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Describe the differences between reversible and irreversible cell injury

Reversible injury

· Acute cellular swelling due to

· Decr Na/K ATPase – causes Na to go in, K to go out – causes H2O to go in

· Incr osmotic load (intracellular) secondary to phosphates, lactate, nucleosides
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Irreversible injury

· Mitochondrial vacuolisation

· Membrane damage

· Lysosome swelling causes leakage – enzyme digestion of organelles etc

· Large amorphous densities in mitochondria

· 2 critical events in irreversible injury

· ATP depletion

· Cell membrane damage

· Cell membrane damage caused by

· Decr phospholipids (incr Ca causes incr phospholipase activity; decr synthesis)

· Products of phospholipid breakdown are toxic

· Degradation of cytoskeleton (incr Ca causes incr protease activity)

· Toxic O2 radicals (in reperfusion injury)

· Ca influx is due to damaged cell membrane – causes:

· Mitochondrial dysfunction

· Enzyme inhibition

· Protein denaturation

· Coagulative necrosis
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What is necrosis?
· “Sum of morphologic changes that follow cell death in living tissues or organs, resulting from progressive degradative action of enzymes on the lethally injured cell”

4 types
· Coagulation necrosis – most common

· Loss of nucleus, with preservation of cellular shape

· Result of denaturation – structural or enzymic proteins

· Cells removed by fragmentation and phagocytosis

· Usually with sudden ischaemia of organs (eg. Heart, kidney, adrenal)

· Liquefaction necrosis

· Action of powerful hydrolytic enzymes

· When autolysis / heterolysis prevail over protein denaturation

· Autolysis = enzyme digestion by own lysosomes

· Heterolysis = enzyme digestion by leucocyte lysosomes

· Occurs in cerebral ischaemia, bacterial lesions

· Fat necrosis

· Cell death in adipose tissue, due to lipases

· Empties adipose cells

· FFA complexes with calcium, forming soaps

· Occurs in acute pancreatic necrosis, trauma (especially breast)

· Caseous necrosis

· Combination of coagulative and liquefactive necrosis, found principally in the centre of tuberculous infections

· Enclosed within a granulomatous inflammatory wall

· Amorphous granular debris (neither totally liquefied nor preserved)

· Gangrenous necrosis

· Ischaemic cell death / coagulative necrosis, modified by liquefactive action of bacteria and WBCs

· Coagulation predominant = dry gangrene

· Liquefaction predominant = wet gangrene

What is apoptosis and describe some times it occurs
· “Pattern of cell death, involved in physiological processes and some pathological conditions”

· Alternatively “programmed, active self-destruction of cells, without inflammation”

· Examples

· destruction of cells during embryogenesis

· hormone-dependent involution.  

· Densely eosinophilic cytoplasm fragments, which are phagocytosed by nearby cells.

· Physiological

· GIT (usual GI mucosal turnover)

· Skin (usual skin turnover)

· Haemopoietic (?at end of cell life)

· Endocrine (decr stimulation causes glands to shrink)

· Embryo (eg. Between fingers)

· Pathological

· HBV

· Radiation

· Atrophy

What two types of abnormal calcification are there?
· Dystrophic = abnormal deposition of calcium salts in nonviable tissues, in the presence of normal serum calcium levels

· Metastatic = abnormal deposition of calcium salts in vital tissues, associated with hypercalcaemia

· Widespread (blood vessels, kidneys, lung, stomach)

What is the role of inflammation?
· Inflammation = “Reaction of vascularised living tissue to local injury

· Role

· Contain / isolate injury

· Destroy invading micro-organisms

· Inactivate toxins

· Achieve healing / repair

What are its dangers?

