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Cardiogenic Shock: Selected Issues

• SCAI Shock Classification
• Cardiac Arrest-CS interaction
• Shock centers and teams
• US National Shock Initiative
• Role of MSC: New data
• Refractory Shock



High In-Hospital Mortality
During AMI Cardiogenic Shock3

1. Sandhu A,, et al.. Circulation, 2015;132:1243-1251
2. Acute Cardiac Assist Report, Health Research International – August 2015 
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AMI Shock Mortality Unchanged in > 20 years

3. Jeger, et al. Ann Intern Med. 2008



Worsening Mortality of AMI-CS??

Wayangankar, et al. 
JACC Interven 2016

P=0.04



Inclusion in Cardiogenic Shock Trials
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Variability in reporting of key outcome predictors in AMI 
cardiogenic shock trials

CCI: Tyler, Henry et al 19 April 2021, DOI: (10.1002/ccd.29710) 



Variability in reporting of key outcome predictors in 
AMI cardiogenic shock trials

CCI: Tyler, Henry et al 19 April 2021, DOI: (10.1002/ccd.29710) 



Current Evidence From Randomized Clinical Trials in Cardiogenic 
Shock in the Percutaneous Coronary Intervention Era 

Thiele et al. EHJ 2019; 40:2671–2683



THOUGHTS ON SHOCK

•Not all shock is created equally

•What has held the field back is 
the lack of a common language!



Car Crashes are Variable



The SCAI SHOCK 
Classification System

SCAI 2019
Las Vegas, NV





Validation of SCAI Shock Classification

Jentzer et al., JACC 2019
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Association between SCAI stages and mortality 
was consistent across ACS & HF subgroups
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Jentzer, JACC 2019 – CICU patients
Thayer, Circ HF 2020 – CS patients
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Cardiac Arrest Impact on Cardiogenic Shock 

Jentzer et al., JACC 2019



Trial Protocol Patient in cardiogenic shock
after myocardial infarction

Screening
Check of Inclusion/Exclusion Criteria

Patient´s Intent
(1/2 physician consent process)*

Randomization

Inclusion:
1. STEMI of <36 hrs (ECG, Angio)
2. CGS <24 hrs

lactate >2.5  &/or SvO2 <55% 
(at normal PaO2) and
SBP < 100 mmHg or
vasopressors

3. LVEF <45%

additional inclusion (same 
criteria) if shock is developed
within 12 hrs of procedure

Exclusion:
• other cause of shock (hypovolemia, 

sepsis, embolism, anaphylaxis)
• cardiac mechanical

complications (papillary muscle
rupture, VSD, rupture of free wall)

• severe aortic valve regurgitation
/ stenosis / mechanical valve

• severe RV failure (e.g. TAPSE <1cm)
• OOH cardiac arrest with GCS <8 

after ROSC
• shock >24 hrs
• already established MCS
• DNR / severe comorbidity
• known intolerance to Heparine, 

Aspirin, ADPr/P2Y12 inhibitors, 
(e.g. clopidogrel) contrast media

Group 1: 
IMPELLA

Group 2:
Control

Follow-up: 180 days

Primary Endpoint: Death from all causes through 180 days
Secondary Endpoints:
• Composite cardiovascular events (survival with native heart: need for additional MCS, cardiac transplantation, death of

all causes)
• hemodynamics (CPO, Lactate clearance, PAP)
• sequential organ failure assessment (SOFA) score @ 24, 48, 72 hrs after randomization
• use and dosage of vasopressor and inotropes @ 24, 48, 72 hrs after randomization
• renal function
• LV function @ 180 days

Revascularization
according to current guidelines

device
placement
BEFORE PCI

* patient / proxy consent as soon as safe and feasible
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SHOCK Team Approach

Interventionl 
Cardiologist

Heart 
Failure 

Cardiologist

ICU 
Cardiologist

Cardiac 
Surgeon

Severe 
Refractory 

Cardiogenic 
Shock 
Patient

• 24 x 7 Availability
• Match Proper Device to 

Patient needs
• Facile with Invasive 

Hemodynamics and all 
devices





Henry TD, Tomey MI, Tamis-Holland JE, Thiele H, Rao SV, Menon V, 
Klein DG, Naka Y, Piña IL, Kapur NK, Dangas GD; American Heart 
Association Interventional Cardiovascular Care Committee of the 
Council on Clinical Cardiology; Council on Arteriosclerosis, Thrombosis 
and Vascular Biology; and Council on Cardiovascular and Stroke 
Nursing. Invasive Management of Acute Myocardial Infarction 
Complicated by Cardiogenic Shock: A Scientific Statement From the 
American Heart Association. Circulation. 2021 Apr 13;143(15):e815-
e829.



Henry TD, Tomey MI, Tamis-Holland JE, Thiele H, Rao SV, Menon V, Klein 
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Interventional Cardiovascular Care Committee of the Council on Clinical 
Cardiology; Council on Arteriosclerosis, Thrombosis and Vascular Biology; 
and Council on Cardiovascular and Stroke Nursing. Invasive Management 
of Acute Myocardial Infarction Complicated by Cardiogenic Shock: A 
Scientific Statement From the American Heart Association. Circulation. 
2021 Apr 13;143(15):e815-e829.



