


Necrosis and its types.
By dr.Yasmeen Jasim
Introduction
Necrosis comes from the Greek origin nekrōsis meaning “death” and later moved to modern Latin to necrosis. Necrosis can be described as a pathological process of cell death which could have been resulted from infections, hypoxia, trauma or toxins. Unlike apoptosis, necrosis is uncontrolled and release lots of chemicals from the dying cell to which causes damage to surrounding cells. Inflammation is often initiated due to necrosis. There are many types of morphological patterns that necrosis can present itself. These are coagulative, liquefactive, caseous, gangrenous which can be dry or wet, fat and fibrinoid.
Necrosis can start from a process called “oncosis”. Oncosis comes from the Greek origin ónkos, meaning swelling. Oncosis occurs when the mitochondria within a cell are damaged beyond recovery by toxins or hypoxia. ATP is thus not being made, which dysregulate the ionic concentration within the cell as the ionic pumps are no longer functioning. Sodium moves into the cell and water follow, making the cell explode. The content that has been released will attract immune cells which will initiate inflammation and release reactive oxygen species (ROS) and enzymes such as proteases. The surrounding tissues may be damaged, and therefore organs may fail to work. In a way, necrosis alerts the immune system to clean through phagocytosis and start local inflammation. However, if the collateral damage is more significant than the process of healing, necrosis will thus increase in size, killing more healthy cells and decrease surrounding body function, which may cause organ failure. Decomposing tissue will increase in number, and micro-organisms may start to replicate and dominate as the immune system struggle to contain the necrosis. Surgery is thus utilised to remove the necrotic tissue by a procedure called debridement and let the healthy tissue take over and heal. Depending on the severity, time, type and extent of the necrosis, the tissues may never heal back to its original function and integrity.
The morphologic appearance of necrosis
The morphologic appearance of necrosis is the result of denaturation of intracellular proteins and enzymatic digestion. 
Necrotic cells are unable to maintain membrane integrity and their contents often leak out, a process that may elicit inflammation in the surrounding tissue.
 The enzymes that digest the necrotic cell are derived from the lysosomes of the dying cells themselves and from the lysosomes of leukocytes that are called in as part of the inflammatory reaction. Digestion of cellular contents and the host response may take hours to develop. The earliest histologic evidence of necrosis may not become apparent until 4 to 12 hours.
Necrosis- cytoplasm
Increased eosinophilia in hematoxylin and eosin (H & E) stains, attributable in part to the loss of cytoplasmic RNA (which binds the blue dye, hematoxylin) and in part to denatured cytoplasmic proteins (which bind the red dye, eosin). When enzymes have digested the cytoplasmic organelles, the cytoplasm becomes vacuolated and appears moth-eaten. Dead cells may be replaced by large, whorled phospholipid masses called myelin figures that are derived from damaged cell membranes. These phospholipid precipitates are then either phagocytosed by other cells or further degraded into fatty acids; calcification of such fatty acid residues results in the generation of calcium soaps. Thus, the dead cells may ultimately become calcified. 
Necrosis- nucleus
Nuclear changes appear in one of three patterns
Pyknosis, characterized by nuclear shrinkage and increased basophilia. Karyolysis, the basophilia of the chromatin fades which appears to reflect loss of DNA because of enzymatic degradation by due to endonucleases. Karyorrhexis, the pyknotic nucleus undergoes fragmentation. With the passage of time (a day or two), the nucleus in the necrotic cell totally disappears.
Energy depletion • 
Inhibition of oxidative phosphorylation
 • [ATP] decreases 
• Small changes, 5 - 10%, are sufficient to limit the Na/K-ATPase and Ca/Mg ATPase 
• Glycolytic capacity (glycogen stores) protects from ATP depletion but leads to acidification – Plasma and ER membranes swell – Enzyme kinetics change; proteins begin to denature – Chromatin clumps
[image: C:\Users\hp\Desktop\Screenshot 2022-09-17 191033.png]

