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Case

55-year-old woman
Type I diabetes
Kidney/pancreas transplant in 1999
Repeat kidney transplant 2010
Progressive renal insufficiency
Hypertension
Asthma

Presented to BWH ED with rest chest pain
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Case

110BPM     80/50mmHg     24RPM     96%4LNC

Cr 2.47 mg/dL
hsTnI 631 ng/L
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Case

PCI

HD 3
ECMO 

decannulation

HD 8
Cr peak: 

3.60 mg/dL

HD 15
RCA PCI

HD 22
Discharge

Most recent Cr 1.72 mg/dL
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Outline

Epidemiology

Definition and diagnosis

Management
§ Acute MI
§ General supportive measures
§ Mechanical circulatory support
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Redfors. Int J Cardiol. 2015.

Epidemiology

Patients are older and with more 
comorbidities
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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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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 ¯ ¯ ­ >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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Cardiogenic Shock Staging
SCAI Shock Stages (Cath CVI 2019;94:29)

Stage Description BP Exam Labs Hemodyn.

At risk MI, ADHF nl nl nl nl

Beginning
Relative HoTN; 
tachycardia; w/o 
hypoperfusion

SBP <90,
MAP <60,

or >30 mmHg ¯
from baseline

­ JVP, 
crackles, 

extrem warm
nl ­PCWP

CI ≥2.2

Classic Hypoperfusion that 
requires intervention SBP <90,

MAP <60,
or requiring 

drugs/device to 
maintain BP

­ JVP, 
crackles, 

extrem cool & 
mottled,
¯UOP

­Cr
lactate ≥2
­ LFTs ­PCWP

CI <2.2
CPO ≤0.6

Deteriorating Failing to respond ­­Cr, lactate,
& LFTs

Extremis Near or in cardiac 
arrest

HoTN despite max 
support

lactate ≥5
pH <7.2

CI <<2.2
CPO <<0.6

Slide courtesy of Dr. Erin Bohula
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RCTs for P2Y12 inhibition in ACS/PCI

n engl j med 361;11 nejm.org september 10, 2009 1045

The new england  
journal of medicine
established in 1812 september 10, 2009 vol. 361 no. 11

Ticagrelor versus Clopidogrel in Patients with Acute  
Coronary Syndromes
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N Engl J Med 2009;361:1045-57.
Copyright © 2009 Massachusetts Medical Society.

Background
Ticagrelor is an oral, reversible, direct-acting inhibitor of the adenosine diphos-
phate receptor P2Y12 that has a more rapid onset and more pronounced platelet 
inhibition than clopidogrel.

Methods
In this multicenter, double-blind, randomized trial, we compared ticagrelor (180-mg 
loading dose, 90 mg twice daily thereafter) and clopidogrel (300-to-600-mg loading 
dose, 75 mg daily thereafter) for the prevention of cardiovascular events in 18,624 
patients admitted to the hospital with an acute coronary syndrome, with or without 
ST-segment elevation.

Results
At 12 months, the primary end point — a composite of death from vascular causes, 
myocardial infarction, or stroke — had occurred in 9.8% of patients receiving ti-
cagrelor as compared with 11.7% of those receiving clopidogrel (hazard ratio, 0.84; 
95% confidence interval [CI], 0.77 to 0.92; P<0.001). Predefined hierarchical testing 
of secondary end points showed significant differences in the rates of other com-
posite end points, as well as myocardial infarction alone (5.8% in the ticagrelor 
group vs. 6.9% in the clopidogrel group, P = 0.005) and death from vascular causes 
(4.0% vs. 5.1%, P = 0.001) but not stroke alone (1.5% vs. 1.3%, P = 0.22). The rate of 
death from any cause was also reduced with ticagrelor (4.5%, vs. 5.9% with clopid-
ogrel; P<0.001). No significant difference in the rates of major bleeding was found 
between the ticagrelor and clopidogrel groups (11.6% and 11.2%, respectively; 
P = 0.43), but ticagrelor was associated with a higher rate of major bleeding not re-
lated to coronary-artery bypass grafting (4.5% vs. 3.8%, P = 0.03), including more 
instances of fatal intracranial bleeding and fewer of fatal bleeding of other types.

