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Learning 
Objectives

• 1. Introduction to shock

• 2. Look at oxygen consumption and delivery mismatch

• 3. Discuss the Classes of Shock

• 4. Cellular responses to shock
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What is Shock?

• Defined as the lack of perfusion to one cell

• Disruption of cellular respiration

• No oxygen delivery 

• Then no Krebs cycle

• Then you get Lactate and a proton H+ 
as waste product net 2 ATP

• If there is oxygen, then it goes to Krebs 
cycle and the waste products are CO2 
and H2O and 36 ATP 



@Cutting Edge Surgical Medical Group

Anaerobic 
metabolism
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What is 
Shock?
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What is the 
Point of 

Resuscitation? 

• Restore Oxygen delivery to the tissues

• Lactate washout 

• Lactate may go up initially once perfusion 
restored

• Metabolized in liver

• Takes 4-6 hours to metabolize

• Base deficit will correct in real time

• Protons are used up in the Krebs cycle 
and electron transport chain to make 
H2O



@Cutting Edge Surgical Medical Group

There are Only 
5 Causes for 
Hypotension

• Classes of Shock

• Neurogenic Shock

• Cardiogenic Shock

• Obstructive Shock

• Distributive Shock

• Anaphylactic

• Endocrine → adrenal insufficiency

• Hypovolemic

• Hemorrhagic 
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Neurogenic 
Shock

• Loss of Sympathetic tone 
from spinal cord injury above 
the level of T2

Symptoms

• Loss of sympathetic chain 
ganglion

• Hypotension and Bradycardia

• Paralysis

• Loss of sympathetic tone
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Neurogenic 
Shock

Diagnosis of exclusion

Every Hypotensive patient for trauma has 
hypovolemic shock until proven otherwise

Treatment is fluid 1-2 liters then if unresponsive

Dopamine or Levaphed

Try not to use pure alpha agonist as it can 
exacerbate bradycardia
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Receptors 
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Key Teaching 
Relationships 
(High-Yield)
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Common Drugs 
and the Effects
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Cardiogenic 
Shock

• Loss of cardiac function

• MI, ruptured Cordie 
tendinea, cardiac failure

• Hypotension

• Tachycardia

• Hypoxia

• Patients can die quickly 

• Impedes pre- load
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Chemical 
Augmentation 

• Keep cardiac out put up for oxygen delivery 
to tissues

• Increase stroke volume

• Norepi

• Epi

• Dobutamine

• Dopamine

• Milrinone 
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Goals of 
Mechanical 

Augmentation

• Cardiac output

• ↓ LV workload & oxygen demand

• Maintain coronary & end-organ perfusion

• Bridge to:

• Recovery

• Decision

• LVAD

• Transplant
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Spectrum of 
Mechanical Support Least → Most Support

• IABP

• Impella (2.5 / CP / 5.0 / 5.5)

• Durable LVAD

Support escalates as:

• Hemodynamics worsen

• Pharmacologic therapy fails
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Intra-Aortic 
Balloon Pump 

(IABP)

Mechanism

• Balloon inflates in diastole → ↑ coronary perfusion

• Deflates in systole → ↓ afterload

Hemodynamic Effects

• Modest ↑ CO (~0.5 L/min)

• ↓ LV afterload

• ↑ diastolic pressure
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IABP: Pros, 
Cons, Use

Advantages

• Quick to place

• Low complication rate

• Familiar technology

Limitations

• Minimal CO augmentation

• No direct LV unloading

• Limited benefit in severe shock

Best For

• Mild cardiogenic shock

• Mechanical complications

• Bridge therapy
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Balloon pump   

Inflates with diastole to 
augment coronary blood flow
Heart perfuses during 
diastole only
Can be 1:1 all the way to 4:1 
(prior to removal)
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Impella: 
What It Is?

• Percutaneous Axial-Flow LV Assist Device

• Actively pumps blood:

• From LV → Ascending aorta

• Direct LV unloading

• Provides forward flow independent of rhythm



@Cutting Edge Surgical Medical Group

Impella 
Hemodynamic 

Impact

• ↑ Cardiac output (2.5–5.5 L/min)

• ↓ LVEDP

• ↓ myocardial oxygen consumption

• Improves coronary perfusion

• Key Advantage: True ventricular unloading

• Drawback need to anticoagulated and 
causes hemolytic anemia
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Impella 
Variants

Device Max Flow Access

Impella 2.5 ~2.5 L/min Femoral

Impella CP ~3.5–4.0 
L/min Femoral

Impella 5.0 / 
5.5

~5.0–5.5 
L/min

Axillary / 
Surgical
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Impella: Risks & 
Considerations

Complications

• Hemolysis

• Vascular injury

• Limb ischemia

• Device migration

Clinical Use

• Moderate–severe cardiogenic shock

• High-risk PCI

• Bridge to LVAD or recovery
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How the 
Impella works

Impella works via a micro-axial rotary pump 
(an Archimedes-screw–style impeller).

