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Objectives

• Discuss cardiogenic shock etiologies, phenotypes and staging

• Review the pathophysiology of cardiogenic shock and its management options

• Highlight MHI's approach to cardiogenic shock

Osman et al. JAHA. Volume 10, Issue 15, 3 August 2021.
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Phenotyping & staging

Hunziker et al. Circ. Volume 12, Issue 4, April 2019.

Phenotyping & staging

Jumean, M., Kar, B. (2024). Cardiogenic Shock. In: Gregoric, 
I.D., Myers, T.J., Mihalj, M. (eds) Management of Acute and 

Chronic Severe Heart Failure. Springer, Cham.
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Phenotyping & staging

Vahdatpour, et al. JAHA. DOI: 10.1161/JAHA.119.011991

Phenotyping & staging

Cardiogenic Shock (CS)
• Persistent hypotension
• End-organ hypoperfusion

• AMS
• Oliguria <30cc/hr
• Lactate >2.0 mmol/L

• Cardiac dysfunction
• Imaging
• Invasive hemodynamics
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Phenotyping & staging

Sinha, S, et al. JACC. 2025 Apr, 85 (16) 1618–1641.

Phenotyping & staging

Rajagopolan, N. et al. JACC. Volume 12, Issue 7. July 2024, Pages 1141-1156.
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Phenotyping & staging

Non-congested (I)
• More stable HR, MAP
• - RAP , - PCWP
Cardio-renal (II)
• LV-dominant

• PCWP >15mmHg
• AKI
Cardio-metabolic (III)
• RV-dominant

• ↑ RA:PCWP
• >0.63 (AMI-CS)
• >0.86 (post-LVAD)

• ↓ PAPi
• ≤0.9 (AMI-CS)
• <1.85 (post-LVAD)

• ↑↑ Lactate
Mehta et al. Front. Cardiovasc. Med. 11:1354158.

Phenotyping & staging
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Phenotyping & staging

Swan Ganz catheter
• Indications

• Differentiating shock
• Phenotyping & Staging CS
• Tailoring interventions

• Vasopressors
• Inotropes
• MCS

• Guidelines
• ACC/AHA Class 2b – No RCTs
• Escape from ESCAPE – AMI & CS excluded

Phenotyping & staging

Zweck, et al. 2021. JAHA.10:e020085.
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Phenotyping & staging

Zweck, et al. 2021. JAHA.10:e020085.
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Phenotyping & staging

Sinha, S, et al. JACC. 2025 Apr, 85 (16) 1618–1641.

Phenotyping & staging

Sinha, S. et al. JACC. 2025 Apr, 85 (16) 1618–1641.
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Phenotyping & staging

D.Y. Lu et al. European Journal of Heart Failure (2021) 23, 1927–1937.

Hryniewicz, K. et al. JASAIO. 2016;62(4):397-402.

Phenotyping & staging
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Objectives

• Discuss cardiogenic shock etiologies, phenotypes and staging

• Review the pathophysiology of cardiogenic shock and its management options

• Highlight MHI's approach to cardiogenic shock

Isovolumic contraction and relaxation = 
most energy intensive phases of the cardiac 
cycle.

B. Aortic valve opens
(ventricle ejects)

A. Mitral valve closes
(diastole ends; systole 
begins)

D. Mitral valve opens
(ventricle fills)

C. Aortic valve closes 
(systole ends; diastole 
begins)

CS Management

Courtesy of Abiomed
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 Adapted from: Szeto et al. SCAI 2015. 85(7) E175-196.

CS Management

CS Management

25

26

13 of 44



MHIF Cardiovascular Grand Rounds
October 13, 2025

CS Management - Vasoactives

Sinha, S, et al. JACC. 2025 Apr, 85 (16) 1618–1641.

CS Management - Vasoactives

Bloom, J. et al. J Am Heart Assoc. 2023;12:e029787.
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CS Management - Vasoactives

CS Management - Vasoactives

Mathew, R. N Engl J Med 2021;385:516-25.
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Mathew, R. N Engl J Med 2021;385:516-25.

