18. Circulatory shock

Circulatory shock is a failure of the circulatory system (longer than syncope or collapse) with decreased peripheral perfusion and inadequate oxygenation of organs and tissues (usually not spontaneously recovering). It can occur in the course of many life-threatening, traumatic or disease states. 

Types:
Hypovolemic shock
↓ volume - low venous blood return - low “preload”
	bleeding - loss of more than 20 – 30% of blood

burns, loss of isotonic fluid 
dehydration = hemoconcentration (↑ Ht) - ↑ viscosity – worsens 

Cardiogenic shock
Due to any critical decrease of MV 
- infarction (in case of large involvement > 40% of LV myocardium), cardiomyopathy
- rhythm changes – blocs, severe bradycardia, tachycardia
- mechanical – papillary muscle defects, ventricular aneurysm, ventricular septal defect
- obstructive shock - pneumothorax, heart tamponade 

Distributive shock
normal volume, severe generalized vasodilation
	Anaphylactic shock

Antigen antibody complex - activation of complement, kinins, histamine
      - vasodilation
      - increased permeability
      - bronchoconstriction
	Neurogenic shock 

e.g. transversal lesion of spinal cord – loss of sympathetic inervation (severity dependent on the level of transsection)
	Septic shock

endotoxin (released from Gram- bacteria by macrophages, complement) → activation of interleukins, TNF - pyrogen effect + activation of complement, prostaglandins, leukotrienes - ↑ permeability – capillary leakage sy, platelet activation f. → DIC, ARDS
NO → vasodilation

Pathogenesis - phases of shock
development of severe hypotension due to a specific condition
1) compensated (non-progressive) phase
2) decompensated (progressive) phase
3) irreversible (refractory) phase

1) compensated (non-progressive phase) – leads to activation of the following compensatory mechanisms
- hypotension activates baroreceptors, chemoreceptors → activation of sympatho-adrenal axis (endogenous stress reaction) → positive effect on heart activity + vasoconstriction in periphery and splanchnic area (centralization of circulation) + respiratory effect (bronchodilation) – this tries to improve oxygenation of vital organs
- activation of RAAS due to renal hypoperfusion + increased ADH tries to increase circulating volume 
These mechanisms can be effective in hypovolemic and distributive shock (via compensation of volume or blood pressure) but they are disadvantageous in cardiogenic shock where increased afterload (blood pressure) and preload (circulating volume) lead to earlier heart failure (because of ↑ demands on myocardium) – thus it is necessary to block these compensatory systems!!!

2) decompensated (progressive) phase
- prolonged centralization of circulation → hypoperfusion of peripheral tissues and splanchnic area → hypoxia → anaerobic metabolism → lactic acidosis (+ accumulated CO2) → forced vasodilation (now prevailing over the former tendency to vasoconstriction) → blood pressure decrease and generalized edema formation (further decrease of circulating volume) 
- ischemic damage of cells e.g.:
- proximal tubulus → acute tubular necrosis (can lead to severe polyuria after eventual recovery from shock)
- necrosis of the wall of intestines → escape of bacteria → peritonitis
- pancreas – production of myocardium inhibiting factor (MIF)
- release of substances from necrotic cells - proteolytic enzymes, myocardium inhibiting factor, tissue thromboplastin → disseminated intravascular coagulation (microthrombi)
- reperfusion tissue damage – oxygen free- radical production (in the case of at least partial reperfusion) → damage to endothelium → leak of fluid + proteins – contributes to general edema formation (including brain edema) = TOTAL FAILURE OF CIRCULATION =  IRREVERSIBLE SHOCK 

Possible prevention of irreversible shock changes = early volume replacement with volume-expanders:
- hypertonic solutions (3- 7.5% NaCl) → shift of water from ICF to ECF, increases ADH production – relatively short term effect 
- colloid solutions (albumin, artificial albumins, dextran, hydroxyethyl starch) – danger – decrease of GF
- advantageous combination of both (7% NaCl + 6% dextran)

Impairment of cellular metabolism by shock 
- decreased ATP production → decreased activity of Na/K pump → intracellular Na + water  = cellular edema + release of lysosomal enzymes
DEVELOPMENT OF MULTIPLE ORGAN DYSFUNCTION SYNDROME (MODS) – e.g. KIDNEY, LUNGS




