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Outline for Today
⚫ Definition
⚫ Ramifications
⚫ Physiologic determinants
⚫ Classification
⚫ Approach to the patient with shock
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Shock is:

      Reduced Tissue Perfusion

Cellular Hypoxia & Energy Failure

↓O2 Delivery↑O2 Demand
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Definition

⚫ A physiologic state in which significant, systemic reduction in tissue
perfusion results in decreased tissue oxygen delivery
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⚫ Shock is not:
⚫ an absolute blood pressure measurement
⚫ an independent diagnosis
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Key Issues In Shock
⚫ Falling BP = LATE sign.

⚫ Pallor, tachycardia, slow CFT, restlessness

= Shock until proven otherwise.

⚫ BP is NOT same as perfusion.

De Baker CCM 2006 34 :403-408

Normal Septic shock with normal BP
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Oxygen Delivery to Tissues
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Oxygen Delivery Components
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Oxygen Delivery Components

Cardiac Output

Heart

Rate
Stroke Volume

O2 Content

PaO2 SaO2 Hb

Synchrony

Preloa

d
Afterload Contractility

* Fourth Year Lectures



Oxygen Content of Blood

Arterial

Inflow

 (Q)
capilla
ry

O2

O2

O2
O2

O2 O2
O2

Venous

Outflow

  (Q)

Cell

(Adapted from the ICU Book by  P.  Marino)

=(O2 carried by Hb)  +  (O2 in solution)

= (1.34 x Hb x Sats x 0.01)  +  (0.023 x PaO2)

O2

O2

* Fourth Year Lectures



Glucose

Pyruvic Acid Lactic Acid

Acetyl Co-A

Krebs

CycleCO2

H+

38x

ATP

2x

ATP

Anaerobic

Aerobic

Fatty

Acids

Amino

Acids O2

* Fourth Year Lectures



* Fourth Year Lectures



* Fourth Year Lectures



Ramifications of Shock
⚫ Mortality from shock remains high:
⚫ cardiogenic shock from AMI - 60-90%
⚫ septic shock - 35-40%
⚫ hypovolemic shock - varies depending on disease state
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Stages of shock
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Key Elements of Blood Pressure

⚫ Fluid
⚫ Pump
⚫ Pipes
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Mean Arterial Pressure (MAP)
⚫ MAP - CVP  = Cardiac Output x SVR

⚫ Cardiac Output (CO)= HR x Stroke Volume
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MAP - CVP  = (HR x SV) x SVR

Heart Rate,

Contractility
(ß1)

Resistance
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Etiologies of Shock( Distributive)

MAP – CVP = (SV x HR) x SVR

⚫ Low vascular resistance:
“Distributive”

Sepsis, anaphylaxis
Other: adrenal insufficiency,

myxedema coma, drug reaction,
toxic shock syndrome, neurogenic

Resistance
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Etiologies of Shock (obstructive)

MAP – CVP = (SV x HR) x SVR

□ Low Stroke Volume:

Venous return & Outflow
obstruction “Obstructive”
Tamponade, tension

pneumothorax, PEEP,
Pulmonary embolism
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Etiologies of Shock (Hypovolemic)

MAP – CVP = (SV x HR) x SVR

□ Low Stroke Volume:
Intravascular volume:
“Hypovolemic”
Dehydration, hemorrhage, 3rd

space
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Etiologies of Shock (Cardiogenic)

MAP – CVP = (SV x HR) x SVR

□ Low Stroke Volume:
Ejection: “Cardiogenic
Myocardial infarct, valvular

defect

□ Abnormal heart rate:
“Cardiogenic”

Tachycardia (short filling
time)

Bradycardia
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Manifestations of Shock
⚫ Hypoperfusion
⚫ Body Response to Hypoperfusion
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⚫ Body Response to Shock:

1- autonomic neuroendocrine responses
2- cardiovascular response
3- pulmonary response
4- renal response
5- cellular response
6- metabolic derangement
7- inflammatory response
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Neuroendocrine response
⚫ Hypotension, and hypoxia are sensed by baroreceptors and

chemoreceptors, which contribute to an autonomic response

⚫ Release of norepinephrine induces arterial vasoconstriction
(redistribution of blood flow from the skin, skeletal muscle, kidneys,
and splanchnic viscera to heart and brain)

⚫ Reduced vagal activity increases the heart rate and cardiac output

⚫ Constriction of venous capacitance vessels, which augments venous
return
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⚫ Renin-angiotensin-aldosterone axis activated

⚫ Vasopressin increased and causes vasoconstriction and enhance water
reabsorption
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Cardiovascular response