Conclusions
In patients who have an acute coronary syndrome with or without ST-segment eleva-
tion, treatment with ticagrelor as compared with clopidogrel significantly reduced 
the rate of death from vascular causes, myocardial infarction, or stroke without an 
increase in the rate of overall major bleeding but with an increase in the rate of non–
procedure-related bleeding. (ClinicalTrials.gov number, NCT00391872.)

The New England Journal of Medicine 
Downloaded from nejm.org at BWH on April 25, 2019. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
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EFFECTS OF CLOPIDOGREL IN ADDITION TO ASPIRIN IN PATIENTS WITH 
ACUTE CORONARY SYNDROMES WITHOUT ST-SEGMENT ELEVATION
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BSTRACT

 

Background

 

Despite current treatments, patients
who have acute coronary syndromes without ST-seg-
ment elevation have high rates of major vascular
events. We evaluated the efficacy and safety of the
antiplatelet agent clopidogrel when given with aspi-
rin in such patients.

 

Methods

 

We randomly assigned 12,562 patients
who had presented within 24 hours after the onset of
symptoms to receive clopidogrel (300 mg immediately,
followed by 75 mg once daily) (6259 patients) or pla-
cebo (6303 patients) in addition to aspirin for 3 to 12
months.

 

Results

 

The first primary outcome — a composite
of death from cardiovascular causes, nonfatal myocar-
dial infarction, or stroke — occurred in 9.3 percent of
the patients in the clopidogrel group and 11.4 percent
of the patients in the placebo group (relative risk with
clopidogrel as compared with placebo, 0.80; 95 per-
cent confidence interval, 0.72 to 0.90; P<0.001). The
second primary outcome — the first primary outcome
or refractory ischemia — occurred in 16.5 percent of
the patients in the clopidogrel group and 18.8 percent
of the patients in the placebo group (relative risk, 0.86,
P<0.001). The percentages of patients with in-hospital
refractory or severe ischemia, heart failure, and revas-
cularization procedures were also significantly lower
with clopidogrel. There were significantly more pa-
tients with major bleeding in the clopidogrel group
than in the placebo group (3.7 percent vs. 2.7 percent;
relative risk, 1.38; P=0.001), but there were not signif-
icantly more patients with episodes of life-threatening
bleeding (2.1 percent vs. 1.8 percent, P=0.13) or hem-
orrhagic strokes.

 

Conclusions

 

The antiplatelet agent clopidogrel has
beneficial effects in patients with acute coronary syn-
dromes without ST-segment elevation. However, the
risk of major bleeding is increased among patients
treated with clopidogrel. (N Engl J Med 2001;345:
494-502.)

 

Copyright © 2001 Massachusetts Medical Society.
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or at yusufs@mcmaster.ca.

*The Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE)
trial investigators are listed in the Appendix.

 

HROMBOSIS caused by a ruptured or
eroded atherosclerotic plaque is the usual
underlying mechanism of acute coronary
syndromes.

 

1

 

 Aspirin and heparin reduce the
risk of death from cardiovascular causes, new myocar-
dial infarction, and recurrent ischemia,

 

2,3

 

 but there is
still a substantial risk of such events in both the short
term and the long term. Intravenous glycoprotein
IIb/IIIa receptor blockers have been shown to reduce
the incidence of early events, mainly among patients

T

 

who are treated according to an invasive strategy,

 

4,5

 

 but
long-term oral therapy with glycoprotein IIb/IIIa
receptor blockers is not beneficial and may even in-
crease mortality.

 

6

 

 Similarly, continuing treatment with
low-molecular-weight heparin beyond one week has
not been shown to be effective.

 

7

 

 Although the long-
term use of oral anticoagulants may be useful, no
convincing evidence of their benefit is yet available.

 

8

 

Therefore, there is a need to reduce further the risk
of ischemic events in a broad spectrum of patients both
when they first present with acute coronary syndromes
and in the long term.

The thienopyridine derivatives, ticlopidine and clo-
pidogrel, are antiplatelet agents that inhibit the plate-
let aggregation induced by adenosine diphosphate,
thereby reducing ischemic events.

