Disturbances of Circulation: part 1
Disturbances of circulation (from Latin: perturbationes circulatoriae), or circulatory disturbances, are all pathologies associated with: 
· the functions of the heart, blood vessels and lymphatic vessels,
· the composition of blood and lymph, 

· and the resulting lesions and changes in the tissues and organs.

The circulatory disturbances include: 

1. haemorrhage – haemorrhagia
2. hyperaemia – hyperaemia
3. anaemia – anaemia, oligaemia, oligocytaemia
4. ischaemia – ischaemia
5. plethora – plethora
6. shock– shock
7. collapse – collapsus
8. hypertension – hypertonia
9. thrombus – thrombus 

10. clot – cruor
11. infarction – infarctus
12. oedema – oedema
13. dehydration – dehydratatio
14. haemorrhagic diathesis – diathesis haemorrhagica
Hyperaemia is a local disturbance in circulation that involves excessive filling of the blood vessels with blood.
Active hyperaemia (arterial; hyperaemia activa) involves an exaggerated flow of blood to a given organ. This phenomenon occurs physiologically when the organ’s functioning is enhanced (the intestines during digestion, the muscles during physical activity), and it also develops pathologically, for instance, due to high temperature, physical or chemical factors and during the initial stages of inflammation.
Passive hyperaemia (venous; hyperaemia passiva) involves the constricted blood outflow from a given organ; the blood then accumulates in the capillaries and venules. The following causes are discussed:
· local: a constricted lumen of the vein (congenital constriction, thrombus, external compression, for example by a mass, organ torsion)

· systemic: cardiac insufficiency (the right-sided causes passive peripheral congestion while the left-sided induces passive lung congestion), chronic lung diseases.
Combined hyperaemia (arteriovenous; hyperaemia mixta) develops when the increased arterial blood inflow coincides with the constricted venous blood outflow and most commonly in the organs with numerous arteriovenous anastomoses (lungs). Is also develops around the necrotic foci and at the infarction margins, called the collateral hyperaemia (hyperaemia collateralis) with a predominant venous or arterial component.

The effects of passive hyperaemia in the organ are determined by how long the pathological process exists, its severity and the efficiency with which the collateral hyperaemia develops:
· excessive filling of the blood vessels with blood (venous, deep red blood), which gives the organ a livid-red colour; therefore, it is called cyanosis (cyanosis)
· increased permeability of the blood vessels; a part of the liquid blood gets outside the vessels (transudate) into the interstitial compartment and oedema (oedema) then develops; the red blood cells reach outside the vessels, disintegrate and are phagocytised by macrophages
· regressive lesions in the cells of a given organ (atrophy, degeneration, necrosis) due to hypoxia 
· stimulation of the fibrous connective tissue to proliferate, with resulting induration (sclerosis) of the organ (induratio venostatica s. cyanotica)
· shrinkage of the (“ageing”) connective tissue and progressive reduction (atrophy) of the organ (atrophia post indurationem).
Pulmonary hyperaemia (hyperaemia pulmonum)

It develops as a result of impeded blood outflow from the lungs due to, for example, mitral valve regurgitation, left-sided heart failure, and thrombotic, compressive or congenital constriction of the vein.
Grossly: the lungs are enlarged, livid-red, with cushioned or solid texture, and a lot of dark red blood appears on the cross-section.
Microscopically: the blood vessels of the alveolar walls and alveolar septa are overfilled with blood; accumulation of transudate in the interstitial compartment and the alveolar lumen (oedema); later, the fibrous connective tissue proliferates (into brown pulmonary induration, induratio fusca pulmonum). There are also the co-called heart failure cells (namely, the macrophages filled with hemosiderin) in the lungs: on the HE stained slides, hemosiderin appears brown/gold. Potassium ferricyanide staining procedure gives the hemosiderin-loaded macrophages a blue colour due to the deposits of trivalent iron in hemosiderin).
Passive hepatic congestion (hyperaemia passiva hepatis)

The causes include heart and lung diseases and local compression of the veins. The pathology develops in four stages:
1. Initial hepatic hyperaemia (hyperaemia passiva hepatis recens): the interlobar veins, central veins and sinusoids of the centrilobular zone are overfilled with blood, and thus, the liver is enlarged, swollen and livid-red (cyanosis hepatis).