Advancing Pragmatic Priorities and 
Pathways in Shock Research

February 22, 2020
CRT 2020



CSRC Shock II – Formation of Working Groups

I. Shock networks for treatment and research 
II. Defining cardiogenic shock for research and 

regulatory purposes – Academic Research 
Consortium (SHARC)

– Creation of a minimum requirement case report 
form

III.Informed consent for Cardiogenic Shock Res
IV.Core questions to be answered: trial design
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RAPID Identification of Cardiogenic Shock

Cath Lab Activation

AMI/CS Confirmed

MCS

Door
To

Support
Time

Target
  < 90 

minutes

Femoral Access
AMI/CS Unconfirmed

LHC*
RHC*
Echo*

*As needed to confirm diagnosis 

NATIONAL CSI ALGORITHM



MCS

PCI
Right Heart CathCPO < 0.6 CPO ≥ 0.6 and 

PAPI > 0.9

Continue to Titrate 
↓ Pressors/Inotropes

PAPI < 0.9, RA >12, DSA*

Possible RV Failure

Consider 
RV Support

RV Normal

Consider ↑ 
LV Support 

PAPI > 0.9

CARDIAC POWER OUTPUT
(CPO)

CPO = MAP x CO / 451

PULMONARY ARTERY 
PULSATILITY INDEX

(PAPI)
PAPI = sPA – dPA / RA

Calculate PAPI

* Diastolic Suction Alarms



National Cardiogenic Shock Initiative

Study Design
• DESIGN: Prospective, 

non-randomized, single-
arm, multi-center study

• OBJECTIVE: To assess 
the impact of early MCS, 
guided by invasive 
hemodynamics, on 
outcomes in AMICS, 
using the NCSI protocol.

• NCT03677180

697 patients excluded

406 patients enrolled

July 2016 to November 
2020

1103 patients screened at 
80 centers

*more than one exclusion 
criteria can apply

Inclusion Criteria Not Met*

No PCI performed 231

No evidence of hypotension 36

No evidence of hypoperfusion (clinically 
or by invasive hemodynamics)

36

No evidence of AMI 24

Exclusion Criteria Met*

IABP prior to Impella 195

Unwitnessed Arrest or ROSC >30 min 108

Other Shock 57

Active Bleeding 43

Mechanical Complication of AMI 29

Recent Major Surgery 21

LV Thrombus 10

Mechanical Aortic Valve 4
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Revascularization / Shock Trial 
(53%)

All comers / NCSI (68%)
C/D Shock / NCSI (77%)

Survival 

30-Day Survival Rates from Two Decades of Cardiogenic Shock Trials



74% 65% 65%
54%

32%

4+ 3 2 1 0

P<0.001 (N=287)

Number of Inotropes/Pressors
Basir M, Schreiber T, Grines C, et al. Effect of Early Initiation of 
Mechanical Circulatory Support on Survival in Cardiogenic Shock. Am. J. 
of Cardiology, 2016.

Vasopressors/Inotropes are Associated 
with Mortality in AMI-CS
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Use of Invasive Hemodynamics is Associated with Survival in AMI-CS

Osman et al.. Invasive Hemodynamic Monitoring in Cardiogenic Shock is Associated with Lower In-Hospital 
Mortality. JAHA 2021

Osman M, Balla S, Dupont A, O'Neill WW, Basir MB. Reviving Invasive Hemodynamic Monitoring in 
Cardiogenic Shock. Invasive Hemodynamic Monitoring in Cardiogenic Shock. Am J Cardiol. 2021 Jul 
1;150:128-129. 



Delay in MCS associated w/ Mortality in AMI-CS

Tehrani  et al. Standardized Team-Based Care for Cardiogenic Shock. J Am Coll 
Cardiol. 2019 Apr 9;73(13):1659-1669. doi: 10.1016/j.jacc.2018.12.084. 



Patients with STEMI-CS referred for PCI

Risk Assessment
(duration of shock, serum lactate, inotrope/pressor use)

1:1 Randomization

Impella Arm

Impella pre-PCI
Hemodynamic monitoring

Weaning of pressors/inotropes

Control Arm

Standard of care +/- IABP
No Impella devices

Protocolized escalation to 
Impella device(s) +/-
oxygenation therapy

Standard of care escalation to 
non-Impella device(s)

RECOVER IV TRIAL DESIGN OVERVIEW

Co-PI’s: Dr. Navin Kapur (Tufts) & Dr. Bill O’Neill (Henry Ford)

Program Chair: Dr. Gregg Stone (Mt. Sinai) 

Design Committee
• Navin Kapur, MD

• William O’Neill, MD

• Gregg Stone, MD

• Dan Burkhoff, MD, PhD

• Jacob Moller, MD

• Mark Anderson, MD



Cardiogenic Shock: Selected Issues

• New SCAI Shock Classification
• Cardiac Arrest-CS interaction
• Shock centers and teams
• US National Shock Initiative
• Role of MSC: New data
• Refractory Shock



New From Last Year!!

• ECMO-CS trial

• ECLS SHOCK trial

• IPD meta-analysis

• NCSI 1 year analysis

• DANGER





Current Management of Cardiogenic Shock
Adapted from ESC Guidelines 2021

Ventilatory support
Oxygen Consider inotropes/

vasopressors
Consider short-term

MCS+ +

Class I
Class 
IIaClass 
IIb

Early conservative 
therapy

Immediate ECMO 
implantationECMO-CS trial compared: vs.

in rapidly deteriorating or severe cardiogenic shock

52



Trial Organization

• Multicenter, randomized, investigator-initiated, academic clinical trial without industry involvement

• Four centers in the Czech Republic
• Na Homolce Hospital, Prague
• General University Hospital, Prague
• University Hospital Pilsen, Pilsen
• Hospital Liberec, Liberec