⚫ An increase in heart rate is a useful but limited compensatory
mechanism to maintain cardiac output

⚫ Increased filling pressures of heart (cardiogenic , obstructive)
stimulates release of BNP to secrete sodium and volume to
relieve the pressure on the heart

⚫ Prolonged hypotension , acidosis , sepsis, ischemia, trauma ,
hypothermia all impair myocardial contractility and reduce the
SV and decrease CO (shock induced cardiomyopathy)



Pulmonary response
⚫ Relative increase in PVR , particularly in septic shock

⚫ Shock-induced tachypnea cause respiratory alkalosis and
reduces tidal volume

⚫ Acute lung injury and ARDS may complicate shock



Renal response

⚫ The physiologic response of the kidney to hypoperfusion is to
conserve salt and water  (by decreasing GFR) which together
with increased aldosterone and vasopressin is responsible for
reduced urine amount

⚫ This may leads to: acute renal failure , acute tubular necrosis ,
rhabdomyolysis



Cellular response

⚫ Mitochondrial dysfunction leads to decrease in ATP and
accumulation of hydrogen ions, lactate, and other products of
anaerobic metabolism

⚫ Dysfunction of cell membranes, leads to increase in intracellular
sodium and water, leading to cell swelling, which interferes further
with microvascular perfusion

⚫ Cellular membrane receptors become poorly responsive to the stress
hormones insulin, glucagon, cortisol, and catecholamines

⚫ Homeostasis of calcium is lost with accumulation of calcium
intracellularly and a concomitant extracellular hypocalcaemia



Metabolic derangement
⚫ As shock progresses, lysosomal enzymes are released into the

cells with subsequent hydrolysis of membranes, resulting in
cellular death

⚫ These pathologic events give rise to the metabolic features of
hemoconcentration, hyperkalemia, hyponatremia, prerenal
azotemia, hyper- or hypoglycemia, and lactic acidosis



Inflammatory response

⚫ The complement cascade, activated through both the classical and
alternative pathways, generates the anaphylatoxins C3a, C4a ,C5a

⚫ Activation of the coagulation cascade causes microvascular
thrombosis, with subsequent fibrinolysis leading to repeated episodes
of ischemia and reperfusion



⚫ Thrombin, potent proinflammatory can cause expression of adhesion
molecules on endothelial cells and activation of neutrophils causing
secondary injury because of the release of toxic oxygen radicals

⚫ Platelet-activating factor causes pulmonary vasoconstriction,
bronchoconstriction, systemic vasodilation, increased capillary
permeability, and activates macrophages and neutrophils

⚫ TNF α  produced by activated macrophages causes hypotension, lactic
acidosis, and respiratory failure



⚫ IL-6, also produced predominantly by the macrophage,  is the best
predictor of prolonged recovery and development of multiple organ
failure after shock

⚫  Although the endothelium normally produces NO, the inflammatory
response stimulates the inducible isoform of NO synthase (iNOS),
which is overexpressed and produces toxic free radicals that
contribute to the hyperdynamic cardiovascular response in sepsis



Types of Shock

Distributive

Hypovolemic

Cardiogenic

(Obstructive)
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Classification of Shock

⚫ Hypovolemic
⚫ Cardiogenic
⚫ Distributive (vasodilatory)
⚫ Obstructive
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Cardiogenic
• Myocardial infarction
• Myocardial contusion
• Myocarditis
• Acute valvular failure
• Arrhythmia
• Acute ventricular septal wall defect
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Obstructive

• Pulmonary embolus
• Cardiac tamponade
• Tension pneumothorax
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Hypovolaemic

• Fluid depletion
❑ Vomiting and diarrhoea
❑ Burns
❑ Polyuria

• Haemorrhagic
⚫ Trauma
⚫ Gastrointestinal
⚫ Retroperitoneal
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Distributive

❑ Sepsis
❑ Neurogenic
❑ Anaphylaxis



Diagnosis of Circulatory Shock
Stepwise Clinical and Hemodynamic Approach



Manifestations of Shock
⚫ Hypoperfusion
⚫ Body Response to Hypoperfusion
⚫ Pathophysiology of different types of Shock
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Step 1: History
⚫ Identify possible etiology based on history:

⚫ Trauma, hemorrhage, burns → Hypovolemic shock
⚫ Chest pain, dyspnea, MI history → Cardiogenic shock
⚫ Fever, infection focus, rigors → Septic shock
⚫ Sudden dyspnea, chest trauma → Obstructive shock
⚫ Spinal cord injury → Neurogenic shock
⚫ Drug overdose, anaphylaxis → Drug/Anaphylactic shock

⚫ ⚡ Key point: Early identification of cause directs resuscitation strategy.



