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DEFINITION OF CARDIOGENIC SHOCK

Clinical Trial/Guideline CS Criteria

SHOCK Trial (1999)
N Engl J Med. 1999; 341:625–634.

•SBP <90 mm Hg for >30 min or vasopressor support to maintain SBP 
>90 mm Hg
•Evidence of end‐organ damage (UO <30 mL/h or cool extremities)
•Hemodynamic criteria: CI <2.2 and PCWP >15 mm Hg

IABP‐SOAP II (2012)
N Engl J Med. 2012; 367:1287–1296.

•MAP <70 mm Hg or SBP <100 mm Hg despite adequate fluid 
resuscitation (at least 1 L of crystalloids or 500 mL of colloids)
•Evidence of end‐organ damage (AMS, mottled skin, UO <0.5 mL/kg for 
1 h, or serum lactate >2 mmol/L)
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1. Dhaval Kolte et al. J Am Heart Assoc 2014  NATIONWIDE INPATIENT SAMPLE
2. Centers for Medicare and Medicaid database, MEDPAR FY14

INCIDENCE OF CARDIOGENIC SHOCK GROWING

STEMI Cardiogenic Shock in 
Medicare Age Increasing 2

Cardiogenic Shock in 
STEMI Increasing 1

2010 2014

36,969

56,508

53%

Age >65 only, excludes non-Medicare population
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Improved diagnosis and better access to care are both likely contributory

Presenter Notes
Presentation Notes
A recent increase in the incidence of cardiogenic shock in both the overall STEMI population and the Medicare patient population emphasizes the importance of focusing on this critical patient population.While some believe this is partially driven by better documentation, the result is a rate approximately 50% higher than that documented in previous literature (10-12% vs 5-7%).



Temporal trends in the epidemiology, management, and outcome of patients with 
cardiogenic shock complicating acute coronary syndromes

European J of Heart Fail, Volume: 17, Issue: 11, Pages: 1124-1132, First published: 04 September 2015, DOI: (10.1002/ejhf.339) 

Presenter Notes
Presentation Notes
Incidence of cardiogenic shock among patients with an initial diagnosis of ST‐elevation myocardial infarction (STEMI) or non‐ST elevation acute coronary syndrome (NSTE‐ACS) enrolled in different registries.



Temporal trends in the epidemiology, management, and outcome of patients with 
cardiogenic shock complicating acute coronary syndromes

European J of Heart Fail, Volume: 17, Issue: 11, Pages: 1124-1132, First published: 04 September 2015, DOI: (10.1002/ejhf.339) 

Coronary angiography Percutaneous coronary intervention 

Coronary artery bypass 
grafting 

Intra-aortic balloon pump 

Presenter Notes
Presentation Notes
In-hospital use of coronary angiography (A), percutaneous coronary intervention (PCI) (B), coronary artery bypass grafting (CABG) (C) and intra-aortic balloon pump (IABP) (D) from 2001 to 2014 among patients with cardiogenic shock and initial diagnosis of ST-elevation myocardial infarction (STEMI) and non-ST elevation acute coronary syndrome (NSTE-ACS). Note: in BLITZ- 4, the rate of PCI for patients transferred from enrolling hospitals without interventional facilities to interventional centres is unknown, while the collected rate of CABG referred to the indication rather than to the execution of the procedure; therefore, they have not been reported in the figure.
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CARDIOGENIC SHOCK

Acute myocardial infarction (MI) accounts for 
81% of patient in CS.

Eur J Heart Fail. 2015; 17:501–509.
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CARDIOGENIC SHOCK REMAINS LEADING CAUSE OF
MORTALITY IN ACUTE MYOCARDIAL INFARCTION
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1. Jeger, et al. Ann Intern Med. 2008 
2. Shah, et al. JACC 2016 NCDR Registry

High In-Hospital Mortality
During AMI Cardiogenic Shock1

… and Ongoing Hazard Post Discharge 
after AMI Cardiogenic Shock2
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Presenter Notes
Presentation Notes
Even more concerning is that in-hospital mortality remains high at over 50% for more than a decade. It also remains an ongoing hazard after a patient survives their hospital experience, with an additional 10% mortality in just the first 60 days after they are discharged.  
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MORTALITY IN PCI WITH CARDIOGENIC SHOCK REMAINS
A CLINICAL CHALLENGE