• Supported by a grant from the Czech health research council No. 15-27994A

• ClinicalTrials.gov No. NCT02301819

• Enrollment between September 2014 and January 2022
53



Inclusion Criteria

A. Rapidly deteriorating cardiogenic shock (corresponding to SCAI stage D-E)
  repeated bolus of vasopressors to maintain MAP > 50 mmHg

B. Severe cardiogenic shock (corresponding to SCAI stage D)
 1. Hemodynamic conditions: 

  CI < 2.2 L/min/m2 + NOR + DOBU
   or 
   SBP < 100 mmHg + NOR + DOBU + (LVEF < 35% or LVEF 35–55% + severe 

 MR or AoS)

2. Metabolic: 
  Lactate ≥ 3 mmol/L 
  or 

   SvO2 < 50%

3. Hypovolemia exclusion: 
  CVP > 7 mmHg or PAWP > 12 mmHg

54



Trial Procedures and Endpoints

Randomization 1:1 Early conservative 
therapy

Immediate ECMO 
implantation or

Downstream ECMO allowed in 
case of hemodynamic 

worsening (rise of lactate by 3 
mmol/L)

Primary composite endpoint

 Death from any cause, resuscitated circulatory arrest, and implementation of 
another mechanical circulatory support (including ECMO in the conservative 
arm) at 30 days

55



Patient flow

Patients 
randomized

N = 122

Randomized 
ECMO
N = 61

Randomized
Conservative

N = 61

Analyzed
ECMO
N = 58

Analyzed
Conservative

N = 59

Absence of 
informed consent

N = 3

Absence of 
informed consent

N = 2

56



Baseline Characteristics
ECMO Conservative
N = 58 N = 59

Age – years (IQR) 67 (60; 74) 65 (58; 71)
Male (%) 43 (74.1 %) 43 (72.9 %)
Clinical parameters at randomization - median 

(IQR)
Lactate (mmol/L) 5.3 (3.1; 8.4) 4.7 (3.3; 7.4)
MAP (mmHg) 63.3 (56.7; 68.7) 64.5 (54.3; 75.3)

Therapy at randomization - no. (%)
Mechanical ventilation 41 (74.5 %) 40 (70.2 %)
Norepinephrine  50 (86.2 %) 50 (84.7 %)
Dobutamine 31 (53.4 %) 33 (55.9 %)
Milrinone 22 (37.9 %) 16 (27.1 %)
Vasopressin 19 (32.8 %) 22 (37.3 %)
Vasoactive-inotropic score - median (IQR) 59.9 (32.8; 121.5) 61.0 (28.0; 124.9)

Cause of cardiogenic shock – no. (%)
STEMI 30 (51.7 %) 29 (49.2 %)
NSTEMI 7 (12.1 %) 7 (11.9 %)
Decompensation of CHF 14 (24.1 %) 13 (22.0 %)
Mechanical complications of MI 1 (1.7 %) 2 (3.4 %)
Other 6 (10.3 %) 8 (13.6 %)

57



Primary Composite Endpoint
Death from Any Cause, Resuscitated Arrest, Another MCS 

58

Log-Rank test: P = 0.21

HR 0.72; 95% CI, 0.46 to 1.12



Secondary Endpoints
ECMO Conservative Hazard ratio
N = 58 N = 59 (95% CI)

Primary composite endpoint 37 (63.8 %) 42 (71.2 %) 0.72 (0.46; 1.12)

Death from any cause 29 (50.0 %) 28 (47.5 %) 1.11 (0.66; 1.87)
Resuscitated cardiac arrest 6 (10.3 %) 8 (13.6 %) 0.79 (0.27; 2.28)
Another mechanical circulatory support 10 (17.2 %) 25 (42.4 %) 0.38 (0.18; 0.79)

Downstream ECMO in early conservative 
arm 23 (39.0 %)

Safety endpoints ECMO Conservative P-value

Serious adverse events 35 (60.3 %) 36 (61.0 %) 0.941
Bleeding 18 (31.0 %) 12 (20.3 %) 0.185
Leg ischemia 8 (13.8 %) 3 (5.1 %) 0.107
Stroke 3 (5.2 %) 0 (0.0 %) 0.119
Pneumonia 18 (31.0 %) 18 (30.5 %) 0.951
Sepsis 23 (39.7 %) 23 (39.0 %) 0.941

59



Conclusion

• Immediate implementation of ECMO in patients with rapidly deteriorating or 
severe cardiogenic shock did not improve clinical outcomes compared with an 
early conservative strategy that permitted downstream use of ECMO in case of 
hemodynamic worsening

• A substantial proportion of patients with early conservative therapy required 
downstream use of ECMO or other MCS due to further deterioration of 
hemodynamic status

61

Implication
• Even in patients with severe or rapidly deteriorating cardiogenic shock (SCAI 

stage D-E), early hemodynamic stabilization using inotropes and vasopressors with 
implementation of MCS only in case of further hemodynamic worsening is a 
therapeutic strategy comparable to the immediate insertion of ECMO



ECMO-CS TRIAL





Increase in VA-ECMO (ECLS) Over Time

Karagiannidis et al. Intensive Care Med.2016;42:889–896
Becher et al. Circulation 2018;138:2298-2300

Background

IABP-SHOCK II
Trial

Slide courtesy of Prof. Holger Thiele



Inclusion Criteria Exclusion Criteria
•Cardiogenic shock complicating AMI (STEMI or 

NSTEMI) plus obligatory:

1. Planned revascularization 

2. SBP <90 mmHg >30 min or catecholamines 
required to maintain SBP >90 mmHg 

3. Signs of impaired organ perfusion with at 
least one of the following criteria:

 Altered mental status

 Cold, clammy skin and extremities

 Oliguria with urine output <30 ml/h

4. Arterial lactate >3 mmol/l

• Informed consent

•Resuscitation >45 minutes

•Mechanical cause of cardiogenic shock

•Onset of shock >12 h

•Severe peripheral artery disease with 
impossibility to insert ECLS cannulae

•Age <18 years or >80 years

•Shock of other cause (bradycardia, sepsis, 
hypovolemia, etc.)

