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Author
Dote, K. et al.

Description
First report takotsubo cardiomyopathy

(39)

H.

Kotsubs is mainly caused by
psychological factors

(40)

Wittstein, L. S.
et al,

“The main reason may be overstimulation of the
sympathetic nervous system

(S

Dorfman,
T. et al.

Takotsubo cardiomyopathy maybe is induced
by multiple sources of physical stress

(42)

Yoshimura,
S.etal

Takotsubo cardiomyopathy can be caused by
acute ischemic stroke

(43)

Suzuki, H. et al.

"The role of brain cardiac axis in the
pathogenesis of takotsubo cardiomyopathy is
crucial

(44)

Templin,
Coetal.

‘Takotsubo cardiomyopathy is induced by acute,
past, or chronic neurological or psychiatric

disorders

(36)

Ghadri,
J. R etal

Neurological disorders may lead to
morphological changes in the heart

Amin,
H.Zetal

High levels of catecholamines play a crucial role
in the pathogenesis and pathophysiology of
takotsubo cardiomyopathy

Matta, A. et al.

Sympathetic nerve stimulation and
catecholamine storm play a central role in the
development of takotsubo cardiomyopathy
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‘Traumatic brain
injury

Examples

Mouse model of fluid
percussion injury (60)

Characteristic

With the heads of mice
unconstrained, rapidly
injecting saline into the closed
skull cavity of the mice’s heads
under controlled pressure of
1.9 0.1 atmospheres

Effective, reliable, easy to
operate, and clinically relevant

Extraluminal Permanent
distal middle cerebral artery
occlusion Model (51)

A midline incision is opened
between the orbit and the ear
Clear penumbra can be seen
around the infarcted core
Animals have a longer survival
time and small infarct area
(61-63)

Acute myocardial
infarction

The model of acute
myocardial infarction in rats
by ligation of coronary
artery (64)

Ligation of the left anterior
descending branch of the left
coronary artery in rats
Similar to the actual
pathogenesis of myocardial
infarction

Takotsubo
cardiomyopathy

Rat model of takotsubo.
cardiomyopathy in vivo (65)

Injecting adrenaline into the
external jugular vein
Easy to operate
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Age > 18 years

Patients excluded for
eAge > 80 years (n=10,904)

«Dying and leaving within 24 | ICU admissit 1

With micc, ied ) 1 : 1 d 11 s d

LVEF data (n=29,925)
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Factors
HF (heart failure)

Characteristic

There is an interaction between HF and stroke, and
stroke increases the incidence rate and mortality of
HF patients

Atrial fibrosis

Atrial fibrosis is the main cardiac risk factor for stroke

22)

Hypertension

Hypertension is a common risk factor for recurrent
stroke.

(23)

Rheumatic heart
disease

Rheumatic heart disease is one of the main causes of
stroke in middle-and low-income countries

(24)

Valvular heart
disease

American residents with valvular heart disease have a
higher risk of experiencing stroke

(25)
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Patients in MIMIC IV
database with a first ICU

admission (n=73181)

CHD Patients with a
first ICU  admission
(n=17917)

Exclusion:

age < 18 years old;

length of ICU stay <24 hours;

patients with end-stage renal disease,
liver cirrhosis, or malignant tumors;
patients without recorded blood lactate
and serum albumin data within 24 hours
of admission.

Patients for analysis
(n=1902)

Survival (n=1469) Death (n=433)
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Parameter

Baseline characteristics

Age, years 65.3+13.0
Male gender, n 129 (75.9)
BMI 262+46
‘Smoking n 68 (40.0)
Hypertension, n 76 (44.7)
Dyslipidemia, n 62 (36.5)
Diabetes Melltus, n 47 (276)
Prior Myocardial infarction, n 52 (30)
Prior TIA or Stroke, n 9(53)
Prior PCI, n 54 (318)
Prior CABG, n 9 (53)
PAD, n 21 (124)
Chronic heart failure, n 45 (26.5)
Atrial fibrillation, n 16 (9.4)
Chronic Kidney Disease, 1 33 (194)
Baseline Lactates, mmol/L 6.6+54
Lactates >2 mmol/L, n 106 (62.4)
Baseline Creatinine, mg/dl 16213
Baseline Haemoglobin, g/dl 122423
Glucose level at presentation, mg/dl 2153918
Ejection Fraction, % 237+121
Heart Rate, bpm 95+25
MAP, mmHg 64.9 £ 199
Inotropic therapy, n 131 (77.1)
>1 inotrope, n 101 (59.4)
Mechanical Ventilation, n 132 (77.6)
Etiology of Cardiogenic Shock
STEML n 90 (529)
NSTEMI, n 31 (182)
Acute Myocarditis, n 10 (58)
VT Ablation, n 9(53)
Other, n 30 (178)
Other MCS support
1ABP, n | 66 (38.8)
ECMO, | 58 (34.1)
Treatment Escalation
ECMO, n 24 (141)
VAD, n 10 (58)
Heart Transplantation, n 2(12)
ECMO + VAD, n 5 (29)
ECMO + VAD + Heart Transplantation, n 3(18)
CCS Score
<4 44 (25.8)
58 81 (47.6)
29 45 (265)

Values are expressed as number (percentage) or mean + standard deviation.
BMI, body mass index; TIA, transient ischemic attack; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass graft; PAD, peripheral artery disease; MAP,
mean arterial pressure; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary
resuscitation; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-Elevation
myocardial infarction; VT, ventricular tachycardia; IABP, intra-aortic balloon pump;
ROMIO: il inambois acvaiiss VAD: sl s deici;





