect OR (95% CI) P-value

L10| 1.02 (1.01-1.04) 0.005
NYHA class 3 or 4 1.41 (1.00-1.99) 0.0501
59 7154

Elective vs. non-elective 2.07 (1.37-3.14) ( 0.001
Body mass index 0.93 (0.88-0.98) 0.004
ks 1.39 (0.96-2.01) 0.081
2 Al 1.58 (0.98-2.53) 0.056
eGFR, mL/min/1.73m?

6004 vs 30014 60012F 1.52 (1.03-2.25) 0.034

6004 vs 3002t 2.67 (1.68-4.23) ( 0.001
et 1.60 (1.02-2.50) 0.041
Hemoglobin 0.86 (0.78-0.94) 0.001
LVEF 0.99 (0.97-0.99) 0.043
TR

MildO[3} vs. moderate0|4&f 1.51 (1.05-2.16) 0.025
ey 1.86 (1.29-2.68) 0.001
SHHE| DAEUOSIAL 1.94 (1.26-3.07) 0.005

NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate; LV, left

ventricular; EF, ejection fraction: TR, tricuspid regurgitation

g 2AAE BN MR AYEAE gokod, daHoR Ejtees
g A dUueel] AT AR 9340l 7K 4 e o wdstol
29| S5 (procedural weight)s HdHSE ZAAR] BE] HPS wa
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AEHIRES RS HAIN BEY OISR Y

B 12, O 2RAE D372 A (o)

29 3k Z8)

Effect OR (95% CI) P-value

Lto] 1.02 (1.01-1.04) 0.005
NYHA class 3 or 4 1.40 (0.995-1.96) 0.053
=9 7154

Elective vs. non-elective 2.05 (1.36-3.08) 0001
Body mass index 0.93 (0.88-0.98) 0.005
S 1.39 (0.96-1.99) 0.078
A Al 1.54 (0.98-2.43) 0.064
eGFR, mL/min/1.73m?

6004 vs 3004 60012F 1.51 (1.03-2.21) 0.034

60014 vs 3002t 2.59 (1.65-4.06) ( 0.001
L[S Eet 1.55 (0.998-2.40) 0.051
Hemoglobin 0.85 (0.78-0.94) 0.001
LVEF 0.99 (0.97-1.00) 0.044
TR

MildO|8} vs. moderateO |4 1.39 (0.95-2.04) 0.095
s 1.82 (1.27-2.61) 0.001
SHHT TAIEOHO Slaz 1.90 (1.21-2.98) 0.005
a9 S5

crolmat vs. 27 115 (0.76-1.69) 0.490

ciolmt vs. 3 129 (0.73-2.27) 0.383

NYHA, New York Heart Association;

eGFR,

estimated glomerular filtration rate;

ventricular; EF, ejection fraction; TR, tricuspid regurgitation

dorel St TREA e B
=9

Aot (39 5). Tt IR

08

Sensitivity

04

02
I

00

T T T T T T
10 08 06 04 02 0.0
Specificity

(@ Model 1

13 5. GI=S=E0 O 3 ROC 34

22

25wt 25E 2y (Mod 2)2 0.804%
2 5 BgolA fogt ¢

Sensiivity

uT=a

LV,

2% (Model 1)& C-statistics”} 0.805, T
Ao, & P9 Fogt Hees 5

)\1:0

7RI ® 55T,

T
06

Specificity

(b) Model 2 (Haf+E9

T
04

T T
02 00

==L X))

left

23}



2.6. Et3d 43

7t. LHMEEILT (internal validation)

AEAE 1 E 201 i HE HEE HAFZ Hs) 1,000 RAEHC=
optimism corrected C-statisticsg <33t 23 2y 12 0.792 (95% CI
0.755-0.829), 238 2+ 0.789 (95% CI 0.753-0.826) o0& E}F3 HEE YERHRY

o

Lt @IMEILE (external validation)

20199 1¥195E 69309714 KHVSR 528 &4 63982 giiez Qe
=5 AFSith JAHEd: AF5EY EY 12 AUC=0.845 (95% CI
0.719-0.972), E& 2= AUC=0.842 (95% CI 0.715-0.969) 2% EIF3t HLE
UeRgiet (23 0).