 

9

 

 Combining one of
these drugs with aspirin, which blocks the thrombox-
ane-mediated pathway, may have an additive effect. In
patients who are undergoing percutaneous translumi-
nal coronary angioplasty (PTCA) with stenting, short-
term aspirin treatment plus a thienopyridine derivative
results in a substantially lower rate of myocardial in-
farction than does either aspirin alone or warfarin.

 

10

 

However, the role of long-term combined therapy with
aspirin and an antiplatelet agent in a broader group of
patients at high risk for cardiovascular events is un-
known. We therefore designed the Clopidogrel in Un-
stable Angina to Prevent Recurrent Events (CURE)
trial to compare the efficacy and safety of the early and
long-term use of clopidogrel plus aspirin with those
of aspirin alone in patients with acute coronary syn-
dromes and no ST-segment elevation.

 

METHODS

 

Study Design

 

We undertook a randomized, double-blind, placebo-controlled
trial comparing clopidogrel with placebo in patients who presented
with acute coronary syndromes without ST-segment elevation. The
design and rationale of the study have been reported previously.

 

9

 

Study Patients

 

Patients were eligible for the study if they had been hospital-
ized within 24 hours after the onset of symptoms and did not
have ST-segment elevation. Initially, patients older than 60 years

The New England Journal of Medicine 
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CURE (N=12,562)

CHAMPION PHOENIX (N=11,145)

CLARITY-TIMI 28 (N=3,491)
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The new england  
journal of medicine
established in 1812 november 15, 2007 vol. 357 no. 20

Prasugrel versus Clopidogrel in Patients  
with Acute Coronary Syndromes

Stephen D. Wiviott, M.D., Eugene Braunwald, M.D., Carolyn H. McCabe, B.S., Gilles Montalescot, M.D., Ph.D., 
Witold Ruzyllo, M.D., Shmuel Gottlieb, M.D., Franz-Joseph Neumann, M.D., Diego Ardissino, M.D.,  

Stefano De Servi, M.D., Sabina A. Murphy, M.P.H., Jeffrey Riesmeyer, M.D., Govinda Weerakkody, Ph.D.,  
C. Michael Gibson, M.D., and Elliott M. Antman, M.D., for the TRITON–TIMI 38 Investigators*

A bs tr ac t

From Brigham and Women’s Hospital and 
Harvard Medical School, Boston (S.D.W., 
E.B., C.H.M., S.A.M., C.M.G., E.M.A.); 
Institut de Cardiologie and INSERM Unit 
856, Pitié–Salpêtrière University Hospital, 
Paris (G.M.); Instytut Kardiologii, Warsaw, 
Poland (W.R.); Bikur Cholim Hospital, 
Jerusalem, Israel (S.G.); Herz-Zentrum 
Bad Krozingen, Bad Krozingen, Germany 
(F.-J.N.); Azienda Ospedaliero–Universi-
taria di Parma, Parma, Italy (D.A.); Azien-
da Ospedaliera Civile di Legano, Legano, 
Italy (S.D.S.); and Eli Lilly Research Labo-
ratories, Indianapolis (J.R., G.W.). Address 
reprint requests to Dr. Antman at the Car-
diovascular Division, Brigham and Wom-
en’s Hospital, TIMI Study Group, 350 
Longwood Ave., 1st Fl., Boston, MA 02115, 
or at eantman@rics.bwh.harvard.edu.

*The members of the Steering and Oper-
ations Committees of the Trial to Assess 
Improvement in Therapeutic Outcomes 
by Optimizing Platelet Inhibition with 
Prasugrel–Thrombolysis in Myocardial 
Infarction (TRITON–TIMI) 38 are listed 
in the Appendix. The TRITON–TIMI 38 
Investigators are listed in the Supple-
mentary Appendix, available with the full 
text of this article at www.nejm.org.

This article (10.1056/NEJMoa0706482) was 
published at www.nejm.org on Novem-
ber 4, 2007.

N Engl J Med 2007;357:2001-15.
Copyright © 2007 Massachusetts Medical Society.

Background
Dual-antiplatelet therapy with aspirin and a thienopyridine is a cornerstone of treat-
ment to prevent thrombotic complications of acute coronary syndromes and percu-
taneous coronary intervention. 

