Invasive Pheno-profiling of Acute Myocardial Infarction Related Cardiogenic
Shock
-Supplementary data-

Supplementary Methods
Patients

We analyzed retrospective data of patients with acute myocardial infarction
complicated by cardiogenic shock (AMI-CS) patients from January 2006-July 2021 at
the National Institute of Cardiology in Mexico City. 309 patients with AMI-CS + PAC
were included; the PAC was installed within the first 24h of CS diagnosis (median of
3 [2-5] days from the hospital admission, the cumulative percentages were 80.6%,
90.5%, and 98.9% on days 5, 7, and 10, respectively).
Classifications and definitions

According to standard definitions, patients with an acute myocardial infarction
diagnosis were identified and classified as having either ST-elevation myocardial
infarction (STEMI) or non-ST-elevation-myocardial infarction (NSTEMI).[1] CS was
defined as a systolic pressure of <90 mmHg, the need for vasoactive or mechanical
support (MCS), lactate =2 mmol/L, or a cardiac index of <2.2 L/min/m?2.[2]

We classified the patients according to the 2022 SCAl shock stage
classification.[3] The SCAI stage was recorded as the worst at 24 h after installing a
PAC monitor.

e Stage C in patients with a lactate level of at least >2 mmol/L at a one-time point,
requiring initial intervention with either one drug or an MCS.

e Stage D was classed if the patient had a baseline lactate level >2 mmol/L plus a
higher time/admission lactate >1 or deterioration in organ function, defined as an
estimated glomerular filtration rate (eGFR) <45 mL/min/1.73 m?, aspartate
transaminase (AST), or alanine transaminase (ALT) levels three times the upper
level (150 U/L) or a failure of initial support strategy to restore perfusion (need of
an MCS plus at least one vasopressor).

e The presence of lactate >8 mmol/L defines stage E, pH<7.2, or an excess base
<-10 mEq/L.

Hemodynamic measures

All hemodynamic recordings were completed during the installation. But as part
of PAC retirement or patient death, data losses were seen at 0 h=0%, 6 h=7.4%, 12
h=12.9%, and 24 h=20.7%. The missing data were handled using the Expectation-
Maximization package in IBM SPSS Statistics (v. 22; IBM Corp., Armonk, NY, USA)
to input the data for the missing parameters.8
Congestion profile

We made congestion profiles in all patients using the standardized cut-off
values of pulmonary capillary wedge pressure (PCWP, 218 mmHg) and right atrial
pressure (RAP, 212 mmHg) to create four groups:7 biventricular, right-, left-
ventricular congestion or euvolemic (EuV). As in previous studies, we used the
changes in congestion profile to categorize these patients into three groups:
decongestive, neutral, or congestive within the first 24 h.
Cardiometabolic phenotype

The renal best cut-off was 53.7 mL/min/1.73 m?, Youden=0.275, a sensitivity of
62.7, and a specificity of 64.8. With a historical cut-off of 60 mL/min/1.73 m?, the results
showed a sensitivity of 70 and a specificity of 56.6%. Youden=0.27. A comparison of
ROC curves and AUC showed 0.64 vs. 0.63, respectively (P=0.511).



Hepatic best cut-off 140 U/L, Youden=0.258, a sensitivity of 47.33, and specificity
of 78.48. While a historical cut-off (>3 ULN) of 150 U/L had a sensitivity of 45.8,
specificity of 79.75, and a Youden=0.26. A comparison of ROC curves with AUC
showed 0.65 vs. 0.63, respectively (P=0.487).
Supplementary Results
Outcomes
Ventricular tachycardia or fibrillation

This outcome was defined as the presence of VT/VF that causes required
cardioversion, either pharmacological or electrical.
Acute kidney injury

Acute kidney injury was classified according to the AKIN network by total Cr
elevation of 0.3 or the use of hemodialysis. Basal Cr values were obtained in the
electronic health record as previous Cr to the index hospitalization or the lowest Cr
during the hospital stay. We estimated the Cr by a reverse eGFR to Cr formula
based on the CKD-EPI equation, assuming an eGFR of 75 mL/min/1.73 m?, as this
eGFR is mentioned in the KDIGO AKI guidelines.[4]