•Other severe concomitant disease with limited 
life expectancy <6 months

•Pregnancy

•Participation in another trial

Inclusion and Exclusion CriteriaMethods

Slide courtesy of Prof. Holger Thiele Thiele et al. Am Heart J 2021;234: 1-1



Endpoints/Statistical Methodology
Primary endpoint

30-day all-cause mortality 

Secondary endpoints
 Time to hemodynamic stabilization
 Duration of catecholamine therapy
 Serial creatinine-level and creatinine-clearance until hemodynamic stabilization
 Mean and area under the curve of arterial lactate during 48 hours after PCI
 Peak release of myocardial enzymes
 Serial SAPS II
 Length of mechanical ventilation
 Length of ICU stay
 Length of hospital stay
 Acute renal failure requiring renal replacement therapy within 30 days
 Recurrent myocardial infarction within 30 days 
 Need for repeat revascularization (PCI and/or CABG) within 30-days
 Rehospitalization for heart failure within 30 days
 Cerebral performance category (CPC) at 30 days

Methods

Sample size

 Estimated event rate for primary 
endpoint: 
 49%  in control group versus 
 35% in ECLS group

 1 interim analysis (50% of patients)

 2-sided Chi2-test; power: 80%, 
alpha=0.048 for final analysis → 
390 patients

 To compensate for losses in follow-
up → 420 patients

Slide courtesy of Prof. Holger Thiele Thiele et al. Am Heart J 2021;234: 1-1



Trial FlowResults

Thiele et al. Am Heart J 2021;234: 1-1

44 study sites

Slide courtesy of Prof. Holger Thiele



Baseline CharacteristicsResults

ECLS (n=209) Control (n=208)

Age (years); median (IQR) 62 (56 - 69) 63 (57 - 71)
Male sex; n/total (%) 170/209 (81.3) 169/208 (81.3)
Mean blood pressure (mmHg); median (IQR) 71 (61 - 87) 72 (60 - 88)
STEMI; n/total (%) 135/204 (66.2) 141/207 (68.1)
Resuscitation before randomization; n/total (%) 162/209 (77.5) 162/208 (77.9)
No. of diseased vessels; n/total (%)

1
2
3

71/203 (35.0)
71/203 (35.0)
61/203 (30.0)

63/200 (31.5)
53/200 (26.5)
84/200 (42.0)

LVEF (%); median (IQR) 30 (20 - 35) 30 (20 - 40)
Laboratory values on admission

pH; median (IQR)
Lactate (mmol/L); median (IQR)

7.2 (7.1 - 7.3)
6.8 (4.5 – 9.6)

7.2 (7.1 - 7.3)
6.9 (4.6 – 10.0)

SCAI Shock classification; n/total (%)
C
D
E

104/209 (49.8)
38/209 (18.2)
67/209 (32.1)

111/208 (53.4)
18/208 (8.7)

79/208 (38.0)

Slide courtesy of Prof. Holger Thiele



TreatmentResults

ECLS (n=209) Control (n=208)

Type of inital revascularization; n/total (%)
PCI
CABG
PCI with emergent transfer to CABG

199/208 (95.7)
1/208 (0.5)
2/208 (1.0)

199/204 (97.5)
0/204
0/204

ECLS therapy; n/total (%)
Initiation in catheterization laboratory

Prior revascularization
During revascularization
After revascularization

Initiation after catheterization laboratory
<24 hours
≥24 hours

192/209 (91.8)

42/192 (21.9)
50/192 (26.0)

100/192 (52.1)

0/192
0/192

26/208 (12.5)

4/26 (15.4)
8/26 (30.8)
7/26 (26.9)

3/26 (11.5)
4/26 (15.4)

Duration of ECLS therapy (days); median (IQR) 2.7 (1.5 - 4.8) 2.7 (2.2 – 3.8)
Peripheral antegrade perfusion sheath; n/total (%) 183/192 (95.3) 16/19 (84.2)
Active left ventricular unloading in ECLS; n/total (%) 11/191 (5.8) 6/19 (31.6)
Other MCS in patients without ECLS; n/total (%) 0/17 28/182 (15.4)
Invasive mechanical ventilation; n/total (%) 183/203 (90.1) 177/202 (87.6)

Slide courtesy of Prof. Holger Thiele



Primary Endpoint – 30-Day All-Cause MortalityResults

Slide courtesy of Prof. Holger Thiele



Safety  Results

0%

5%

10%

15%

20%

25%

30%

Stroke Moderate/severe bleeding
(BARC 3-5)

Peripheral ischemic
vascular complication
requiring surgical or

interventional therapy

ECLS

Control

RR 1.33
(95% CI 0.47-3.76)

RR 2.86
(95% CI 1.31-6.25)

RR 2.44
(95% CI 1.50-3.95)

2.9%
3.8%

23.4%

9.6% 11.0%

3.8%

Slide courtesy of Prof. Holger Thiele





Individual patient data (IPD) meta-analysis

Zeymer U, Freund A, Hochadel M, et. al.   Lancet 2023. https://doi.org/10.1016/S0140-6736(23)01607-0



Individual patient data (IPD) meta-analysis
Primary endpoint:  30-day all-cause mortality

Zeymer U, Freund A, Hochadel M, et. al.   Lancet 2023. https://doi.org/10.1016/S0140-6736(23)01607-0



Individual patient data (IPD) meta-analysis
Primary endpoint:  30-day all-cause mortality

Zeymer U, Freund A, Hochadel M, et. al.   Lancet 2023. https://doi.org/10.1016/S0140-6736(23)01607-0



Summary and conclusions

Zeymer U, Freund A, Hochadel M, et. al.   Lancet 2023. https://doi.org/10.1016/S0140-6736(23)01607-0

 In patients with acute myocardial infarction and cardiogenic shock with 
planned revascularization ECLS (VA-ECMO) versus control does not reduce 
30-day all-cause mortality.

