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Disclosures
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Case

❖ 60 y/o M

❖ STEMI anterolateral

❖ Ongoing chest pain onset 1 hr ago

❖ BP 90/45 on low dose levophed    HR 105

❖ Pulmonary edema on cxr,  crackles on exam

❖ Lactate 4

❖ Neurologically intact
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Would anyone NOT take this patient to the 
Cath Lab?

❖ Proximal LAD 100% timi 0

❖ Remaining coronaries 30-70% timi 3

❖ LVEDP 35mmhg

❖ 2plus femoral pulses, no known PAD
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Who would use Mechanical Circulatory 
Support (MCS)?

❖ Why?

❖ Why not?

❖ If Yes, which MCS?  

○ IABP

○ Micro-Axillary pump (Impella)

○ VA-ECMO

❖ And, when?   Before, during or after PCI?
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Background

❖ STEMI presentations

❖ 1 in 10 will develop CS

❖ 1/2 will survive
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What is Cardiogenic Shock?
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Phenotyping:  AMI vs ADHF Cardiogenic Shock

ICU

ICU

AMI-CS

HF-CS

Clinical classification

ACC/AHA Stage

NYHA

INTERMACS Profile

SCAI Shock Stage

Pre-CS CS Refractory CS

C D

III IIIB Ambulatory IV Advanced Class IV

7
Advanced class III

6
Exertion limited

5
Exertion intolerant

4
Rest symptoms

3
Stable inotropes

2
Slid ing fast

1
Crash & burn

A
At risk

B
Beginning

C
Classic

D
Deteriorating

E
Extremis

Heart Failure-Related Cardiogenic Shock: Pathophysiology, Evaluation and Management Cons iderations. Abraham, JACOB et al. Journal of Cardiac Failure, Volume 27, Issue 10, 1126 - 1140
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Medical Therapy?  
Doesn’t Help

Vasopressor Use in Cardiogenic Shock – Evidence Summary

• Key RCTs & Meta-analyses

• SOAP II (NE vs Dopamine, 2010, NEJM)
• Subgroup: Cardiogenic shock

• Norepinephrine ↓ mortality, ↓ arrhythmias vs dopamine

• OPTIMA-CC (Epi vs NE, 2018, JACC)
• AMI-related CS, RCT (n=57)

• Epinephrine → more refractory  shock, acidosis, lactate rise

• Trial stopped early (safety concerns)

• Meta-analysis: Epinephrine in CS (2018, n=2,583, Crit Care Med)
• Epinephrine strongly  associated with ↑ short-term mortal ity (OR ~4)

• Recent Cohorts (2010–2022)
• NE associated with fewer arrhythmias than dopamine

• Observat ional data: NE often used in sicker  patients → mixed signals on mortality

Consensus Takeaway

• Norepinephrine = preferred first-line vasopressor (better safety, fewer arrhythmias)

• Dopamine = avoid (↑ arrhythmias, worse outcomes in CS)

• Epinephrine = last resort (metabolic complications, possible ↑ mortality)

• Evidence base still limited → more RCTs needed
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Mechanical Circulatory Support
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AMI - Cardiogenic Shock
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The Key:  Patient Selection



Prespecified
Subgroups

Møller,  J. E., Engstrøm, T., Jensen, L. O., Eiskjær, H., 
Mangner, N., Polzin, A.,  Schulze, P. C.,  Skurk, C., 

Nordbeck, P.,  Clemmensen, P., Panoulas, V., Zimmer, 

S., Schäfer, A.,  Werner, N.,  Frydland, M., Holmvang, L., 
Kjærgaard, J., Sørensen, R., Lønborg, J. , Lindholm, M. 