OPS/images/fcvm-11-1486697/fcvm-11-1486697-g004.jpg
o |
o
—— LAR,AUC=0.68(0.65,0.71)
: —— lactate, AUC=0.66(0.64,0.69)
g 4 albumin, AUC=0.41(0.38,0.44)

T ] T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity





OPS/images/fcvm-11-1486697/fcvm-11-1486697-t001.jpg
Variables

HR (95% C

P for interaction

1.14 (1.01, 1.28)

1.21 (0.95, 154)

1.05 (091, 1.20)

1.41 (1.17, 1.70)

‘White

1.30 (1.12, 1.50)

Other

1.08 (0.92, 128)

Paralegia

Yes

1.14 (1.03, 1.27)

No

684 (132, 35.46)

Myocardial infarct

Yes

111 (0.90, 137)

No

117 (1.04, 1.33)

Rheumatic disease

Yes

216 (0.61, 7.67)

No

1.14 (103, 1.27)

Yes

1.22 (0.95, 1.58)

No

1.21 (1.06, 1.37)
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56)

Year

Participants

Septic shock with LVEF < 45%
and PAOP > 12 mmHg

Sample
size (L/C)

Levosimendan therapy

Levosimendan (0.2 pg/kgmin™") without a bolus loading
dose for 24 h

Control therapy

Dobutamine (5 pg/
kg-min™) for 24 h

Hemodynamic
improvement

Improved

Mortality
outcome

No reduction

Potential
adverse
events
Not reported

Conclusion

Favors

levosimendan

Vaitsis (57) | 2009 | Severe sepsis or septic shock with | 23/19 | Levosimendan (0.1 pg/kgmin™") without a bolus loading | Dobutamine (5-10 ug/ | Improved Reduced Not reported | Favors
CI<2.2 or LVEF<35% dose for 24 h kgmin™) for 24 h levosimendan

Fang (58) | 2014 | Septic shock with LVEF < 45% 18/18 | Dobutamine (5 ug/kgmin™") for 24 h; levosimendan (0.2 pg/ | Dobutamine (5 pg/ Improved No reduction | Not reported | Favors
kg:min™) without a bolus loading dose for 24 h kgmin™) for 24 h levosimendan

Meng (41) | 2016 | Septic shock with LVEF < 45% 19/19 | Levosimendan (0.2 pg/kgmin™) without a bolus loading | Dobutamine (5 pg/ Improved No reduction | Not reported | Favors
dose for 24 h kg-min~") for 24 h levosimendan

Xu (59) 2018 | Septic shock with LVEF < 50% 15/15 | Levosimendan (0.2 pg/kgmin™) without a bolus loading | Dobutamine (5 pg/ Improved No reduction | Not reported | Favors
dose for 24 h kg-min™) for 24 h levosimendan

sun (53) 2023 | severe SIMD (LVEF < 35%) 15/15 | Levosimendan (0.2 pg/kgmin™) without a bolus loading | Dobutamine (5 pg/ Improved No reduction | Not reported | Favors
dose for 24 h kg-min™) for 24 h levosimendan

Sun (60) 2024 | Sepsis with LVEF < 45% 20/20 Levosimendan (0.2 pg/kgmin™') without a bolus loading | Dobutamine (5 pg/ Improved Not reported | Not reported | Favors
dose for 24 h kgmin™) for 24 h levosimendan

&1 eaerling s LIC lovestiendin rooslcentodl srocec EVER. Kt wnitialiesoetion Bactions BAGIE slincaner antonkil edesioo: posstree Sk copetainiinsod mpocundill desfumetion:
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Outcomes Groups Non-adjusted Model 1° Model 2°

HR (95% CI) HR (95% CI) HR (95% ClI)
30-day mortality Continuous 114 (1.08-121) 0.0001 115 (1.08-1.22) 00001 1.08 (1.01-1.15) 00016
T1 (<3.7; N=135) 1 1 1
T2 (37-4.5 N=155) 158 (1.10-2.25) 0012 155 (1.08-2.22) 0018 145 (1.00-2.09) 0045
T3 (>45 N=322) 1.90 (1.39-2.60) 0.0001 183 (1.33-252) 00001 1,60 (1.13-2.25) 0008
180-day mortality Continuous 116 (1.10-1.22) 0.0001 116 (1.10-1.23) 00001 109 (1.03-1.16) 0003
T1 (<37 N=135) 1 1 1
T2 (37-45; N=155) 171 (1.23-2.40) 0.002 169 (1.20-2.37) 0003 159 (1.12-2.25) 0009
T3 (>45 N=322) 207 (154-279) 0.0001 200 (1.48-272) 00001 174 (1.26-2.42) 0.001

Models 1 and 2 were derived from Cox proportional hazards regression models.

"Model 1 covariates were adjusted for age, race, weight, and sex.