Step 2: Physical Examination
General signs of shock: Type-specific findings:
⚫ Altered mental status, agitation, confusion
⚫ Cold, clammy skin
⚫ Tachycardia, tachypnea
⚫ Hypotension (MAP < 65 mmHg)
⚫ Oliguria (<0.5 mL/kg/hr)

⚫ Hypovolemic → Flat neck veins, dry mucosa
⚫ Cardiogenic → JVP ↑, pulmonary crackles, S3
⚫ Septic → Warm flushed skin (early), later

cool
⚫ Obstructive → Distended neck veins,

muffled heart sounds
⚫ Neurogenic → Bradycardia, warm dry skin



Step 3: Non-Invasive Hemodynamic
Monitoring
⚫ Initial evaluation tools:

⚫ Noninvasive BP (MAP target ≥ 65 mmHg)
⚫ ECG and HR monitoring → tachy/bradyarrhythmia clues
⚫ Pulse oximetry (SpO₂) → hypoxemia or perfusion issues
⚫ Capillary refill time (>3 s indicates poor perfusion)
⚫ Skin temperature gradient (central–peripheral)
⚫ Urine output monitoring
⚫ Bedside echocardiography (POCUS):

   → LV contractility (EF)
   → IVC diameter and collapsibility
   → Pericardial effusion or PE signs



Step 4: Semi-Invasive Monitoring
⚫ Used when noninvasive data insufficient:

⚫ Arterial line → continuous BP, ABG sampling
⚫ Central Venous Catheter (CVC):

   → Central Venous Pressure (CVP) = preload indicator
   → Central Venous O₂ Saturation (ScvO₂) < 65% → inadequate DO₂

⚫ Advanced devices:
   → PiCCO, LiDCO, or FloTrac systems
   → Provide cardiac output (CO), stroke volume (SV), SVR
   → Evaluate fluid responsiveness (SV variation >13% → responsive)



Step 5: Invasive Monitoring (Swan–Ganz
Catheter)
⚫ Provides complete hemodynamic profile:

⚫ Parameters:
⚫ Right atrial pressure (CVP)
⚫ Pulmonary artery pressure (PAP)
⚫ Pulmonary capillary wedge pressure (PCWP)
⚫ Cardiac output (CO) / Cardiac index (CI)
⚫ Systemic vascular resistance (SVR)
⚫ Mixed venous oxygen saturation (SvO₂)

⚫ Interpretation:
⚫ High PCWP → Cardiogenic shock
⚫ Low PCWP + low CO → Hypovolemic shock
⚫ Low SVR + high CO → Septic (distributive) shock
⚫ High PAP + high PVR → Obstructive shock



Step 6: Integration of Findings
⚫ Hemodynamic Patterns:

⚫ • Hypovolemic: ↓CVP, ↓PCWP, ↓CO, ↑SVR
⚫ • Cardiogenic: ↑CVP, ↑PCWP, ↓CO, ↑SVR
⚫ • Septic (early): ↓SVR, ↑CO, ↓/normal PCWP
⚫ • Obstructive: ↑CVP, ↑PAP, ↓CO
⚫ • Neurogenic: ↓SVR, ↓CO, ↓HR

⚫ 🧩 Integrate data from history, exam, and monitoring to determine the
cause and guide management.
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RAP/CVP: right atrial pressure/
central venous pressure
PCWP/LVEDP: pulmonary
capillary wedge pressure/left
ventricular end diastolic
pressure
SVR/TPR: systemic vascular
resistance/total peripheral
resistance
MvO₂: mixed venous oxygen
content
LAD: left anterior descending
artery
RVMI: right ventricular
myocardial infarction
RCA: right coronary artery
SV: stroke volume
PE: pulmonary embolism
PH: pulmonary hypertension



Stages of Shock
⚫ Stage I Compensated ( Nonprogressive)
⚫ Maintains end organ perfusion
⚫ BP is maintained usually by ↑ HR

⚫ Stage II Uncompensated ( progressive)
⚫ Decreases micro-vascular perfusion
⚫ Sign/symptoms of end organ dysfunction
⚫ Hypotensive

⚫ Stage III Irreversible
⚫ Progressive end-organ dysfunction
⚫ Cellular acidosis results in cell death
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Key Issues

Recognize & Treat during

compensatory shock phase

Mortality

 increase 2-fold for every hour

in treatment delay.
Han, Carcillo. Pediatrics 2003;112:793-799
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Shock states coexist

Changing hemodynamics

Individualize treatment
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⚫ Thank you for your Attention
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