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Abstract

Objective: To investigate the independent association and dose-response relationship between the
early vasoactive-inotropic score (VIS) upon intensive care unit (ICU) admission and short- to long-
term all-cause mortality among ICU patients complicated by atrial fibrillation (AF). Methods: In this
retrospective cohort study, data of ICU patients with AF were extracted from the MIMIC-IV database.
The primary exposure was the maximum VIS within the first 24 hours of ICU admission, categorized
into quartiles (Q1~Q4). The primary outcomes were 30-, 90-, and 365-day all-cause mortality. Sur-
vival curves were plotted using the Kaplan-Meier method. Multivariable Cox proportional hazards
regression models were constructed to evaluate the association between VIS and mortality. Re-
stricted cubic splines (RCS) were employed to fit nonlinear relationships, followed by subgroup and
interaction analyses. Results: A total of 2687 patients from the MIMIC-IV database were included.
Kaplan-Meier analysis demonstrated a stepwise increase in the 30-, 90-, and 365-day cumulative
all-cause mortality across ascending VIS quartiles (all log-rank P < 0.001). After fully adjusting for
confounders, multivariable Cox regression confirmed that an elevated VIS was an independent risk
factor for increased mortality at all follow-up endpoints, exhibiting a highly significant dose-response
trend (all P for trend < 0.001). RCS analysis further revealed a distinct nonlinear relationship be-
tween VIS and mortality, where the mortality risk rose steeply in the lower score range (VIS < 15)
before reaching a plateau. Subgroup analyses indicated that the prognostic value of VIS was more
pronounced in patients without concurrent heart failure or chronic kidney disease (P for interac-
tion < 0.05). Conclusions: An elevated early VIS is an independent risk factor for increased short- to
long-term mortality among ICU patients complicated by AF, characterized by a distinct nonlinear
(threshold) relationship. VIS offers superior prognostic stratification value for individuals without
severe baseline cardiorenal diseases, serving as an accessible and quantitative tool to guide early
clinical assessment and medical decision-making in this specific high-risk population.
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1. 518

0 5 BRA (AF) /& BURE M 37 = (ICU) B W DL R 51 R ™ IR 8 /122 AR, B35 H8n &
BRPRICR[L] [2]. X TEIFIEASLIE M EAE AF B, NS S PR TRV 25902 e Rr 4 B RETE )
AR TUEHE3] [4]. ST, BESRLGWESRTT M B R, HEBLO R I IUFEST “ X187 %
RA] et — P AL E AR, SREAF BE TR DBA5]. e - IEVENLIZ5YPE 0 (VIS)TE
AL IS 25 B SCRF DR FE RO B AR AR, R IE SE T A RCTITIN T 08 O YA AR e 45 BAE R 5 O FE T2
kex[6]-[8] -
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HAT, ST A ICU B VIS H5HIE AF B M5 KB W e ab o BEAEWT 2 AT VIS HRIH (W
A BEEL 30 d)FAEZR LR M G &R, 2 H AR K IATIUS A A, HZA B I b 25070 & 5 0 T R
[A] ()98 LE R ME (RE) RN [9] [10]. PR, AHEFAUR A MIMIC-IV KRFEAREHEE, RIFAICU 24 h
K VIS 563 AF (17 1CU . . KA RIRAEAR AL R S AR LR MRl - RBR R, DLHAH
I N B R A G B8 40 J2 A A SCRFBR R 20 R RS S 4% 1] [11].

2. ZINEH*E
2.1. FAEHR

AHIE T 1)U R H s 2 TERUR T 35 [ R4 BT 22 e AN DU DL 3] e S BT o0 SR R S R B A
FL L E W 475 (intensive care unit, ICU)EHE ZE(MIMIC-IV) [4]. VE# C352 1 %800 B A 1531 3545
TV RGIET S 67347573). O b5 BN 12 W 2 ZEAK AR [ B2 73 25 28 LA (1ICD-9) 5k 2 -+ ki (ICD-10)
AR SSIE W gt o I 3% 1 25 M ) 2 2 2 SRR N ICU JG AN 24 h 523 &8 /0 — P s I Ts 14 24
Y(Z B, 208 T K. Kk, B EIRE. ZHE ERESLENER). XTF2RA ICU R, L
ST RN ICU HiE k.