• An electric motor spins blades inside the 
catheter

• This actively pulls blood from the LV

• And pushes it forward into the ascending 
aorta

• Flow is continuous and pressure-
generating

 That’s active mechanical pumping, not 
fluid entrainment.
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• Spins at 35000 RPM 
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LVAD: Durable 
Mechanical 

Support

What Is an LVAD

• Surgically implanted continuous-flow pump

• LV → Aorta

• Long-term circulatory support

Types

• Bridge to transplant

• Destination therapy
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LVAD 
Hemodynamics 

& Outcomes
• Provides full cardiac support

• Sustains systemic perfusion

• Allows end-organ recovery

• Long-term survival improvement in advanced HF
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LVAD Risks
• Bleeding

• Infection

• Thromboembolism

• Right ventricular failure

• Lifelong anticoagulation
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Device 
Comparison

Feature IABP Impella LVAD

Flow Support Low Moderate–High Full

LV Unloading Minimal Significant Complete

Invasiveness Low Moderate High

Duration Days Days–Weeks Months–
Years

Shock Severity Mild Moderate–Severe End-Stage
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Obstructive 
Shock • Failure of cardiac Filling. No Pre-load

• Tension PTX, Cardiac tamponade, Pulmonary 
embolism

• Most dangerous shock

• Patient die quickly
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Obstructive 
Shock
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Distributive 
Shock

• Anaphylactic shock→ 
hemodynamic collapse. 

• Hypotension

• Tachycardia

• Hypoxia

• From an offending 
agent

Endocrine → adrenal 
insufficiency

Distributive shock→ 
“Septic shock”

From infection

Hypotension and 
tachycardia

Capillary Leak
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Hypovolemic 
Shock

• Lack of volume

• Decreased cardiac filling

• Tachycardia

• Hypotension

• Subcategory
• Hemorrhagic
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Hypovolemic 
Shock
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Treatment 
of shock

Three steps to 
treating shock

Resuscitation

Identify the cause

Reverse the underlying physiology

Remember : Patients may have more than one type of shock

Recognize 
what type of 
shock you are 

treating

Categorize it
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Oxygen 
Delivery 

• D𝑂2  term for oxygen delivery 

• Equation is as follows

• D𝑂2 = 𝐶𝑎𝑟𝑑𝑖𝑎𝑐 𝑂𝑢𝑡𝑝𝑢𝑡 𝑋 𝐶𝑎𝑂2 𝑋 10

• Cardiac Output  = CO

• 𝐶𝑎𝑂2 = Oxygen carrying capacity of blood

• 𝐶𝑎𝑂2 =
1.34 𝐻𝑔𝑏 𝑖𝑛 𝑔𝑟𝑎𝑚𝑠 (𝑆𝑎𝑂2)+(0.003 x 
Pa𝑂2)
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Concludes Part I of shock

Part 2 will discuss treatment of 
the classes of shock

Part 3 will look at monitoring and 
advance ICU treatment for Shock
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Disclaimer for Presentations
The Presentations provided by Cutting Edge Surgical Medical Group, a division of Paul J. Wisniewski, DO, Inc., are intended to offer 
general information and guidance based on current research, clinical best practices, and expert opinions in the medical field. These 
presentations are designed to assist healthcare professionals in making informed decisions regarding patient care, but they are not a 
substitute for personalized medical advice, diagnosis, or treatment.

Important Notes:

• The presentations are for informational purposes only and are not intended to replace professional medical judgment. They 
should be used as a reference and adapted to the specific needs of individual patients.

• Application of these presentations should be made by healthcare providers, taking into account the unique medical history, 
condition, and circumstances of each patient.

• While Cutting Edge Surgical Medical Group strives to provide the most accurate, up-to-date, and evidence-based information, 
we cannot guarantee that all content on the website is free from errors, omissions, or outdated information. Medical knowledge 
evolves rapidly, and presentations may be updated periodically.

• Cutting Edge Surgical Medical Group does not assume responsibility for the outcomes of any medical decision or intervention 
based on the use of these presentations. The use of this information is at the user's own discretion.

• Healthcare providers are encouraged to consult the latest peer-reviewed research, professional standards, and individual patient 
assessments before making clinical decisions.

For specific medical concerns, treatment advice, or patient management, please consult directly with a qualified healthcare provider.
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