 ECLS is associated with higher rates of moderate or severe BARC bleeding 
and peripheral ischemic complications requiring intervention.

 This lack of mortality benefit is further supported by the fact that there were no 
differences in the secondary endpoints (e.g. lactate, renal function, SAPS-2, 
etc.).

 The findings challenge current guideline recommendations and clinical practice 
with increasing rates of mechanical circulatory support in cardiogenic shock.

 This lack of mortality benefit is supported by an IPD metaanalysis of all 4 
RCTs comparing ECLS vs control.



Manuscript courtesy of Dr. Babar Basir, being presented with permission

• The NCSI (NCT03677180) is a single-arm, multicenter study to assess the 
feasibility and effectiveness of utilizing early Impella support in patients 
presenting with AMI-CS

• A total of 406 patients were enrolled at 80 sites between 2016-2020.
• 32 hospitals were academic medical centers and 48 were community 

medical centers



Basir MB, Lemor A, Gorgis S, et. al. JAHA 2023. In press.  

RESULTS
• Average age was 64±12 years, 24% were female, 17% had a witnessed 

OHCA, 27% had IHCA, and 9% were under active CPR during MCS 
implantation. 

• Patients:
• Presented with mean SBP of 77.2±19.2 mmHg, 
• 85% of patients were on vasopressors or inotropes, 
• Mean lactate was 4.8±3.9 mmol/L 
• Cardiac power output (CPO) was 0.67±0.29 W

• At 24-hours, mean SBP improved to 103.9 ± 17.8 mmHg, lactate to 2.7±2.8 
mmol/L, and CPO to 1.0±1.3 W. 

National Cardiogenic Shock Initiative
Short- and long-term survival



Basir MB, Lemor A, Gorgis S, et. al. JAHA 2023. In press.  

National Cardiogenic Shock Initiative
Short- and long-term survival



Basir MB, Lemor A, Gorgis S, et. al. JAHA 2023. In press.  

National Cardiogenic Shock Initiative
Short- and long-term survival
• The NCSI (NCT03677180) is a single-arm, multicenter study to assess the feasibility and 

effectiveness of utilizing early of Impella in patients presenting with AMI-CS
• A total of 406 patients were enrolled at 80 sites between 2016-2020.



DanGer Shock RCT

Timing of Randomization
When Shock is Diagnosed
(Pre, During or Up to 12 hours Post-PCI)

Randomized (N=360)

Impella CP
(N=180)

Control
(N=180)

PRIMARY END POINT: All-Cause Death at 180 Days

Cardiogenic Shock due to STEMI
STEMI <36 hours

Lactate >2.5 mmol/l or SvO2 <55%
LVEF <45%

Key exclusion
• Shock >24 hours
• Comatose after OHCA

(In-ambulance/in-hospital CA not excluded)
• Severe RV failure

Møller J, et al. Microaxial Flow Pump or Standard Care in Infarct-Related CS. N Engl J Med 2024. DOI: 10.1056/NEJMoa2312572.

Independent Investigator-Initiated Study

First Completed Impella RCT in AMI-CS
• 360 patients randomized from 2013 to 2023
• 14 centers across Denmark, Germany and UK

MCS Device Trial Hypothesis
Routine Impella CP use reduces mortality in AMI-CS due to STEMI

IMP-5160







Median 67 years 
79% male 

Median systolic 
BP 82 mmHg

Median lactate 4.5 mmol/L

Median LVEF 25%

72% LAD or LM culprit
72% Multi vessel 
disease

55% SCAI class C
45% SCAI class D or E

Median 4 hrs from onset of STEMI 
symptoms  to randomization

84% randomized in cath lab
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Mortality rate at 6 months 59%
Absolute 13% reduction
NNT 8



23
11

STILL IN HOSPITAL 
DAY 30

Escalation to short or longterm MCS, HTX or 
Death from any cause at 180 days

82
73

DAYS ALIVE OUT OF 
THE HOSPITALmAFP Standard care

Mean difference 8 days (95%CI -8 to 25)

%
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Cardiogenic Shock: Selected Issues

• New SCAI Shock Classification
• Cardiac Arrest-CS interaction
• Shock centers and teams
• US National Shock Initiative
• Role of MSC: New data
• Refractory Shock



Early Transport to Cath Lab for ECMO 
and Revasc in Refractory  VF (?OHCA)



95

Early Transport to Cath Lab for 
ECMO and Revascularization in 

Refractory Ventricular Fibrillation

Out of 
Hospital

• VF/VT Initial rhythm
• DCCV x3 and 300mg Amiodarone without ROSC
• Time to CCL <30 min

Initial CCL

• ABG and lactate
• Stop if: ETCO2<10mmHg, PaO2<50mmHg or Lactate >18 

mmol/L
• If ROSC, immediate Cor Angio +/- IABP.
• If no ROSC, ECLS , then  Cor Angio +/- IABP. 