In-Hospital Mortality
AMI Cardiogenic Shock with PCI

N = 32,598

Wayangankar, et al. JACC Int 2016 CATH-PCI Registry

p<0.0001

2005-2006 2011-2013

28%

31%

11%

AMI Cardiogenic Shock with PCI only; Overall mortality >50%

Presenter Notes
Presentation Notes
When more specifically at outcomes in the Cath Lab for AMI cardiogenic shock with PCI, cardiogenic shock remains the leading cause of mortality in the stemi setting.  An increase in mortality in recent years, with a similar increase in morbidity and complexity of the patient population, emphasize the need to relook at current clinical practice and role of hemodynamic support. 



Sean van Diepen. Circulation. Contemporary Management of 
Cardiogenic Shock: A Scientific Statement From the American Heart 
Association, Volume: 136, Issue: 16, Pages: e232-e268, DOI: 
(10.1161/CIR.0000000000000525) © 2017 American Heart Association, Inc.

Potential hemodynamic presentations of cardiogenic shock.

Systemic inflammatory response syndrome 
reaction in conjunction with an MI

25%
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AMI SHOCK OFTEN TREATED IN COMMUNITY
HOSPITALS

90%
Private/Community

10%

AMI Cardiogenic Shock with PCI 
N = 56,497

69%

52%

31%

48%

2005-06 2011-13

>500
PCI

<500
PCI

>500
PCI

<500
PCI

Wayangankar et al. JACC Interventions 2016 CATH-PCI REGISTRY

Academic/
Gov’t

Presenter Notes
Presentation Notes
When looking for ways to improve outcomes in clinical practice, it is important to recognize where the cardiogenic shock patients are presenting. Approximately 90% are seen in community hospitals and not academic centers they may have different infrastructure.  Even the average size of the Cath Lab in which these patients present has changed.  10 years ago approximately 70% were centers that had greater than 500 PCI's per year, but in the most recent data it's now down to about 50/50 between small and large volume cath labs. 



Case Presentation

65 year old male with 
severe substernal 
chest pain, a heart 

rate of 100 per 
minute and a blood 
pressure of 80/60. 

Initial troponin is 5.1 
nanograms/mL. 

Physical examination 
reveals cool 

extremities and lung 
crackles throughout 

both lung fields.
EKG and CXR done

Echocardiogram 
shows no valvular 
abnormalities, no 
shunts, and a left 

ventricular ejection 
fraction of 20%.

Cardiac 
catheterization 

reveals three vessel 
coronary artery 

disease, 80% stenosis 
in the left anterior 

descending coronary 
artery









Which of the following is true regarding 
the use of vasopressor support?

A. There are no difference in adverse events between dopamine 
and norepinephrine

B. Dopamine is preferred over norepinephrine as it may improve 
survival

C. Phenylephrine is associated with better outcome as it dose not 
increase cardiac oxygen demand

D. Norepinephrine is preferred over dopamine as it is associated 
with a lower arrythmias



Comparison of Dopamine and Norepinephrine 
in the Treatment of Shock

SOAP II Trial
1679 patients with septic shock, 8 centers

Dec 2003 to Oct 2007

Dopamine Norepinephrine
# of Patients 858 821

28 Day Mortality 52.5% 48.5% X

Vincent, J. L. et al. N Engl J Med 2010;362:779-89



Comparison of Dopamine and Norepinephrine 
in the Treatment of Shock

28-day mortality: 52.5% vs 48.5% 
(odds ratio with dopamine, 1.17; 95% 

confidence interval, 0.97 to 1.42; P = 0.10)

De Backer, Vincent, J. L. et al. N Engl J Med 2010;362:779-89



Comparison of Dopamine and Norepinephrine 
in the Treatment of Shock

SOAP II Trial
1679 patients with septic shock, 8 centers

Dec 2003 to Oct 2007

Dopamine Norepinephrine
# of Patients 858 821

Arrhythmias 24.1% 12.4%

De Backer, Vincent, J. L. et al. N Engl J Med 2010;362:779-89

√ <0.001



Comparison of Dopamine and Norepinephrine 
in the Treatment of Shock

De Backer, Vincent, J. L. et al. N Engl J Med 2010;362:779-89

28 –day Mortality



Regarding the use of  metoprolol in this 
patient:

A. Metoprolol should be administered within 2 hours
B. Metoprolol should be used within the first 24 hours of 

admission
C. Metoprolol would have been indicated within the first 24 hours 

if the patient was not in shock
D. Metoprolol use is not indicated at this stage.
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COMMIT: EFFECTS OF EEARLY USE OF METOPROLOL ON
DEATH IN HOSPITAL

Days since randomisation

% dead

Metoprolol: 
1774 deaths (7.7%)

Placebo: 
1797 deaths (7.8%)

1% (SE 3) relative 
risk reduction (2P=0.7)

Chen Z et al. Lancet 2005; 366:1622



22

Metoprolol Placebo Odds ratio & 95% CI
Metop. better Placebo better

Cause(s)
(22,927) (22,922)

Arrhythmia 388 498(1.7%) (2.2%) 22% SE 6

Shock 496 384(2.2%) (1.7%) -29% SE 8

Other causes 892 916(3.9%) (4.0%) 3% SE 5

ANY DEATH 1776 1798(7.7%) (7.8%) 1% SE 3
(2P > 0.1; NS)

0.4 0.7 1.0 1.3 1.6 1.9

COMMIT: EFFECTS OF METOPROLOL ON DEATH BY
ATTRIBUTED CAUSE(S)

Chen Z et al. Lancet 2005; 366:1622



23

Metoprolol Placebo Odds ratio & 95% CI
Metop. better Placebo better

Day of event
(22,927) (22,922)

0 475 317(2.1%) (1.4%)

1 282 210(1.2%) (0.9%)

2+ 384 361(1.7%) (1.6%)

ALL 1141 888(5.0%) (3.9%)
-29% SE 5

(2P < 0.00001)

0.4 0.7 1.0 1.3 1.6 1.9

COMMIT: EFFECTS OF METOPROLOL ON CARDIOGENIC
SHOCK BY DAY OF EVENT

Chen Z et al. Lancet 2005; 366:1622



What revascularization strategy would you do for this 
patient?

A. Immediate invasive strategy
B. Early invasive strategy within 24 hours
C. Invasive strategy at a planned time
D. I do not know



ESC Guidelines



ESC Guidelines



ESC Guidelines





Early Revascularization in Acute Myocardial 
Infarction Complicated by Cardiogenic Shock

Survival 53.3%

Survival 44%

N Engl J Med 1999; 341:625-634

P=0.11



Early Revascularization in Acute Myocardial 
Infarction Complicated by Cardiogenic Shock

N Engl J Med 1999; 341:625-634



One-Year Survival Following Early 
Revascularization for Cardiogenic Shock

Hochman JS, Sleeper LA, White HD, et al. One-Year Survival Following Early Revascularization 
for Cardiogenic Shock. JAMA. 2001;285(2):190–192

Initial Medical Stabilization
Early Revascularization



How do you approach the non-culprit lesions 
in this patient?

A. Multivessel PCI at the time of primary PCI
B. PCI of the infarct artery only followed by staged PCI ischemia-guided 

approach of a non-infarct artery
C. I do not know
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Culprit lesion only PCI
Immediate multivessel 
PCI
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Relative risk 0.83; 95% confidence interval 0.71-0.96; P=0.01

Al
l-c

au
se

 m
or

ta
lit

y 
or

 
re

na
l r

ep
la

ce
m

en
t t

he
ra

py
 (%

) 

344 219 207 198 192 189 184

341 199 172 162 156 153 152

0

10

20

30

40

50

60

0 5 10 15 20 25 30

Days after randomization

Immediate multivessel PCI

Primary Study Endpoint
All-Cause Mortality or Renal Replacement Therapy

55.4%

Number at risk:

55.4%

45.9%



35

THE USE OF IABP IN CARDIOGENIC SHOCK COMPLICATING
MYOCARDIAL INFARCTION IS ASSOCIATED WITH:

A. Improved long term (6-years) survival but not short-term
B. Improved long term (6-years) survival and short-term
C.No improvement in short- or long-term survival
D. I do not know





Time-to-Event Curves for the Primary End 
Point.