Multi-organ failure

An in-hospital 30-day follow-up was obtained with serial measurements at
days 1, 3, 5, 7, 14, and 30 days of MODS variables. The worst value was obtained
for the final scoring. Where no values were available, a score of 0 was assigned to
the specific organ. Since hemodynamic data were not recorded thoroughly, the worst
data for the cardiovascular score were obtained using the 24-h PAC-derived
measures to calculate the pressure-adjusted heart rate (PAR=HR*RAP/MAP). If the
patient had sedation RASS (Richmond agitation-sedation scale), the value was
converted to the Glasgow coma score (GCS).[5] Multi-organ failure was defined as
two-organ involvement and a MODS value with a specific organ score of >2 points in
each organ defined by: respiratory (PaO2/FiO2), renal (serum creatinine), Hepatic
(bilirubin), cardiovascular (PAR), hematological (platelet count) and neurological
(GCS/RASS).[6]

Hemodynamic variables and multi-organ failure, AKI, and ventricular
arrhythmias (Table 3 and Supplementary Table 3S)
Multi-organ failure (Figure 1S A-C)

In the case of MOF, SBP, SBP, MAP, and perfusion pressure, there were
significant differences among groups, with lower values in MOF patients. In the time-
point analysis at baseline, 6, 12, and 24h, lower SBP, MAP, and perfusion pressure
were seen in MOF. Only at 24h was DBP lower in this group. Regarding congestion,
RAP but not PCWP had significant differences, higher in MOF; regarding RAP, there
were differences only at 12 and 24h, suggesting an incomplete RV decongestion.
Furthermore, for PCWP, although only a trend was seen in the ANOVA analysis,
differences are present at baseline and 24h, indicating an entrance and exit with
more LV congestion. As expected, lower values with statistical significance for
cardiac output, index, power, power index, and CPlrar) were seen in the MOF
group. SV and SVi also had similar behavior in this group, with all these
hemodynamic parameters significantly different at all time points. LVSWi and RVSWi
had differences more marked in LVSWi (F=13.55, P<0.001 & F=5.23, P=0.023), in
the case of LVSWi. PAPi also had lower values in the MOF group in the ANOVA
analysis (F=6.34, P=0.012).

AKI (Figure 1S D-F)



The SBP, MAP, and perfusion pressure were significant in the ANOVA, with
lower values in patients with AKI. Regarding congestion, although no differences
between groups with RAP were seen, an interaction of time*AKI was seen with a
more effective decline in RAP in patients who did not have AKI. PCWP had
substantial differences (F=4.42, P=0.036) with higher values in AKI, which was seen
at 6 and 24h in the time-point analysis. Cardiac output, index and power, power
index, and CPIlrapr) had significant differences overall lower in patients with AKI at all
time points. Finally, LVSWi had differences with lower values in AKI, but in the time-
point analysis, this was seen from 6 to 24h.

Ventricular tachycardia or fibrillation (Figure 1S G-l)

If ventricular tachycardia/fibrillation (VT/VF) develops, low SBP, DBP, MAP,
and perfusion pressure are seen in the first 24h of active hemodynamic monitoring.
In the time-point analysis, these differences were seen from 6h with DBP, MAP, and
perfusion pressure; all aforementioned parameters had differences at 12-24h. Low
cardiac output, index and power, power index, and CPIlrapr) were seen with the
highest distinction made by CPIlrar) (F=16.54, P<0.001). Diminished SV, SVI, and
LVSWi were also seen in this VT/VF group.
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Table S1. Pairwise comparison with Bonferroni correction of the characteristics of patients with acute myocardial infarction

cardiogenic shock phenotype

Variables

Cardiac-only vs.

Cardiac-only vs.