• Continue ACLS/ECLS for 90 minutes/PCI; if no ROSC by 90 
minutes, declared dead





Upon arrival to the ED: 

verify eligibility criteria and RANDOMIZE.

Out-of-Hospital
Determine early EMS transport criteria:
• OHCA of presumed cardiac etiology, VT/VF as first presenting rhythm, 18-75 years of age (estimated if not known)
• Receive three DC shocks without achieving ROSC
• Body morphology able to accommodate LUCAS – automated CPR device
• Estimated transfer time to ED  <30 minutes
• Activate the University of Minnesota ECMO resuscitation line per standard EMS practice. 

Mobilize patient per standard EMS protocol with ongoing mechanical CPR to the University of Minnesota Medical Center. 

Treatment 2 

Standard ACLS resuscitation 

Treatment 1

Early ECMO facilitated resuscitation

THE ARREST TRIAL - STUDY 
ALGORITHM FLOW CHART



N = 30



Not so Simple!







Selecting temporary MCS by SCAI stage
Greater hemodynamic compromise = more support

E
D
C
B
A

Adapted from Wiley, CCM 2021

0%
10%
20%
30%
40%
50%
60%
70%
80%

SCAI B SCAI C SCAI D SCAI E
IABP No IABP

Mayo Clinic CS patients
Jentzer, CCI 2021

In-Hospital Mortality







T h e  C h r i s t  H o s p i t a l  H e a l t h  N e t w o r k  l  2 0 2 0

You’ve got to be  very careful if you don’t know where 
you are  going, because  you might not ge t there.
-Yogi Berra





SELECTED ISSUES IN CARDIOGENIC 
SHOCK 2024
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Director of Programmatic and Network Development 



Hemodynamic Monitoring associated with Improved 
Survival in AMI/CGS

68%
76%

No Hemodynamic
Monitoring

Hemodynamic
Monitoring

cVAD Registry2

50%

62%

No Hemodynamic
Monitoring

Hemodynamic
Monitoring

IQ Database1 

N=516N=634N=8018N=10876

P<0.0001

P=0.002

1. Abiomed Impella Quality (IQ) Database, US AMI/CGS Apr 2009– Oct 2017. Survival to Explant. Danvers, MA: Abiomed.
2. cVAD survival to explant 2009-2016



32%

54%
65% 65%

74%

0 1 2 3 4+

Mortality and Number of Inotropes from cVAD Registry1 
P<0.001 (N=287)

Number of Inotropes/Pressors

1. Basir M, Schreiber T, Grines C, et al. Effect of Early Initiation of Mechanical Circulatory Support on Survival in Cardiogenic Shock. Am. J. of Cardiology, 2016

Increased Inotrope Exposure is associated with 
Mortality in AMI/CGS

Samuels LE et al , J Card Surg. 1999

Mortality



Thiele EHJ 2015
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Trial Cardiac arrest 
Culprit only 
PCI 
N (%)

Cardiac arrest 
Multivessel 
PCI 
N (%)

P 
value

Type 
of 
ACS

Brain 
death 
Culprit 

Brain 
death 
multivesse
l

1 year 
mortality 
Culprit only PCI  
N (%)

1 year 
mortality
Multivessel 
PCI 
N (%)

Culprit 
or MV 
better

Culprit 
Shock

177 (51.9) 189 (55.3) NA STE
MI

14 (8.1) 25 (12.9) 172 (50.0) 194 (56.9) Culprit

British 
Columbia 
Cardiac 
Registry

NON 
patient level 
29.4%

NON 
patient 
level 29.4%

NA Both Not 
listed

Not 
listed

135 (32.6) 104 (44.3) Culprit

KAMIR -NIH 151 (37.8) 85 (32.7) 0.18 STE
MI

Not 
listed

Not 
listed

126 (31.7) 55 (21.3) MV

NB
Culprit shock and BCCR MVI was defined as non-culprit PCI at the time of index intervention, and CVI was defined as PCI of 
culprit vessel only at the time of index intervention. Thus staged non-culprit PCI were still included in the CVI group 

Korean registry, MVI included non-culprit PCI, even if it were performed as an in-hospital staged procedure.

Interaction of Cardiac Arrest and Cardiogenic Shock



Cardiogenic Shock: Selected 
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• New SCAI Classification

• Cardiac Arrest-Cardiogenic 
shock interaction

• Shock with Multivessel disease
• Refractory Shock
• Shock centers and teams



Cardiogenic Shock: Selected 
Issues

• New SCAI Classification
• Cardiac Arrest-Cardiogenic shock 

interaction

• Shock with Multivessel disease
• Refractory Shock
• Shock centers and teams



Incidence Multivessel CAD – Cardiogenic Shock
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 10 observational studies published between 2003 and 2016
  ↓

 6,051 patients: 
 IABP-SHOCK II, ALKK, KAMIR, Yang et al., Cavender et al.; 

Mylotte et al., van der Schaaf et al., EHS-PCI, NCDR, SHOCK
 
 

 

 
 

80.3%

19.7% Culprit only-PCI (n=4,857)
Multivessel-PCI (n=1,194)
 

 

 