WHRMAAIRHER: O Fi >18 B HMFLEE: @ Wiz & I L BB EH: @ NICUJE
EAS 24 h VYT BAAE A U TEPE 250 . HERRARE G : O ICU (EFERT (A>T 24 h R @ szt
HONICU J5 8 H TR Z9P0F 0 (VIS) A 2RI EHUIR M B 2 © FELE Rfabricd ek B
RZ MIMIC-IV Ef B LGN NA5 S bR AE ¥ 5 3 2687 1.

22. TERNESENX

I SQL K HLF Wi RAPEHURF L TRL, BdE: O A DFRHERARBRR[F R TR Fi
ME AT EIREBMI]: @ ANE ICU 7 H AR A AR AR (0 38) R i 7™ AR BE VP43 [ T3 48 B 28 s A i
(SOFA)IF4r]: ® A ICU Ja B Yk S 56 =AM Fe dn b e 45 S 4 v h 45 i4m & A /MR TH 8 LT
[ BrrAE L LA (INR) & B = FIEIBR]: @ AAE ICU J& 24 h PIIIGERIGTT 5 - T it [ pA 7. HLwE
S ESEIEBRIGIT(CRRT)], MLKIEFZEN(B AR DBt 2 AR . sk, #Ftie
T [ R 7y H4m i (1CD-9 A ICD-10) B FEF5 P 25 ), $REL T B BEA & FRRE IS 8., B4 s i
WEDRIF TSI O JDFEVR . A% B P05 R ST ek g

VIS $E3 it 5 BUEE N ICU J5 24 /NI VIS S KA . gt G AN 7] 247 A T BF 1) A7 5 3850 P v
fil, AT “ER VIS” IR EZHE O BETEN ICU B4 24 h PYEE— BRI (LA Sy [E]
Iy HEER) 22 2T A NI RO VAL, T AR A5 Foh 2 0 A ST B KRR PR F AR I o [RDESF, F 90 v DG B AR i () A
PEGE XCUTR : fe I R PRI« Fe I O 7 o . 1 B S R ST AR 5 IR S AR H B ) 1CD-
9 8¢ ICD-10 iIZWidm 34T $EHL; 00 SR BRI 55 B I AORE,  HAZ W™ g 2 R = W IR 0 S AR s [
FrdLil (Sepsis-3.0)brtfEHEAT S . AW F: VIS= £ EfZ(ug/kg/min) + 2 B T f(ug/kg/min) + 10 x K
F14% (ng/kg/min) + 100 x "B _EHRE (ug/kg/min) + 100 x 25 H'E _E AR &K (ug/kg/min) + 10,000 x & INE &
(U/min) [6]

2.3. GifRiERR
A ST 45 FR 4 A ke BB DT 30 dv 90d % 365 d 4RI ALK
24. GHtEHE
KH R 452 AT G0, RIEELAZ R AR, IESMITHE SR LIS £ a2z
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(X+s)Ew, A LECR BRI K T7 220 HT(ANOVA); 2573 A (1 1H & 50RE L A B (VY 4 A 3R] ) [M
(Q1, Qo) n, ALK Kruskal-Wallis #55%) . T30k DUATER E 7 LR 20, IR 2 a5t
TG b o BT XM SR R B (AL B HE . X TR LU < 5% AR &, SR A — Ak BB R S Bk
RFEA; KT H I HUAIAE 5%~20% 2 [A] %0038 &, K BEALAR AR 2 H 486 £ Z2:(Multiple Imputation) 47 4k
L, DA KA IS B E R s SRR E] > 20008 BN TR & 1) 2 R &K (Rl AR . R PR
il 7.5 B 4 (restricted cubic spline, RCS)R L 23 M7 I 85 3 14 207 43 (VIS) S BT KU 2 IR i A2 < &R
HE— bRy 2 K2 Cox L RS [FE B AL ER S VIS X B3 TS s m, IS XU;: B (hazard ratio, HR) %
H 95%E 15 [X [ (confidence interval, CI). [FIH 0 AT 3L T 3 AMRAY: AL 1 Sy i B AT ] A% 1 (AR 1Y
BERY 2 Y TAERS . YRR P B A B RE AL TH(SOFA) Sy MR 3 iRk T ILLL L h T BB it
NI R IR . BTA Gt M R 4.5.2 BAE#E4T, DLP <0.05 NZERAE ST E L.