Cardiorenal vs

cardiorenal cardiometabolic cardiometabolic
Age (years) <0.001 0.001 0.353
Hypertension (%) 0.026
Previous known CKD (%) * * *
NSTEMI

Type of AMI (%) STEMI 0.022 0.035

I 0.032 0.008

e Il 0.005 0.002

Killip-Kimball (%) "

\Y <0.001 <0.001 0.024
WBC (cel/mm3) 0.046 <0.001 0.309
Neutrophils (%) 0.026 0.25 1
Lymphocytes (%) 0.046 0.103 1
Platelets (cel/mm3) 1 0.022 0.006
Glucose (mg/dL) 0.034 0.02 1
BUN (mg/dL) <0.001 <0.001 0.562
Creatinine (mg/dL) <0.001 <0.001 1
eGFR by CKD-EPI (ml/min/m2) <0.001 <0.001 1
Chloride (mEq/L) 1 0.054 0.096
Potassium (mEqg/L) <0.001 <0.001 0.595
AST (U/L) 1 <0.001 <0.001
ALT (U/L) 0.196 <0.001 <0.001
LDH (U/L) 1 <0.001 <0.001
Maximum Creatinine (mg/dL) <0.001 <0.001 0.341
Maximum AST (U/L) 1 <0.001 <0.001




Maximum ALT (U/L) 0.073 <0.001 <0.001
Bilirubin (mg/dL) 1 0.029 0.013
Minimum PaO2/FiO2 ratio 0.056 0.003 1
Lactate 0.008 <0.001 0.006
Base excess <0.001 <0.001 0.093
pH <0.001 <0.001 0.634
Minimum 24-h MAP 0.009 0.025 1
Minimum 24-h SBP 0.347 0.008 0.431
: . Tr 0.03
Primary reperfusion BC|
o
(<12h, %) NR 0.001
Angiography (%) 0.003
Total-PCl (%) 0.019
Mechanical ventilation (%) 0.013
Hemodialysis (%) 0.004 <0.001
Vasopressin (%) <0.001
Dobutamine (%) <0.001 0.011
Levosimendan (%) 0.004 0.015
None 0.016

1
Number of vasoactive >
drugs (%) 3

4 0.001 0.014
Acute kidney injury (%) <0.001 <0.001

None <0.001 <0.001

1
AKIN stage (%) 5

3 <0.001 <0.001
Multi-organ failure (%) 0.004 <0.001 0.039




0-1 0.021 <0.001 0.008
Ngmber (oyf organ 2.3
failures (%) 45 0.004 <0.001 0.027
0-4 0.021 <0.001
MODS score 5-10
=11 0.004 <0.001 0.027
SCAI score C 0.011 * *
D
E <0.001 <0.001
Mortality (%) 0.01 <0.001 0.046

*p <0.05.

AKI: Acute Kidney Injury, ALT: Alanine Transaminase, AMI: Acute Myocardial Infarction, AST: Aspartate Transaminase, BMI: Body
Mass Index, BSA: Body Surface Area, BUN: Blood Urea Nitrogen, CABG: Coronary Artery Bypass Grafting, CKD: Chronic Kidney
Disease, COPD: Chronic Obstructive Pulmonary Disease, DBP: Diastolic Blood Pressure, eGFR: Estimated Glomerular Filtration
Rate, HF: Heart Failure, Hs-CRP: High-sensitivity C-reactive Protein, LVEF: Left Ventricular Ejection Fraction, LDH: Lactate
Dehydrogenase, MAP: Mean Arterial Pressure, MI: Myocardial Infarction, MODS: Multiple Organ Dysfunction Syndrome, NSTEMI:

Non-ST-Elevation Myocardial Infarction, NR: Non-primary reperfusion, PCl: Percutaneous Coronary Intervention, PI:

Pharmacoinvasive Strategy, PaO2/FiO2: Ratio of Arterial Oxygen Partial Pressure to Fraction of Inspired Oxygen, PT: Prothrombin
Time, PTT: Partial Thromboplastin Time, SBP: Systolic Blood Pressure, SCAI: Society for Cardiovascular Angiography and
Interventions, STEMI: ST-Elevation Myocardial Infarction, VT/VF: Ventricular Tachycardia/ Fibrillation, WBC: White Blood Cell