2. Ischemic hepatocyte damage. The hepatic parenchyma becomes motley: the central zone of the lobules is red (congestion, hydropic degeneration, possibly hepatocyte necrosis), while the peripheral zone of the lobules becomes yellowish (steatosis of the hepatocytes). The two-coloured liver is called “nutmeg liver” (hepar moschatum) as it resembles the nutmeg on the cross-section.

3. Due to compression of the hepatic trabeculae and the enlarged sinusoids of the lobules, necrosis of the hepatocytes develops, with resulting red atrophy of the liver (atrophia rubra hepatis).

4. The proliferation of the intralobular and interlobular connective tissue is rich in the collagen fibres (the Ito cells; lipocytes lose the accumulated vitamin A and start synthesizing collagen and the other components of the extracellular matrix), which results in hepatic induration (induratio cyanotica hepatis s. induratio venostatica hepatis).

5. The proliferated connective tissue shrinks and starts scarring, which reduces the organ size (some lobules undergo atrophy, the others are divided by bands of the connective tissue) – congestive atrophy of the liver (atrophia post indurationem cyanoticam)

6. If the pathology is accompanied by hepatocyte regeneration, the structure of the liver is remodelled, and hepatic cirrhosis develops (cirrhosis hepatis).
Renal hyperaemia (hyperaemia renis)

Grossly: the kidneys are enlarged, dark red or dark brown. 
Microscopically: the blood vessels, both in the renal cortex and in the renal medulla, and the glomerular capillaries are overfilled with the blood cells. The renal tubular epithelial cells usually demonstrate regressive lesions.
Hyperaemic lymph node (hyperaemia lymphonodi)

Grossly: the lymph node is enlarged and mottled in colour, with the greyish-white lymphatic tissue and red areas of congested blood vessels. In carnivores, the blood vessels surrounding the central sinuses (cortical and medullar) are congested, whereas, in the pig, congestion is visible in the subcapsular sinus.
Microscopically: the enlarged sinuses and blood vessels are overfilled with blood cells.

Circulation of lymph in the lymph node: 

The afferent lymph vessels enter the lymph node from its convex side and flow into the subcapsular sinus. The lymph flows through the cortical and medullar sinuses, then enters the hilum and leaves the lymph node via the efferent lymph vessel.
Circulation of blood in the lymph node:
The blood vessels enter the lymph node from the concave side (the hilum) and branch in the capsule, and then, together with the connective tissue septa, they enter the inside of the lymph node. Within the lymphoid follicles, there are the capillaries that enter the postcapillary venules. The vein leaves the lymph node on the hilum side.
The spleen plays the following roles:
· Defence: white pulp.

· Blood storage: it depends on the number of elastic fibres and smooth muscle fibres in the splenic trabeculae and capsule. 
The storage-type spleen is expanded and reduced in size according to the control function played by the autonomic nervous system and circulatory disorders (e.g. hypovolemic shock or cardiogenic shock).
In dogs, horses and cats: the storage-type spleen has a high proportion of elastic and smooth muscle fibres in the trabeculae and capsule.

In humans and rabbits: the defence-type spleen has a low proportion of the elastic and smooth muscle fibres in the trabeculae and capsule.

In pigs and ruminants: the spleen is of an intermediate type.
Splenic hyperaemia (hyperaemia lenis)

Causes:
· impeded blood outflow from the veins: splenic torsion, gastric torsion or intestinal torsion.
· circulatory failure (right-sided heart failure: peripheral passive hyperaemia)
· damage to the splanchnic nerve 
· brain and spinal cord injuries.
Each case of splenic enlargement is called splenomegaly (tumor lienis) if it results from the acute splenic hyperaemia (tumor lienis acutus).
The other causes of the splenomegaly/splenic hyperaemia include: 

· inflammation
· sepsis
· neoplastic diseases.
Grossly: the spleen is enlarged, with rounded edges; an abundant amount of mushy blood is visible on the cross-section and the splenic parenchyma builds copiously on the blunt knife side – this is called acute splenomegaly (tumor lienis acutus). If the splenic congestion persists for a long time, the organ hardens, and the cross-section becomes smooth and dark red (induratio lienis). 

