Disturbances of Circulation: part 2
Thrombus (thrombus) is the intravital coagulation of blood within the vascular bed lumen (blood vessels or the heart). The pathological scenario involving thrombus formation is called thrombosis. The development of thrombi is favoured by a set of factors that is called Virchow’s triad (or the triad of Virchow): 
1. Reduced blood flow in the blood vessels: valvular heart diseases, atrial flutter, varicose veins, venous stenosis, turbulent blood flow (e.g. around venous valves or in locations where the blood vessels give branches), prolonged immobilization.
2. Damage of the endothelium of the blood vessel wall, which triggers platelet aggregation and clotting (due to injuries, vasculitis, atherosclerotic lesions, endothelial ischemia).
3. Pathologies of the peripheral blood profile: thrombocythemia, thrombocytosis, polycythaemia, coagulation factor deficiencies (nephrotic syndrome, hepatic cirrhosis, disseminated intravascular coagulation syndrome), in autoimmune diseases and cachectic animals.
The following types of thrombi are discussed by their components:
· red thrombus (thrombus ruber) composed mainly of red blood cells and fibrin
· white thrombus (thrombus albus) composed of platelets, white blood cells and fibrin.
Regardless of the composition, the thrombus is dry, fragile and rigidly attached to the vascular wall.
The effects of clot formation include:
· in the artery: stenosis/obstruction of the arterial lumen (emboli) results in oxygen deficiency or even necrosis (infarctions)

· in the vein: it usually leads to passive congestion due to impeded blood outflow.

Considering the ratio with the vascular lumen, the following thrombus types are discussed:
· parietal (thrombus parietalis)
· obturative (thrombus obturatorius)
· local (primary; thrombus autochtonus) 
· elongated, i.e. building up towards the heart (upstream in the arteries and downstream in the veins; thrombus prolongatus).
The thrombus can evolve in the following ways:
· enlarge by acquiring new layers of thrombotic material or by elongating 
· become smaller by dehydration
· dissolve or become softer: in a septic way (ramollitio septica) or aseptically (ramollitio aseptica)
· undergo calcification (calcificatio)
· undergo the so-called organization of thrombus, which involves progressive resorption by inflowing macrophages and proliferation of fibroblasts and capillaries. The thrombus is then progressively replaced by the fibrous connective tissue

· transform by recanalization (recanalisatio).
Clot (cruor) develops as a result of blood clotting in a living animal (intravitally) and only outside the blood vessels (extravascular), whereas after death, it occurs in the blood vessels (intravascularly) or the heart. 
The clot remains loose in the vascular lumen, and it is thus easy to remove, elastic and moist, with a shape resembling a cast of the blood vessel from which it has been evacuated. By composition, the following types are discussed:

· red clot (cruor ruber), cherry red, composed of a fibrin mesh, lot of the red blood cells and sparse white blood cells (it develops in a sudden death case)
· white clot (cruor albus), yellow-white and composed of a dense fibrin mesh, with the white blood cells and local single erythrocytes sitting in the mesh
· combined clot (cruor mixtus) develops in a scenario with prolonged pain. The combined nature results from the deposition of the individual blood components at different time points. It is amber, bright red or dark red.
Oedema (oedema) involves excessive accumulation of fluid in the extracellular and extravascular compartments, in the alveolar lumen (lungs) and the body cavities. It results from a disturbed balance between the fluid retention factors in the blood vessels and the factors that favour fluid migration. It can be local or systemic.
Oedema can develop due to:
· elevated hydrostatic pressure in the blood: right-sided or left-sided heart failure

· a drop in the oncotic pressure of the blood proteins and tissues (a reduction in the protein level below 4%): in fasted animals, hepatic cirrhosis, pancreatic diseases, nephrotic syndromes, \kidney diseases and in intestinal diseases
· disturbances in osmotic pressure in the tissues and blood (elevated sodium level in the blood) with an associated increased ratio of sodium reabsorption in renal failure, hepatic diseases (cirrhosis) and with excessive chlorine level in feeds

· increased permeability of the capillary mucosae: inflammatory lesions (viruses, mycoplasma), bacterial endotoxins, anaphylactic reaction, shock, uraemia, and sepsis

· impeded lymph outflow: elephantiasis (elephantiasis).
Oedemas are categorized as:
· non-inflammatory: resulting from excessive accumulation of transudate (transsudatum) that is clear, yellowish fluid with a low specific gravity (less than 1.012), low protein content (up to 3%) and enzyme-free; its composition is determined by the severity of vascular damage.
· Inflammatory: resulting from excessive accumulation of exudate (exsudatum) that is turbulent fluid with higher specific gravity (1.018-1.025) and more than 4% protein content, containing enzymes typical of the blood serum, exfoliated cells and fibrin.
Intestinal oedema (oedema intestini)
Intestinal oedema accompanies non-inflammatory, inflammatory and allergic processes. The non-inflammatory fluid, i.e. transudate, accumulates mainly in the submucosa and serosa due to its loose pattern and relatively good vascularity).
Grossly: the intestinal wall is thickened, with jelly-like infiltration.