Count




Table S2. Pairwise comparison of hemodynamics parameters in AMI-CS phenotypes

Cardiac-only Cardiac-only vs. Cardioorenal vs
vs. cardiorenal | cardiometabolic cardiometabolic
Time 0 h
RAP (mmHg) 0.197 0.024 1
Cardiac output (L/min) 0.2 <0.001 0.085
Cardiac index (L/min/m?) 0.405 0.001 0.126
Cardiac power (W) 0.169 <0.001 0.117
Cardiac power index
(W/m?) 0.326 0.001 0.157
CPIlrar) (W) 0.169 0.001 0.201
Perfusion pressure 0.1 0.087 1
(mmHg)
Stroke volume (mL) 0.772 <0.001 0.023
Stroke volume index
(mL/m?) 1 0.002 0.05
LVSWi (gm-m/m?/beat) 0.236 <0.001 0.111
RVSWi (gm-m/m?/beat) 1 0.043 0.255
Time 6 h
RAP (mmHg) 0.069 <0.001 0.312
mPAP (mmHg) 0.052 0.022 0.634
Cardiac output (L/min) 0.193 <0.001 0.011
Cardiac index (L/min/m?) 0.406 <0.001 0.017
Cardiac power (W) 0.164 <0.001 0.05
Cardiac power index
(W/m?) 0.352 <0.001 0.059
CPlrar) (W) 0.232 <0.001 0.028
Perfusion pressure 0.051 0.004 1
(mmHg)
Stroke volume (mL) 0.179 <0.001 0.059
Strokezvolume index 0.401 0.001 0.077
(mL/m*?)
5S)VR (dynes/seconds/cm- 1 0.009 0.1
;VR (dynes/seconds/cm- 058 0.013 0.356
SVRIi
(dynes/seconds*m?/cm-®) 1 0.043 0.143




PVRi

(dynes/seconds*m?/cm-®) 0.714 0.022 0.404
LVSWi (gm-m/m?/beat) 0.153 0.001 0.239
Time 12 h
RAP (mmHg) 0.045 0.012 1
Cardiac output (L/min) 0.123 0.002 0.408
Cardiac index (L/min/m?) 0.262 0.002 0.27
Cardiac power (W) 0.155 0.003 0.431
g/?//rr‘:j?)c PIOGIE (e s 0.332 0.005 0.347
CPlrar) (W) 0.22 0.001 0.239
(Pnf:]‘ﬁ;” PIESIE 0.098 0.013 1
Stroke volume (mL) 0.203 0.003 0.361
(Snt:l‘_’/ﬁz‘)’o'“me index 0.414 0.006 0.308
LVSWi (gm-m/m?/beat) 0.139 0.003 0.499
Time 24 h
SBP (mmHg) 1 0.007 0.067
DBP (mmHg) 0.081 0.01 1
MAP (mmHg) 0.347 0.001 0.147
RAP (mmHg) 0.012 0.045 1
PCWP (mmHg) 0.02 0.003 1
PASP (mmHg) 0.054 0.135 1
PADP (mmHg) 0.153 0.001 0.263
mPAP (mmHg) 0.072 0.071 1
Cardiac output (L/min) 0.269 0.022 0.876
Cardiac index (L/min/m?) 0.471 0.045 0.856
Cardiac power (W) 0.137 0.001 0.292
g/?//rr‘:j?)c SO eI 0.179 0.002 0.383
CPIlrar) (W) 0.053 0.001 0.497
frﬁrr;“HSg)’” pressure 0.03 <0.001 0.48
Stroke volume (mL) 0.578 0.043 0.719




LVSWi (gm-m/m?/beat) 0.124 0.001 0.385

Bpm: Beats per minute, SBP: Systolic blood pressure, DBP: Diastolic blood pressure,
MAP: Mean arterial pressure, RAP: Right atrial pressure, PCWP: Pulmonary capillary
wedge pressure, PASP: Pulmonary artery systolic pressure, PADP: Pulmonary artery
diastolic pressure, mPAP: Mean pulmonary artery pressure, CPI: Cardiac power
index, CPIlrar): Cardiac power index normalized by right atrial pressure, PAPI:
Pulmonary artery pulsatility index, SV: Stroke volume, SVi: Stroke volume index,
SVR: Systemic vascular resistance, PVR: Pulmonary vascular resistance, SVRi:
Systemic vascular resistance index, PVRi: Pulmonary vascular resistance index,
LVSWi: Left ventricular stroke work index, and RVSWi: Right ventricular stroke work
index




Table S3. ANOVA analysis of the phenotypes and complications in acute myocardial infarction complicated by cardiogenic shock.

