Pathophysiology of Shock
Four kinds of shock:


1.  Hypovolemic Shock (hemorrhage, dehydration)


2.  Obstructive Shock (pulmonary embolism, aortic aneurysm, cardia tamponade)


3.  Cardiogenic Shock (MI, valvular disease, arrythmia)


4.  Distributive Shock (sepsis, anaphylaxis)

	
	Pulmonary-Capillary Wedge Pressure
	Cardiac Output
	SVR

	Hypovelemic
	↓
	↓
	↑

	Obstructive
	↑ or ↓
	↓
	↑

	Cardiogenic
	↑
	↓
	↑

	Distributive
	↓
	↑
	↓


Shock = a decrease in global tissue perfusion resulting in cellular hypoxia and end-organ damage.

Often leads to multi-organ dysfunction syndrome (MODS).
SIRS = Systemic Inflammatory Response Syndrome.  This is characterized by abnormal temp, 
tachycardia, tachypnea, and altered WBC count.

Septic shock = severe sepsis leading to diffuse vasodilatory hypotension and distributive shock.

Common mediators of septic shock include TNF-α, IL-1, NO, and Ceramide.
Ceramide is derived from sphingomyelin and mediates inflammatory cascades, including apoptosis.

***All of these cytokines released during sepsis cause extreme diffuse vasodilation and vascular 
leakage, leading to distributive shock.  Reduced SVR is a hallmark of septic shock.
Lungs 

Permeability increases, causing interstitial edema, hyalinization, and decreased compliance.
At the same time, there is very high oxygen consumption and CO2 production.
Decreased ventilation leads to respiratory acidosis.
V/Q mismatch, shunting, and pulmonary hypertension occur, all leading to severe hypoxemia.

ARDS frequently occurs with septic shock.

Oxygen delivery plummets, and lactate levels go up.

Lactate levels directly correlate with likelihood of mortality.
Kidneys
Shock causes “pre-renal” acute renal failure.  Ischemia of tubule epithelium leads to vasoconstriction, 
reduced GFR, oliguria, and azotemia.
Ischemia leads to Acute Tubular Necrosis (ATN).  This may lead to formation of epithelial cell casts, 
tubule obstruction, back-pressure, and further reduction of GFR.
Brain
Altered mental status occurs early in shock, due both to hypoxemia and to metabolic problems.
GI tract
The GI tract is at very high risk of infarction.  Shock causes infarction of the GI epithelium.

The resulting ileus leads to fluid imbalances and acidosis.
Liver
Centrilobular necrosis is common.  There is diminished reticuloendothelial clearance, 
intrahepatic cholestasis, and elevated bilirubin.
Blood  --  DIC
WBC count may go up or down.
Platelets go way down as they are all used up in DIC.

Diffuse fibrin thrombosis consumes feedback inhibitors, leading to more and more clotting.

Consumption of clotting factors leads to bleeding (especially from mucosal membranes).

Pathology of Shock

Shock leads to multi-organ dysfunction syndrome (MODS).

The lungs are usually the first organ to fail, folowed by kidneys, liver, GI tract, and then brain.

Heart
Grossly, subendocardial hemorrhages are common.

Microscopically, contraction bands are seen in myocardial cells.  Contraction bands are red 
bands of clumped sarcomeres, most commonly seen after after reperfusion injuries, 
shock, drowning, or other situations of acute ischemia.

Lung
Shock causes release of inflammatory mediators such as TNF-α.  This injures endothelial cells.

Endothelial injury allows leakage of proteinaceous fluid and neutrophils into the interstitium.


This is the interstitial edema and inflammation common in shock.  


Since it’s interstitial, not alveolar, the septae between alveoli are greatly widened.

Lungs become heavy, stiff, and hemorrhagic.
Type I pneumocytes and protein are shed into the alveoli, and condense into hyaline membranes.

Interstitial fibrosis and chronic respiratory insufficiency may result if the shock is bad.

Kidneys
The most susceptible kidney cells are those in the proximal tubules and thick ascending Loop of Henle.
In shock, the damaged epithelium fails to absorb salt.  More salt is delivered to the JGA.  
Tubuloglomerular feedback causes afferent vasoconstriction, reduced GFR, and oliguria.
Damaged epithelial cells may also shed into tubules and aggregate into casts, which exert back-pressure 
on the glomerulus and further reduce GFR.
**Microscopically, you will see acute tubular necrosis (ATN).  There will be dilation of proximal 
tubules due to flattening of the epithelium.  Brownish casts may be seen.

Glomeruli will look normal, and inflammation is minimal.  ATN is generally reversible.

Brain
**Watershed infarcts are a common consequence of shock.  These are long, wedge-shaped infarcts 
at the very distal tips of a major arterial supply.
**Laminar necrosis is another common consequence of shock.  These lesions trace the surface 
topology, and represent death of deeper cortical gray matter which is supplied by short 
penetrating arteries.
The most vulnerable neurons are pyramidal cells in CA1 hippocampus and cortical layers 3/5, 
and cerebellar Purkinje cells.

GI tract
Shock often causes mucosal hemorrhage and necrosis.  This may result in septicemia.

Severe shock can denude whole sections of mucosa down to the lamina propria.
Grossly, the GI tract may appear swollen and bloody.

Liver
Shock generally causes centrilobular necrosis, because the hepatocytes closest to the central vein 
are the furthest from the blood supply.
Ischemic injury to the liver is generally reversible.
The pancreas may also experience ischemic injury, causing leakage of enzymes and acute pancreatitis.
Adrenals
Shock may cause hemorrhage and lipid-depletion of the adrenal cortex.
Waterhouse-Friderichsen Syndrome is massive bilateral adrenal hemorrhage and shock caused by 
meningococcal septicemia.  Usually fatal.

Disseminated Intravascular Coagulation  (DIC)

Generally associated with septic shock.  Endotoxin increases expression of tissue factor, which 
activates the common coagulation cascade.  Ischemic injury to endothelial cells exposes 
the ECM, which initiates platelet aggregation.  
Platelets and anti-thrombin become depleted, so in addition to all of the coagulation and fibrin 
thrombi being formed, patients may also have bleeding and mucosal hemorrhages.
(Raymond removed an image summarizing the changes that occur in hypovolemic and cardiogenic shock.)