Methods
To compare prasugrel, a new thienopyridine, with clopidogrel, we randomly assigned 
13,608 patients with moderate-to-high-risk acute coronary syndromes with sched-
uled percutaneous coronary intervention to receive prasugrel (a 60-mg loading dose 
and a 10-mg daily maintenance dose) or clopidogrel (a 300-mg loading dose and a 
75-mg daily maintenance dose), for 6 to 15 months. The primary efficacy end point 
was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal 
stroke. The key safety end point was major bleeding.

Results
The primary efficacy end point occurred in 12.1% of patients receiving clopidogrel 
and 9.9% of patients receiving prasugrel (hazard ratio for prasugrel vs. clopidogrel, 
0.81; 95% confidence interval [CI], 0.73 to 0.90; P<0.001). We also found significant 
reductions in the prasugrel group in the rates of myocardial infarction (9.7% for 
clopidogrel vs. 7.4% for prasugrel; P<0.001), urgent target-vessel revascularization 
(3.7% vs. 2.5%; P<0.001), and stent thrombosis (2.4% vs. 1.1%; P<0.001). Major bleed-
ing was observed in 2.4% of patients receiving prasugrel and in 1.8% of patients 
receiving clopidogrel (hazard ratio, 1.32; 95% CI, 1.03 to 1.68; P = 0.03). Also great-
er in the prasugrel group was the rate of life-threatening bleeding (1.4% vs. 0.9%; 
P = 0.01), including nonfatal bleeding (1.1% vs. 0.9%; hazard ratio, 1.25; P = 0.23) 
and fatal bleeding (0.4% vs. 0.1%; P = 0.002).

Conclusions
In patients with acute coronary syndromes with scheduled percutaneous coronary 
intervention, prasugrel therapy was associated with significantly reduced rates of 
ischemic events, including stent thrombosis, but with an increased risk of major 
bleeding, including fatal bleeding. Overall mortality did not differ significantly 
between treatment groups. (ClinicalTrials.gov number, NCT00097591.)

The New England Journal of Medicine 
Downloaded from nejm.org at BWH on April 25, 2019. For personal use only. No other uses without permission. 

 Copyright © 2007 Massachusetts Medical Society. All rights reserved. 

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. 2015

Total N~2,000

Slide courtesy of 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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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
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the development of severe heart failure or shock are consid-
ered indications for urgent angiography (class I).

These recommendations are based on findings from the 
SHOCK trial, in which 49% (n = 152) of patients assigned to 
the early revascularization group and 63% (n = 150) of those 
assigned to initial medical stabilization received fibrinolytic 
therapy for STEMI.13 Among patients receiving initial medi-
cal therapy, administration of fibrinolytic therapy at the dis-
cretion of the treating physician was associated with a lower 
mortality rate at 1 year (unadjusted HR of 0.59; P = .01). 
However, among patients randomly assigned to undergo 
early revascularization, no association was found between 
administration of a fibrinolytic and subsequent mortality 
(unadjusted HR = 0.93; P = .76).

Although PCI is the preferred approach to revasculariza-
tion when the coronary anatomy is suitable, favorable out-
comes also can be achieved with early CABG. Of patients 
who underwent revascularization in the SHOCK trial, 63% 
had PCI and 37% CABG.5 Despite higher rates of diabetes, 
three-vessel and left main coronary artery disease in the 
CABG cohort, survival was similar at 1 year between patients 
who were revascularized with PCI compared with CABG 
(51.9% versus 46.8%; P = 0.71). In patients with papillary mus-
cle rupture, or acute severe mitral regurgitation related to MI, 
emergent surgical revascularization and valvular replace-
ment may be preferable to a staged approach of percuta-
neous revascularization followed by surgical valve repair 
(Chapter 26).
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FIGURE 25-8 Mortality benefit of early revascularization in patients with cardiogenic shock after acute myocardial infarction. The SHOCK Trial randomly assigned 302 patients 
with STEMI and cardiogenic shock due to left ventricular failure to undergo early revascularization (ERV) within 6 hours or initial medical stabilization (IMS) with delayed revascu-
larization more than 54 hours after initiation of treatment, if appropriate. Survival rates in the ERV and IMS groups were 53.3% versus 44.0% (P = .11) at 30 days, 49.7% versus 
36.9% (P = .027) at 6 months, 46.7% versus 33.6% (P < .03) at 1 year, and 32.8% versus 19.6% (P = .03) at 6 years, respectively. (Data from Hochman JS, Sleeper LA, Webb 
JG, et al: Early revascularization and long-term survival in cardiogenic shock complicating acute myocardial infarction. JAMA 295(21):2511, 2006.)
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(ERV), either earlier (less than 6 hours from MI onset) or later (6 hours or longer from MI onset), compared with initial medical stabilization (IMS) (P-interaction = nonsignificant). 
B, Within the ERV group, mortality increased with increasing time from MI until after 8 hours, which was thought to represent survivor bias. MI, Myocardial infarction. (Data from 
Hochman JS, Sleeper LA, Webb JG, et al: Early revascularization in acute myocardial infarction complicated by cardiogenic shock. SHOCK Investigators. Should We Emergently 
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§ 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)