Variables Cardiogenic Shock Phenotypes Multi-organ Failure Acute Kidney Injury Ventricular tachycardia/fibrillation
Test Phenotypes | Time Pr_menotypes* MOF Time MOF*time AKI (F, P) Time AKI*time VT/VF Time _VT/VF*
FP) | FP) | tmeF. P | EP) | FEP) | FP P | &P | EP) | EP) |imeF P

Heartrate (bpm) | 0.44,0644 | grye’ | 0910472 | 030 |14.0206| oot | o4ss | o1 | 0228 | 0515 | 053 | oo
SBP(mmHg) | 3.78,0024 | goee | 0240957 | oo | 10388 | g | 0o | oars | e | o00s | 10345 | oery
DBP (mmHg) 2.94,0.055 | 123 | 0350006 | o9> | 092,426 | 0T | 30084 | O35 | 08T, 886\ 088 o5 0802
MAP (mmHg) | 352,001 | 50 | 025,095 | oiont | o | oais [529928| e | owsh | <0001 | 035 | o090
RAP (mmHg) | 6640001 | giers | 0640683 | oot | o0 | oues | o9o7 | o11s | oot | osed | oers | osre
PCWP (mmHg) | 472,001 | oo, | 067,057 | oo | ooon | oras | 0o | <0001 | oaoy | 0195 | <0ooi | o3a
PASP (mmHg) 258,0.078 | g% | 18,0106 |0008 | 516 1 825 107,006 O0%  [348002(07,0404| 35 o062 058
PADP (mmHg) 3.04,0.049 | 205 | 2250037 | Db | 213 1267,047]08,0372| OO S I el B
mPAP (mmHg) | 2790079 | o5 | 08,052 | gt | gooi | oass | o101 | <0001 | 0131 | o143 | ooos | 12203
Cardiac output (Lmin) | 8, <0001 | Soo: | 0.99,0429 | Juoe | S550: 02,0878 oo | o001 | sy | oori | <000t | 0449
Cardiac index (L/min/m?) | 5.44,0.005 | 3395 | 1.01,0415 | 797, | 3218 | 017, 4 TA% ) S000 1052, 065| 805 | 3281\ 077,
Cardiac power (W) |9.92,<0.001 | 270 | 067,065 | S0 | G001 | o965 | o001 | <0001 | oea | <0001 | <0o0i | o074y
Sy | 7200001 | Zio0y | 0640679 | oo | Z0i | “es’ | o001 | <0ooi | o7 | <oo0i | <0001 | osos
CPlws (W) |56, <0.001 | gy, | 061,0.708 | 000t | Soo0i | goss | <0001 | <0o00i |°72953| 9001 | <00 | o900
b |87 <0001] 9% 10.049,0999 | 000t | 0938 | o9ss | ooti | o068 | oeti | 0003 | 0296 | osed
PAP 25,0084 | ooy | 092,0467 | gob | g | 05085 | 075 | Oors | oers | osar | oase | 10383
Stroke volume (m) | 697,001 | 2700 | 097.0435 | gooe | oot | oers | o053 | <0001 |°%94%| oo | 0001 | 0295
Sy | 483,001 | o0 | 1010414 | 8, | Tt | osrs | ooss | zoo0i |9427| coms | 20001 | 0304