G., … DanGer Shock Investigators (2024). Microaxial 
Flow Pump or Standard Care in Infarct-Related 

Cardiogenic Shock. The New England journal of 

medicine, 390(15),  1382–1393. 
https://doi.org/10.1056/NEJMoa2312572



Routine use of Impella CP produced a 26% relative 
reduction in mortality at 6 months

1

7

in AMICS due to STEMI compared to standard care alone

Møller, J. E., Engstrøm, T., Jensen, L. O., Eiskjær, H., Mangner, N., Polzin, A., Schulze, P . C., Skurk, C., Nordbeck, P., Cl emmensen, P ., Panoulas, V., Zimmer, S., Schäfer, A., Werner, N., Frydland, M., Holmvang, L., K jærgaard, J., Sørensen, R., Lønbor g, J., Lindholm, M. G., … DanGer Shock 
Investigators (2024). Microaxial Flow Pump or Standard Care in Infarct-Related Cardiogenic Shock. The New England journal o f medicine, 390(15), 1382–1393. https://doi.org/10.1056/NEJMoa2312572

Death from Any Cause

Impella CP

Microaxial Flow Pump (mAFP)

Control

Standard care alone

Hazard ratio, 0.74 (95% CI, 0.55 – 0.99)
P = 0.04
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Inclusion Criteria

• Cardiogenic Shock due 
to STEMI

• STEMI <36 hours

• Lactate >2.5 mmol/L or 
SvO2 <55%

• LVEF <45%

26%
Relative mortality 

reduction

12.7%
Absolute mortality 

reduction

8
NNT

Key Exclusion Criteria

• Shock >24 hours

• Comatose
after OHCA
(In-ambulance/
in-hospital CA
not excluded)

• Severe RV failure



● in AMICS due to STEMI compared 

to standard care alone

Impella CP further 
reduces mortality in 

patients younger 
than 77

1. Møller, J. E., Engstrøm, T., Jensen, L. O., Eiskjær, H., Mangner, N., Polzin, A., 
Schulze, P. C., Skurk, C., Nordbeck, P., Clemmensen, P., Panoulas, V., Zimmer, 
S., Schäfer, A., Werner, N., Frydland, M., Holmvang, L., Kjærgaard, J., 
Sørensen, R., Lønborg, J., Lindholm, M. G., … DanGer Shock Investigators 

(2024). Microaxial Flow Pump or Standard Care in Infarct-Related Cardiogenic 
Shock. The New England journal o f medicine , 390(15), 1382–1393. 

https://doi.org/10.1056/NEJMoa2312572

2. Klein, A., et al. DanGer Shock Investigators (2024). Treating Older Patients in 
Cardiogenic Shock with a Microaxial Flow Pump: Is it DANGERous?. Journal of 
the American College of Cardiology, S0735-1097(24)10416-0. Advance online 
publication. https://doi.org/10.1016/j.jacc.2024.11.003

3. Klein, A., et al. DanGer Shock Investigators (2024). Treating Older Patients in 
Cardiogenic Shock with a Microaxial Flow Pump: Is it DANGERous? 
SUPPLEMENTAL APPENDIX. Journal of the American College of Cardiology, 
S0735-1097(24)10416-0. Advance online publication. 
https://doi.org/10.1016/j.jacc.2024.11.003

Klein 2024Klein 2024

Overall1

P=0.04 / N= 355

26%
Relative mortality reduction

8

Absolute mortality reduction
12.7%

NNT

Patients < 77 y.o.2

P=0.001 / N=274

35.7%
Relative mortality reduction3

5

Absolute mortality reduction

NNT

20%

https://doi.org/10.1016/j.jacc.2024.11.003
https://www.jacc.org/doi/10.1016/j.jacc.2024.11.003


New long-term data from the DanGer Shock RCT validates original 
findings and confirms the survival benefit of Impella CP increases 

year over year*

1
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Death from any cause occurred in

• 94 of 179 patients (52.5%) in the Impella CP group and 

• 121 of 176 patients (68.8%) in the standard-care group 
(hazard ratio: 0.70; 95% CI: 0.54 to 0.92)1

Median time to death was

• 577 days for patients in the Impella CP group 

• 61 days for patients in the standard-care group 

Mean difference in days alive at 10 years was 600 days 

(95% CI 235 – 966 days)1

16.3%
absolute mortality 

Reduction1*

600
Average days alive gained by

Impella CP1*

10
years

*Compared to standard care in STEMI with cardiogenic shock

1. Møller J, et al. Long-Term Outcomes of the DanGer Shock Trial N Engl J Med 2025.  



Increased survival with Impella CP is associated with more adverse events

2

0

* Bleeding Rates: Control NO ECMO (3.5%), Control WITH ECMO (48.5%), Impella NO ECMO (15.8%), Impella WITH ECMO (67%). 

