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Question 1

A 35-year-old woman with a history of moderate-to-severe mitral stenosis presents with worsening shortness 
of breath, sinus tachycardia (HR 140 bpm), and a blood pressure of 150/80 mmHg. She is noted to have an 
acute kidney injury (creatinine 1.0 --> 2.5), elevated lactate and elevated liver function tests (previously 
normal). An echocardiogram is notable for normal right and left ventricular systolic function with significant 
mitral stenosis. The most appropriate immediate management of her cardiogenic shock includes:

A. Intravenous diuretics and therapeutic anticoagulation
B. Intravenous diuretics and ACE-inhibitor administration
C. Intravenous diuretics and hydralazine administration
D. Intravenous diuretics and beta-blocker administration
E. ACE-inhibitor administration and beta-blocker administration



Question 2

A 45-year-old man with a history of CAD with myocardial infarction and ischemic cardiomyopathy presents 
with several days of lower extremity swelling, shortness of breath, chest pain and vomiting. At rest, he appears 
unwell, tachypneic (respiratory rate >20 breaths/minute), tachycardic (130 bpm) and hypotensive (BP 75/50). 
His labs are notable for a lactic acidosis, acute kidney injury and elevated liver function tests. A point of care 
cardiac ultrasound is notable for a left ventricular fraction <20%. An ECG does not demonstrate ST elevation 
or depression. The most appropriate immediate management of her cardiogenic shock includes:

A. Initiation of dobutamine and beta-blocker administration
B. Initiation of dobutamine and intravenous diuretics
C. Initiation of milrinone and intravenous diuretics
D. Intravenous diuretics and ACE-inhibitor administration
E. Intravenous diuretics and beta-blocker administration
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Cardiogenic Shock Stage Classification. SCAI 2021. 

Cardiogenic Shock Definition

Physiologic definition: reduced cardiac output resulting in inadequate tissue 

perfusion, often with elevated intravascular filling pressures, resulting in end-

organ injury.



Cardiogenic Shock Stage Classification. SCAI 2021. 

Cardiogenic Shock Definition



Cardiogenic Shock Definition

Clinical trial definition: Cardiac index <1.8 (or <2.0 with support), LVEDP 

>18, and systolic blood pressure <90 mmHg for >30 minutes.

Limitations (many):

Not a sensitive definition

Acute pathology is more likely present with hypotension

Patients on GDMT more likely to be hypotensive

There is no blood pressure that a patient cannot be in cardiogenic shock

*Note elevated lactate is NOT necessary

There is no comprehensive definition of cardiogenic shock



Management – Physical Exam



Cardiogenic shock – Physical Exam



Clinical Diagnosis of Cardiogenic Shock

*MAP, mean arterial pressure; RAP, right atrial pressure; CO, cardiac output; SVR systemic vascular 

resistance. Ƚ Supportive of shock, but not mandatory. 

MAP – RAP = CO x SVR

Abnormal cardiac function (e.g., severe valvular disease, reduced systolic dysfunction, etc.)

Cardiac congestion – elevated left and/or right heart filling pressures (e.g., CXR with congestion, etc.)

Evidence of inadequate cardiac output – acute liver injury, acute kidney injury, elevated lactate, nausea, 

altered mental status, low central venous/PA saturation (at least 2)

Ƚ Hypotension, sinus tachycardia, narrow pulse pressure

**Cardiac index <2.1 L/min/m2



Classic Hemodynamics of Cardiogenic Shock

PCWP CO SVR

Distributive (septic, neurogenic)

Cardiogenic

Hemorrhagic

Reality:

BP 140/120 (126); JVP 20 mmHg  →  (126-20)/(3.5 L/min) = 2420 

BP 75/50 (58); JVP 20 mmHg  →   (58-20)/(3.5 L/min) = 870

*ACEi/ARB/ARNI; obesity, liver disease, sepsis, advanced (deep) shock

MAP – RAP = CO x SVR
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Fundamentals 

Maintain MAP

Maintain body perfusion

Vasopressors & inotropes

MCS

PCI/tPA if necessary

Diuretics versus fluids

Vasopressors, inotropes 

MCS if necessary

Optimize 

Coronary Flow

Optimize cardiac 

hemodynamics
Support the body

Correct recipe depends on the patient in front of you

(e.g. ACS vs critical AS vs ADHF)



Optimize coronary flow

All patients with cardiogenic shock should be assessed for an acute 

coronary syndrome (e.g., STEMI, NSTEMI)

 - Trend troponin

 - Assess for clinical symptoms of a myocardial infarction

 - Obtain ECG

De Lemos et al. Circulation 2019. PMID 31765259. 



