19. Pathophysiology of inflammation, sepsis

Inflammation is reaction of living tissues to all kinds of injury. Despite undesirable effects (pain, edema, crippling effects) it is a beneficial reaction trying to eliminate causes (e.g. infection, exposure to poison) with local processes avoiding a spread of the harmful agents. The failure of a local anti-infectious inflammatory reaction (due to low immunity or very virulent infection) generalized sepsis develops.

Agents causing inflammation
- exogenous - e.g. trauma, surgery, infection, chemicals, extremes of heat and cold, irradiation
- endogenous - e.g. ischemia, immune responses

Manifestations (according to Celsus and Galen)
Local:
- rubor (redness) - caused by active hyperemia after momentary vasoconstriction due to stress reaction (catecholamines) related e.g to pain (injury) - dependent on vasoactive inflammatory mediators, in the developed (end stage) inflammation hypoperfusion of the inflamed area can appear due to micro-thrombotisation of vessels
	- hyperemia increases delivery (supply) of cells (leukocytes) to the place of inflammation
- calor (heat) - ↑ temperature of the inflamed area due to hyperemia and increased metabolism 
- tumor (edema) - develops because of increased hydrostatic pressure and increased permeability of vessels (caused by inflammatory mediators -see below); besides transudation into the interstitium, active exudative (secretion) processes also take place (peritoneal cavity, pericardium, pleural cavity)
	edema decreases the concentration of toxins, which can prevent necrosis of cells, edema helps also to local leucocyte reactions 
- dolor - caused by:
- irritation of free neural endings by inflam. mediators - mainly prostaglandins, substance P, bradykinin
- compression of nerves by edema
- developing acidosis in the case of thrombotisation of vessels (in developed, chronic inflam. process)
- pain is an important informative factor (especially in the case of hidden inflam .processes – such as intra-abdominal inflam . - acute appendicitis etc.), it is recommended to eliminate pain (to give analgesics) only in cases where the cause of pain is well known
- pain also prevents damage by overloading (using) the inflamed part of the body
- functio laesa (malfunctioning) - caused by pain and edema - disabling mainly motion - prevents overload of the involved parts of the body

General manifestations:
- fever - caused by activation by pyrogens (IL-1, IL-6, TNF ...) of the thermoregulatory center (hypothalamus) 
- leukocytosis - increased number of leukocytes released from bone marrow (over 10.000/mm3), enormous increase in some childhood viral infections
- changes in the differential count: bacterial infections - ↑ neutrophils, viral infections - ↑ lymphocytes, allergies and parasites -↑ eosinophils
- decreased Hynek's number (number of segments in neutrophils) = "shift to the left" in prolonged (large) inflammations, extreme "shift to the left" with appearance of non-mature leukocytes in the peripheral blood = "leukemoid reaction"
- leukocytosis is a very non-specific but important sign (e.g. in suspected appendicitis)
- increased FW (sedimentation of erythrocytes) - non-specific sign pointing to inflammation
- lymphadenitis - enlargement of lymphatic nodes

Acute inflammation
● reaction of vessels
- active hyperemia, tendency to stasis of blood
- increased permeability for both plasma and cells
● reaction of cells
- attraction of leukocytes to the place of inflammation - opsonisation (IgG, C3b fragment of complement)
- margination of leukocytes and emigration (via diapedesis), chemotaxis, phagocytosis (destruction of pathogens - pH, enzymes - e.g myeloperoxidasis)

Neutrophils (polymorphonuclears)
- the first cells at the place of inflammation (within 90 min. after onset) with maximum phagocytic capacity in acute inflammations (60 - 70% of all leukocytes)
- survival - only about 10 hours (must be steadily replaced from bone marrow 1 - 2 days
- dominate in bacterial infections
Monocytes (macrophages, histiocytes))
- after several days but dominate in chronic inflammations
- formation of lysosomal enzymes
Lymphocytes
- mainly in viral inflammations
Basophils
- in stress reactions
- production of heparin, histamine
Eosinophils
- allergies, reaction to chemical injury

Inflammatory mediators
● Vasoactive (dilating)
- histamine (inreases permeability - causes edemas - mainly in allergic reactions)
- PGE (can be blocked by inhibition of cyclooxygenasis by non-steroid anti-inflammatory drugs - e.g. Acetylosalicylic acid; availability of Arachidonic acid (the substrate) is blocked by glucocorticoids)
- bradykinin
- leukotrienes
- platelet activating factor (PAF)
● Pain mediators
- prostaglandins (PG), substance P, bradykinin
● Edogenous pyrogens
- IL-1, TNF

Types of inflammation according to the type of exudate:
- erythema - no exudate, only redness (exposure to sunshine, light frost-bite)
- serous - watery character of exudate, low content of proteins, catarrhal inflam. with no complications - e.g. "hay fever"
- fibrinous - high content of fibrin - leads to formation of adhesions - prevent spread of inflammation (helpful e.g. in peritoneal cavity) but can cause complications - constrictive pericarditis
- membranous - e.g. on the surface of trachea in Diphtheria or in Membranous enterocolitis - causes obstruction
- purulent - includes pus (tissue debris, necrotic leukocytes)
	- abscesses - encapsulated purulent exudate with pyogenic membrane
- sanguineous (hemorrhagic) - including blood (damage of blood vessels, diapedesis of erythrocytes)

Resolution of acute inflammation
1. it can undergo full resolution (healing "ad integrum")
2. it can progress - suppurative process
3. can proceed to the chronic phase

Chronic inflammation
- either primary chronic character or transfer to chronicity
- due to long lasting exposure to some pathologic agent (smoking - chronic bronchitis)
- autoimmune diseases (Rheumatoid arthritis)

Influencing factors
- early application of cold can limit or postpone development of inflammation (via vasoconstrictive - anti-edematous effect)
- application of warm can accelerate development of inflammation
- application of glucocorticoids - most potent anti-inflammatory effect (detailed description of glucocorticoid effects - see stress - general adaptation sy)

Complications of inflammation
- bacteriemia (can make colonies - e.g. infective endocarditis) - typically asymptomatic - without manifestations of inflammation and activation of the immune system
- pyemia -spread of infected thrombi - formation of abscesses in obstructed small vessels

Sepsis
- bacterial growth in blood when immune system was not able to liquidate the infection
- systemic inflammatory response to infection (leukocytosis, fever), release of endo- and exotoxins
- danger of SEPTIC SCHOCK (systemic reaction of circulation - vasodilation, increased permeability → hypotension, edemas

Causes - peritonitis, criminal abortions, infections of urinary system, phlegmones

Manifestations 
- intermittent fever, increased metabolism with higher oxygen consumption - hyperventilation (respiratory alkalosis can develop)
- tachycardia - heart overload
- fatigue, lethargy
- leukocytosis - possible "leukemoid reaction", splenomegaly
- catabolic state, proteinuria
- dehydration, hypovolemia, hypotension → centralisation of circulation → failure of thermoregulation
- peripheral hypoxia → anaerobic metabolism → lactic acidosis starts to dominate (over the former respiratory alkalosis) → increased formation of edemas including brain edema → coma, death
- possible DIC (disseminated intravascular coagulation) with subsequent consumptional coagulopathy (see Bleeding disorders)
- multiorgan dysfunction (ARDS, shock kidney - proteinuria, CNS failure)
- hyperglycemia in diabetics