"Model 2 covariates were adjusted for age, race, weight, sex, SOFA score, SAPSII score, cardiovascular disease, chronic pulmonary disease, diabetes, cerebrovascular disease, peripheral vascular
disease, norepinephrine use, creatinine, SBP, DBP, ALT, ALP, and AST.
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Variables No. of patients RAR index P for interaction

T1 (3.7) T2 (3.7-4.5) T3(>4.5)

Male [ 39 [ 10 | 109923 | 2040137-3.04)
Female [ m [ 10 | 139 (0.73-2.67) [ 1.06 (0.58-1.95)
Age 0.116
<60 [ 219 [ 10 | 154090262 | 151(092-2.45)
>60 | 393 | 10 | 1.75 (1.06-2.88) [ 215 (1.33-3.46)
Race 0025
White [ 329 [ 10 | 175006288 | 215(1.33-3.46)
Other | 283 | 10 | 154090260 | 151 092-2245)
Cardiovascular disease 0531
No [ 161 [ 10 | 155006230 [ 171018-249)
Yes [ 151 [ 10 | 1.64 (0.76-3.53) [ 1.77 (0.84-3.75)
Diabetes 0721
No [ 3 [ 10 | 1ea1024) [ 194034281
Yes | 190 | 10 | 1.54 (0.66-3.56) | 1.41 (0.65-3.07)
Chronic pulmonary disease 0210
No [ 447 [ 10 | 144098213 | 152(.06-218)
Yes | 165 | 10 | smaasesm) [ 333030853
Cerebrovascular disease 0.005
No | 522 | 10 | 1.42 (0.95-2.13) | 1.90 (1.31-2.76)
Yes | % [ 10 | 363 (163809 | 131 (0.56-3.05)
Peripheral vascular disease 0.010
No [ 525 [ 10 | 142098205 | 180(1.28-253)
Yes | 87 | 10 | smaes1se) | 113033383

use 0781
No [ 207 | 10 | 148077285 | 124(065-237)
Yes [ 105 | 10 | 1.61 (1.05-2.46) | 1.84 (1.24-2.72)

HRs (95% Cls) were derived from Cox regression models. Covariates were adjusted as in model 2 (Table 2).
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Parameter
Coronaryangiography

Value (n, % or Mean + SD)

Electively (1, %)

10 (100)

Urgent (n, %)

-(0)

Diagnostic (n, %)

10 (100)

Interventional (n, %)

330

Inferior myocardial infarction

1(10)

Right coronary artery (RCA)

6 (60)

Circumflex coronary artery (Cx)

Anterior myocardial infarction

Left anterior descending (LAD)

Systolic blood pressure (mmHg)

1438 +86.5

Diastolic blood pressure (mmHg)

78392

Heart rate (beats/min):

782112

Procedure time (min)

36286

Unfractionated heparin dose (U)

9,000 + 1,000
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Variable Pre-HT During HT p-value
(Mean + SD; (Mean + SD)
Sodium (mM/L) 1342465 135+3.98
Potassium (mM/L) 4232065 3.96 =047
Calcium (mg/L) 783065 7.48 =058
Magnesium (mg/L) 214016 2,080.13
Hemoglobin (g/dl) 128+1.97 12,6 + 1.69
Hematocrit (%) 39.1+623 38,9504
Plt (103/ul) 310+83 312+87
Urea (g/1) 233+87 257108
Creatinin (mg/dl) 106+ 0.29 1142038
Hs CRP(mg/L) 1483+ 15.39 13722134
Systolic BP(mmHg) 106.1 = 13.01 11441375
Diastolic BP 67.92+10.19 70.88+9.7
(mmHg)
Mean arterial 80.64+ 1156 85381172
pressure (MAP)
Axillary temperature 362104 336106
(9]
Esophagus 366112 341+ 108
temperature (C°)
Temperature inside 20:114 192117
the helmet (C*)
Heart rate(beat/min) 116+ 11 9310
EF% 58+35 6021

“During HT” refers to the entire period of hypothermic therapy (HT), from the initiation o
cooling to the end of the cooling phase. The mean and standard deviation (SD) values
et thin sty callocid - thle matbs pariod.
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Patient
group
Deceased patients

Initial clinical presentation (first

hours)

2 patients experienced cardiogenic shock

followed by re-arrest and death

Clinical status after 72
hours of hypothermia

Extubation process

Final outcomes

Mortality occurred within the
first 24 h due to cardiogenic
shock

Early termination
of hypothermia

6 patients demonstrated GCS >9 within the first
24 h, hypothermia was terminated early,
normothermia achieved (GCS 15, SPS 1)

Farly extubation performed
after reaching normothermia
(GCS 15, CPC 4)

Successful recovery from
hypothermia and extubation, no
further complications noted

Gradual
extubation group

4 patients exhibited spontaneous
respiration and GCS >9 after 72 h
of hypothermia

Gradual extubation performed
post-hypothermia (GCS 15,
CPC 4)

Successful extubation, with GCS.
15, CPC 4; patients remained
stable post-extubation

Non-extubation
group

4 patients had GCS <9 after 72 b,
failed to

Extubation not performed due

respiration

to poor status

2 patients died from pneumonia;
2 patients discharged with
tracheostomy and GCS 9

GCS, Glasgow coma scale score; CPC, cerebral performance category scale.
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rameter Patients

Age 49473
Gender M, (n, %) 10 (62.5)
Obesity (1, %) 8 (50)
Hypertension (1, %) 8 (50)
Hyperlipidemia (n, %) 10 (625)
Diabetes (1, %) 4(25)

Smoker (1, %) 10 (62.5)
Family history (n, %) 6(375)
BMI (kg/m’) 2352
ECG findings 16 (100)
- NSR (1, %) 0(-)
- AF (1, %)
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Parameter
Cause of the cardiac arrest (1)

n/Time

Cardiac (n)

Asystole (n)

Ventricular tachycardia ()

Ventricular fibrillation (n)

Respiratory insufficiency ()

Unknown

[ itation time (min)

163+87

Hypothermia onset time (min)

329+135

Time to reach target temperature 32-34°C (min)

214+284

Duration of hypothermia <36°C (hours)

58+64
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(95% Cl)