Thiele H et al. N Engl J Med 2012;367:1287-1296

Presenter Notes
Presentation Notes
Figure 1. Time-to-Event Curves for the Primary End Point. Time-to-event curves are shown through 30 days after randomization for the primary end point of all-cause mortality. Event rates represent Kaplan–Meier estimates.



Subgroup Analyses of the Primary End 
Point

Thiele H et al. N Engl J Med 2012;367:1287-1296

Presenter Notes
Presentation Notes
Figure 1. Time-to-Event Curves for the Primary End Point. Time-to-event curves are shown through 30 days after randomization for the primary end point of all-cause mortality. Event rates represent Kaplan–Meier estimates.
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IABP IN AMI CARDIOGENIC SHOCK: NO HEMODYNAMIC
OR SURVIVAL BENEFIT

1- Prondzinsky R. et al. Jn Critical Care Medicine IABP SHOCK I 2010 – Clinicaltrial.gov # NCT00469248

2- Thiele H et al. NEJM 2012 - Clinicaltrial.gov # NCT00491036

IABP-SHOCK II 
Randomized Controlled Trial2

N = 600

IABP SHOCK I
Randomized Controlled Trial1

N = 40

IABP Increased hazard risk of stroke, downgraded to Class III (harm), Level of Evidence A, ESC STEMI Guidelines 2014 

IABP (n=19)
Medical Therapy  (n=21)

IABP (n=301)
Medical Therapy  (n=299)

log-rank, p=0.92 

41.3%

39.7%

CPO = MAP x Cardiac Output x 0.0022

Presenter Notes
Presentation Notes
Recent randomized controlled trials have challenged the benefit of IABP in the setting in AMI cardiogenic shock .  Even basic  hemodynamic benefit was not observed because IABP is only augmenting the native heart function, which is low or nonexistent in this population. Large randomized controlled trials have also shown no mortality benefit.  Meta-analysis of IABP and the PAMI-II trial showed an increased hazard risk for stroke leading to a class 3, harm/no benefit, level of evidence A, in 2014 ESC guideline updates



Holger Thiele. Circulation. Intraaortic Balloon Pump in Cardiogenic Shock Complicating Acute Myocardial Infarction, Volume: 139, Issue: 3, 
Pages: 395-403, DOI: (10.1161/CIRCULATIONAHA.118.038201) 

Long-Term 6-Year Outcome of the Randomized IABP-
SHOCK II Trial





Early Inflation Late DeflationEarly DeflationLate Inflation

Presenter Notes
Presentation Notes
Red line represents actual pressure tracing with an initial systolic waveform followed by an pump generated waveform and then the systolic waveform seen following a balloon waveform with reduced systolic pressure.Early inflation. May result in premature closure of aortic valve, increase in LVEDV and LVEDP, increased afterload, increased myocardial oxygen demand.Late inflation. Results in sub-optimal coronary perfusion.Early deflation. Sharp drop following diastolic augmentation. Diastolic augmentation sub-optimal. Results in sub-optimal coronary perfusion, potential for retrograde coronary and carotid blood flow, sub-optimal afterload reduction and increase myocardial oxygen demand.Late deflation. Afterload reduction almost absent. Increased myocardial oxygen demand du to LV ejecting against a greater resistance and a prolonged isovolumic contraction phase. Increased afterload.



Tamara M. Atkinson et al. J Am Coll Cardiol Intv 2016; 9:871-883.

Comparison of MCS Devices and Their Impact on 
Cardiac Flow
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FDA INDICATION

• The Impella 2.5™, Impella CP®, Impella 5.0 ™ and Impella LD ™ catheters, in conjunction with the 
Automated Impella Controller console, are intended for short-term use (<4 days for the 
Impella 2.5 and Impella CP and <6 days for the Impella 5.0 and Impella LD) and indicated for 
the treatment of ongoing cardiogenic shock that occurs immediately (<48 hours) following 
acute myocardial infarction (AMI) or open heart surgery as a result of isolated left ventricular 
failure that is not responsive to optimal medical management and conventional treatment 
measures with or without an intra-aortic balloon pump.  