Metaanalysis Mortality – Registry-Data:

de Waha et al. Eur Heart J Acute Cardiovasc Care. 2017; epub

Multivessel PCI in Cardiogenic Shock



STEMI with Multivessel Disease 
Without Cardiogenic Shock 

The COMPLETE TRIAL



COMPLETE
Trial Design Exclusion Criteria:  Intent to revascularize NCL, 

planned surgical revascularization, prior CABG

*Everolimus-eluting stents
 strongly recommended

STEMI WITH MULTIVESSEL CAD AND SUCCESSFUL PCI TO THE CULPRIT LESION
MVD defined as at least one additional non-culprit lesion ≥ 2.5 mm diameter 

and ≥70% stenosis or 50-69% with FFR ≤0.80

RANDOMIZATION
Stratified for intended timing of NCL PCI:

During initial hospitalization or after discharge (max 45 d)

CO-PRIMARY OUTCOMES: 1. Composite of CV death or new MI
     2. Composite of CV death, new MI or IDR

KEY SECONDARY OUTCOME:  CV death, new MI, IDR, unstable angina, NYHA class IV heart failure

MEDIAN FOLLOW-UP:  3 YEARS 

COMPLETE REVASCULARIZATION
Routine staged PCI* of all suitable non-culprit lesions

with the goal of complete revascularization
N=2016

CULPRIT-LESION-ONLY REVASCULARIZATION
No further revascularization of non-culprit lesions, 

guideline-directed medical therapy alone
N=2025

Guideline-Directed Medical Therapy
ASA, P2Y12 inhibitor (Ticagrelor strongly recommended), Statin, BB, ACE/ARB + Risk Factor Modification

Actual Time to study NCL PCI in Complete Group (median)
During initial hospitalization: 1 day (IQR 1-3)
After hospital discharge: 23 days (IQR 12.5-33.5)

Mehta SR et al. Am Heart J 2019; 215:157-166. 



Hazard Ratio 0.74 
95% CI 0.60-0.91

P=0.004

NNT (median 3 years) = 37

First Co-Primary Outcome: 
CV Death or New MI



Hazard Ratio 0.51 
95% CI 0.43-0.61

P < 0.001

NNT (median 3 years) = 13

2nd Co-Primary Outcome:
CV Death, New MI, or IDR



STEMI with Multivessel Disease 
With Cardiogenic Shock 

CULPRIT SHOCK TRIAL
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Relative Risk (95% CI) 0.29 (0.20-0.42); P<0.001

Culprit-lesion only PCI   344                       256                       245                     244                       237                        234                       223               
Multivessel PCI                341                      327                       316                     313                312                        311                       293              

Number at risk:

Immediate multivessel PCI

Culprit-lesion-only PCI

1-Year Repeat Revascularization

32.3%

9.4%



Culprit Shock: No Difference 
in Cardiac Causes of Death

Cause Culprit only Multivessel

Sudden death 11 (7.4%) 12 (6.8%)

Recurrent MI 2 (1.3%) 2 (1.1%)
Refractory 
Shock 104 (69.8%) 108 

(61.4%)

Multivessel PCI did not worsen cardiac outcomes



Culprit Shock 
Non-Cardiac Causes of Death

Cause Culprit only Multivessel

Brain Injury 11 (7.4%) 25 (14.2%)

Unknown 2 (1.3%) 4 (5.1%)

Other 9 (6%) 12 (6.8%)

Should Cardiac Arrest Patients been Excluded?



Prognostic Impact of Multivessel PCI With STEMI Multivessel 
Disease Accompanied With Cardiogenic Shock 

 

Lee et al. JAC C  2018;71:844-856



www.nejm.org



Baseline Characteristics
Characteristic Culprit only PCI

(n=344)
Multivessel PCI

(n=342)
Age (years); median (IQR) 70 (60-78) 70 (60-77)
Male sex; n/total (%) 257/343 (74.9) 267/342 (78.1)
Prior myocardial infarction; n/total (%) 60/339 (17.7) 53/335 (15.8)
Prior PCI; n/total (%) 64/339 (18.9) 63/335 (18.8)
Prior coronary arterial bypass surgery; n/total (%) 20/341 (5.9) 13/337 (3.9)
Signs of impaired organ perfusion; n/total (%)

Altered mental status
Cold, clammy skin and extremities
Oliguria
Arterial lactate >2.0 mmol/l

237/341 (69.5)
233/338 (68.9)
80/334 (24.0)
216/334 (64.7)

224/341 (65.7)
236/335 (70.4)
93/326 (28.5)
224/330 (67.9)

Fibrinolysis <24 h before randomization; n/total (%) 19/341 (5.6) 15/341 (4.4)
Resuscitation before randomization; n/total (%) 177/341 (51.9) 189/342 (55.3)
ST-elevation myocardial infarction; n/total (%) 206/335 (61.5) 209/330 (63.3)
No. of diseased vessels; n/total (%)

1
2
3

3/343 (0.9)
122/343 (35.6)
218/343 (63.6)

2/342 (0.6)
124/342 (36.3)
216/342 (63.2)

Patients with at least one CTO; n/total (%) 77/344 (22.4) 82/342 (24.0)
Left ventricular ejection fraction (%); median (IQR) 33 (25-40) 30 (21-40)