Møller, J. E., Engstrøm, T., Jensen, L. O., Eiskjær, H., Mangner, N., Polzin, A., Schulze, P . C., Skurk, C., Nordbeck, P., Cl emmensen, P ., Panoulas, V., Zimmer, S., Schäfer, A., Werner, N., Frydland, M., Holmvang, L., K jærgaard, J., Sørensen, R., Lønbor g, J., Lindholm, M. G., … DanGer Shock 

Investigators (2024). Microaxial Flow Pump or Standard Care in Infarct-Related Cardiogenic Shock. The New England journal o f medicine, 390(15), 1382–1393. https://doi.org/10.1056/NEJMoa2312572

DanGer Shock

*

Adverse events do not overshadow the significantly reduced mortality benefit with Impella CP



DanGer Shock is a guideline changing trial
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1. Hochman J, et al. Early revasc in AMI-CS. N Engl J Med 1999. DOI: 10.1056/nejm199908263410901

Hochman J, et al. One-Year Survival. JAMA, January 10, 2001—Vol 285

2. Thiele H, et al. PCI strategies in patients with AMI-CS. N Engl J Med 2017. DOI: 10.1056/NEJMoa1710261

Thiele H, et al. One-Year Outcomes. N Engl J Med 2018. DOI: 10.1056/NEJMoa1808788

3. Møller J, et al. DanGer PLACEHOLDER. N Engl J Med 2024. DOI: 10.1056/NEJMoa2312572

Revascularization Strategy Trials MCS Device Trials

Data presented on this slide to put results from various MSC studies into perspective, and are not intended to imply a direct comparison among the studies.

4. Thiele H, et al. Intraaortic Balloon Support for  MI-CS. N Engl J Med 2023. DOI: 10.1056/NEJMoa2307227

Thiele H, et al. IABP-SHOCK II final 12 month results. Lancet 2013. DOI: 10.1016/S0140-6736(13)61783-3

5. Thiele H, et al. ECLS in infarct-related CS. N Engl J Med 2012. DOI: 10.1056/NEJMoa1208410

6. Byrne R, et al. 2023 ESC Guidelines for the management of ACS. Eur Heart J 2023; 44:3720–3826

7. O’Gara PT, et al. 2013 ACCF/AHA guideline for the management of STEMI. J Am Coll Cardiol. 2013;61:e78–140
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2025 ACC/AHA Guideline for Management of ACS

Rao SV, et al. 2025 ACC/AHA/ACEP/NAEMSP/SCAI Guideline for the Management of 
Patients  with Acute Coronary Syndromes. J Am Coll Cardiol. 2025

Impella is Class 2a for selected STEMI patients with 
severe or refractory cardiogenic shock.

IABP and VA-ECMO are downgraded to Class 3: No 
Benefit for routine use in AMI Cardiogenic Shock due 
to their lack of survival benefit.

This is the first update to the ACC/AHA guidelines in 
more than 12 years for patients with Acute Coronary 
Syndrome and Cardiogenic Shock
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CS is Extremely Complicated
❖ Cannot be managed by 1 person/service alone

❖ Need a comprehensive shock team approach

- ICU with CS expertise

- RN’s with CS / advanced MCS experience

- Cardiac anesthesiologist team

- CHF dedicated in house team

- General cardiology advanced imaging team

- CTS 

- IC / Structural

Standardized protocols       

- periprocedural planning

- execution

- drug administration

- weaning strategies

- discharge planning/outpatient transition and GDMT, device considerations
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Conclusions
AMI, by definition, leads to a decrease in cardiac output and subsequent triggering of compensatory 
mechanisms

- Transient shock

- Sustained shock     HIGH MORTALITY

Pressor therapy escalation often needed, but does not help underlying problem

Primary PCI, early revascularization (of culprit lesion) is clearly the goal.

Using MCS (Mechanical circulatory support) is an important tool and proven to be beneficial, on the whole, 
in patients with sustained cardiogenic shock. 