• The intent of the Impella system therapy is to reduce ventricular work and to provide the 
circulatory support necessary to allow heart recovery and early assessment of residual 
myocardial function.

• *  Optimal medical management and conventional treatment measures include volume 
loading and use of pressors and inotropes, with or without IABP
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DATA SUPPORTING FDA INDICATIONS
Scientific Evidence Total # of Patients # of Impella Patients

Recover I FDA Study 17 17

ISAR Shock RCT 26 13

U.S. Impella Registry 401 401

Literature review 2,537 692

Total 2,981 1,123

Protect I FDA Study 20 20

Protect II FDA Study 452 225

U.S. Impella Registry 1,322 637

Literature review 2,537 756

Total 4,331 1,638
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POPULATION STUDIES SHOW REDUCED MORTALITY
WITH PVAD IN AMI CARDIOGENIC SHOCK

52%

43%

2004 - 2007 2008 - 2011

No PVAD PVAD
Era

Mortality AMI Cardiogenic Shock 
Pre/Post PVAD Era

p=0.012

N=11,887

56%

42%

Surgical
MCS

PVAD

p<0.001

N=1188
Co-morbidity 

Matching

Mortality In AMI Cardiogenic Shock
ECMO/eLVAD vs. PVAD

Stretch, et. al JACC 2014 National Inpatient Sample
Maini, et. al. CCI, 2014 and SCAI/ACC/STS /HFSA Expert Consensus  Document

Presenter Notes
Presentation Notes
In large population-based studies evaluating the outcomes of pVADs in cardiogenic shock, mortality improved when looking at clinical practice with the availability of pVADs as compared to prior. Interestingly, IABP was associated with higher mortality and higher cost in the same setting.  Mortality benefit was also seen in a comorbidity paired study comparing Pvad with surgical MCS (85% ECMO).
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HEMODYNAMIC EFFECTS OF IMPELLA® SUPPORT
Inflow

(ventricle)
Outflow

(aortic root)

aortic
valve

Coronary   
Perfusion

Microvascular
Resistance

LVEDP and LVEDV

O2 Demand

Unloading to Myocardial Recovery

O2 Supply

Mechanical     
Work

Wall
Tension

Cardiac Power 
Output

Flow

End Organ Perfusion

MAP

Fincke J, et al. Am Coll Cardiol 2004
den Uil CA, et al. Eur Heart J 2010
Mendoza DD, et al. AMJ 2007
Torgersen C, et al.  Crit Care 2009
Torre-Amione G, et al. J Card Fail 2009

Suga H. et al. Am J Physiol 1979
Suga H, et al.  Am J Physiol 1981
Burkhoff D. et al. Am J Physiol Heart Circ 2005
Burkhoff D. et al. Mechanical Properties Of The Heart And Its 
Interaction With The Vascular System.  (White Paper) 2011

Sauren LDC, et al. Artif Organs 2007
Meyns B, et al. J Am Coll Cardiol 2003 
Remmelink M, et al. atheter.Cardiovasc Interv 2007
Aqel RA, et al. J Nucl Cardiol 2009
Lam K,. et al. Clin Res Cardiol 2009

Reesink KD, et al. Chest 2004
Valgimigli M, et al.Catheter Cardiovasc Interv 2005
Remmelink M. et al. Catheter Cardiovasc Interv 2010 
Naidu S. et al. Novel Circulation.2011
Weber DM, et al. Cardiac Interventions Today Supplement Aug/Sep 2009

Presenter Notes
Presentation Notes
The principles of the Impella heart pump design allow for direct unloading of the left ventricle from the inflow, and increased MAP and flow in the aorta from the outflow of the device. The ability to unload the left ventricle by reducing your Left ventricular end diastolic pressures and volumes reduce wall tension, microvascular resistance, and increasing coronary perfusion.  This results in overall improvement in oxygen supply while simultaneously reducing oxygen demand.







Conclusion
Cardiogenic Shock remains lethal

Dopamine is associated with worse outcome compared to metoprolol

Early Revascularization improves survival

Mechanical Circulatory Support requires further investigations

Protocol-driven approach should be accomodated



Thank You
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