· Hypersensitivity reactions

· Progressive organ damage

· Scarring

What events occur in acute inflammation?
· Change in blood flow

· Increased vascular permeability

· Leucocyte exudation

Change in blood flow

· 1st = transient arteriolar constriction, causing decr flow

· 2nd = vasodilation, causing incr flow

· Then = circulation slowed due to incr permeability, causing stasis

Incr vascular permeability

· Incr hydrostatic pressure (vasodilation)

· Decr osmotic pressure (leakage of high protein fluid into interstitium) causing oedema

· 3 causes

· immediate transient response (mild injury)

· chemical mediators (eg. Histamine) causing venular endothelial cells to contract, and so gaps between them

· immediate sustained reaction (severe injury)

· endothelial necrosis (venules, capillaries, arterioles)

· delayed prolonged leakage (mild-moderate injury)

· direct injury to endothelium, causing intercellular gaps

Leucocyte exudation

· 1st = WBC margination (with decr blood flow)

· 2nd = Adhesion between adhesion molecules on WBCs & on endothelium

· Chemical mediators include

· C5a (acts on WBCs)

· IL-1 (acts on endothelium)

· TNF (acts on both)

· 3rd = WBCs emigrate through interendothelial junctions, across basement membrane, and move to site of injury along chemical gradient of chemotactic agents

· 1st = neutrophils

· 2nd = monocytes

· Chemotactic agents

· Bacterial products

· Complement fragments

· Leukotrienes

· Cytokines

· 4th = Phagocytosis – opsonised particles attach to Fc, and C3b receptors on WBC surface

· Pseudopods encircle phagocytosed particles (producing phagosome) = engulfment

· Lysosomal granules fuse with phagosome, causing degranulation

· 2 bactericidal mechanisms

· O2 dependent (free radicals)

· O2 independent (enzymatic mostly)

· 5th = extracellular release

· WBCs release

· Lysosomal enzymes

· O2 derived active metabolites

· Products of arachidonic acid metabolism

Describe the chemical mediators involved in acute inflammation

Alternatively – may ask about specific systems (eg. Complement system)
· Vasoactive amines

· Complement system

· Kinin system

· Clotting system

· Arachidonic acid metabolites

· Lysosomal constituents (of leucocytes)

· Oxygen derived free radicals (H2O2, O2-, OH-)

· Platelet activating factor

· Cytokines

Vasoactive amines

· Histamine, 5HT (in mast cells, basophils, platelets), causes vasodilation, incr permeability

· Release from mast cells due to

· Physical agents

· IgE reactions

· C3a, C5a (anaphylatoxins)

· IL-1

· Histamine releasing factors

· Release from platelets due to

· Contact with collagen, thrombin, ADP

· Antigen-Antibody complexes

· Platelet Activating Factor

Complement system

· Classic pathway – initiated by Ag-Ab complexes

· Alternate pathway – activated by endotoxin, polysaccharides, aggregated globulins

CLASSIC





ALTERNATE

Ag-Ab






   Initiate
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(membrane lysis)

· C3a – incr vascular permeability

· C5a

· incr vascular permeability

· highly chemotactic

· C3b, C3bi – opsonisation

· C5b-9 – membrane attack complex

· Cell lysis

· Arachidonic acid metabolism

· Reactive oxygen metabolites

Kinin System

Activation of Hageman factor (XII)


XIIa




+

Kallikrein



Prekallikrein



HMW Kininogen


Bradykinin (incr vasc permeability)

· Kallikrein

· Potent chemotactic agent

· Neutrophil aggregation

Clotting System

· Fibrinopeptides released

· Incr vascular permeability

· Chemotactic

Arachidonic Acid Metabolites

· PGI2, PGE2 – vasodilation

· TXA2 – vasoconstriction

· Leukotrienes C4, D4, E4 – incr vasc permeability, vasoconstriction

· Leukotriene B4 – chemotactic

Lysosomal constituents (of leucocytes)

· Neutrophils

· Specific granules (lactoferrin, lysozyme, ALP, Collagenase)

· Azurophilic (Myeloperoxidase, Cationic proteins, Acid hydrolases, Neutral proteases)

· Cationic proteins

· incr vasc permeability

· chemotactic

· Neutral proteases

Oxygen derived free radicals

· Endothelial cell damage – incr vasc permeability

· Inactivate antiproteases – unopposed protease activity

· Injury to various cell types (tumour cells, RBCs, parenchyma)

