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Case

67-year-old man
 Cardiac arrest, defibrillated

 Recurrent episodes of VT

 Hypotensive
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Management

▪ General supportive measures

▪ Etiologies with specific therapies

▪ Acute MI

▪ PE

▪ Mechanical circulatory support



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Outline

Definition and Epidemiology

Management

▪ General supportive measures

▪ Etiologies with specific therapies

▪ Acute MI

▪ PE

▪ Mechanical circulatory support



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Cardiogenic Shock

Van Diepen. Circulation. 2017.

1) Blood pressure threshold

2) Clinical/laboratory evidence of 

hypoperfusion/congestion

3) +/- Hemodynamic evidence of low flow/congestion
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Berg. Circ Cardiovasc Qual/Outcomes. 2019.

Epidemiology
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Berg. Circ Cardiovasc Qual/Outcomes. 2019.

Epidemiology
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Mortality by SCAI Classification

Lawler et al. Critical Care Med. 2021Slide courtesy of Dr. Erin Bohula
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Care setting

At my hospital:

A) There is no separate CICU

B) There is a CICU and they manage all patient care 

independently (vent, pressors, etc.)

C) There is a CICU but they need help with critically ill 

patients (Pulm/Crit Care co-manages)

D) Other
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RCTs for P2Y12 inhibition in ACS/PCI

PLATO (N=18,624)

CURE (N=12,562)

CHAMPION PHOENIX (N=11,145)

CLARITY-TIMI 28 (N=3,491)

TRITON-TIMI 38 (N=13,608)

N=59,430N=59,430

N=0 with Cardiogenic Shock

Slide courtesy of Dr. Erin Bohula
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RCTs in Cardiogenic Shock

Thiele et al. EHJ. 2019

Total N~2,000

Slide adapted from Dr. Erin Bohula
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Etiologies

• Acute MI

• Mechanical complication of MI (VSD, MR, free wall rupture)

• Valvular heart disease

• NICMP with ADHF

• Arrhythmia

• PE

• Tamponade

• Myocarditis

• Congenital heart disease with ADHF

• Pulmonary hypertension

• RV failure

• Et cetera…
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Uni- or Bi-Ventricular Failure?

Hemodynamic Profiles of Various Forms of Shock

Type of shock RAP PCWP CO SVR CPO PAPi

1° L-sided nl or     ≤0.6 >0.9

1° R-sided  nl or   
> or <

0.6
≤0.9

Biventricular     ≤0.6 ≤0.9

• Cardiac power output (CPO) (W) = MAP × CO/451

• Pulmonary artery pulsatility index (PAPi) = (PA systolic - PA diastolic) / RA mean

Slide courtesy of Dr. Erin Bohula
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For mild to moderate shock

Resistance

Filling 
pressures

Cardiac output

Inotrope Vasodilator + 

Diuretic
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Vasoactive Drugs

Drug Receptors MAP HR CO SVR PVR Comment

Pure vasopressors

Phenylephrine Pure 1  a a  

Vasopressin V1 & V2  a a  

Consider if refractory to 
catechols. Attractive if RV 
dysfxn or PHT.

Inopressors (relative pressor vs. inotropy depends on drug & dose)

Norepinephrine   >> 1  / /  /

More pressor than inotrope. 
Fewer tachyarrhythmias 
than w/ dopa and mortality 

at least as good if not 
better.

Epinephrine

Low-dose 1  & 2  >       Inotrope

High-dose   >       Inotrope+pressor

Dopamineb

Low-dose D  / / / 

Medium-dose 1  > D,  /    

High-dose   > 1, D     

Inodilators

Dobutamine 1 >>> 2, 1 /    
 PCWP. Fast onset. 
Tachyphylaxis.

Milrinone PDE3 inhib     

 PCWP;
 PVR; 
attractive if RV dysfxn or 

PHT. Slow onset. Renally 
cleared.

Isoproterenol 1 & 2       chronotrope

Pure vasodilators

Nitroglycerin NO  sGC     
Venodilator >> arteriolar 
dilator 

Nitroprussidec NO  sGC   c  
Arteriolar dilator ≥ 
venodilator

Vasoactive therapies

Inodilators – Incr CO, decr SVR

Inopressors – Incr CO, Incr SVR

Pure vasopressors – Incr SVR

Slide courtesy of Dr. Erin Bohula
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SOAP II: Dopamine vs Norepinephrine

De Backer et al. NEJM 2010;362:779.

• 28d mortality: 

• 52.5% for DA vs 48.5% for norepi

• OR 1.17 (0.97-1.42), p=0.10

• Arrhythmias: 24.1% vs 12.4%

Slide courtesy of Dr. Erin Bohula

1679 patients with shock
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SOAP II: Dopamine vs Norepinephrine

Signal of harm with dopamine?