0658 (0.602-0.714) 0635 (0.591-0.679) =

0759 (0.716-0.802) 0.728 (0.692-0.764) P<0.001
0796 (0.753-0.839) 0766 (0.732-0.801) P<0.001
0654 (0.607-0.702) X 0.624 (0.585-0.662) P=0.698
0775 (0.732-0.818) 0774 (0.742-0.805) P<0.001
0621 (0581-0.670) 0.605 (0.545-0.659) P=0.039
0.476 (0.423-0.530) 0.459 (0.418-0.500) P<0.001

Predictor ICU mortality AUC The p-value compared Hospital mortality AU The p-value compared
to CKMI (95% Cl) to CKMI
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Characteristic 95% CI p-value

LOS Hospital

Model A -24.05 ~32.01, ~16.10 <0.001
Model B ~25.99 —34.05, -1793 <0.001
Model C ~940 ~17.95, 085 0.031
LOS ICU

Model A -1451 ~18.62, ~1040 <0.001
Model B ~14.69 <0.001
Model C -783 <0.001

Cl, confidence interval; CKMI, cardiovascular-kidney-metabolic index; ICU, intensive care
anit; BMI, body mass indes; CHD, coronary heart disease; CHF, congestive heart failure
WBC, white blood cell; RBC, red blood cell; HbAlc, hemoglobin Al ALT, alanine
aminotransferase. Model A: unadjusted covariates. Model B: adjusted by age and BML
Model C: adjusted by age, BMI, CHD, CHE, hypertension, diabetes, stroke, sepsis, WBC
RBC, hemoglobin, albumin, HbAlc, and ALT.
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haracteristic CKMI p-value
Q1 [0.29,0.74], Q2 [0.74,0.82], Q3 [0.82,0.89], Q4 [0.89,1.85],
N =394