04 06
08 08

04

02
02

0.0
00

T T T T T T T T T T T T
10 08 06 04 02 00 10 08 06 04 02 00
Specificity Specificity

(@) Model 1 (b) Model 2 (=tEthz0| ZEL =7

13 6. 9 YT 45 21
3. X0 2 30YUOIL AMLE L4 H|W

3.1, =Xl Wy 2 HEs)

2 AeHE 139 EXAE IARA Ay AEE AAS pE ol&ste] st
ok AF9 2041 F7H BEME 1FCE SIla, 1 'AT|of HFste] 7 ®ge
penalized maximum likelihood estimates7|§IO.2 H4-E Folslqitt. ZZ L FoA
AF 14 371e] SFAS7E = BN 42 0.0223 (&F1), 0.0220 (EF2)e= <
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9 204 1Y AAASE T ROl 2% 0446 @FD), 0.440 (2320
AF 208 718 71202 AEH score HiEoR 4o YUASE A&
At (& 13).

Model 1. Score; = $:/0.446
Model 2.  Score; = 8:/0.440

B 13 AR

Model 1 Model 2
SlHAIs YKl SlHAIs K|

Li0|

60A| Ol 70A| O|2t 0.368 1 0.363 1

70M| Ol 80A| O|2t 0.579 1 0.572 1

80A| Ol 0.757 2 0.747 2
NYHA class

Class 3 0|2t vs 3/4 0.344 1 0.334 1
=9 7154

Elective vs. non—elective 0.727 2 0.717 2
Body mass index

20 Ojst 0.319 1 0.306 1

25 O] -0.375 -1 -0.360 -1
Yl 0.329 1 0.326 1
gy Al 0.458 1 0.432 1
eGFR, mL/min/1.73m?

30 Ojat 0.981 2 0.951 2

30 O 60 Ojgt 0.422 1 0.413 1
| iAlst 0.468 1 1
Hemoglobin, mg/dL

13 0|2F vs 13 OfA 0.500 1 0.510 1
LVEF

30% Ot 0.574 1 0.569 1

30% Of& 55% DO|2t 0.258 1 0.255 1
TR

MildO[5t vs moderateO|Af 0.410 1 0.327 1
s 0.618 1 0.598 1
SHlE ISR 0.663 1 0.640 1
a0 S5t

crojmiot vs, 27 0.137 0

Hlmat vs, 374 0.252 1
=4 15 16

NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate; LV, left
ventricular; EF, ejection fraction: TR, tricuspid regurgitation
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(& 1394 42" fAASE 4oz FEshd tadt g

Model 1.

AFAS1 = 24180AI1) + 1*1(60AIe1S 80AT=IEE) + 1*I(NYHA class 3/4) +
2*I(non-elective surgery) + 1*I(BMI 209]9h) - T*I(BMI 250+ 1*1(Fk) + 1%
(FAEAHIA) + 2*1(eGFR 307[5H) + 1*I(eGFR 30014 6075 +1*1(=EH2h
+ 1*EI222R8] 13u]9h) + 1*I(LVEF 55%"]%h + 1*I(moderateC]’de] TR) + 1*1(H
Aeed) + (e H-3ee)

Model 2.

A2 = 2*I80AIe1Y) + 1*1(60AIelE 80AImISH) + 1*I(INYHA class 3/4) +
2*I(non-elective surgery) + 1*I(BMI 20U]%h) - 1*I(BMI 25014+ 1*(Jk) + 1*
(FEYAWIA) + 2*1(eGFR 307[%H + 1*I(eGFR 30014 60H|RH +1*I( 223
+ 1*IEIEZ25 1399 + 1*I(LVEF 55%"]9H + 1*I(moderate°]4+9] TR) + 1*I(A
Ared) + MEAEHREee) + METHTE-370014)

o791 (AN THAATE A 2 BEAVE AL 19 %S, ALY B A
09 Zhe 2= oItk Wopao] FEES TS Gt 29 12 ¥R -1
oA 15719 WIS AL, FEES ek B 2k -1004 16749 WIS 7t
A 98GR A4 e de v 9le 804 o9 217, 300l F5E
o PYAIAS U SF5e0 A Uehi,

el gAIgel et BTt UGS Adstel SRA4E 3
WES Aduokt BY 12 FUAE 0Ol 1IN REsidy, Beed

o =2
o] FEEE Z B9 2& 0%0lM 1287HA19 #XE HAo (& 14).