Microscopically: the submucosa is wide and composed of an irregular mesh filled with fluid.

Regressive lesions
Regressive lesions (metamorphoses regressivae) are the morphologic changes that evolve in regular and well-developed cells, tissues and organs following a noxious insult. The potency and intensity of such factors overcome the compensation mechanism, which results in metabolic disturbances. The catabolic processes are then enhanced, and the substances found or absent in the physiological scenario excessively accumulate which, in effect, insults the cells and tissues.
Metabolic disorders can be:

· quantitative (excessive amounts of the substances physiologically found in the cells and/or tissues)

· qualitative (the substances not found under physiological conditions occur in the cells and/or tissues).

The regressive changes include:
· atrophy (atrophia)
· degeneration (degeneratio s. paratrophia)
· necrosis (necrosis).
Atrophy (atrophia) is a progressive reduction in the cell volume, which results in reduced size of the organ and its impaired functions. It affects the normal organs in whole or only their specific part.
Grossly: it presents as the reduced mass or size of the given organ or as its weakened colour. 

HOWEVER, ANY REDUCTION OF THE ORGAN DOES NOT ALWAYS TRANSLATE INTO ITS ATROPHY! 

· Hypoplasia (hypoplasia)
· Aplasia (aplasia).
The atrophic cells:
· are smaller
· have a reduced number and volume of the organelle, except for the lysosomes
· contain numerous autophagic vacuoles (autophagosomes)
· have cytoplasm that becomes atrophic faster than the nucleus.

Based on the morphological characteristics, the following types of atrophy are discussed:

· simple (atrophia simplex): the cytoplasm and interstitium become evenly atrophic
· brown atrophy (atrophia pigmentosa s. fusca): a significant amount of the residual bodies containing lipofuscin (heart, liver)
· with serous tumescence of the cells (fat tissue)
· with the proliferation of the nuclei or the cells (apparent phenomenon); it affects the muscular and fat tissue.
The causative classification of atrophy:

· Inactivation atrophy (atrophia ex inactivitate)
· Marantic atrophy (atrophia ex inanitione)
· Compression atrophy (atrophia e compressione)
· Atrophy resulting from damaged nerve supply (atrophia trophoneurotica)
· Atrophy caused by chemical and physical factors.
Pulmonary emphysema (emphysema alveolare pulmonum)
This involves excessive accumulation of air in the alveoli, which results in progressive atrophy of the pulmonary parenchyma. The pathology can be acute or chronic.
Grossly: the lungs are enlarged, bright pink, with a fluffy texture, crackling when compressed, and with rounded edges.
Acute pulmonary emphysema (emphysema alveolare pulmonum acutum) DOES NOT REPRESENT ATROPHY!
· It develops with sudden breathing difficulties (allergic reactions, aspiration, acute inflammatory conditions)
· Elimination of the causative factor allows the lungs to resume normal functions
· The alveolar walls may rupture although the thickness of the walls and septa remain unchanged
Microscopically:
· The alveolar walls are regularly thick and well-vascularized
· Ruptured alveolar walls are visible 
· Stumps protruding into the resulting bullae are thick and bluntly ended.
Chronic pulmonary emphysema (emphysema alveolare pulmonum chronicum) REPRESENTS AN EXAMPLE OF ATROPHY!
· This develops with long-term breathing problems, e.g. in chronic bronchitis 
· Accumulated air compresses the blood vessels, which impedes circulation and causes atrophy of the alveolar epithelium and elastic fibres in the tissue of the interalveolar septa 
· Degradation of the elastic fibres in the alveolar walls is also caused by proteolytic enzymes (released from degrading cells) and free radicals (in cigarette smokers).
Microscopically:
· Atrophy of the elastic structures in the alveolar walls; thinning of the alveolar walls

· Atrophy of the blood vessels in the alveolar walls

· Atrophy of the respiratory epithelial cells; they become thin and flat

· Rupture of the alveolar walls; large bullae develop, with baggy air-filled spaces
· Stumps of the ruptured alveolar walls protrude into the bulla lumen as “spikes” (with sharp tips).

Muscle atrophy (atrophia musculorum)

This develops due to nerve supply damage and in long-term immobilisation.

Grossly: reduced muscle mass and volume.