N =394 N =394 N =394
o
Age, years, 1 (%) <0001
<60 142 (36.0%) 171 (43.4%) 171 (43.4%) 204 (51.8%)
>60 252 (64.0%) 223 (56.6%) 223 (56.6%) 190 (48.2%)
Gender, n (%) 0712
Female 157 (39.8%) 145 (36.8%) 160 (40.6%) 156 (39.6%)
Male 237 (60.2%) 249 (63.2%) 234 (59.4%) 238 (60.4%)
Ethnicity, # (%) 0393
White 230 (584%) 256 (65.0%) 236 (59.9%) 259 (65.7%)
Black 45 (11.4%) 30 (7.6%) 38 (9.6%) 28 (7.1%)
Asian 8 (20%) 7 (1.8%) 10 (25%) 13 (33%)
Hispanic/Latino 13 (33%) 15 (3.8%) 17 (43%) 12 (3.0%)
Other 98 (24.9%) 86 (21.8%) 93 (23.6%) 82 (20.8%)
‘Weight, kg, median [IQR] 91 (75, 107) 89 (74, 107) 81 (71, 95) 80 (67, 95) <0.001
Height, cm, median [IQR] 170 (163, 178) 173 (163, 178) 171 (163, 176) 172 (164, 177) 0.431
BMI, kg/em?, n (%) <0.001
134 (34.0%) 148 (37.6%) 196 (49.7%) 213 (541%)
260 (66.0%) 246 (62.4%) 198 (50.3%) 181 (45.9%)
igns.
HR, bpm, 1 (%) <0.001
<80 98 (24.9%) 111 (28.2%) 149 (37.8%) 183 (46.4%)
80-100 140 (35.5%) 157 (39.8%) 143 (36.3%) 134 (34.0%)
2100 156 (39.6%) 126 (32.0%) 102 (25.9%) 77 (19.5%)
SBP, mmHg, median [IQR] 121 (104, 140) 125 (110, 144) 130 (109, 147) 130 (112, 149) <0001
DBP, mmHg, median [IQR] 67 (55, 80) 72 (60, 86) 72 (62, 84) 73 (63, 84) <0001
MBP, mmHg, median [IQR] 79 (68, 93) 85 (73, 98) 86 (75, 100) 87 (75, 99) <0.001
$p0;, %, median [IQR] 97.0 (940, 99.0) 97.0 (943, 100.0) 98.0 (95.0, 100.0) 98.0 (95.0, 100.0) 0,088
Severity scores
SOFA score, median [IQR] 7.0 (40,11.0) 40 (20,80) 3.0 (10, 60) 20 (10, 5.0) <0001
APSIII score, median [IQR] 59 (44, 77) 43 (32, 59) 36 (27, 50) 33 (24, 45) <0001
SIRS score, median [IQR] 3.00 (200, 4.00) 3.00 (2,00, 3.00) 3.00 (200, 3.00) 2,00 (2.00, 3.00) <0001
SAPSII score, median [IQR] 43(33,54) 32 (25, 43) 2922, 38) 27 (20, 35) <0001
OASIS score, median [IQR] 35 (29, 43) 3126, 37) 30 (24, 37) 28 (23,34) <0001
GCS score, median [IQR] 15.00 (14.00, 15.00) 15.00 (14.00, 15.00) 15.00 (14.00, 15.00) 15.00 (13.00, 15.00) 0.068
@ P
CHD, n (%) 0.026
No 342 (86.8%) 350 (88.8%) 361 (91.6%) 365 (92.6%)
Yes 52 (13.2%) 44 (11.2%) 33 (8.4%) 29 (74%)
CHF, n (%) <0.001
No 215 (54.6%) 267 (67.8%) 285 (72.3%) 345 (87.6%)
Yes 179 (45.4%) 127 (32.2%) 109 (27.7%) 49 (12.4%)
<0001
No 314 (79.7%) 312 (79.2%) 329 (83.5%) 352 (89.3%)
Yes 80 (203%) 82 (208%) 65 (165%) 42 (10.7%)
Hypertension, n (%) <0.001
No 276 (70.1%) 207 (52.5%) 187 (47.5%) 211 (53.6%)
Yes 118 (29.9%) 187 (47.5%) 207 (52.5%) 183 (46.4%)
Diabetes, 7 (%) <0001
No 203 (515%) 256 (65.0%) 302 (76.6%) 352 (89.3%)
Yes 191 (48.5%) 138 (35.0%) 92 (23.4%) 42 (10.7%)
Hyperlipemia, n (%) 0,601
No 256 (65.0%) 253 (64.2%) 259 (65.7%) 270 (68.5%)
Yes 138 (35.0%) 141 (35.8%) 135 (34.3%) 124 (31.5%)
CKD, 7 (%) <0001
No 269 (68.3%) 341 (86.5%) 367 (93.1%) 384 (97.5%)
Yes 125 (31.7%) 53 (135%) 27 (6.9%) 10 (25%)
AKI 7 (%) <0001
No 110 (27.9%) 206 (52.3%) 283 (71.8%) 339 (86.0%)
Yes 284 (72.1%) 188 (47.7%) 111 (28.2%) 55 (14.0%)
COPD, n (%) 0235
No 363 (92.1%) 360 (91.4%) 373 (94.7%) 370 (93.9%)
Yes 31(7.9%) 34 (8.6%) 21 (5.3%) 24 (61%)
RE, 7 (%) <0001
No 166 (42.1%) 224 (56.9%) 249 (63.2%) 284 (721%)
Yes 228 (57.9%) 170 (43.1%) 145 (36.8%) 110 (27.9%)
Stroke, 7 (%) 0016
No 355 (90.1%) 354 (89.8%) 346 (87.8%) 329 (835%)
Yes 39 (9.9%) 40 (10.2%) 48 (12.2%) 65 (16.5%)
HD, 7 (%) 0990
No 355 (90.1%) 357 (90.6%) 357 (90.6%) 355 (90.1%)
Yes 39 (99%) 37 (94%) 37 (9.4%) 39 (9.9%)
Pneumonia, (%) <0001
No 225 (57.1%) 237 (60.2%) 255 (64.7%) 285 (72.3%)
Yes 169 (42.9%) 157 (39.8%) 139 (35.3%) 109 (27.7%)
Sepsis, 7 (%) <0001
No 249 (63.2%) 315 (79.9%) 322 (81.7%) 345 (87.6%)
Yes 145 (36.8%) 79 (20.1%) 72 (18.3%) 49 (12.4%)
Cancer, 7 (%) 0458
No 361 (91.6%) 348 (88.3%) 352 (89.3%) 356 (90.4%)
Yes 33 (8.4%) 46 (11.7%) 42 (10.7%) 38 (9.6%)
Laboratory tests.
WBC, K/ul, median [IQR] 13 (9, 19) 12 (8, 16) 118, 14) 10 (7, 13) <0001
RBC, m/ul, median [IQR] 356 (3.05, 421) 390 (3.30, 4.44) 4.04 (343, 450) 403 (3.48, 4.50) <0001
Platelet, K/ul, median [IQR] 198 (136, 261) 204 (154, 266) 209 (158, 265) 207 (159, 266) 0.067
@/dl, median [IQR] 1050 (9.10, 12.70) 1170 (9.80, 13.30) 1200 (10.20, 13.60) 1220 (1050, 13.60) <0001
Albumin, g/d}, median [IQR] 3.00 (260, 3.50) 320 (2.70, 3.61) 336 (282, 378) 3,50 (3.00, 3.87) <0001
Sodium, mEq/L, median [IQR] 138.0 (1343, 140.0) 138.0 (1360, 141.0) 139.0 (136.0, 142.0) 139.0 (136.0, 141.0) <0.001
Potassium, mEq/L, median [IQR] 440 (390, 490) 410 (3.70, 4.50) 400 (370, 430) 390 (3.60, 4.20) <0001
Calcium, mg/dl, median [IQR] 8.20 (7.60, 8.80) 830 (7.73, 8.90) 8.50 (7.90, 890) 8.50 (8.03, 9.00) <0001
Glucose, mg/dl, median [IQR] 172 (121, 244) 144 (116, 193) 121 (103, 147) 106 (93, 126) <0001
HbALc%median [IQR] 650 (590, 7.63) 610 (5.79, 6.98) 5.86 (566, 620) 570 (5.50, 5.90) <0001
Aniongap, mEq/L, median [IQR] 180 (150, 21.0) 150 (130, 17.0) 140 (120, 160) 140 (120, 158) <0001
TG, mg/dl, median [IQR] 207 (131, 343) 162 (119, 230) 129 (100, 175) 84 (65, 109) <0.001
TC, mg/d], median [IQR] 128 (110, 158) 140 (119, 174) 146 (121, 186) 143 (123, 175) <0001
HDL-C, mg/dl, median [IQR] 31 (24, 38) 35 (29, 41) 37 (30, 44) 43 (35, 54) <0001
LDL-C, mg/d], median [IQR] 67 (55, 84) 72(59, 102) 77 (60, 112) 77 (60, 103) <0001
LT, IU/L, median [IQR] 43 (22,102) 38 (21, 94) 341, 72) 31 (18, 65) <0001
AST, 1U/L, median [IQR] 70 (32, 186) 57 (28, 159) 47 27, 111) 41 (24,92) <0001
Creatinine, mg/dl, median [IQR] 2.00 (130, 3.60) 1.00 (0.80, 1.40) 0.90 (0.70, 1.10) 0.70 (0.60, 0.90) <0.001
eGFR, ml/min/1.73%, n (%) <0001
Stages <15 282 (71.6%) 82 (20.8%) 27 (6.9%) 9 (23%)
Staged 15-30 94 (23.9%) 205 (52.0%) 209 (53.0%) 136 (34.5%)
Stage3 30-60 18 (4.6%) 105 (26.6%) 157 (39.8%) 243 (61.7%)
Stage2 60-90 0 (0.0%) 2(05%) 1(03%) 5 (1.3%)
Stagel 290 0 (0.0%) 0.(0.0%) 0 (0.0%) 1(0.3%)
LVEF, %, 7 (%) <0001
<50 158 (40.1%) 103 (26.1%) 71 (18.0%) 36 (9.1%)
250 236 (599%) 291 (73.9%) 323 (82.0%) 358 (90.9%)
Treatment measures
Ventilation, n (%) <0001
No 63 (160%) 69 (17.5%) 88 (22.3%) 117 (29.7%)
Yes 331 (84.0%) 325 (82.5%) 306 (77.7%) 277 (703%)
CRRT, n (%) <0001
No 294 (74.6%) 365 (92.6%) 379 (96.2%) 388 (98.5%)
Yes 100 (25.4%) 29 (7.4%) 15 (3.8%) 6 (1.5%)
Dobutamine, 7 (%) <0001
No 355 (90.1%) 383 (97.2%) 387 (98.2%) 393 (99.7%)
Yes 39 (99%) 11 (28%) 7 (18%) 1(0.3%)
Dopamine, 7 (%) <0001
No 358 (90.9%) 373 (94.7%) 378 (95.9%) 382 (97.0%)
Yes 36 (9.1%) 21 (5.3%) 16 (4.1%) 12 (3.0%)
Norepinephrine, # (%) <0001
No 200 (50.8%) 275 (69.8%) 290 (73.6%) 339 (86.0%)
Yes 194 (49.2%) 119 (30.2%) 104 (26.4%) 55 (14.0%)
Events
LOS Hospital, days, median [IQR] 17 (8, 28) 12 (6, 26) 10 (4, 21) 9(5,20) <0001
LOS ICU, days, median [IQR] 7(3,13) 4(2,10) 3(1,9) 3(2,5) <0001
Hospital mortality, n (%) <0.001
No 317 (80.5%) 348 (88.3%) 360 (91.4%) 369 (93.7%)
Yes 77 (19.5%) 46 (11.7%) 34 (8.6%) 25 (63%)
ICU mortality, n (%) <0001
No 344 (873%) 366 (929%) 380 (96.4%) 380 (96.4%)
Yes 50 (127%) 28 (7.1%) 14 (3.6%) 14 (3.6%)