Platelet Activating Factor

· Produced by mast cells and other leucocytes

· Platelet aggregation & release

· Bronchoconstriction

· Vasodilation

· Incr vascular permeability

· Incr leucocyte adhesion

· Leucocyte chemotaxis

Cytokines

· Potent polypeptides that act on other cells via receptors (not produced by a special gland, unlike hormones)

· Produced by activated macrophages, lymphocytes

· Lymphokines = produced by lymphocytes

· Monokines = produced by monocytes

· 5 groups

· Interleukins

· Interferons

· Chemokines (chemotactic factors)

· TNF

· Colony Stimulating Factors

· IL (x12)

· IL1 – Pyrogen – activates TH, B cells

· From macrophages, lymphocytes, endothelium, epithelium

· IL2 – Stimulates NK cells From lymphocytes after activation

· From lymphocytes after activation

· IL3 – Stimulates haemopoietic cells

· From T cells

· IL4-7 – stimulates B cells

· IL6 from macrophages, T cells

· IL8 – activates macrophages

· From T cells

· Interferons

· Alpha / Beta – antiviral

· Gamma – Immunoregulatory (T cells, NK cells)

· TNF

· Alpha – Cachectin (from macrophages, T cells, NK cells, Kupffer cells)

· Pyrogen

· Tissue repair

· Mediator of septic shock

· Cachexia in carcinoma

· Beta – Lymphotoxins (tissue destruction)

· IL-1, TNF

· Incr leucocyte adhesion             
}

· Incr PGI2, PAF synthesis

}  Endothelium

· Incr surface thrombogenicity

}

· Acute phase responses – fever, incr neutrophils, haemodynamic effects

· Incr fibroblast proliferation

]

· Incr collagen formation

]  Fibroblasts

· Incr collagenase synthesis

]

What is a granuloma?
· Small nodular collection of modified macrophages (epithelioid cells)

· Epithelioid cells may coalesce into multinucleate giant cells

· Other possible features

· Lymphocytes

· Plasma cells

· Neutrophils

· Central necrosis

What causes are there?

· 2 types of granuloma

· Foreign body (secondary to inert FB)

· Immune (T cell mediated reaction to poorly degradable antigens)

Lymphokines


Macrophages




Epithelioid / Giant cells

· Bacterial (TB, Leprosy, Syphilis, Cat scratch disease)

· Parasitic (Schistosomiasis)

· Fungal (Cryptococcus, Coccidioides)

· Inorganic metals / dusts (Silicosis, Berylliosis)

· Other (Sarcoidosis)

What are the systemic effects of inflammation?
· Fever (secondary to IL-1, TNF, other cytokines from macrophages)

· IL1, TNF act on vascular receptors in thermoregulatory centre in hypothalamus, leading to local PGE2 production which causes

· Sympathetic stimulation

· Skin vasoconstriction

· Fever

· Incr WCC 

· Incr release (secondary to IL1, TNF)

· Incr production of precursors (secondary to Colony Stimulating Factors)

· Incr acute phase proteins (CRP, amyloid-A)

· Secondary to IL1, TNF

· Sleepiness, hypotension, lipolysis

Describe the stages of healing by 1st intention
· 0h – incision filled with clot

· 3-24h

· Neutrophils infiltrate clot

· Mitoses appear in epithelial basal cells

· Epithelial closure by 24-48h

· Day 3

· Neutrophils replaced by macrophages

· Beginning of granulation tissue

· Day 5

· Incision filled with granulation tissue

· Maximal neovascularisation

· Collagen fibrils appear

· Maximal epithelial proliferation

· Week 2

· Fibroblast proliferation

· Collagen continues to accumulate

· Loss of inflammation / neovascularisation

· Month 2

· Connective tissue (with no inflammation) covered by intact epidermis

· 6 months to attain maximal strength

Wound Healing

· Wound strength

· 10% by end of Week 1

· 70-80% by 3rd month

What factors are essential to wound repair
· Growth Factors

· Cell-Cell and Cell-Matrix interactions

· Extracellular matrix synthesis & collagenisation

Growth Factors
· Most important factors are those that recruit G0 cells into cell cycle