3. R
3.1. BEERIFE

LGN 2687 B8 (K 1), %A ICU 24 h Wi KW VIS ERIPY b8 s 4 4. QL 4H(n = 672).
Q2 #(n = 672). Q3 4I(n =672) % Q4 Z(n = 671) (¥ 1). FiFE VIS AKFTHim, &R ™ EFEE B EHY
e 5 QLA Q4 A7 524 H =i (SOFA) P/ B 51, 24 h M iA-Pir s 5K, HEsZ Lk <
B E B ARIGIT R B EEEN(3 P < 0.001), USRS I s K 2 B S 06 = 48 bR A Ak 2R
fE EZE RN Givh e (35 P < 0.05), iP5 AR % 73 A o 2 3 22 (3 P > 0.05), W4 1. T J7iH,
BEE VIS /K FTHRE, BESZMBNERRIERY EEE ETHE%. Q1 411 30d. 90d #1365 d 4= [K%p4E
RN 7.4%- 13%F1 19%; 177 Q4 L1 73 AT+ 4 38%. 45%F1 52% (35 P < 0.001). Lb4h, miKF VIS
I 1CU AR ] 75 2. 3% ZE K (P < 0.001).

MIMIC-1V #FEP NEERE RSP ERE
:EA
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79,695 il HERR -
| fElE <18 %
EBE IRICU NP
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Figure 1. Flow diagram of the study cohort selection from the MIMIC-IV database
El 1. MIMIC-IV 3B rh B & it A2
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Table 1. Baseline characteristics of critically ill patients with atrial fibrillation stratified by vasoactive-inotropic score quartiles
= 1. BAEMEFR AL TENEH O EERE ICU BEELARILLR

E A QL (fiHfir) Q2 Q3 Q4 (W) o
(N =2687)1 N=672"1 N=6721 N=6721 N=671"1
FIR(Y) 73.88 +11.22 72.96 +10.77 73.75+11.16 74.56 + 11.20 7424+11.70  0.011
5 0.799
Egid 996 (37%) 250 (37%) 259 (39%) 243 (36%) 244 (36%)
St 1691 (63%) 422 (63%) 413 (61%) 429 (64%) 427 (64%)
Fge 0.054
White 1854 (69%) 492 (73%) 462 (69%) 456 (68%) 444 (66%)
Black 145 (5.4%) 19 (2.8%) 41 (6.1%) 46 (6.8%) 39 (5.8%)
Asian 75 (2.8%) 18 (2.7%) 15 (2.2%) 22 (3.3%) 20 (3.0%)
Hispanic 61 (2.3%) 15 (2.2%) 19 (2.8%) 10 (1.5%) 17 (2.5%)
Other 552 (21%) 128 (19%) 135 (20%) 138 (21%) 151 (23%)

SOFA i#4;  9.00 (7.00,11.00) 8.00 (6.00,9.00) 8.00 (6.00, 10.00) 9.00 (7.00, 11.00) 11.00 (9.00, 14.00) <0.001