Optimize coronary flow

Coronary revascularization for STEMI or NSTEMI in shock

 STEMI or NSTEMI

  – Urgent revascularization of culprit lesion or tPA

  – Address remaining lesions electively

 

Stahli et al. NEJM 2023. PMID 37634190.

Thiele et al. NEJM 2018. PMID 30145971 

CULPRIT SHOCK

N=706

Culprit-only PCI versus 

multivessel PCI



Support the body

MAP target – generally 65-80 mmHg

 - If >80 mmHg consider oral/IV reduction

 - If <65 mmHg add vasoactive mediations

 

Cardiac output – general goal >2.0 L/min/m2

 Inotropes

 Mechanical support

Oxygen delivery (Fick equation)

 Goal hemoglobin >7 g/dL (>8 if NSTEMI/STEMI)

 Goal SPO2 >90% or PO2 80-120 (higher may be worse with myocardial infarction)

 Adequate cardiac output (general goal >2.0 L/min/m2)

MAP – RAP = CO x SVR



Thiele et al. IABP for MI Shock. NEJM 2012. 

Support the body – Inotropes

Perks Limits

Dobutamine
Mixed clearance

Mild SVR reduction
Proarrhythmic

Milrinone
PVR & SVR reducing

8-hour half-life

Concomitant BB use

Renal clearance

May cause hypotension

Proarrhythmic

Epinephrine Supports SVR & CO Proarrhythmic

Dopamine Supports SVR & CO Proarrhythmic

Nitroprusside
No increased mortality

Very short half-life

Not proarrhythmic

Requires ICU care

Limited use in advanced CKD

Coronary steal



Mathew et al. Milrinone vs Dobutamine for Shock. NEJM 2021. 

Support the body - Inotrope



Mathew et al. Milrinone vs Dobutamine for Shock. NEJM 2021. 

Support the body – Inotrope



All mechanical support devices lack high quality data supporting use for cardiogenic shock. 

Support the body – Mechanical Support

Inotrope IABP Impella VA-ECMO

Cardiac Output 0.5-1.0 L/min 0.5-1.0 L/min 2.5-5.0 L/min 3-6 L/min

Myocardial 

oxygen demand

Increase Decrease Decrease Increase

LV unloading Yes Yes Yes No

Complication 

Rate

** ** *** ****

Cost $ $ $$$$ $$$



Optimize cardiac hemodynamics

Cardiac output = heart rate x stroke volume

Cardiac filling pressures

Heart rate

Stroke volume – severe valvular lesions



Frank-Starling Relationship

Left ventricular end-diastolic pressure (PCWP) [Preload]



Frank-Starling Relationship

Left ventricular end-diastolic pressure (PCWP) [Preload]

Steve Selig. La Place law. Online 2019. 



Cardiac filling pressures

Left ventricular end-diastolic pressure (PCWP) [Preload]

 Normal        <12 mmHg

 Dilated cardiomyopathy    10-18 mmHg

 Restrictive cardiomyopathy  15-20 mmHg

 Severe aortic stenosis    15-20 mmHg

Right ventricular end-diastolic pressure (CVP)

 Normal        <8 mmHg

 Goal         5-10 mmHg

Use diuretics and blood pressure control to achieve goals



Faster heart rate = less diastolic filling time

Good for severe aortic regurgitation

Bad for severe mitral stenosis

Optimize cardiac hemodynamics – heart rate

Black = Diastolic filling time

Pink = Systolic filling time



Goal heart rate in shock – 70-120 bpm in sinus rhythm

 

Optimize cardiac hemodynamics – heart rate



Cardiogenic Shock Patients - Concepts

Acute Problems:

Myocardial infarction (STEMI, NSTEMI)

Acute AR or MR

Myocarditis (viral, chemotherapy)

Stress cardiomyopathy

Cardiac Index: 3.0 → 1.8 (60%)

Acute on Chronic Problems:

Systolic heart failure

Chronic AS or MS

Chronic AR or MR

Cardiac Index: 2.0 → 1.8 (90%)



Concepts – Weaning Inotropes

Time

Dobutamine, milrinone, 

or nitroprusside

SVR

MAP (>65)

CI (>2.0)

ACEi, ARB or 

hydralazine-

isosorbide

Dose

Dose

MAP – RAP = CO x SVR



Concepts – Weaning Inotropes

Time

Dobutamine, milrinone, 

or nitroprusside

SVR

MAP (>65)

CI (>2.0)

ACEi, ARB or 

hydralazine-

isosorbide

Dose

MAP – RAP = CO x SVR



Concepts – Weaning Inotropes

Physiologic 
Shock 

Management
GDMT
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Stevenson et al. INTERMACs Profiles. ISHLT 2009. 

INTERMACs Stages of Shock



Cardiogenic Shock Stage Classification. SCAI 2021. 

SCAI Stages of Shock



Abraham et al. HF Cardiogenic Shock. JCF 2021. 

SCAI Stages of Shock



Kapur et al. Cardiogenic Shock. JACC 2022. 

SCAI Stages of Shock
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Damasceno et al. THESUS-HF. JAMA 2012. 

Hospitalized Heart Failure in Africa



Damasceno et al. THESUS-HF. JAMA 2012. 

Hospitalized Heart Failure in Africa

In-hospital 

mortality 10-15%



Management – Dynamic Process



Demographics – CSWR

Kapur et al. Cardiogenic Shock. JACC 2022. 



Demographics – CSWR

Kapur et al. Cardiogenic Shock. JACC 2022. 



Demographics – CSWR

Kapur et al. Cardiogenic Shock. JACC 2022. 



Demographics – CSWR

Kapur et al. Cardiogenic Shock. JACC 2022. 



Demographics – Cardiogenic Shock

Sinha et al. Cardiogenic Shock. Circ HF 2022. 



Sinha et al. Cardiogenic Shock. Circ HF 2022. 

Outcomes – Cardiogenic Shock

Cardiogenic Shock: AHF vs AMI

1-year all-cause mortality

Single center (INOVA)

Clinical & hemodynamic criteria

N =  301 (AHF) versus 219 (AMI)



Sinha et al. Cardiogenic Shock. Circ HF 2022. 

Outcomes – Cardiogenic Shock

Cardiogenic Shock: AHF vs AMI

1-year all-cause mortality (conditional)

Single center (INOVA)

Clinical & hemodynamic criteria

N =  301 (AHF) versus 219 (AMI)



Outcomes – CSWR

Kapur et al. Cardiogenic Shock. JACC 2022. 



Outcomes – CSWR

Kapur et al. Cardiogenic Shock. JACC 2022. 

In-hospital mortality by initial (left) and maximal (right) SCAI shock stage
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Case 1 – 

A 45-year-old man with a history of CAD with myocardial infarction presents with several 
days of lower extremity swelling, shortness of breath, chest pain and vomiting. 

At rest, he appears unwell, tachypneic (RR 
>20 breaths/minute), tachycardic (130 
bpm) and hypotensive (BP 75/50). 3+ lower 
extremity swelling and elevated JVP. 

His labs are notable for a lactic acidosis, 
acute kidney injury and elevated liver 
function tests. 



Case 1 – ECG



Case 1 – 

Point of care cardiac ultrasound
  LVEF ~15%, severely dilated (7.5 cm LVEDD)
  Aortic and mitral valve open well



Case 1 – 

Diagnosis – Dilated cardiomyopathy with cardiogenic shock

Immediate treatment
  IV diuretics
  Start IV dobutamine
  Add norepinephrine or vasopressin if MAP is <65 mmHg



Cases 2 – 

A 65-year-old man with a history of hypertension presents with several weeks of 
lower extremity swelling, shortness of breath, chest pain and abdominal pain. 

At rest, he appears restless, tachypneic (RR 
>20 breaths/minute), tachycardic (110 
bpm) and normotensive (BP 175/130). +S4, 
lower extremity swelling and elevated JVP. 

His labs are notable for an acute kidney 
injury and elevated liver function tests. 