· These initiate cell migration / differentiation, tissue remodeling

· Factors

· Platelet derived growth factor

· From platelets, macrophages, endothelium, smooth muscle cells, tumour cells

· Fibroblast growth factor

· From macrophages, organs, neural tissue

· Transforming growth factor

· From platelets, T cells, endothelium, macrophages

· Growth inhibitor, inhibits collagen degradation

· Epidermal growth factor

Cell-Cell & Cell-Matrix Interactions
· Influence cell growth, tissue organization

· Regenerating cells cease proliferating after injury – cause unknown

· Cell migration, proliferation, differentiation are affected by interactions between cells and matrix.

· Extracellular proteins interact with cell surface receptors to initiate changes in cytoskeleton which alter locomotion / differentiation.

Collagenisation
· Collagen fibres account for wound strength

· Skin = Type I fibres

· Granulation tissue = Type III fibres, then replaced by Type I

· Constant turnover of collagen in wounds, using collagenases from fibroblasts, macrophages, neutrophils.  This aids in remodeling, but also contributes to ongoing tissue damage in chronic inflammation

· Fibroblasts secrete elastins and proteoglycans for matrix as well as collagens

Factors affecting severity of inflammatory response and quality of repair
· Blood supply

· Nutritional status

· Infection

· Diabetes

· Glucocorticoids

· White cell count

Describe the stages of fracture healing
· Organisation of haematoma – forms precallus (soft, weak)

· Formation of fibrocartilaginous callus – significant by end of 1st week, max size after 2-3 weeks

· Formation of osseous callus

· Remodeling (along lines of weight bearing)

What factors affect this?
· Depends on whether bone is normal or diseased (eg. Tumour, osteoporosis)

· Type of fracture

· Rapid = greenstick #, simple #

· Slow = Comminuted #, Compound #

· Malalignment

· Inadequate immobilization

· Infection

· Systemic abnormality (eg. Vitamin deficiency, osteoporosis, systemic illness)

What is oedema?
· “An abnormal accumulation of fluid within interstitial spaces or body cavities”

What are its causes?
· Inflammatory - exudate

· Haemodynamic (imbalance in Starling’s forces) – transudate

· Decreased lymph drainage – lymphoedema

Systemic
· Congestive heart failure

· Increased hydrostatic pressure in venules

· Decreased renal blood flow – RAS – Na/H2O retention

· Renal disease

· Increased albumin excretion

· Na retention

· Hepatic disease

· Increased portal pressure

· Visceral pooling – decr effective circulating volume – Na/H20 retention

· Decreased protein synthesis

· Adrenal steroids

· Oestrogens

· Pregnancy

· Protein malnutrition

Localised
· Bilateral leg oedema - Obstruction / narrowing of IVC (internal or external)

· Unilateral leg oedema

· Venous obstruction (eg. DVT)

· Poor venous return secondary to varicose veins

· Other causes – destruction / blockage of lymph nodes / lymphatics

· Surgical

· Radiation

· Tumour

· Filariasis

What factors are essential to haemostasis?
· Relies on 3 factors

· Vascular wall

· Platelets

· Clotting factors

Vascular Wall
· Intact endothelium is protective (exposed collagen is thrombogenic)

· Endothelial cells produce thrombotic & antithrombotic factors

· Antithrombotic

· Thrombomodulin (binds thrombin, which then activates Protein C)

· ATIII enhancers

· PGI2 (inhibits platelet aggregation, causes vasodilation)

· ADPase (converts ADP (platelet aggregation agonist) to Adenine (platelet inhibitor)

· tPA

· Thrombotic

· Tissue factor (initiates coagulation cascade)

· Factor V

· Factor IX & X binders

· vWF

· PAF

· tPA inhibitor

Platelets
1. Platelets adhere to exposed subendothelial collagen (and are activated)