L& 1047 (39%) 317 (47%) 247 (37%) 240 (36%) 243 (36%)  <0.001
W PRI 902 (34%) 219 (33%) 216 (32%) 237 (35%) 230 (34%)  0.589
el SIFEE 1559 (58%) 365 (54%) 409 (61%) 405 (60%) 380 (57%)  0.047
18 1 817 (30%) 163 (24%) 226 (34%) 224 (33%) 204 (30%)  <0.001
Tt b 262 (9.8%) 43 (6.4%) 43 (6.4%) 84 (13%) 92 (14%) <0.001
SE N 13.30 12.55 13.00 13.55 14.40 <0.001
(x10%L) (9.60, 18.20) (9.50, 16.95) (9.40, 17.50) (9.80, 18.25) (9.90, 20.70)
MmaFEHdL)  10.27 +2.27 10.01 +2.22 10.34 +2.23 10.28 +2.35 10.47 £2.27  0.002
/R (<10°7L) (117.%%?'322.00) (116.%)?)??80.00) (118.%)%?5?6.00) (115.%)%?'33?5.00) (115.%)2??29.00) <0.001
E%#ﬁ;f\l&% HE 5 (1.30,1.80) 1.50(1.30,1.70) 1.50(1.30,1.80) 1.50(1.30,1.90) 1.60 (1.30,2.00) 0.002
L (m/dL) 141.00 136.50 137.00 146.00 147.00

(114.00,177.00) (114.00, 167.00) (109.00, 169.50) (116.00, 181.00) (117.00, 195.00) ~0-901
M4 (mmol/L)  4.40 (3.90,5.00) 4.50 (4.00,5.10) 4.30 (3.80, 4.90) 4.40 (3.90,4.95) 4.40 (3.90,5.00) 0.001

137.00 136.00 137.00 137.00 137.00
M #(mmol/L) (134.00, 139.00)  (134.00, 138.00)  (134.00, 139.00) (134.00, 140.00)  (133.00, 140.00) 0.013
REREAR 22.00 22.00 22.00 22.00 20.00 <0.001
(mmol/L) (19.00, 24.00) (21.00, 24.00) (20.00, 25.00) (19.00, 24.00) (17.00, 23.00) :
B BT TR BR 14.00 12.00 13.00 14.00 16.00 <0.001
(MEg/L) (11.00, 17.00) (10.00, 15.00) (11.00, 16.00) (12.00, 17.00) (13.00, 19.00) :
BATHE(L) 4337.43 4300.75 3347.18 4169.60 6109.18

(1877.26, 6825.35) (2052.56, 5917.56) (967.35, 5568.36) (1726.14, 6667.55) (3175.54, 9470.70) <0.001
— (0 (0 (0 () (0 <0.
PIBEES 2073 (77% 532 (79% 461 (69% 498 (74% 582 (87% 0.001
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I
jﬁﬁﬁ?? 275 (10%) 37 (5.5%) 47 (7.0%) 58 (8.6%) 133 (20%)  <0.001
P SZARBHAEF 1777 (66%) 492 (73%) 454 (68%) 434 (65%) 397 (59%)  <0.001
EqR -2k 1913 (71%) 380 (57%) 476 (71%) 501 (75%) 556 (83%)  <0.001
LR 860 (32%) 204 (30%) 185 (28%) 207 (31%) 264 (39%)  <0.001
mug&ﬁ& 406 (2.25,7.40) 2.95(1.50,5.29) 3.81(2.12,6.78) 4.18(2.41,7.80) 5.53(3.32,9.94) <0.001
30 RFET-HR 583 (22%) 50 (7.4%) 127 (19%) 153 (23%) 253 (38%)  <0.001
90 RIET-H 748 (28%) 90 (13%) 168 (25%) 187 (28%) 303 (45%)  <0.001
365 RFET-H 967 (36%) 128 (19%) 229 (34%) 259 (39%) 351 (52%)  <0.001

7E: Mean +SD; n (%); Median (Q1, Q3); 2Kruskal-Wallis rank sum test; Pearson’s chi-squared test.