Using MCS has potential serious complications, however, so the risk/benefit must be weighed carefully.     

One size does not fit all!!   A cardiogenic shock multidisciplinary team is required to individualize care for best 
possible outcomes.
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Thank youThank You



Complexities in Managing Right Heart 

Failure and Pulmonary Hypertension

Marina Jansen, MD
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What is the most common cause of right 

ventricular heart failure?

… pulmonary hypertension
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Right ventricular echocardiography guidelines.

Key Right Heart Parameters:

1. PA diameter (normal <25 mm)

2. RA area (normal <18 cm2)

3. RV/LV dimension (less than 1)

4. LAVI (less than 34 ml/m2) 
5. IVC diameter (<21 mm, >50% respiratory variation)

6. E/e (<14, use lateral wall if there is 

septal flattening)

1. RV FAC (normal 35% and above)

2. Septal flattening 
3. TAPSE (normal 1.7 cm or more)

4. TRV (normal <2.8 m/sec)

5. TAPSE/sPAP ratio (normal 0.5 or more)



GOALS:
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Transplantation, bridging, and support technologies in 

pulmonary hypertension
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ECLS and 

lung transplant
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Thank youThank You



Successful Anesthesia for 
a Cardiac Patient
Ricky S. Harika, MD
Section Head, Cardiothoracic Anesthesiology
Department of Anesthesiology 
Virginia Mason Medical Center
October 4, 2025



2

I have no relevant disclosures.



3

PROCEDUREPREOP POSTOP



Preoperative Considerations

1) Preoperative evaluation by Anesthesiology team 

a) Pre-anesthesia assessment clinic at Virginia Mason Medical Center 

i) 206-625-7271

ii) dt.paac@commonspirit.org

iii) Cerner message: DT PAAC

b) Virtual or In-person 

c) Gather data (including OSH records) and organize into a note

d) Cardiothoracic Anesthesiology review 

4

mailto:dt.paac@commonspirit.org
mailto:dt.paac@commonspirit.org
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What Really Matters? 

1) Pulmonary

a) URI within past 4 weeks

b) Acute change or worsening chronic lung disease 

i) PFTs? Pulmonology?

c) Smoking cessation 

2) Endocrine

a) Uncontrolled diabetes 

i) Ketoacidosis, autonomic dysfunction and hemodynamic compromise, 

renal dysfunction, infection

3) Acute/Chronic Pain and Anxiety

a) Tachycardia, hypertension, hyperventilation and atelectasis 

(hypoxia/hypercapnia)
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Medications

1) SGLT2 -glifozin (Ex: Empagliflozin/Jardiance)

a) Euglycemic ketoacidosis

b) > 72 hours

2) GLP-1 (Ex: Semaglutide/Ozempic)

a) Delayed gastric emptying → increased aspiration risk

b) Hold daily dose or weekly dose



CommonSpirit Recommendations (Nov, 2024)
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Treatment of eDKA

9
Chow, et al., 2023



GLP-1: American Society of Anesthesiologists (ASA) 

Recommendations 
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Anesthetic Success 

1) Team Sport: Multi-disciplinary discussions 
a) Specialized training and high volume center

i) Abbott training for TEER
ii) Chosen for MedAxiom Watchman Best Practices 
iii) COE for HCM 

2) Understanding complex pathophysiology 
3) Setting expectations - what is considered a success for this patient? 

11
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Cusack, et al. (2020)

1) Type of Procedure

a) Non-cardiac surgery
b) PCI with impella
c) TEER

d) Open-heart
e) AFib ablation

f) VT ablation on ECMO
2) Pre-existing Conditions 

a) Cardiopulmonary

b) Renal, Hepatic, etc. 
3) Medications

a) Amnesia 
b) Pain
c) Muscle relaxants

d) Vasopressors
e) Vasodilators



13

Vasopressors



14Kendrick, et al. (2019)
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Intraoperative Monitoring 
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Cerebral Oximetry, CO/CI, SvO2, SVR
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Transesophageal Echocardiography (TEE) 
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Thank You

Ricky.Harika@Commonspirit.org



References

1) Cusack, B. & Buggy, D. Anaesthesia, analgesia, and the surgical stress response. BJA Educ. 2020 Sep;20(9):321-

328. doi: 10.1016/j.bjae.2020.04.006

2) Erica Chow, Stephen Clement, Rajesh Garg - Euglycemic diabetic ketoacidosis in the era of SGLT-2 inhibitors: 

BMJ Open Diabetes Research & Care 2023;11:e003666.