2. Fibrinogen / ADP is released – causes platelet aggregation

TXA2 is released – causes platelet aggregation, vasoconstriction

3. Platelet factor 3 is unmasked – binds Factors V & VIII

4. ADP, Thrombin, TXA2 all stimulate intraplatelet actomyosin – causes platelet contraction (primary haemostatic plug)

5. Platelet membrane receptors IIb and IIIa are unmasked – bind fibrin

Coagulation System
· Intrinsic pathway initiated by Factor XII

· Extrinsic pathway initiated by tissue injury – thromboplastin released

· Both pathways cause formation of fibrin – Definitive clot

What mechanisms prevent this from becoming excessive?
· Thrombin

· Causes release of urokinase & tPA from endothelial cells

· Unmasks endothelial cell receptors (which  bind and activate Protein C – inactivates Factors Va & VIIIa)

· FDP – inhibits clotting

· ATIII (with heparin) – inhibits IIa and down-regulates Factors XIIa, XIa, Xa, IXa

· Activated clotting factors

· Diluted by blood flow

· Cleared by liver and mononuclear phagocyte system

What is thrombogenesis?
· “Haemostasis in an intact vascular system”

What are its causes?
· Virchow’s triad

· Endothelial injury

· Altered blood flow

· Hypercoagulability

· Clotting occurs with 1 alone or 2 & 3 together

Endothelial Injury
· eg. Atherosclerosis, vasculitis, trauma, radiation, bacterial toxins

· Endothelial cells are activated – release thrombotic & antithrombotic factors (see normal haemostasis)

· Collagen exposed

· Initiate platelet / clotting events

Altered Blood Flow
· Arteries – turbulence

· Veins – Stasis (eg. Immobilization)

· Platelets activated by contact with endothelium

· Decreased blood flow

· Decreased dilution of clotting factors

· Decreased hepatic clearance of clotting factors

· Decreased supply of clotting inhibitors

· Turbulence – causes endothelial injury

Hypercoagulability
· ATIII / Protein C deficiency

· Disseminated cancer (especially pancreatic, GIT)

· Nephrotic syndrome – excrete ATIII

· Trauma, burns

· OCP (especially with smoking)

· Late pregnancy / post delivery

How do arterial thrombi differ from venous?
Arterial
· Platelets & fibrin alternate with RBCs (lines of Zahn)

· Sites

· LV (at site of AMI)

· Auricles (especially with AF)

· Aorta (over an ulcerated plaque)

· Atheromatous large arteries

· Aneurysm

Venous
· Mostly RBCs with thin strands of fibrin

· Sites

· Varicose veins

· Deep veins of lower limbs

· Periprostatic, ovarian, periuterine veins (uncommon)

What can happen to a clot?
· Ischaemia

· Propagation – obstruct critical vessel / branch

· Embolisation

· Removal (Fibrinolysis)

· Organisation / Recanalisation

What is an embolus?
· “Intravascular solid, liquid or gaseous mass carried to a site distant from its origin”

What types of emboli are there?
· Thromboemboli – 98%

· Atheroemboli

· Fat emboli

· Amniotic fluid emboli

· Gas emboli

Thromboemboli
· Can also  be broken up into pulmonary vs systemic

· Pulmonary = >95% from deep veins of legs

· Systemic = 70-75% from heart secondary to AMI, 5-10% from auricles

Amniotic fluid emboli
· Tear in placental membrane & in uterine / cervical veins

· Embolism of particulate debris in amniotic fluid to pulmonary microcirculation

· Release of vasoconstrictor agents

· May get complicating DIC – blocks pulmonary circulation with microthrombi

Gas emboli
· Due to rapid decompression – excess gas released as intravascular bubbles

Fat emboli
· Causes – long bone #, extensive trauma to fatty tissue, Diabetes, Sickle cell anaemia, pancreatitis

· Get respiratory difficulty, obtunded, decreased platelets (adhesion to fat microemboli)

What is DIC
· “Disseminated Intravascular Coagulation is an acute, subacute or chronic thrombohaemorrhagic disorder”