A microscopic presentation depends on how long congestion persists. Most commonly, congestion affects the marginal zone blood vessels (around the white splenic pulp) and the sinusoid vessels (closed circulation) and the vascular spaces (open circulation) in the red splenic pulp. 
The red pulp
· the cords of Billroth (or splenic cords) and reticular connective tissue (macrophages, erythrocytes, reticular cells, reticular fibres)
· the splenic sinuses: small vessels lined with the endothelial cells which the small arterioles enter in humans, and dogs – closed circulation
· the vascular spaces of the splenic cords in horses, cattle, pigs, cats and dogs – open circulation.

Circulation of blood in the spleen:
The splenic artery enters via the hilum and branches into numerous vessels, called the trabecular arteries, within the splenic trabeculae. The branches of the trabecular arteries leave the splenic trabeculae and then become the extra-trabecular arteries and subsequently the central arteries that are covered with the periarterioral lymphoid sheath (PALS) and go through the lymphoid follicles. Next, the central arteries give branches that transform into the penicillar arterioles (covered with the Schweigger-Seidel sheat). These vessels then become the splenic sinuses (closed circulation) or the vascular spaces of the splenic cords (open circulation). Blood leaves the organ via the pulp veins that transform into the trabecular veins and then into the splenic vein. 
Shock is a syndrome of the systemic disturbances caused by a disproportion between the volume of circulating blood and the capacity of the vascular bed, which triggers a drop in the arterial pressure, reduction of perfusion/peripheral circulation in the tissues and organs and hypoxia in the tissues.  Shock lung is one of the pathomorphological symptoms of shock.
Shock lung demonstrates:
· atelectasis (atelectasis pulmonum), i.e. collapsing alveoli without the lumen and non-aerated
· thickening of the alveolar walls

· passive congestion (venostasis pulmonum)

· oedema (oedema pulmonum): accumulation of transudate in the alveolar lumen
· within the atelectatic areas, some cells accumulate in the interstitial connective tissue and produce mild interstitial inflammation

· disseminated intravascular coagulation (DIC) in small pulmonary vessels.
The lesions appear in different lung lobes, usually are disseminated and contribute to systemic oxygen deficiency (gas exchange is impeded and the concentration of O2 decreases), which makes the shock more severe and results in death.
A reduction in blood pressure can have the following causes:

· bleeding/injury → haemorrhagic/traumatic shock develops → hypovolemia → development of hypovolemic shock
· polyuria/diarrhoea/vomiting → hypovolemic dehydration develops → development of hypovolemic shock
· burns → hypovolemia → development of hypovolemic shock
· spinal cord injuries/administration of barbiturates → development of neurogenic/septic/anaphylactic shock → vasospasm/vasodilatation → development of distributive/vasodilatory shock
· acute and extensive splenic necrosis → vasospasm/vasodilatation → development of distributive/vasodilatory shock
· cardiac tamponade/pulmonary embolism/myocardial infarction/rupture of the tendinous chord → development of acute decompensated heart failure → development of cardiogenic shock
Haemorrhage (haemorrhagia), or bleeding, develops when the full blood escapes from the vascular bed through a damaged vascular wall or the heart.
Causative classification of haemorrhages:

· Traumatic (haemorrhagie traumaticae): vascular injuries or cardiac wall injuries or due to a tear injury to the wall (haemorrhagia per diaeresin)
· Spontaneous (haemorrhagie spontaneae):
· Due to rupture (haemorrhagia per rhexin) of the diseased vascular wall (atherosclerosis, aneurysm, necrosis of the tunica intima, myocardial infarction, sudden elevation of blood pressure)
· Due to corrosion (haemorrhagia per diabrosin) when the vascular wall is damaged by the pathologies in surrounding structures (necrosis of tuberculous focus, neoplasm, abscess, ulcer)
· Passing haemorrhages when the vascular wall remains intact yet its permeability increases (haemorrhagia per diapedesin; mostly in the capillaries): haemostasis, vitamin deficiencies (Vit. C, E and K), haemorrhagic diathesis, viruses, bacteria, toxins, chemical compounds (phosphorus, strychnine, urea, dicumarol) or neurovegetative factors.
Categorized by the size and shape, there are:
· focal extravasations: petechiae (petechiae)
· extravasations of approx. 2 mm in diameter: ecchymoses (ecchymoses) 
· elongated extravasations, or vibices (vibices)

· large extravasations that do not damage the tissue called suggillations (sugillationes s. suffusiones)
· large tissue-damaging haemorrhagic foci (focus haemorrhagicus)
· a type of extravasation with a cavity created by blood: haematoma (haematoma).
The consequences of internal haemorrhages can depend on:
1. Type of the organ or the tissue:

· Necrosis of the tissues and cells at the location of extravasations (haemorrhagic focus, focus haemorrhagicus); infiltration with macrophages (24-48h) and removal of necrotic cells and erythrocytes (e.g. in the brain, an apoplectic cyst or cavern, lacuna postapoplectica, develops).

· In tissues with large spaces or where the extravasated blood can separate the cells, the damage is minor, and when the extravasated blood is removed and pressure disappears, the cells resume their functions.
2. Amount of the extravasated blood:

· Small extravasations are quite efficiently removed by phagocytes.

· Larger extravasations, particularly haematomas (haematoma) can provoke a reaction of the connective tissue and stimulate it to proliferate around the focus and/or in the clot (blood clot organization). Proliferating connective tissue secludes the extravasated blood from the other healthy tissue and the scarring process follows.
Renal petechiae (petechiae renis)
Small extravasations of blood, with different sizes and shapes. They develop in the kidneys, e.g. in classical swine fever.

Grossly: there are extravasations with the size of a pinhead (petechiae) beneath the renal capsule, in the parenchyma and the renal pelvic mucosa; the renal parenchyma is pale.
Microscopically: extravasations are visible in the interstitial compartment, around the tubules and renal corpuscles, less often inside the corpuscles. The parenchymal cells within the extravasated areas undergo regressive changes.
Infarction (infarctus) is focal ischemic necrosis of the tissue caused by sudden oxygen deficiency in the tissue, which results from the obstructed blood vessel that is terminal in an anatomical or functional sense (artery) or from the abrupt cessation of the venous outflow (severe passive congestion) associated with insufficient arterial inflow.
By the pathophysiological mechanism, the following classification is discussed:
· White infarction (white, bloodless; infarctus anaemicus s. albus s. ischemicus) develops when the obstructed lumen of an artery in the solid organs (like the heart, spleen, kidney) which structure narrows down the blood volume that can enter the zone of ischemic necrosis from the surrounding capillary beds. It carries some characteristics of coagulative necrosis (kidney, heart, spleen, liver) or colliquative necrosis (brain).
· Haemorrhagic infarction (haemorrhagic, red; infarctus haemorrhagicus s. ruber) develops when the artery lumen is blocked (e.g. in the pulmonary artery) or even when the lumen is not obstructed. Sometimes the only necessary causative factor is circulatory insufficiency and a substantial degree of passive congestion in the organ; the necrotic tissue is then soaked with blood (in Polish: nadzianka krwawa) and this type of infarction is found in the lungs, testes, ovaries and spleen. Red infarction develops in the following scenarios:
· when the venous outflow is impeded (e.g. organ torsions)

· in the tissues with loose structure (e.g. in the lungs), which facilitates blood accumulation in the infarct zone
· in the tissues with double circulation, such as the lungs or small intestines, where the blood enters through the patent vessel network into the necrotic zone (obviously, this blood inflow is insufficient to support and save the ischemic tissues)