226 119, | 20.31 0.079 1.66 16.83 0.52 22.85 1.78
-5 ’ ’ ’ ’ ’ ’ 7 H ’
SVR (dynes/seconds/cm®) | 3.1,0.046 | ooy [ 1450201 | 5506 | 0001 | 0.962 0198 | <0001 | 0648 |9209855] 5001 | 0156
3.64 016, | 4.07 0.92 1.88 3.78 1.23 168 471 212
-5 ’ ’ il ’ ’ ’ 7 H ’ ’
PVR (dynes/seconds/cm™) | 2.83,0.06 | g | 1.08,0.374 | 'sor | 007 0.421 0.171 0.013 0.298 0.196 0.004 0.102
SVRI 23.77, 116, | 2138, | 0.098, 17.95, 0.49, 0.75, 24.21, 1.93,
(dynes/seconds*m?em®) | 197> 0142 | (o001 | 148019 | 5585 | <0001 | 0047 |12 0222] 5001 | o0.665 0388 | <0.001 | 0131
PVRi 3.58 .0 014 | 419, 1.05, 1.86, 1.4, 1.69, 4.88,
(dynes/seconds*m?/cms) | 1-86:0-157 | 7yg" | 1.06,0.382 | 5574, | 06 0.366 0.174 |[402001| 4595 0.194 0.004 |2-24.0.09
. 18.35, 13.55. | 17.84. 18.02, 0.45, 1583, | 18.26, 041,
LVSWi (gm-m/m?fbeat) | 7.18,0.001 | 183% | 038 0.879 | 1355 | 1784 145 0306 | 7,0000 | (302 | 045 | 1583 ) 1826 4 041
. 3.95 523 193 0.092 3.06 0.39 0.66 2.49 0.013
_ 2 ) ) ) ) 3 ’ ) 3 )
RVSWi (gm-m/m/beat) | 144,024 | 555 | 1.31,0257 | (55 | 2.8,0.039] 733 0.761 0.035 0.727 0.417 0.068 0.996

Bpm: Beats per minute, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial pressure, RAP: Right atrial pressure,
PCWP: Pulmonary capillary wedge pressure, PASP: Pulmonary artery systolic pressure, PADP: Pulmonary artery diastolic pressure, mPAP:
Mean pulmonary artery pressure, CPI: Cardiac power index, CPIlrap): Cardiac power index normalized by right atrial pressure, PAPi: Pulmonary
artery pulsatility index, SV: Stroke volume, SVi: Stroke volume index, SVR: Systemic vascular resistance, PVR: Pulmonary vascular resistance,

SVRi: Systemic vascular resistance index, PVRi: Pulmonary vascular resistance index, LVSWi: Left ventricular stroke work index, and RVSWi:

Right ventricular stroke work index




Figure S1. ANOVA repeated measures of representative hemodynamic parameters in CS-AMI complications. In multi-organ failure, cardiac
power index(RAP) (A), perfusion pressure (B), and left ventricular stroke work index (C). In acute kidney injury, cardiac power index(RAP) (D),
left ventricular stroke work index (E), and perfusion pressure (F). For VT/VF (ventricular tachycardia/fibrillation), cardiac power index(RAP) (G),
left ventricular stroke work index (C), and mean arterial pressure (1).
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Table S4. Coronary Artery Distribution in Different Cardiogenic Shock Profiles

Variable Cardiac only Cardiorenal Cardiometabolic P-value
Left main CA 18 (14.3) 8 (10.3) 7 (10.4) 0.613
LAD 102 (81) 61 (78.2) 47 (70.1) 0.228
LCX 62 (49.2) 42 (53.8) 31 (46.3) 0.65
RCA 83 (65.9) 53 (67.9) 45 (67.2) 0.952
Number 0 2 (1.6) 3 (3.8) 7 (10.4) 0.13
of 1 41 (32.5) 24 (30.8) 18 (26.9)

affected 2 43 (34.1) 21 (26.9) 21 (31.3)

vessels 3 40 (31.7) 30 (38.5) 21 (31.3)

(%)

Left main: Left Main Coronary Artery, LAD: Left Anterior Descending Coronary Artery, LCX:
Left Circumflex Coronary Artery, RCA: Right Coronary Artery