1. Activation of coagulation sequence, forming microthrombi

2. Consumption of platelets, fibrin, coagulation factors, and activation of fibrinolysis, causing haemorrhage

In what occasions may you see this?
· Obstetric complications (50%)

· Abruption

· RPOC

· Septic abortion

· Amniotic fluid embolism

· Toxaemia

· Carcinomatosis (33%) – pancreas, prostate, lung, stomach

· Sepsis – Gram negative, Meningococcaemia, Malaria, Histoplasmosis

· Major trauma

· Major burns

· Extensive surgery

· Snakebite, shock, heat stroke, vasculitis

What mechanisms cause this?
· Tissue factor / thromboplastic substances released into the circulation, causing extrinsic coagulation pathway activation

· Endothelial injury (Immunological, Physical, Infective), causing release of tissue factor, platelet aggregation, and activation of intrinsic coagulation pathway

 What is Shock
· “Widespread hypoperfusion of cells and tissues owing to inadequate effective circulating blood volume”

What classification do you know?
· Hypovolaemia

· Haemorrhage, Fluid loss, Addison’s

· Decreased cardiac output

· AMI, Cardiac rupture, Arrhythmia, Tamponade, Severe AS, Massive PE

· Sequestration in peripheral vessels

· Sepsis, spinal cord injury / anaesthesia, Drug OD

Can you describe the stages of shock?
· 1st = “Compensated stage”

· Mild hypotension / Tachycardia, pale / cold, clammy

· 2nd = “Decompensated stage” (compensatory mechanisms overwhelmed)

· Hypotension, Tachycardia, respiratory difficulty, metabolic acidosis, decreased renal function

· 3rd = “Irreversible shock”

· Circulatory / metabolic deficits not corrected despite all therapeutic efforts

Compensatory Mechanisms
· Immediate

· Adrenaline / Noradrenaline

· Aldosterone

· Glucagon

· Switch off ANP

· Medium term

· ADH

· Mobilise fluid

· Renin / Angiotensin

· Longterm

· Erythropoietin

Irreversible
· ATP broken down to adenosine – unable to easily build this up again

· Endothelium damage (especially gut), causing sepsis, activating the inflammatory cascade, and ending with multiorgan failure

· Mortality relates strongly to underlying condition

· Cardiogenic = 80-90%

· Sepsis = 50%

What is Amyloid?
· Heterogeneous group of pathogenic fibrillar proteins that accumulate within tissues and organs, and share a beta pleated sheet conformation

· 2 major classes of proteins

· Amyloid light chain protein – immunoglobulin light chain, associated with B cell dyscrasias (multiple myeloma)

· Amyloid associated protein – nonimmunologic protein, increased in inflammation

What are the effects of Amyloid proteins?
Systemic
· B cell dyscrasias (“Primary Amyloidosis”) – affects 5-15% of those with multiple myeloma (Bence Jones protein)

· Majority are NOT associated with overt B cell neoplasm, but have monoclonal immunoglobulin and/or light chain

· Involves heart, GIT, peripheral nerves, skin, tongue

· Reactive Amyloidosis

· Associated with chronic inflammation, including non B cell tumours (most commonly renal cell carcinoma and Hodgkin’s lymphoma)

· Involves kidneys, liver, spleen, lymph nodes, adrenals, thyroid

· Haemodialysis related

· 70% of those on haemodialysis have this

· Due to deposition of beta-2 microglobulin

· Involves joints, synovium, tendon sheaths

· Hereditary

Localised
· Nodular deposits

· Amyloid light chain protein with plasma cell infiltrates (? Localised form of B cell dyscrasia)

· Involves lung, larynx, skin, bladder, tongue, periorbital region

· Endocrine Amyloid

· Medullary carcinoma of thyroid, pancreatic islet cell tumour, Phaeochromocytoma, gastric carcinoma

· Amyloid of aging

· Senile cardiac Amyloidosis – asymptomatic, or restrictive cardiomyopathy

· Also affects lungs, pancreas, spleen

· Senile cerebral Amyloidosis also exists.
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