Cardiogenic Shock (N=280)

Slide courtesy of Dr. Erin Bohula
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Epinephrine vs Norepinephrine

Levy et al. JACC 2018;72:173-82.

Refractory Shock: Sustained hypotension, 

end-organ hypoperf, incr LA, high inotrope or 

vasopressor doses

57 pts with CS due to AMI s/p PCI and with PA line in place
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Milrinone vs Dobutamine

Mathew R. NEJM. 2021.

SCAI B,C,D, or E

PEP: In-hospital death, 

resuscitated cardiac 

arrest, cardiac 

transplant/MCS, MI, 

TIA/stroke, or RRT
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Milrinone vs Dobutamine

Mathew R. NEJM. 2021.
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Vasopressor summary

• Limited evidence base

• Catecholamines have not demonstrated improved 

survival 

• But, data suggest norepinephrine may be better than 

dopamine or epinephrine
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• Correct hypotension (MAP goal ≥65 mmHg), typically with 

inopressor initially (often norepinephrine)

• Assess degree of congestion (preload) & adequacy of 

perfusion (CO)

• Assess and treat reversible causes of cardiogenic shock:

– Acute ischemia, etc

– Other potential contributors: dysrhythmias, acid/base disturbances, 

negative inotropes (bB, CCB) and antihypertensives

• Optimize hemodynamics, often with PAC to guide therapy 

Step-Wise Approach to CS Management
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Etiologies

• Acute MI

• Mechanical complication of MI (VSD, MR, free wall rupture)

• Valvular heart disease

• NICMP with ADHF

• Arrhythmia

• PE

• Tamponade

• Myocarditis

• Congenital heart disease with ADHF

• Pulmonary hypertension

• RV failure

• Et cetera…
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Acute MI complicated by shock

Early revascularization

General supportive measures

Mechanical circulatory support as needed

Recognition and mgmt of mechanical complications
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Mortality Benefit with Early 

Revascularization

Hochman JS, Sleeper LA, Webb JG, et al: JAMA 295(21):2511, 2006 

▪ 302 pts with STEMI and 

CS

▪ Early revasc w/in 6 hrs vs 

med Rx followed by prn 

revasc

▪ Survival

▪ 30 d: 53.3% vs 44.0% 

(p=0.11)

▪ 1 yr: 46.7% vs 33.6% 

(p<0.03)

▪ 6 yr: 32.8% vs 19.6% 

(p=0.03)
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Mechanical Complications

Braunwald. 10th Edition. 2015.
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Mechanical Complications

Braunwald. 10th Edition. 2015.

Acute shock after MI:

- Think of mechanical complications

- They can happen whenever they want to

- Immediate ultrasound

- Typically a surgical emergency
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Other etiologies of cardiogenic shock 

requiring specific therapy

Pulmonary embolism

Valvular disease

Arrhythmia

Tamponade

Myocarditis

Pulmonary hypertension
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Other etiologies of cardiogenic shock 

requiring specific therapy

Pulmonary embolism

Valvular disease

Arrhythmia

Tamponade

Myocarditis

Pulmonary hypertension
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FLASH Registry

Toma C. TCT. 2020.
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PEERLESS Trial

PLACEHOLDER – TO BE PRESENTED AT TCT ON 
OCTOBER 28TH 

N=550 patients

Hemodynamically stable PE

Randomized 1:1 to thrombectomy with 
FlowTriever vs catheter-directed thrombolysis

PEP: Win ratio:
(1) all-cause mortality
(2) intracranial hemorrhage
(3) major bleeding, 
(4) clinical deterioration and/or escalation to bailout
(5) intensive care unit admission and length of stay

Jaber WA. Circulation. 2024.
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PEERLESS Trial

PLACEHOLDER – TO BE PRESENTED AT TCT ON 
OCTOBER 28TH 

Jaber WA. Circulation. 2024.
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PE Revascularization

At my hospital:

A) There are no percutaneous or surgical options for PE 

revascularization

B) There are percutaneous revascularization options only

C) There is surgical revascularization only

D) There are both percutaneous and surgical options

E) Other
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Complex Decisions

Chambers needing support (LV, RV, both)
Degree of support needed

Need for gas exchange

Vascular access considerations
Other anatomic considerations

Timing
Candidacy for long term therapies (VAD, transplant)

Shock Team
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LV Support
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LV Support

For a patient with SCAI C/D cardiogenic shock from LV 

failure, the typical first line MCS at my hospital is:

A) There are no MCS options

B) IABP

C) Impella CP

D) TandemHeart

E) ECMO

F) Other
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Intra-aortic balloon pump

(IABP)

(+)

Rapid placement

Lower profile than 

other MCS options

Axillary possible

(-)

Minimal support
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Impella CP

(+)

Good support (3.5 L/min)

Typically rapid placement

Unloads LV

Axillary/transcaval possible

(-)

Migrates

Thrombocytopenia/hemolysis

Vascular injury

Note: Impella 5.5 also available (ax/transAo)
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Moller JE. NEJM. 2024;390:1382-93.
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DanGer Shock

Moller JE. NEJM. 2024;390:1382-93.