3.2. K-M M1k

Kl 2 SErp R T BT I IS 250 0F o (VIS) DU A B o 4 8 %, 7EBE S 30 dv 90 d A% 365 d i)
BRUELEZF Kaplan-Meier fi£k. Log-rank #3645 B iR, 41U K BRVEGFR 2R BG83
P<0.001). iXFEH, BEEN ICU FH VIS /KPR &, B BRI K B R AR A7 5 B 35 PR AIG AR
FARL(QL)AH, /i (QA)AH B I E A T B 72

(A) (B) (@
- VIS M == QL (R4 == Q2 == Q3 == Q4 (FSMiD) - VIS SMH == Q1 (R5M0) == Q2 == Q3 == Q4 (B4M0) ~ VIS M = Q1 (84 =~ Q2 = Q3 == 04 (Bi5HD)
S100 Z1ro00 £100
4 g 4
5 ] 5
3 A 3
2 0.75 ‘E 2t E 2
2 7 2
© © L
= 0.50 = 0.50 = 0.50
g g E
= = =
2 ) 1S
5 0.25 5-0.25 50.25
& p <0.0001 & p <0.0001 & p <0.0001
# H H
£ 0.00 £0.00 E0.00
Bk 0 30 BR 0 25 100  BK 0 400

10 20 50 75 100 200 300
BEVIRS ] (CR) - 30RARMT BT A] (R) - 90RAMT BEVIRS ] (CR) - 365Kl

ABEAE (No. at risk) KB AZL (No. at risk) B AHL (No. at risk)
672 652 632 622 672 626 602 589 0 672 575 558 547 0
672 611 562 548 672 552 524 510 0 672 500 478 455 0
672 597 541 519 672 526 506 493 0 672 480 449 429 0
671 529 449 418 671 432 397 377 0 671 366 339 326 0

e (A) J930dAEfEHIZ: (B) 90 dAEfE L (C) 365 d ATk, VIS NI IHIEZYIES: Q1~Q4 435
R VIS BB HEFI M D A 843 2H . IR P {EARIR A (8] Bt A A7 R LY Log-rank A3 45 3 .

Figure 2. Kaplan-Meier survival curves for critically ill patients with atrial fibrillation stratified by vasoactive-inotropic score
quartiles at 30, 90, and 365 days
E 2. NEMEEEAYIES TEME O REEIR ICU 2 30d. 90 d & 365 d B9 Kaplan-Meier & 774k

3.3. MEFEGHWTSSHTRRIELMEXR

K FH B 1) P4 37 75 2% (RCS) BB 1k — 35 43 Bt 7 2738 4 9 10 A 4% 1 2 0T 23 (VI S) 5 25 Bl U7 [ BB T IR
B2 AR - [N R. Wik 3 FaR, VIS 53 30d. 90d J 365d K4 RBE T K 2 8] #4407 16 B 3
AR LM B (R AR e AR LR RS 361 P < 0.001).  PAA N F M IS PEZPI(VIS = 0)NE IR, 24 VIS &b
FHRARKFIX 0] (29 0~15 20, BB BERIBET KU (HR AE5) I BELE2 38 in g S BEw T, 24 VIS #8
MZIXE R, SRR T Bagg, 276 o, (BN FRS g m KR K
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(A) (B) (@]

VIS 405 B0RIETRE AL R VIS V45 90RFETRIK HAELIER R VIS 404 365 RIETAK HELIER R

3
BRI Pil: < 0.001 £ Piff: < 0.00L B3I P < 0.001
ARt P < 0.001 E4 1 Pl < 0.001 IE£HE PR < 0.001

io, 9% CI, Ref = 0)
L (Hazard Ratio, 95% CI, Ref = 0)
io, 9% CI, Ref = 0)

AR (Hazard Rat
Bl (Hazard Rat

TTIL T TTT 1
50 % 100
LY (V1S) MRS (VIS)

e (A) N30d FETI R (B) Jv90d ZETS KUK (C) S 365d AET: Rk, JET-PRHIPESL T RESC(RCSE I 22k, &
I 35 E AR N ML IE PR 25 (VIS = 0, B HR = 1), £0 st RRE LRI IR L (HR), R4 G5 X iR
95% B A5 X [B(Cl). VIS AL E LY .