Types of necrosis
Depending on where (such as which organ) and what type of damage occurred in the body, necrosis will have a specific morphological pattern. There are six distinct patterns that are identifiable, and by identifying the pattern, an underlying cause could be identified. Let’s have a look at: coagulative, liquefactive, caseous, gangrenous, fat and fibrinoid necrosis.
Coagulative necrosis
Coagulative necrosis generally occurs due to an infarct (lack of blood flow from an obstruction causing ischaemia) and can occur in all the cells of the body except the brain. The heart, kidney, adrenal glands or spleen are good examples of coagulative necrosis. Cells that undergo coagulative necrosis can become dry, hard, and white. What is interesting is that gel-like appearance occurs in dead tissues, but the architecture of the cells is maintained for at least some days. Coagulation occurs as the proteins are degraded and denatured, and an opaque film starts to form.
Gross appearance: a pale segment may be seen in contrast to surrounding healthy tissues. The segment may be hard to the touch.
Microscopic appearance: in an H&E staining tissue, eosinophilia like-cell (cells presenting pink on a histology slide) will be noticeable. Anucleated cells (cells without a nucleus) should be observable with preserved cell outlines.

[image: Figure 2: Demonstrate the gross appearance of a kidney. Notice the yellow necrotic portion.Figure from: Robbins and Cotran pathologic basis of disease, 9th ed.][image: Figure 3: Demonstrate the histology slide of the kidney in figure 2. The green star shows healthy cells that are less pink and have nuclei present. The blue star is a Bowman's capsule. The yellow star indicates the necrotic portion. Notice that the …]


[bookmark: _GoBack]Liquefactive necrosis
Liquefactive necrosis can be associated from bacterial, viruses, parasites or fungal infections. Unlike coagulative necrosis, liquefactive necrosis forms a viscous liquid mass as the dead cells are being digested. The micro-organisms can release enzymes to degrade cells and initiate an immune and inflammatory response. Cellular dissolution and digestion of dying cells may also release further enzymes, which speeds up the liquefying process. The micro-organisms stimulate the leukocyte to home-in on the necrotic area and release powerful hydrolytic enzymes (such as lysozymes) which causes local damage and cells to be lysed, causing a fluid phase. The enzymes responsible for liquefaction are derived from either bacterial hydrolytic enzymes or lysosomal hydrolytic enzymes. These are proteases (collagenases, elastases), DNases and lysosomal enzymes.-
A creamy yellow liquid should be present as lots of leukocytes are found to be dead, this is generally called pus. Interestingly, an infarct that involves the nervous system (such as the brain) should present as coagulative necrosis but does not occur, instead liquefactive necrosis is present. It is not fully explained why the nervous system displays liquefactive necrosis without the cause of an infection, but it is suggested that the nervous system does hold a higher amount of lysosomal content, which leads to autolysis and an increased opportunity for these enzymes to digest the cells in the brain.

Gross appearance: liquid-like layer can be seen; pus should be present. Yellowing, softening or swelling of the tissue should be seen. Malacia (softening, or loss of consistency) should be present. A cystic space should be present for tissue resolution.
Microscopic appearance: macrophages and neutrophils, both dead and alive, should be present. Debris and lysed cells should be seen with inflammation. Partial space should be filled with lipids and debris. There is a loss of neurons and glial cells, with the formation of clear space.
[image: Figure 4: Demonstrates liquefactive necrosis. In this particular case, there has been an infarct in the brain. Coagulative necrosis does not occur at the nervous system.Figure from: Robbins and Cotran pathologic basis of disease, 9th ed.]
Figure 4: Demonstrates liquefactive necrosis. In this particular case, there has been an infarct in the brain. Coagulative necrosis does not occur at the nervous system.
Figure from: Robbins and Cotran pathologic basis of disease, 9th ed.
[image: Figure 5: Demonstrates the histology slide of liquefactive necrosis. Notice the middle where it is pinker with more space and fewer neurons. On high power, macrophages should be present with lipids and debris.Figure from: The University of Utah Eccl…]
Figure 5: Demonstrates the histology slide of liquefactive necrosis. Notice the middle where it is pinker with more space and fewer neurons. On high power, macrophages should be present with lipids and debris.