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

Non-culprit lesions in STEMI

Backhaus. Clin Res Cardiol. 2018.



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

Thiele. NEJM. 2017.

CULPRIT-SHOCK

706 pts with CS due to AMI (61% STEMI/39% NSTEMI) and MVD
Rx: Immediate MV PCI vs Culprit-Only +/- Staged PCI

Death or 
RRT
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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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Outline

Epidemiology

Definition and diagnosis

Management
§ Acute MI
§ General supportive measures
§ Mechanical circulatory support
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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 a1 ­­ ¯¯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 a >>b1 ­­ «/­ «/­ ­­­ «/­

More pressor than inotrope. 
Fewer tachyarrhythmias 
than w/ dopa and mortality 
at least as good if not 
better.

Epinephrine
Low-dose b1  & b2  >a ­ ­­ ­­ ¯ « Inotrope
High-dose a >b ­­ ­­ ­­ ­­ ­ Inotrope+pressor

Dopamineb

Low-dose D « «/­ «/­ «/¯ «
Medium-dose b1  > D, a «/­ ­ ­­ « «

High-dose a > b1, D ­­ ­­ ­ ­­ ­
Inodilators

Dobutamine b1 >>>b2, a1 «/¯ ­­ ­­ ¯ ¯ ¯ PCWP. Fast onset. 
Tachyphylaxis.

Milrinone PDE3 inhib ¯¯ ­ ­­­ ¯¯ ¯¯

¯¯ PCWP;
¯ PVR; \
attractive if RV dysfxn or 
PHT. Slow onset. Renally 
cleared.

Isoproterenol b1 &b2 ¯ ­­­ ­­ ¯¯ ¯ Å chronotrope
Pure vasodilators

Nitroglycerin NO g sGC ¯ ­ « ¯ ¯
Venodilator >> arteriolar 
dilator 

Nitroprussidec NO g 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
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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 with PA Line
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Vasopressor summary

• Catecholamines have not demonstrated improved 
survival 

• But, limited 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
– Address 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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Outline

Epidemiology

Definition and diagnosis

Management
§ Acute MI
§ General supportive measures
§ Mechanical circulatory support
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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, trxplant)

Shock Team
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LV Support
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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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Thiele. NEJM. 2012.

IABP-SHOCK II
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Impella CP

(+)
Good support (3.5 L/min)
Typically rapid placement
Unloads LV
Axillary possible

(-)
Migrates
Thrombocytopenia/hemolysis
Vascular injury

Note: Impella 5.5 also available (ax/transAo)
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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

(+)
4 L/min
Typically fast 
placement

(-)
Femoral only
Migrates
Thrombocytopenia
/hemolysis





Bergmark and Morrow. Mechanical Support for the Right Ventricle. In Press.
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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



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

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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LV Unloading?
(trending on twitter…)

• 16 centers in 4 countries

• 686 consecutive patients

• NOT RANDOMIZED

• 1:1 PSM

• Patients with CS on 
ECMO in whom team 
decided to place Impella:

• Had more 
complications

• Had lower rates of 
death at 30 days

• Hypothesis-generating, 
needs RCT
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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
@brianbergmark
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