H
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AIRIIOIASS AJSHHIO IR

E 14, 2MUEALL AAX+E 30201 Aty

IA o= ¢

[SOIEZ &0 Y

Er

Model 1 Model 2
ke SRR 30%:10|(L01 )AFE'J AR 30%':|(L°1 )Ar'a;

-1 181 0 (0.0%) 180 0 (0.0%)

0 527 3 (0.6%) 526 3 (0.6%)

1 762 5 (0.7%) 745 5 (0.7%)

2 866 7 (0.8%) 854 6 (0.7%

3 787 16 (2.0%) 782 17 (2.2%)
4 621 14 (2.3%) 616 13 (2.1%)
5 426 25 (5.9%) 443 25 (5.6%)
6 294 25 (8.5%) 300 26 (8.7%)
7 139 18 (12.9%) 145 15 (10.3%)
8 81 13 (16.0%) 87 14 (16.1%)
9 39 11 (28.2%) 4 11 (26.8%)
10 15 3 (20.0%) 18 5 (27.8%)
11 4 2 (50.0%) 4 1 (25.0%)
12 1 1 (100.0%)
2l 4742 142 (3.0%) 4742 142 (3.0%)

AaAE 30¢0/H Ao SRS A

61%4/\7]. -1~4

RFolA 2T

2 7IE2R 300Ul AMgES] BFel 2
2 483 7Ho® AAste] 2 300l AFTES ATET

== i

i)
ro
o,
o
o,
EN

H 15. g8 & R0 OE 3020 ARY

Model 1 Model 2
e MR 3020[LH A HACHAR} 3020[L] AHY
n (%) n (%)
-1~43 3744 45 (1.2%) 3703 44 (1.2%)
5~6H 720 50 (6.9%) 743 51 (6.9%)
7H O|Af 278 47 (16.9%) 296 47 (15.9%)
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5 ol BE AT} 1482 AAFTE 27 30201 AREEo] 1.2%
1.2%0] uhe, 77 olel TAVTOINE 16.9%, 15.9%2 A teht FEA%] of
o 3001 AFFES] Aol 9eE AT} (E 1)

3.2. AX|+E HSATEL LHAYES Hw
AP ALY ARFY 3020 AFge] HiEt STYES HE
16) AA AR 3080 AFFES BT BA7) Sl st (2 7).

E 16. X2 HSALE

oEIA HISMYE
Model 1 Model 2
-1 0.3% 0.3%
0 0.5% 0.5%
1 0.8% 0.8%
2 1.2% 1.2%
3 1.9% 1.9%
4 3.0% 2.9%
5 4.6% 4.4%
6 6.9% 6.7%
7 10.5% 10.1%
8 15.4% 14.8%
9 22.2% 21.3%
10 30.8% 29.6%
1 41.0% 39.5%
12 52.1% 50.3%
13 62.9% 61.2%
14 72.6% 71.0%
15 80.6% 79.2%
16 85.5%
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NEmeas NHEe SN ST HHNSTUO| Y

05
|
05

L
04

Actual Probability

Actual Probability
02
1

01

00
L

T T T T T T T T T T T T
0.0 01 02 03 04 05 0.0 01 02 03 04 05

Predicted Probability Predicted Probability
(@) Model 1 (b) Model 2 (&9 5= F7)

O 7. 2MUHIAC] HISAIYEL Huwst HHAMYE

AT AFS Yoto] 2019¥ 1904 69Ate] KHVSRY 554 639%Y At
£ ez AAFE 30¢0lY AMGES AHEdT

E 17, QMEZE 2MIHEAQ] fEiX|-E 300 AIYE B2

Model 1 Model 2
&K AR 30UOJLH MY HACHAR} 302O|LH At
n (%) n (%)

-1 21 0 (0.0%) 21 0 (0.0%)
0 85 0 (0.0%) 84 0 (0.0%)
1 104 1 (1.0%) 104 1 (1.0%)
2 118 0 (0.0%) 117 0 (0.0%)
3 110 1 (1.0%) 97 1 (1.0%)
4 76 1 (1.3%) 76 1 (1.3%)
5 57 1 (1.8%) 55 1 (1.8%)
6 36 2 (5.6%) 39 2 (5.1%)
7 24 2 (8.3%) 27 2 (7.4%)
8 13 3 (23.1%) 13 2 (15.4%)
9 3 0 (0.0%) 4 1 (25.0%)
10 - - - -

1 2 1 (50.0%) 2 1 (50.0%)
12

A 639 12 (1.9%) 639 12 (1.9%)
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Actual Probability

04 05
i

03

Actual Probability

02
I

T T T T T T
0.0 01 02 03 04 05 00 01 02 03 04 05

Predicted Probability Predicted Probability

(a) Model 1 (b) Model 2 (Hataao| ZEL X7}

13 8. AMEIIT ABHYAIL Gl AYED Hlwot X MYE

29



MRS NBHS SR R STl T

Ho

o
2
g
N
I

1. G818 2%

1.1. HFCHAXE

B oojtof] ARgH g Y 20179RH 2018\7kA] KHVSRYY| 524 84} 5 2 <
Fol Fofgt 97f Q7oA AFEEEES AR 47427090t &
AP L 62.441011 FAdol 2,500(52.7%)8olAtt. HUTIrES AJEEe dxt=
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