Caseous necrosis
Caseous necrosis occurs when the immune system and body cannot successfully remove the foreign noxious stimuli. For example, tuberculosis is a prime example where there is an aberrant immune response (such as the alveolar macrophages are not responding correctly) to the bacteria as the bacteria has infected the macrophages. The immune system seals off the foreign matter by using fibroblasts and white blood cells such as lymphocytes, neutrophils, NK cells, dendritic cells and macrophages. A granuloma may form with fibroblast cells (which creates an encasing layer), leukocytes and the formation of Langhans giant cells (fusion of epithelioid cells). The organism is not killed but rather contained.
Gross appearance: a yellow-white soft cheesy sphere that is enclosed by a distinct border.
Microscopic appearance: a granuloma should be present. The core is necrotic and uniformly eosinophilic, which is surrounded by a border of activated macrophages and lymphocytes. The core is structureless and should have debris and lysed cells. Langhans giant cells may be seen, and inflammation should also be noticed and present. There is a fibrous case surrounding and enclosing the core; hence fibroblasts should also be seen.
[image: Figure 6: Demonstrates the lung containing caseous necrosis due to tuberculosis. Notice the yellow-white and cheesy debris.Figure from: Robbins and Cotran pathologic basis of disease, 9th ed.]
Figure 6: Demonstrates the lung containing caseous necrosis due to tuberculosis. Notice the yellow-white and cheesy debris.
[image: Figure 7: Demonstrates a granuloma with central necrosis in a lung of a person with tuberculosis. Note the Langhans-type giant cells (with many nuclei arranged in a horseshoe-like pattern at the edge of the cell) around the periphery of the granulom…]
Figure 7: Demonstrates a granuloma with central necrosis in a lung of a person with tuberculosis. Note the Langhans-type giant cells (with many nuclei arranged in a horseshoe-like pattern at the edge of the cell) around the periphery of the granuloma. Langhans-type giant cells are seen in many types of granulomas and are not specific for tuberculosis.

Gangrenous necrosis 
Gangrenous necrosis does not demonstrate a specific pattern of cell death but is preferably used in clinical practice to describe the condition. Gangrenous necrosis generally describes the damage that has occurred to the extremities (especially lower) where there is severe ischaemia. These extremities lack in blood supply and oxygen and typically cause coagulative necrosis at different tissue planes (this is also called dry gangrene). Severe frostbite injuries can lead to dry gangrene. If bacterial infection occurred, liquefactive necrosis could also be occurring due to the degrading enzymes and the involvement of the leukocytes. When liquefactive necrosis is present, the term ‘wet’ gangrene is used.
Gross appearance: black skin is generally seen with a degree of putrefaction (the process of decay or rotting in a body or other organic matter). The tissues may look ‘mummified’, be sure to ascertain if this is dry or wet gangrene. Smelling may give a clue if there is an infection.
Microscopic appearance: due to the ischaemia which would suggest dry gangrene, coagulative necrosis histological traits should be seen. If there is a bacterial infection which would suggest wet gangrene, liquefactive necrosis histological traits should be seen.
[image: Figure 8: Demonstrates gangrene, or necrosis of many tissues in a body part. In this case, the toes were involved in a frostbite injury. This is an example of "dry" gangrene in which there is mainly coagulative necrosis.Figure from: The University o…]
Figure 8: Demonstrates gangrene, or necrosis of many tissues in a body part. In this case, the toes were involved in a frostbite injury. This is an example of "dry" gangrene in which there is mainly coagulative necrosis.
[image: Figure 9: Demonstrates gangrene of the lower extremity. In this case, the term "wet" gangrene is more applicable because of the liquefactive component from superimposed infection in addition to the coagulative necrosis from loss of blood supply.Figu…]
Figure 9: Demonstrates gangrene of the lower extremity. In this case, the term "wet" gangrene is more applicable because of the liquefactive component from superimposed infection in addition to the coagulative necrosis from loss of blood supply.