CS Management - Vasoactives

CS Management - Vasoactives

Vallabhajosyula, S. et al. Journal of Cardiac Failure 30 (2024) 1516-1521. 

Odds ratio for VISpeak24h as a predictor of 
in-hospital mortality in Total, MI-CS, HF-CS

In-hospital mortality in those below and above the median VISpeak24h 
stratified by SCAI stage 

VIS (Vasoactive Inotrope Score)
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Bloom, J. et al. J Am Heart Assoc. 2023;12:e029787.

CS Management

CS Management - tMCS

 Adapted from: Hungerford, S. et al. Circ Heart Fail. 2025;18:e012016. 
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CS Management - tMCS

Adapted from ELSO Learning Academy Online, elso.org.

Uriel, N. et al. JACC VOL. 72, NO. 5, 2018 JULY 31, 2018:569–80.

CS Management - tMCS
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Gillespie, L.E. et al. JSCAI. 3(2024) 101337.
Adapted from: https://share.google/images/UFzaqxTmV0Yaldj1T.

CS Management - IABP

CS Management - IABP

Hungerford, S. et al. Circ Heart Fail. 2025;18:e012016. 
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CS Management - IABP

Thiele, H. et al. NEJM 2012. 367;14.

CS Management - IABP

Patel, M. et al. JAMA. 2011;306;(12):1329-1337.
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CS Management - IABP

Murugiah, K. et al. JACC. 2025 Jun, 85 (22) 2103–2106.

ACC/AHA AMI 
GUIDELINES

CS Management - IABP
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CS Management - IABP

Baldetti, L. et al. Circ Heart Fail. 2021;14:e008527. 

CS Management - Impella

Courtesy of Abiomed

43

44

22 of 44



MHIF Cardiovascular Grand Rounds
October 13, 2025

 Adapted from: Szeto et al. SCAI 2015. 85(7) E175-196.

CS Management - Impella

Cardiac Power Output (CPO) = MAP x CO × 0.0022
- Measure of end-organ perfusion (normal: 1-1.5 Watts)

CS Management - Impella

Courtesy of Abiomed
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Pre-PCI (no unloading) Pre-PCI (Unloaded with Impella)

CS Management - Impella

CS Management - Impella

Ouweneel, D. et al. JACC. 2017 Jan, 69 (3) 278–287.

47

48

24 of 44



MHIF Cardiovascular Grand Rounds
October 13, 2025

CS Management - Impella

Murugiah, K. et al. JACC. 2025 Jun, 85 (22) 2103–2106.

CS Management - Impella
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Møller, J.E. NEJM 2024;390:1382-93.

CS Management - Impella

CS Management - Impella

Møller, J.E. NEJM 2024;390:1382-93.
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CS Management - Impella

Møller, J.E. NEJM 2024;390:1382-93.

Zweck et al. Circulation. 2024;150:1990–2003. 

CS Management - Impella
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Zweck et al. Circulation. 2024;150:1990–2003. 

CS Management - Impella
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2025 ACC/AHA ACS Guidelines

CS Management - Impella

Rao, S. et al. Circulation. 2025;151:e771–e862. 

CS Management - Impella
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CS Management - tMCS

Stoney, W. Circulation. 2009;119:2844–2853

CS Management - tMCS
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Grande et al. Operative Tech and Recent Adv in Acute Care and 
Emerg Surgery. 2019, pp 759-766.

CS Management - ECMO

Shin, T. et al. Crit Care Med. 2011; 39(1), 1-7.Chen, Y. et al. Lancet 2008; 372: 554-61.
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CS Management - ECMO
Indications
• Cardiac arrest (ECPR)
• AMI or HF-CS

• Myocarditis
• Refractory ventricular dysrhythmia

• Pulmonary embolus
• Hypothermia
• Cardiotoxin exposure

• Peri-procedural support
• Failure to wean from CPB
• Graft failure or rejection s/p OHT

https://www.jems.com/2017/12/01/how-physicians-perform-
prehospital-ecmo-on-the-streets-of-paris/
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CS Management - ECMO

CS Management - ECMO

Days from Initial Visit Days from Initial Visit

Ostadal, P. et al. Circulation. 2023;147:454–464.
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CS Management - ECMO

CS Management - ECMO

Thiele, H. et al. N Engl J Med 2023;389:1286-97.
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CS Management - ECMO

Thiele, H. et al. N Engl J Med 2023;389:1286-97.