3) Joshi, G., Abdelmalak, B., Weigel, W., Soriano, S., Harbell, M., et al. American Society of Anesthesiologists 

consensus based guidance on preoperative management of patients (adults and children) on glucagon-like-

peptide-1 (GLP-1) receptor agonists. ASA 2023:https://www.asahq.org/about-asa/newsroom/news-

releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative

4) Kendrick, J., Kaye, A., Belani, K., et al. Goal directed fluid therapy in the perioperative setting. J Anaesthesiol Clin 

Pharmacol. 2019 Apr;35(suppl 1): S29-S34

5) Mercer, M. Anaesthesia for the patient with respiratory disease. Update in Anesthesia. 2005:https://e-safe-

anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf

19

https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf
https://e-safe-anaesthesia.org/sessions/02_05/pdf/Respiratory-Disease-and-Anaesthesia.pdf

	3.4 - Hwang NEW AMI Cardiogenic Shock MCS - Dr. Hwang
	Slide 1: Pearls and Wisdom in the Management of Cardiogenic Shock and Heart Failure 
	Slide 2: Acute Myocardial Infarction and Cardiogenic Shock
	Slide 3: Disclosures
	Slide 4: Case
	Slide 5: Would anyone NOT take this patient to the Cath Lab?
	Slide 6: Who would use Mechanical Circulatory Support (MCS)?
	Slide 7: Background
	Slide 8: What is Cardiogenic Shock?
	Slide 9: Phenotyping:  AMI vs ADHF Cardiogenic Shock
	Slide 10: Medical Therapy?   Doesn’t Help
	Slide 11: Mechanical Circulatory Support
	Slide 12
	Slide 13: AMI - Cardiogenic Shock
	Slide 14
	Slide 15: The Key:  Patient Selection
	Slide 16: Prespecified Subgroups
	Slide 17: Routine use of Impella CP produced a 26% relative reduction in mortality at 6 months
	Slide 18: Impella CP further reduces mortality in patients younger than 77
	Slide 19: New long-term data from the DanGer Shock RCT validates original findings and confirms the survival benefit of Impella CP increases year over year*
	Slide 20: Increased survival with Impella CP is associated with more adverse events
	Slide 21: DanGer Shock is a guideline changing trial
	Slide 22
	Slide 23: CS is Extremely Complicated
	Slide 24: Conclusions
	Slide 25: Divider Slide Keep/edit as appropriate
	Slide 26

	3.5 Jansen Complexities of managing right heart failure and pulmonary hypertension
	Slide 1: Complexities in Managing Right Heart Failure and Pulmonary Hypertension
	Slide 2: Disclosures
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: What is the most common cause of right ventricular heart failure?
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Transplantation, bridging, and support technologies in pulmonary hypertension
	Slide 15: ECLS and  lung transplant
	Slide 16

	3.6 Harika Anesthesia for cardiac patient October 2025
	Slide 1: Successful Anesthesia for a Cardiac Patient
	Slide 2: I have no relevant disclosures.
	Slide 3
	Slide 4: Preoperative Considerations
	Slide 5: What Really Matters? 
	Slide 6: Medications
	Slide 7: CommonSpirit Recommendations (Nov, 2024)
	Slide 8
	Slide 9: Treatment of eDKA
	Slide 10: GLP-1: American Society of Anesthesiologists (ASA) Recommendations  
	Slide 11: Anesthetic Success 
	Slide 12
	Slide 13: Vasopressors
	Slide 14
	Slide 15: Intraoperative Monitoring 
	Slide 16: Cerebral Oximetry, CO/CI, SvO2, SVR
	Slide 17: Transesophageal Echocardiography (TEE) 
	Slide 18: Thank You
	Slide 19: References