Microscopically: the number of fibres in the bundles remains unchanged, but the fibre thickness is reduced, and the sarcoplasm volume is smaller (low numbers of glycogen granules, reduced number of mitochondria) with a relative increase of the myocyte nuclei; the striated pattern remains intact.
Degeneration (degeneratio s. peritrophic) is a pathological condition of the cells or tissues in which the cellular organelles are affected with intracellular or extracellular deposition of substances that are not found or found in small amount in the physiological scenario. These changes are reversible or irreversible, depending on the degree of damage to the cellular structures.
Parenchymatous degeneration (degeneratio parenchymatosa) is a type of acute tumescence of the cell. The causation involves damage to the plasma membrane and disruption of its function as the ion pump. Sodium ions (Na+), calcium ions (Ca2+) and water enter the cell while the potassium ions (K+) leave the cell. Calcium ions cause depolymerisation of the cellular cytoskeleton and activate endogenous phospholipases, which triggers a cascade of changes in the plasma membranes.
The microscopic changes in the cell include:
· the earliest are changes in the mitochondria, such as tumescence, loss of the cristae and rarefaction of the mitochondrial matrix
· when the insulting factor persists longer, water accumulates in the tubules of the endoplasmic reticulum, causing:
· degranulation in the rough endoplasmic reticulum
· vesicular transformation in the smooth endoplasmic reticulum
· with time, when the membranes are more severely affected and damaged, water also accumulates in the vacuoles and the cytoplasm (hydropic degeneration).
Parenchymatous degeneration can develop within a few hours. If the insulting factor resolves in a short time, the physiological status can be restored. However, when the effects of the noxious factor persist, this type of degeneration develops into hydropic degeneration or cell death evolves (depletion of the energy network or loss of efficient functioning of the plasma membranes).

Parenchymatous degeneration of the kidneys (degeneratio parenchymatosa renis)
Grossly:
· the kidney is enlarged, and after sectioning, the edges curl up, forming the so-called lip
· the renal capsule is tense
· loss of the cut-off between the renal cortex and medulla; the cortex becomes wider
· the renal parenchyma is grey, turbid, and fragile.

Microscopically:
· the tubular epithelial cells are enlarged and swollen (the convoluted tubules and the ascending loop of Henke in particular) protrude into the lumen 
· the tubular lumen is irregular and stellate 

· the cellular cytoplasm is granular
· the epithelial cells detach from the basal membrane

· the renal glomeruli are enlarged; the endothelial cells of the vascular loops become oedematous.

Parenchymatous degeneration of the liver (degeneratio parenchymatosa hepatis)
It accompanies circulatory disturbances, infectious diseases, and intoxications.

Grossly:
· the liver is enlarged
· the edges are rounded
· the capsule is tense
· the hepatic parenchyma is obscure, grey and with a blurred lobular pattern on the cross-section, fragile.
Microscopically:
· the hepatocytes are enlarged
· their cytoplasm is granular
· the hepatocyte nuclei are obscure and blotted by the granules
· the rounded hepatic cells are sometimes multi-focally detached from each other (dissociation). 

Hydropic degeneration of the liver (degeneratio hydropica hepatis) develops when the causative factors of parenchymatous degenerations persist for a longer time. This phenomenon is reversible unless the nucleus remains intact. It often evolves into fatty degeneration when the intracellular membranes become disintegrated and the lipid metabolism in the cells is disturbed.
Microscopically:
· the cells are enlarged and tumescent 
· numerous vacuoles of different sizes are filled with low-protein fluid

· the cytoplasm is “foamy”
· one large vacuole may sometimes develop and displace the nucleus to the cell periphery.
Fatty degeneration (degeneratio adiposa) involves accumulation of lipid vacuoles (simple lipids) in the cell due to some disturbances in the lipid metabolism (insufficient fat burning, the increased supply of fatty acids, disturbed secretion). This results in deficient functioning of the cells and damage to their cytoplasmic structures and the nucleus. If the nucleus is affected and damaged, the process is then irreversible!

The nucleus can be pathologically affected in the following ways:

· karyopyknosis: shrinkage of the nucleus
· karyorrhexis: degradation of the nucleus
· karyolysis: lysis of the nucleus
· vacuolisation: tumescence of the nucleus and development of the vacuoles
· nuclear marginalization: chromatin becomes marginalized on the nuclear periphery. 
Fatty degeneration of the liver (degeneratio adiposa hepatis): the gross picture of the liver is determined by the number of cells affected by lipid degeneration. Therefore, the following scenarios are discussed:
· diffuse fatty degeneration (degeneratio adiposa hepatis diffusa): the liver is enlarged (hepatomegaly), pitting, bright yellow, fatty on the cross-section, shining and with the obscure lobular pattern.
· Fatty degeneration of the hepatocytes on the periphery of the lobules (degeneratio adiposa hepatis periferica): the liver is then spotty coloured since this pathology is often accompanied with congestion of the central veins (nutmeg liver, hepar moschatum)
· Central fatty degeneration of the hepatocytes (degeneratio adiposa hepatis centralis): it often accompanies oxygen deficiency or intoxication
· Multi-focal islet-like degeneration of the hepatic cells (degeneratio adiposa hepatis polyfocalis).
If fatty degeneration develops with concomitant cholestasis, the liver then becomes turmeric in colour, which is called saffron liver (hepar crocatum).

Microscopically, the hepatocytes can present:
· large lipid droplets that displace the nuclei to the periphery of the cell (signet cells): macrovesicular lesions. The causes can be toxic (alcohol, corticosteroids, synthetic oestrogens), metabolic (diabetes), chronic inflammations, and chronic oxygen deficiency (passive congestion)
· small lipid droplets: microvesicular lesions. The causes include toxic factors (tetracyclines, aflatoxins, camphor) and perinatal disorders (eclampsia, pregnancy toxaemia).[image: image1.png]
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