CKMI, cardiovascular-kidney-metabolic index; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; SOFA, sequentia
organ failure assessment; APSIIL, acute physiology score IIl; SIRS, systemic infammatory response syndrome; SAPSI, simplifed acute physiological score II; OASIS, oxford acute severity of
liness score; GCS, Glasgow coma scale; CHD, Coronary Heart Disease; CHF, congestive heart failure; MI, myocardial infarction; CKD, chronic renal failure; AKI, acute kidney injury; COPD,

b i iscase; RF, failure; HD, hepatic disease; WBC, white blood cell; RBC, red blood cell; HbA1c, hemoglobin Alc; TG, triglyceride; TC, total cholesterol;
HDL, high density lipoprotein; LDL low density lipoprotein; ALT, alanine AST, aspartic i FR, estimated gl filtration rate; CRRT, continuous renal
replacement therapy; LOS, length of stay; ICU, Intensive Care Unit.
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Variables Q1 Q2 [eX] Q4 CKMI

HR(95% Cl)| p- |HR(95%CI)| p HR (95% Cl)| p HR (95% Cl) | p HR (95% CI)
value

Hospital mortality

Model A Ref. = 075 (0.52, 1.08) | 0127 | 071 (0.47,095) | 0035 | 058 (037,091) | 0017 | 0.25(008077) | 0016
Model B Ref. - 074 (0.51,1.06) | 0.102 | 067 (0.45,097) | 0042 | 054 (034,085 | 0008 | 0.25(0.08076) 0015
Model C Ref. - 075 (0.5, 111) | 0150 | 071 (0.45,091) | 0023 | 053 (032,087) | 0012 | 0.26(0.07093) | 0038
ICU mortality

Model A Ref. |- | 072(045115) | 0166 | 046(0.25083) | 0010 | 052(029,093) | 0029 | 0.4 (003059 | 0008
Model B Ref. - 071 (0.45,1.13) | 0151 | 044 (0.24,081) | 0008 | 049 (027,088) | 0018 | 0.5(0.03062) | 0009
Model C Ref. - 074 (0.45,121) | 0234 | 042(0.22,079) | 0007 | 044 (023,085 | 0014 | 0.13(003067) 0014
HRs, hazard ratios; CI, s CKMI, kid bolic index; ICU, i it; BMI, body mass index; CHD, coronary heart disease; CHF, congestive heart

failure; WBC, white blood cell; RBC, red blood cell; HbA1c, hemoglobin Alc; ALT, alanine aminotransferase. Model A: unadjusted covariates. Model B: adjusted by age and BMI. Model C
adjusted by age, BMI, CHD, CHF, hypertension, diabetes, stroke, sepsis, WBC, RBC, hemoglobin, albumin, HbAlc, and ALT.
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Variables

RAR index

Total overall,
N =612
461 (382-5.7)