Figure 3. Dose-response relationship between the continuous vasoactive-inotropic score and the risk of mortality at 30, 90,
and 365 days using restricted cubic splines

3. MEFRMHEMIES 5E&H L EEEE ICU B 30d, 90d & 365d ZT-REHFIE - REXER

3.4. ZEFE Cox LEHIRBEEYI 534

2 HIH T MR VR 4 (VIS) S5 & B Be & IR AR (1) Cox [RIA43 M 45 R . 2 I3 Cox [Al )4
RI(BRY 3) T AE TR AR K R AT AR 0 W o, BMRML(QL A NS IR, =i/ hi(Q4) 4 B # LA 30d ALt
NEER I HR A 2.57 (95% Cl: 1.86~3.53, P <0.001), 90d #1365 d 4= KIJRAEZH ) HR 435 A 1.97 (95% CI:
1.53~2.53, P < 0.001)f 1.88 (95% ClI: 1.51~2.34, P < 0.001): H. & B 1B BLXy 28 0 HS 55 2 1 771 B 33 188 25
(P for trend $%<0.001). X, A ICU FIRE S VIS /K56 FF.0 b5 Biah BAE 8 25 1) 5 0 A rh K 4
PR L3 T e 2 A R
Table 2. Cox proportional hazards regression analysis of the association between the vasoactive-inotropic score and mortality

risk in critically ill patients with atrial fibrillation
# 2. MEFEMHMTESSA&FOEHHN ICU BER XS XEER Cox ELBIXEE RIS #r

e FRL 1 R 2 B 3

R HR (95% CI) Pt HR (95% ClI) P1A HR (95% ClI) P1A
30 RALT: %

VIS (£ &) 1.00 (1.00~1.00)  <0.001  1.00 (1.00~1.00)  <0.001  1.00 (1.00~1.00)  0.043

VIS D95 £y 40

QL (BIR4) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Q2 2.71(1.96~3.76)  <0.001  2.64(1.91~3.67)  <0.001 2.35(1.69~3.28)  <0.001
Q3 3.34 (2.43~4.60)  <0.001  2.59(1.88~3.56)  <0.001 2.15(1.56~2.98)  <0.001
Q4 6.24 (4.61~8.46)  <0.001  3.48 (2.55~4.74)  <0.001 2.57 (1.86~3.53)  <0.001
P for trend <0.001 <0.001 <0.001
90 RALT-H

VIS (E445 &) 1.00 (1.00~1.00)  <0.001  1.00 (1.00~1.00) 0.004 1.00 (1.00~1.00) 0.102
VIS Y5 fr i sr4a
Q1 (ZR4H) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
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B3k
Q2 2.03 (1.57~2.62) <0.001 1.97 (1.53~2.55) <0.001 1.77 (1.36~2.29) <0.001
Q3 2.32 (1.80~2.98) <0.001 1.82 (1.41~2.34) <0.001 1.52 (1.18~1.97) 0.001
Q4 436 (3.44~552)  <0.001  2.53(1.98~3.23) <0.001 1.97 (1.53~2.53)  <0.001
P for trend <0.001 <0.001 <0.001
365 RILT-H
VIS (475 ) 1.00 (1.00~1.00)  <0.001  1.00(1.00~1.00)  0.012  1.00 (1.00~1.00)  0.204
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Figure 4. Forest plots of subgroup analyses evaluating the association between the vasoactive-inotropic score and mortality
risk at 30, 90, and 365 days in critically ill patients with atrial fibrillation
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