·  in the tissues that were already affected with congestion due to impeded venous outflow
· when the blood flow is restored in the area that was previously affected with arterial ischemia and necrosis (for example, thrombus fragmentation, angioplasty for venous thrombosis in humans). 
Some very well vascularized organs are never affected by infarction; these include the tongue, uterus, urinary bladder and penis.
The shape and size of infarction are determined by the diameter of a blocked vessel and its location in the given organ. Since the branches of an artery are usually tree-like, the infarct is most often conical, with the apex directed towards the obstructed vessel and the base directed towards the periphery of an organ. When the base of the wedge is serous, it is usually covered with fibrinous exudate. In the lungs, heart or brain, the infarction foci may by spherical or oval, sometimes also irregular. All infarcts are initially poorly demarcated and slightly haemorrhagic. With time, the infarct margins become more pronounced because of a narrow rim of congestion caused by inflammation situated at the lesion periphery.
White renal infarction (infarctus anaemicus renis)
Renal infarction most often develops due to a blockage of the anatomically terminal branches of the renal artery. The nature of the infarct consists of microorganisms, neoplastic cells, pieces of fragmented thrombi build up in endocarditis (erysipelas in pigs, streptococci infections in dogs and cattle), thrombi in the veins build up in the postpartum uterus and parasitic arteritis.
Grossly: there is a grey, pale and slightly yellowish infarct focus, usually conical in shape, surrounded with an obvious rim of peripheral congestion. The size and shape of this focus are determined by the diameter of the blocked vessel. Older infarcts present a sunken necrotic zone and are surrounded by a rust-coloured rim (rust colour is given by hemosiderin released from degraded erythrocytes). The infarct focus usually undergoes scarring and therefore, the renal surface becomes uneven, conically sunken.
Microscopically, there are four infarct zones:

· central coagulative necrosis of the renal tubules and glomeruli
· first, in the peripheral infarct zone, a peripheral congestion margin develops (a red band that is grossly visible); it is caused by inflammation
· in 2 or 3 days, neutrophil (neutrophilic granulocytes) and macrophage infiltration develop. They are initially situated within the peripheral congestion zone, and next, they progressively penetrate the necrotic focus (a grey or white-grey band that is grossly visible)

· renal parenchymal degeneration zone is located farthest from the necrosis zone and caused by the effects of tissue degradation products and granulocytic enzymes.
Haemorrhagic pulmonary infarction (infarctus haemorrhagicus pulmonum)
Haemorrhagic lung infarct develops only in some cases of infarction since the lung has two circulatory systems: functional (from the pulmonary artery branches) and nutritional (from the branches of the bronchial arteries that branch from the aorta). There are numerous connections between the bronchial artery and pulmonary artery and between the pulmonary vein and bronchial vein in the pulmonary circulation. In addition, there are direct arteriovenous shunts (or connections) (except for the capillary network).
When the passive pulmonary congestion develops (in left-sided heart failure or with mitral regurgitation), high blood pressure in the pulmonary veins hampers (suppress) the blood flow in small vessels being the branches of the bronchial arteries, and then, with a coinciding embolus in a branch of the pulmonary artery (or sometimes even without embolism), haemorrhagic infarction can develop. If the pulmonary artery branches become blocked, the blood from the bronchial artery branches enters the area vascularized by the former ones. The inflow of arterial blood exacerbates congestion and results in a massive infiltration of the red blood cells to the alveolar lumen and necrosis of the alveolar septa (i.e. the connective tissue stroma in the lungs)
Grossly: the infarction focus is usually situated beneath the pleura and is conical or spherical on the cross-section; has a cherry-red colour and with time becomes rusty (degradation of hemosiderin); it is demarcated from the normal parenchyma and non-aerated. The pleura over the infarcted zone with time presents some characteristics of fibrinous inflammation. 
Microscopically: a focally massive infiltration of the red blood cells to the alveolar lumen and bronchioles, haemostasis in the blood vessels, necrosis of the alveolar septa, alveolar walls and respiratory epithelium, bronchioles and blood vessel walls. The tissues surrounding the infarct are affected by passive congestion, and cellular infiltrate is seen after 2-3 days.[image: image1.png]
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