RAR tertile 1
(N = 139)
34 (3.16-355)

RAR tertile 2
(N =150)
415 (393-432)

RAR tertile 3
(n = 323)
5.6 (4.98-6.61)

Age, years

6412176

568+17.6

653179

666166

Sex, male, n (%)

390 (63.73)

106 (76.26)

93 (62.00)

191 (59.13)

Weight, kg

86.4+235

922215

862222

845+25.0

Race, n (%)

White

329 (53.8)

71 (51.08)

84 (56.00)

174 (53.87)

Other

283 (46.2)

68 (48.92)

66 (44.00)

149 (46.13)

SBP, mmHg

1147 £158

117.7+163

117.8+16.0

1120151

DBP, mmHg

640112

687111

650116

615103

Heart rate, beats/min

84.93+19.13

79.1+169

817+194

889+19.0

Respiratory rate, times/min

213547

211+45

212+43

215250

Sp02, %

97.7 (96.0-99.1)

97.9 (963-99.3)

98.0 (96.1-99.4)

975 (95.8-98.9)

C n (%)

Cardiovascular disease

151 (24.67)

36 (25.9)

39 (26.0)

76 (23.53)

Chronic pulmonary
disease

165 (26.96)

30 (21.58)

45 (30.00)

90 (27.86)

Diabetes

190 (31.03)

23 (16.55)

48 (32.00)

119 (36.84)

Cerebrovascular disease

90 (14.71)

25 (17.99)

29 (19.33)

36 (11.15)

Peripheral vascular disease

87 (14.22)

11 (7.91)

18 (12.00)

58 (17.96)

Congestive heart failure

231 (37.75)

46 (33.09)

61 (40.67)

124 (3839)

Norepinephrine use, r (%)

405 (6.18)

86 (61.87)

94 (62.67)

225 (69.66)

Scoring systems

87+41

73:38

78+37

9541

49.1+17.0

408+17.0

468+155

538+16.1

Laboratory tests.

ALT, IU/L 72 (32-221) 98 (40-303) 76 (34-201) 61 (28-217)
AST, IU/L 118 (49-357) 118 (50-374) 118 (51-275) 118 (47-367)
86 (62-124) 75 (61-97) 81 (62-113) 95 (61-134)
146 (13.6-16.0) 132 (126-138) 142 (135-15.0) 15.6 (145-17.3)
33(27-37) 40 (3.8-42) 34(32-37) 28(24-31)
134 (94-17.8) 137 (111-18.4) 129 (9.6-16.7) 133 (88-18.0)
3 38(32-45) 45 (40-48) 40 (3.5-45) 34 (30-41)
Platelets, 10°/L 188 (141-249) 203 (172-247) 182 (146-232) 181 (122-260)
Hemoglobin, g/dl 11.6+24 13619 12319 10421
Anion gap, mmol/L 16.7 (14.3-19.7) 163 (14-18.8) 165 (14.5-188) 17 (143-202)
Potassium, mg/dl 42 (39-47) 417 (39-47) 42 (3.9-45) 42 (38-48)
Sodium, mg/dl 139.0 (1364-141.7) 1396 (137.8-142.0) 138.4 (1362-141.4) 138.8 (136.0-141.7)
Creatinine, mg/dl 14 (09-22) 1.1 (0.9-1.6) 13 (0.9-20) 17 (1.0-26)
BUN, mg/dl 25.2 (17.2-40.6) 200 (150-2655) 243 (17.5-37.0) 303 (18.5-523)
Glucose, mg/dl 1860 83.0 1842772 185.1£76.4 187384
INR 13 (12-171) 116 (1.1-13) 12 (1.1-15) 15 (12-19) <0.001
30-day mortality, n (%) 318 (51.96) 50 (35.97) 78 (52) 190 (58.82) <0.001
180-day mortality, n (%) 362 (59.15) 55 (39.57) 90 (60.00) 217 (67.18) <0.001

RAR, rtio of RDW (o albumin; SBP systolic blood puesirs | DBP, diastolic blood pressure; SOFA, Sequential Organ Failure Assessment; SAPSIL, Simplified Acute Physiology Score Il; ALT,

alanine ami AST, aspartat

te

il DN, Sniiationial sictamltid satlo;