Fat necrosis 
Fat necrosis does not denote a type of necrosis pattern. Instead, it is used to describe the destruction of fat, for example, due to pancreatic lipases that have been released into the surrounding tissues where the pancreas itself is at risk along with the peritoneal cavity. Acute pancreatitis causes the pancreatic enzymes to leak out from the acinar cells. Once the enzymes come into contact with fat cells, their plasma membrane is liquefied, releasing the fats/triglycerides. The fatty acids combine with calcium through a process called saponification. An insoluble salt is created and gives the appearance of a chalky-white area. Infections, viruses, trauma, ischaemia and toxins could be responsible for the pancreas being damaged and releasing its enzymes. Breast tissues can also have fat necrosis triggered by trauma, for example. To clinically diagnoses and manage pancreatitis .
 Gross appearance: soft chalky-white area should be seen on the pancreas. 
Microscopic appearance: basophilic (bluish) calcium deposits are present. Anucleated adipocytes with a cytoplasm that is more pink and contains amorphous mass of necrotic material. Inflammation would be present.
[image: Figure 11: Demonstrates fat necrosis of the pancreas. Saponification has occurred and these appear grossly as the soft, chalky white areas.Figure from: The University of Utah Eccles Health Sciences Library.]
Figure 11: Demonstrates fat necrosis of the pancreas. Saponification has occurred and these appear grossly as the soft, chalky white areas.
[image: Figure 12. Microscopically, fat necrosis adjacent to the pancreas is seen here. There are some remaining steatocytes at the left which are not necrotic, as seen as a green star. The necrotic fat cells at the right have vague cellular outlines, have …]
Figure 12. Microscopically, fat necrosis adjacent to the pancreas is seen here. There are some remaining steatocytes at the left which are not necrotic, as seen as a green star. The necrotic fat cells at the right have vague cellular outlines, have lost their peripheral nuclei, and their cytoplasm has become a pink amorphous mass of necrotic material, as seen as a yellow star

Fibrinoid
Fibrinoid necrosis is associated with vascular damage (caused mainly by autoimmunity, immune-complex deposition, infections) and the exudation of plasma proteins (such as fibrin). This pattern typically occurs due to a type 3 hypersensitivity, where an immune complex is formed between an antigen (Ag) with an antibody (Ab). The Ag-Ab complex may be deposited in the vascular walls causing inflammation, complement being activated, and phagocytic cells are recruited, which could be releasing oxidants and other enzymes causing further damage and inflammation. Fibrin, a non-globular protein involved in the clotting of blood, is leaked out of the vessels. The results create an amorphous appearance that is bright pink in an H&E stain. The pathologists call this appearance ‘fribinoid’ which means fibrin-like.
Gross appearance: usually not grossly discernible.
Microscopic appearance: an amorphous appearance that is bright pink in an H&E stain. The deposition of fibrinoid are surrounding the blood vessels. Inflammation should be present.
[image: Figure 13: Demonstrates an artery that is surrounded by a bright ring of necrosis. Inflammation should be present.Figure from: Robbins and Cotran pathologic basis of disease, 9th ed.]
Figure 13: Demonstrates an artery that is surrounded by a bright ring of necrosis. Inflammation should be present.
[image: Figure 14: Demonstrates a micrograph showing (intensely pink) fibrinoid necrosis (large blood vessel - right of image) in a case of vasculitis. H&amp;E stain was used.Figure from: Nephron]
Figure 14: Demonstrates a micrograph showing (intensely pink) fibrinoid necrosis (large blood vessel - right of image) in a case of vasculitis. H&E stain was used.
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