Treatment
Characteristic Culprit only PCI

(n=344)
Multivessel PCI

(n=342)
Femoral access; n/total (%) 287/343 (83.7) 277/342 (81.0) 0.36
Radial access; n/total (%) 61/343 (17.8) 66/342 (19.3) 0.61
Stent implanted in culprit lesion; n/total (%) 326/343 (95.0) 324/342 (94.7) 0.86
Drug-eluting stent in culprit lesion; n/total (%) 305/326 (93.6) 308/324 (95.1) 0.41
TIMI-flow III post PCI of culprit lesion; n/total (%) 289/342 (84.5) 293/338 (86.7) 0.46
Immediate PCI of non-culprit lesions; n/total (%) 43/344 (12.5) 310/342 (90.6) <0.001
Immediate complete revascularization; n/total (%) 26/344 (7.6) 277/342 (81.2) <0.001
Total amount of contrast agent (ml); median (IQR) 190 (140-250) 250 (200-350) <0.001
Staged PCI of non-culprit lesions; n/total (%) 60/344 (17.4) 8/341 (2.3) <0.001
Staged coronary artery bypass surgery; n/total (%) 1/344 (0.3) 0/341 >0.99
Mechanical circulatory support; n/total (%) 99/344 (28.8) 95/342 (27.8) 0.77

Intraaortic balloon pump; n/total (%) 25/99 (25.3) 26/95 (27.4) 0.74
Impella 2.5; n/total (%) 16/99 (16.2) 18/95 (18.9) 0.61
Impella CP; n/total (%) 30/99 (30.3) 18/95 (18.9) 0.07
TandemHeart; n/total (%) 2/99 (2.0) 0/95 0.50
ECMO; n/total (%) 18/99 (18.2) 27/95 (28.4) 0.09

Mild hypothermia; n/total (%) 111/344 (32.3) 118/340 (34.7) 0.50
Mechanical ventilation; n/total (%) 273/344 (79.4) 282/339 (83.2) 0.20
Duration of mechanical ventilation (days); median (IQR) 3 (1-7) 3 (1-7) 0.97
Duration of intensive care treatment (days); median (IQR) 5 (2-12) 5 (2-11) 0.61



CULPRIT-SHOCK Trial – 30-Day Results

Thiele et al. NEJM 2017; 377:2419-2432

All-cause mortality – 30 days
Primary study endpoint – 30 days

All-cause mortality or renal replacement therapy



ESC STEMI Guidelines 2017 → Revascularization Guidelines 2018

STEMI (NSTEMI), Cardiogenic Shock

II IIa IIb IIII IIII IIIIII

2017

II IIa IIb IIII IIII IIIIII

2018

Multivessel PCI in Shock - Guideline Evolution

Ibanez et al. Eur Heart J 2018;39:119-177
Neumann et al. Eur Heart J 2018;epub 25.08.2018



1-Year All-Cause Mortality – Landmark Analysis

Multivessel PCI 165 161 160 156 152 149 131

Culprit-lesion-only 
PCI

195 186 181 178 174 172 147

Thiele et al. NEJM 2018;epub ahead of print 25.08.2018
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Relative Risk (95% CI) 1.08 (0.60-1.93); P=0.86

Multivessel PCI 165 161 160 156 152 149 131

Culprit-lesion-only 
PCI

195 186 181 178 174 172 147

Number at risk:

Relative Risk (95% CI) 
0.84 (0.72-0.98); P=0.03
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• Cardiac Arrest-Cardiogenic shock 
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Cardiogenic Shock: Selected Issues

• New SCAI Classification
• Cardiac Arrest-Cardiogenic shock 

interaction
• Shock with Multivessel disease
• Refractory Shock

• Shock centers, teams and 
standarized Protocols!



Cardiogenic Shock: Selected Issues

• New SCAI Shock Classification
• Cardiac Arrest-C Shock interaction
• Shock centers and teams
• US National Shock Initiative
• Refractory Shock



Methodology
• SCAI-sponsored consensus update to the 2019 SCAI SHOCK classification
• PubMed review to collect studies examining clinical outcomes as a 

function of SCAI SHOCK stage in any population
• Recommendations were iteratively discussed by the full writing group in 

a series of virtual consensus meetings with ≥80% majority agreement 
on the text and qualifying remarks

• Peer reviewed in September 2021
• Formal endorsements in progress for publication in December 2021





RAPID Identification of Cardiogenic Shock

Cath Lab Activation

AMI/CS Confirmed

MCS

Door
To

Support
Time

Target
  < 90 

minutes

Femoral Access
AMI/CS Unconfirmed

LHC*
RHC*
Echo*

*As needed to confirm diagnosis 

NATIONAL CSI ALGORITHM



MCS

PCI
Right Heart CathCPO < 0.6 CPO ≥ 0.6 and 

PAPI > 0.9

Continue to Titrate 
↓ Pressors/Inotropes

PAPI < 0.9, RA >12, DSA*

Possible RV Failure

Consider 
RV Support

RV Normal

Consider ↑ 
LV Support 

PAPI > 0.9

CARDIAC POWER OUTPUT
(CPO)

CPO = MAP x CO / 451

PULMONARY ARTERY 
PULSATILITY INDEX

(PAPI)
PAPI = sPA – dPA / RA

Calculate PAPI

* Diastolic Suction Alarms



Sample
Size Age Inotropes Cardiac 

Arrest HR BP Lactate Lactate 
≥ 2 mmol/l

30-Day
Survival

%

SHOCK 302 66 99 28 102 89/54 N/A N/A 53

IABP 
SHOCK 600 70 90 45 92 90/55 4.1 74 60

Culprit 
SHOCK 686 70 90 54 91 100/60 5.1 66 49

DanGer 100 68 94 0 N/A 76/50 5.5 100 N/A

NCSI 406 64 85 46 95 77/50 4.8 77 68

Comparison of Cardiogenic Shock Studies



Cardiogenic Shock 2022: 
Selected Issues From a US Perspective

Timothy D. Henry, MD
Medical Director, The Carl and Edyth Lindner Center for Research and Education

The Carl and Edyth Lindner Center Distinguished Chair in Clinical Research
Director of Programmatic and Network Development 
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