N=360 patients with STEMI complicated by shock

Randomized 1:1 to Impella CP vs standard care

PEP: Death from any cause at 180 days

A couple important points:

- Exclusions for: comatose after OHCA; overt RV failure

- Rando occurred before or after PCI

- Impella to be placed immediately after rando

- Impella at highest possible performance level for 48 hours



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

DanGer Shock

Moller JE. NEJM. 2024;390:1382-93.
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DanGer Shock
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DanGer Shock

Moller JE. NEJM. 2024;390:1382-93.
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TandemHeart

(+)

Robust support (4-5 L/min)

Possible to add gas exchange to 

circuit

Migration is unusual

(-)

Limited availability

Requires transeptal puncture

Imperfect LV unloading

Vascular injury
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RV Support
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Impella RP Flex

(+)

4 L/min

Typically fast 

placement

(-)

Migrates

Thrombocytopenia

/hemolysis
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Tandem RVAD

(+)

- 5+ L/min

- Typically fast placement

- Can add oxygenator

- If pair with TandemHeart LVAD 

and gas exchanger, have full 

ECLS in place

- Flexible access

(-)

- Larger access (28-31 Fr)

- Need to de-air circuit



Bergmark and Morrow. Mechanical Support for the Right Ventricle. In Press.
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Biventricular Support
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Extracorporeal Membrane Oxygenation 

(ECMO)

(+)

Full cardiopulmonary bypass

 (Up to 6 L/min)

RV support 

VT/VF tolerated

(-)

May require LV vent

Vascular injury

Limited availability
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ECMO in ACS c/b shock

• N=420 patients

• Acute MI w cardiogenic 

shock

• Randomized to early 

ECMO vs standard care

• PEP: Death through 30d

Thiele. NEJM. 2023.
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ECMO in ACS c/b shock

Thiele. NEJM. 2023.
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ECMO in ACS c/b shock

Thiele. NEJM. 2023.

ECLS-SHOCK Take Home Points

• Succeeded in enrolling sick patients (3/4 with cardiac arrest, median lactate ~ 7)

• Hard population to study → parachutes (>25% in control arm got MCS)

• No mortality benefit to routine early ECMO in pts with clinical equipoise

• MCS comes at a cost
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MCS Overview

Thiele. EHJ. 2019.



Yes

Cardiogenic Shock

SevereMild/moderate

Isolated LV 
dysfunction?

No

1. Impella CP1

2. Treat cause

1. Tandem RVAD 
(or Impella RP)

2. Treat cause

1ECMO or TandemHeart if contraindication to Impella such as mechanical aortic valve or if Impella CP inadequate (may consider Impella 5.5)

Isolated RV 
dysfunction?

Yes

No

1. ECMO or 
combo MCS

2. Treat cause

Biventricular 
dysfunction and/or 

major gas 
exchange deficit?

Yes

1. Chemical support
2. PAC
3. Treat underlying cause

Stable/improving?

Yes

Continue

No

Heart Team



Where are we going with this?



Temporary MCS

Recovery/
Explant

Durable 
VAD

Transplant Death
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Boards-Style Question

A 67-year-old woman presented with anterior STEMI 18 hours after symptom 

onset. Given ongoing chest discomfort and resuscitated VT in the Emergency 

Department she underwent emergent LAD PCI with TIMI 2 flow at the end of 

the procedure. On day 3 she develops acute chest pain, hypotension, and 

dyspnea. Physical exam reveals tachypnea and cool extremities as well as a 
harsh systolic murmur which was not previously present. 

What is the next best step in this patient’s care?

A) Place pulmonary artery catheter to measure RA and RV SpO2
B) Emergent coronary angiography for suspected stent thrombosis

C) Emergent transthoracic echocardiogram with simultaneous consultation of 

Cardiac Surgery and Cardiac Catheterization Laboratory

D) CT-PE
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Take Home Points

Cardiogenic shock is associated with high mortality

Recognizing and classifying cardiogenic shock can be 

challenging, but is essential

Prompt revascularization is the critical therapy for 

acute MI with shock

Diverse causes of cardiogenic shock exist beyond 

acute MI, but are much less studied
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For cardiogenic shock caused by a treatable etiology, 

prompt etiology-specific therapy is essential

Supportive measures include inotropes, vasodilators, 

diuretics and mechanical circulatory support

Multidisciplinary decision-making facilitates rapid and 

appropriate initiation of directed supportive 

therapy

Take Home Points
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Thank you

bbergmark@bwh.harvard.edu
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