Case 2 – ECG 



Case 2 – 

Point of care cardiac ultrasound

  LVEF ~30%, severe concentric hypertrophy (thickening)

  Aortic and mitral valve open well



Case 2 – 

Diagnosis – Restrictive cardiomyopathy (severe thickening)
    Related to hypertension or hATTR

Immediate treatment
  IV diuretics
  Medications to reduce blood pressure (ACE/ARB)
  
  



Case 3 – 

A 55-year-old man with a history of hypertension and smoking presents with 2 
hours of chest pain, shortness of breath, and nausea. 

At rest, he appears uncomfortable with 
normal sinus rhythm (HR 80 BPM), and 
hypotensive (BP 75/30). +Rales, no lower 
extremity swelling and normal JVP. 

His labs are pending. 



Case 3 – ECG



Case 3 – Coronary angiography

LAD with severe stenosis in mid portion (left image)

Right coronary artery totally occluded (right image)



Case 3 – 

Diagnosis – ST elevation myocardial infarction

Immediate treatment
  Emergent reperfusion – left heart catheterization or tPA
  IV diuretics (rales)
  Norepinephrine or vasopressin if MAP <65 mmHg
  If shock post reperfusion, dobutamine or intra-aortic balloon pump
    
  



Case 4 – 

A 60-year-old woman with a history of hypertension presents with 2 months of 
chest pain, shortness of breath, and nausea. 

At rest, she appears uncomfortable with 
atrial flutter at 2:1 (HR 145 BPM), and 
normotensive (BP 115/95). +Rales, 2+ lower 
extremity swelling and elevated JVP. 

His labs are notable for lactate of 2.5, acute 
liver injury and elevated creatinine (~2.5). 



Case 4 – ECG



Case 4 – 

Point of care cardiac ultrasound

  LVEF ~50%, concentric hypertrophy (thickening)

  Aortic valve opens well. Mitral valve is heavily calcified with small opening

  Massive left atrium



Case 4 – 

Diagnosis – Severe mitral stenosis with cardiogenic shock (rheumatic valve)

Immediate treatment
  IV diuretics 
  Beta-blockers to slow heart rate
  Amiodarone to slow heart rate & rhythm control (ideally <70 bpm)
  Therapeutic anticoagulation (for possible cardioversion)
  Consider cardioversion    
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Summary

Diagnosis of cardiogenic shock can be tricky

Relying on lactate is a sometimes fool’s errand (it can be helpful)

Recipe to shock management highly dependent on the patient

Urgent correct treatment (within 2 hours) is needed

ACS shock carriers a higher mortality relative to ADHF

In-patient shock mortality ~40-50%



Question 1

A 35-year-old woman with a history of moderate-to-severe mitral stenosis presents with worsening shortness 
of breath, sinus tachycardia (HR 140 bpm), and a blood pressure of 150/80 mmHg. She is noted to have an 
acute kidney injury (creatinine 1.0 --> 2.5), elevated lactate and elevated liver function tests (previously 
normal). An echocardiogram is notable for normal right and left ventricular systolic function with significant 
mitral stenosis. The most appropriate immediate management of her cardiogenic shock includes:

A. Intravenous diuretics and therapeutic anticoagulation
B. Intravenous diuretics and ACE-inhibitor administration
C. Intravenous diuretics and hydralazine administration
D. Intravenous diuretics and beta-blocker administration
E. ACE-inhibitor administration and beta-blocker administration



Question 2

A 45-year-old man with a history of CAD with myocardial infarction and ischemic cardiomyopathy presents 
with several days of lower extremity swelling, shortness of breath, chest pain and vomiting. At rest, he appears 
unwell, tachypneic (respiratory rate >20 breaths/minute), tachycardic (130 bpm) and hypotensive (BP 75/50). 
His labs are notable for a lactic acidosis, acute kidney injury and elevated liver function tests. A point of care 
cardiac ultrasound is notable for a left ventricular fraction <20%. An ECG does not demonstrate ST elevation 
or depression. The most appropriate immediate management of her cardiogenic shock includes:

A. Initiation of dobutamine and beta-blocker administration
B. Initiation of dobutamine and intravenous diuretics
C. Initiation of milrinone and intravenous diuretics
D. Intravenous diuretics and ACE-inhibitor administration
E. Intravenous diuretics and beta-blocker administration



Questions or Comments?!
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