Thiele, H. et al. N Engl J Med 2023;389:1286-97. Desch, S. et al. EHJ 2024; 45, 4200–4203. 

CS Management - ECMO

Days since Randomization
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Thiele, H. et al. N Engl J Med 2023;389:1286-97.

CS Management - ECMO
ECLS-SHOCK Limitations

• Retrospective SCAI Stage adjudication

• High # SCAI Stage C – ~50%

• Short support-time – Median 2.7days

• Risk of anoxic brain injury – >75% cardiac arrest

• Low rate of LV unloading – 5.8%

• Transplant vs durable VAD?
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Guglin, M. et al. J Am Coll Cardiol. 2019;73(6):698–716.

CS Management - ECMO

CS Management - tMCS

Murugiah, K. et al. JACC. 2025 Jun, 85 (22) 2103–2106.
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CS Management - tMCS

Sinha, S, et al. JACC. 2025 Apr, 85 (16) 1618–1641.

CS Management - RV support

Singh, A. et al. J Thorac Cardiovasc Surg 2020;159:1430-8. 
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CS Management - RV support

RV coupled
(Ees/Ea normal)

RV uncoupled
(Ees/Ea reduced)

Sorathia, S. Cleveland Clinic Journal of Medicine May 2025, 92 (5) 301-309.Noordegraf, A et al. J Am Coll Cardiol 2017;69:236–43).
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CS Management - RV support

Amsallem, M. et al. JACC HF. 2018; 6,11: 891-903.

Objectives

• Discuss cardiogenic shock etiologies, phenotypes and staging

• Review the pathophysiology of cardiogenic shock and its management options

• Highlight MHI's approach to cardiogenic shock
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MHI Case

73 y.o. F w/ HTN, HL, no previous cardiac hx
• CC: 3-days chest burning, ?GERD
• Exam: VSS, NAD, RRR, no m/r/g, warm well-perfused
• Diagnostics:

• Tpn-I 4.3
• Lactate 2.0
• ECG ischemic STD
• POCUS - ”reduced EF”

• Rec.d
• ASA 325mg
• Heparin bolus + gtt
• Nitroglycerin gtt

• Transfer to ANW

MHI Case

73 y.o. F w/ NSTEMI, SCAI Stage A CS
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73 y.o. F w/ AMI-CS, SCAI Stage D, cardiorenal phenotype
• RHC

• RA 8 mmHg
• PA 32/18 (23) mmHg

• PAPi 1.7
• PCWP 18 mmHg
• CI 1.8 mL/m2
• SVR 830 DSC

• LHC
• LAD occluded
• RCA & LCx mild dx

MHI Case

MHI Case

73 y.o. F w/ AMI-CS, SCAI Stage E, cardiometabolic phenotype
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73 y.o. F w/ AMI-CS, SCAI Stage E, cardiometabolic phenotype

• HD #0 ECPELLA

• HD #2 Decannulated

• HD #3 Extubated

• HD #9 Discharged to SNF

MHI Case

IABP
56‘22
33‘23
20‘24
6‘25*

Data from 1/2021 - 6/2025
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Count of 
OutcomeRow Labels

74AMI/CGS
20Expired
54Survived
69Cardiomyopathy
15Expired
54Survived
18Elective Placement
2Expired

16Survived
77HRPCI
1Expired

76Survived
1HTx Rejection
1Survived
1Other
1Expired

13PCCS
6Expired
7Survived
2Post-op CT Surgery
1Expired
1Survived

(blank)

(blank)
255Grand Total

2023-2024

AMI: 73%

CMO: 78%

HRPCI: 99%

PCCS: 54%

Impella
Survival to Explant

Objectives

• Discuss cardiogenic shock etiologies, phenotyping and staging

• Review the pathophysiology of cardiogenic shock and its management options

• Highlight MHI’s approach to cardiogenic shock
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