RDW, red blood cell distribution width; WBC, white blood cell; RBC, red blood cell; BUN, blood urea
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20 02 084 (0.78-091) | 086 (0.80-0.92) | 0.74 (0.66-082) | 085 (0.78-0.91) | 0.99 (0.97-100) | 0.12 (0.09-0.15) | 0.20 (0.16-0.25)
30 02 085 (0.78-091) | 0.86 (0.79-092) | 0.69 (0.61-076) | 0.85 (0.79-092) | 0.99 (0.97-1.00) | 0.12 (0.09-0.15) | 0.20 (0.16-0.25)
40 02 084 (0.77-091) | 086 (0.79-0.93) | 0.73 (0.64-081) | 084 (0.7-0.91) | 0.99 (0.97-100) | 0.11 (0.08-0.14) | 0.19 (0.14-0.23)
50 02 0.84 (0.76-0.92) | 0.85 (0.78-0.93) | 0.75 (0.66-0.84) | 0.84 (0.77-0.92) 099 (0.97-1.00) | 0.11 (0.08-0.14) | 0.19 (0.14-0.24)
60 02 083 (0.75-092) | 081 (0.72-0.90) | 0.63 (0.56-076) | 084 (0.75-0.92) | 0.99 (0.97-100) | 0.09 (0.06-0.12) | 0.16 (0.11-0.21)
70 02 084 (0.74-0.93) | 080 (0.70-0.90) | 0.56 (0.44-0.67) 0.99 (0.96-1.00) | 007 (0.04-0.10) | 0.12 (0.08-0.17)
80 0.2 0.83 (0.73-0.93) | 0.85 (0.76-0.94) | 0.77 (0.66-0.88) | 0.83 (0.73-0.93) = 0.99 (0.97-1.00) | 0.09 (0.06-0.13) | 0.17 (0.11-0.22)
% 02 083 (0.72-094) | 080 (0.68-0.92) | 0.70 (0.57-083) | 084 (0.73-0.95) | 0.99 (0.97-100) | 0.08 (0.04-0.11) | 0.14 (0.09-0.20)
100 02 083 (0.71-095) | 080 (0.67-0.93) | 0.65 (0.50-079) | 083 (0.71-0.95) | 0.99 (0.96-100) | 007 (0.04-0.10) | 0.12 (0.07-0.18)
110 02 082 (0.67-097) | 080 (0.65-0.95) | 0.58 (0.41-075) | 082 (0.68-0.97) | 0.99 (0.96-100) | 005 (0.02-0.08) | 0.09 (0.04-0.14)
120 02 082 (0.62-1.00) | 073 (052-0.95) | 0.57(0.35-079) | 0.82(063-1.00) | 0.9%(0.96-100) | 0.03(0.01-005) | 0.06(0.02-0.10)

“The noninvasive model of potential shock was externally validated on 0 min with the data set derived from MIMIC-IV-ED.
bThe noninvasive model of potential shock was externally validated every 10 min with the data set derived from ICCA in ED.
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Latent shock Non-latent shock P-values

MIMIC-IV-ICU

Patients, N (%) 29,461 (41.8%) 21,175 (58.2%)
Age, year, Median (Q1, Q3) 69.9 (573, 81.2) 63.3 (50.9, 75.0) <0001
Gender (Male), N (%) 10,589 (50.0%) 17,165 (583%) <0001

heart rate (HR, beats per minute), Median (Q1, Q3) 82.0 (70, 96.0) 850 (73.0, 1000) <0.001
Respiration rate (RR, beats per minute), Median (Q1, Q3) 19.0 (150, 22.0) 18.0 (15.0, 22.0) <0.001
‘Transcutaneous Oxygen Saturation (Sp0%), Median (Q1, Q3) 97.0 (950, 99.0) 980 (95.0, 100.0) <0.001
Non, invasive systolic blood pressure (nSBP, mmHg), Median (Q1, Q3) 98.0 89.0, 109.0) 130.0 (1160, 46.0) <0.001
<90, N (%) 5,431 (25.6%) 485 (1.6%) <0001
290, N (%) 15,744 (74.4%) 28,976 (98.4%)

Non, invasive diastolic blood pressure (nDBP, mmHg), Median (Q1, Q3) 49.0 (44, 54.0) 75.0 (65.0, 85.0) <0.001
<60, N (%) 18,369 (86.7%) 3,878 (13.2%) <0.001
260, N (%) 2,806 (13.3%) 25,583 (86.8%)

Non, invasive mean blood pressure (nMBP, mmHg), Median (Q1, Q3) 610 (570, 64.0) 89.0 (79.0, 100.0) <0.001
<65, N (%) 17,788 (84.0%) 790 (2.7%) <0.001
265, N (%) 3,387 (16.0%) 28,671 (97.3%)

Shock index, Median (Q1, Q3) 08 (07, 1.0)
MIMIC-IV-ED
Patients, N (%) 1,074 (2.2%) 47,336 (97.8%)
Age, year, Median (Q1, Q3) 69.0 (550, 80.0) 63.0 (47.0, 76.0) <0.001
Gender (Male), N (%) 479 (44.6%) 24,660 (52.1%) <0.001
Heart rate (HR, beats per minute), Median (Q1, Q3) 83.0 (680, 98.0) 820 (70.0, 96.0) 0475
Respiration rate (RR, beats per minute), Median (Q1, Q3) 180 (160, 22.0) 18.0 (16,0, 19.0) <0.001
‘Transcutaneous Oxygen Saturation (Sp0»%), Median (Q1, Q3) 980 (960, 100.0) 98.0 (97.0,100.0) <0001
Non, invasive systolic blood pressure (nSBP, mmHg), Median (Q1, Q3) 910 (84, 98.0) 132.0 (1170, 148.0) <0.001
<90, N (%) 457 (42.6%) 463 (1.0%) <0.001
290, N (%) 617 (57.4%) 46,873 (99.0%)
Non, invasive diastolic blood pressure (nDBP, mmHg), Median (Q1, Q3) 45.0 (410, 49.0) 75.0 (6.0, 85.0) <0.001
<60, N (%) 1,039 (96.7%) 6,350 (13.4%) <0.001
260, N (%) 35 (3.3%) 40,986 (86.6%)
Non, invasive mean blood pressure (nMBP, mmHg), Median (Q1, Q3) 610 (570, 63.0) 940 (840, 105.0) <0.001
<65, N (%) 955 (88.9%) 637 (1.3%) <0.001
265, N (%) 119 (11.1%) 46,699 (98.7%)
Shock index, Median (Q1, Q3) 09 (07, 1.1) 06 (05, 0.8) <0.001

07 (05, 0.8)

MIMIC-IV-ICU v3.0 database is from to 2008 to 2022. MIMIC-IV-ED database is from 2008 to 2019. Q1: the first quartile; Q3: the third quartile; P-values was calculated using non, parametric
fosis:or- U0, womans sty baasd on vaciible fyps.





