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SHOCK
Definitions


Shock: critical decrease in global tissue perfusion resulting in diffuse cellular hypoxia and organ dysfunction


Types of shock



Hypovolemic shock: loss of vascular fluid (eg hemorrhage, severe diarrhea/vomiting, severe dehydration)



Distributive shock: ( microvascular permeability (eg sepsis, burns, trauma, anaphylaxis)



Cardiogenic shock:  primary cardiac dysfunction causing inadequate CO, most commonly due to MI



Obstructive shock:  due to lesions outside heart that impede circulation (eg cardiac tamponade, pulmonary embolus)


Septic shock


Systemic inflammatory response syndrome (SIRS):  2 or more of abnl temp, tachycardia, tachypnea, altered WBC count



Sepsis:  SIRS due to infection



Severe sepsis:  sepsis plus organ dysfunction



Septic shock:  severe sepsis plus hypotension despite fluid resuscitation

General pathophysiology of shock

Simplified model:  trigger ( mediators ( shock

Trigger:  may be infectious or noninfectious (see above)


Mediators



TNF(:  inflammatory response to endotoxin, linked to ceramide 2nd messenger systems that may be important in shock



NO:  mediates smooth muscle relaxation and vasodilation (major hemodynamic effect)



And many many others…


Septic shock may be viewed as involving an overexuberant inflammatory response to infection

Shock


All forms linked by hypotension, critical decrease in tissue perfusion, tissue hypoxia, and eventual multi-organ dysfunction


Chart on last page breaks down organ dysfunction in SEPTIC SHOCK, see also Sect 2/Lec 27
Shock treatment


Prognosis: worse with increased number of organ failures


Goals


Optimize end organ O2 delivery:  CO, Hgb, O2, blood pressure



ABC’s (airway, breathing, circ.):  suppl. O2, establish airway, vascular access, provide adequate intravascular volume, support BP and CO



Important to treat aggressively early on


You MUST give fluids to ensure adequate intravascular volume PRIOR to vasoactive medication!



Volume resuscitation with crystalloid (cheap) or colloid (less volume needed) solutions but studies don’t support routine use of colloid


Blood as volume repleter is theoretically best (volume and O2 assist) but trials don’t support this in non-MI and non-hemorrhagic shock



Goal is PCWP of 15 mmHg

Vasopressors



If there is prior HTN (or shock unmasks it), patient will require even larger BP to maintain perfusion



There is already high SNS activity in shock, so you may need supraphysiologic amounts of vasopressors where high dose effects are important


No single agent has proven superiority, so choice is based on side effects (want (1 vasoconstriction to raise BP but avoid (2, (1, (2 effects)


Dopamine:
mostly DA-ergic with some ( effects at low doses, (/( effects at high doses



Norepinephrine:
(/( at low doses, ( > ( at high doses



Epinephrine:
(/( at low doses, (/( at high doses



Phenylephrine:
selective (1 agonist



Recommended usage



Excessive tachycardia: phenylephrine 1st choice, NE 2nd choice




Inadequate control of hypotension: NE




Anaphylaxis: epinephrine


Controversial therapies


Inotropes:  unsafe if pathologic supply dependency is real, nonetheless do not use alone in septic shock



Renal-dose dopamine:  low-dose dopamine is presumed renal protective, but use in septic shock is still controversial


Novel therapies



Immunomodulation: anti-TNF( Ab’s and other immune suppressors shown to be ineffective



Vasopressin: can increase BP, allow lowering of other vasopressors



NOS inhibitors: does have vasopressive activity but increases mortality and increases incidence of refractory shock



Low dose corticosteroids: high dose is harmful, but low dose gives slight improvement of mortality



Thrombin inhibitors: ATIII and tissue factor inhibitor no effect, but activated protein C improved mortality
	Organ
	Pathophysiology in SEPTIC SHOCK
	Pathology

	Cardiovascular
Sect 4/Lec 09


	Decrease in systemic vascular resistance


Inflamm mediators ( ( capillary permeability ( ( SVR ( compensatory ( CO

Increase in CO is limited by effective hypovolemia ( ( preload


(Differs from non-distributive shock: ( CO ( compensatory ( SVR)
Peripheral hypoxia

Shunt and ( O2 extraction (including heart) ( ( glycolysis ( ( serum lactate


?pathologic supply dependency (O2 demand becomes dependent on O2 supply)
	Subendocardial hemorrhage


Due to shock or vasopressor therapy

Contraction band “necrosis”


Due to myocyte damage (Ca influx ( sarcomere clumping) or

biopsy artifact

Interstitial fibrosis, if survival


Causes ( contractility

	Lung
Sect 5/Lec 05
Sect 5/Lec 11
	ARDS


Sepsis is most common cause, and DAD is pathology counterpart

Syndrome includes hypoxemia due to V/Q mismatch or shunt (edema)
Pulmonary hypertension


Due to cardiac insufficiency?

Increased work of breathing


( metabolic demand ( ( minute ventilation ( ( work of breathing


( permeability ( edema ( ( compliance ( ( work of breathing
	Diffuse alveolar damage


Early, endothelial injury ( protein-rich edema & inflamm ( 

hyaline membranes


Later, Type II replaces dead Type I pneumocytes

	Kidney
Sect 4/Lec 28

Sect 4/Lec 36
	Prerenal acute renal failure


Due to ( renal perfusion ( ( GFR ( oliguria & uremia

Also, ischemia ( tubule failure ( TGF arteriolar vasoconstriction ( ( GFR

Renal acute renal failure


Due to ischemia ( tubule failure and necrosis


Obstruction due to sloughed cells can contribute by ( ( tubular P ( ( GFR
	Ischemic acute tubular necrosis


Loss of brush border (EM)


Dilated & flattened tubules


Interstitial edema but little inflammation


Focal necrosis and sloughing, brown tubular casts

Regeneration, if survival

	Brain
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	Altered mental status


Due to ( perfusion and metabolic abnormalities


?contributes to respiratory alkalosis
	Watershed infarcts

Laminar necrosis

	GI tract
Sect 6/Lec 06
	Septicemia


Due to mucosal ischemia ( necrosis ( mucosal barrier compromise

Ileus (stasis)

May exacerbate acidosis
	Ischemic bowel


Usually superficial necrosis and hemorrhage, but can be worse

Superficial hemorrhage

	Liver
	Intrahepatic cholestasis


Heart failure ( blood pools in venous system

Decreased reticuloendothelial clearance

Decreased synthesis of coagulation factors
	Centrilobular necrosis


Cells furthest from central veins are most affected by ischemia

	Hematology
Sect 1/Lec 45
	Disseminated intravascular coagulation (DIC)


Due to ( clotting inhibitor synthesis and TNF( activation of PAI-1 ( ( clotting

Leukocytosis/-penia, thrombocytopenia
	DIC


Microthrombi in capillaries (eg alveoli) & arterioles (eg glomeruli)

	Pancreas
	Acute pancreatitis
	Ischemic necrosis

	Adrenals
	Hemorrhage


Usually focal, but rarely massive as in Waterhouse-Friderichsen syndrome

Increased corticosteroid secretion
	Focal hemorrhage


