The acute inflammatory response always results in positive or beneficial outcomes
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Cut down on the process of inflammation

The acute inflammatory response is the initial tissue reaction to a variety of agents that cause injury. The principal causative agents can range from microbial infections to tissue necrosis, however the most important consideration that it is an immediate and early response to these causative agents (Robbins, Underwood). Three components are attributable to the acute inflammatory response, namely: alterations in vascular flow, structural changes in the microvasculature permitting exudation, and mass movement of leukocytes from the vascular areas to the focus of tissue injury (Robbins). It is important to recognise that although such occurrences are sequential initially, the acute inflammatory response incorporates all the phases described at any one time (Underwood). Clinically, the integration of these phases manifests to cause characteristic macroscopic appearances such as: redness, heat, swelling, pain, and loss of function (Underwood).  

The early stages of acute inflammation involves vascular changes leading to leakage of protein rich fluid into the extravascular space (Robbins). Vasodilation is the primary change occurring, after a brief period of vasoconstriction as a direct response to injury. Clinically, this manifests as heat and redness, due to increased blood flow. The duration of the active hyperaemic response is dependent on the stimulus; nevertheless it is usually proceeded by circulatory changes. The slowing of the circulation leads to stasis of the blood, and peripheral orientation of leukocytes, principally neutrophil polymorphs, becomes apparent – a process known as leukocytic margination (Marieb).  The adhesion of leukocytes to the endothelium is minute initially, however the increased avidity leading to ‘rolling’ and consequently ‘pavementing’ results in the transmigration of such cells into the interstitial tissues, which is discussed in greater depth anon (Robbins). 

The exudation of protein rich fluid into the interstitium resulting from the increased vascular permeability is the characteristic of acute inflammation.  This exudate contains an array of mediators including: constituents of the complement and coagulation cascades and immunoglobulins that may aid the subsequent repair of the injured tissue (Davidsons). Swelling is a materialisation of increased outflow of fluid to the extravascular tissues as a consequence of  decreased intravascular osmotic pressure and increased hydrostatic pressure, which is a consequence of vasodilation (Robbins). There has been wide-spread speculation regarding the ultrastructural basis of increased vascular permeability, however such mechanisms commonly involve mediators such as: histamine, bradykinin, leukotrienes, IL-1, TNF, interferons, VEGF and proteolytic enzymes (Robbins, Underwood). 

The process of extravasation involves leukocytic transmigration into the interstitium. This requires adhesion of the leukocytes onto the endothelial lining, which is modulated by endothelial adhesion receptors and complementary adhesion molecules expressed by endothelial cells and leukocytes, respectively (Robbins). These form part of the selectin, immunoglobulin, and integrin family. There are a two foremost mechanisms by which the leukocytes adhere to the endothelial lining, these involving the increased expression of adhesion molecules on the endothelial surface and increased avidity of adhesion. Currently, the accepted model entails cytokine mediators to increase expression of certain adhesion molecules on the surface of endothelial cells causing an immediate interaction between the leukocyte and carbohydrate ligands on the endothelial cell surface. Furthermore, chemokines augement the avidity of adhesion between the cell and ligand, and diapedesis occurs  by way of pseudopod formation and migration through interendothelial junctions (Robbins). Ultimately, degradation of the basement membrane is achieved by collagenases leading to eventual repair of the membrane post-transmigration (Marieb). 

After achieving entrance to the interstitium, leukocytes migrate through the tissue to the site of injury. This purposeful movement of the leukocytes along a positive concentration gradient is known as chemotaxis. Exogenous (e.g. bacterial products) and endogenous (e.g. C5a) agents act as chemoattractants ultimately causing leukocytes to be ‘attracted’ to the focus of injury. The mechanism surrounding this movement involves cascading events, eventually inducing the function of contractile proteins and this produces movement of the leukocytes by pseudopod formation. A time-lapse cine photography illustrates this movement noticeably (Robbins, Underwood). The accumulation of leukocytes, primarily neutrophil polymorphs, at the inflammatory focus leads to the beneficial outcome of phagocytosis. Phagocytosis involves the engulfment of foreign material and the subsequent degradation of this material. The material in question can range between non-self cells and residual particles resulting from tissue necrosis (Robbins). Phagocytosis engages three conspicuous but interrelated steps namely: recognition of bacteria, phagocytosing and degradation. Opsinisation is the process of coating the bacterial wall with opsonins, therefore increasing the efficiency of phagocytosis. The binding of these opsonins to specific receptors on leukocytes, particularly neutrophils, increases the ‘visibility’ and attachment of foreign bacteria. The attachment triggers the engulfment process which involves pseudopod formation and the fusion of such elements, internalises the bacteria. Once internalised, the highly specialised neutrophil polymorphs release toxic microbicidal agents that act to exterminate the foreign bacteria. Such mechanisms can be classified into oxygen dependent and oxygen independent categories. The former uses the myeloperoxidase enzyme found within the neutrophils to form HOCl, which is a potent antimicrobial agent therefore aiding in the death of the bacteria. The latter mechanism involves release of lysosomes containing digestive enzymes that set up an unliveable environment for the bacteria therefore also promoting bacterial demise. These mechanisms work in unision in producing a favourable response (Underwood, Robbins, Davidsons). 

The acute inflammatory response is a non-specific tissue response to injury due to a causative agent. It involves a number of distinct, yet integrated stages, which mutually produce a protective response against exogenous and endogenous stimuli. This protective function serves a positive role in reinstating tissue homeostasis, however its effects can have negative ramifications, which will be argued in this essay (Davidsons). (911 words – this is too much)

Acute inflammation produces local and systemic effects, which may be beneficial, harmful or in other instances serve no particular function (Underwood). This distinction presents a challenging question as to whether the acute inflammatory response is truly beneficial or does it pose more negative connotations than one of positive nature. An analysis of the effects of acute inflammation will be achieved shortly, followed by a critical judgement based on the evidence established. 

The positive characteristics of an acute inflammatory response is best represented by considering a pathological scenario. The ultimate condition leading from a streptococcal invasion of the lung airspaces is lobar streptococcal pneumonia (Davidson’s). Much of the beneficial effects arise from the increased vascular permeability, leading to the formation of fluid exudate, which dilutes the toxins produced by the invading bacteria, in this case streptococcus (Underwood, Davidsons). Such attenuation of the fluid exudate allows toxins to be transported via the lymphatics. The increased permeability also has an additional beneficiary tag. It allows entry of circulating antibodies and aides transportation of drugs to the inflammatory focus, such as lobar lung airspaces. The antibodies may participate in the lysis of the bacteria, assisted by the complement protein, or may be involved in the opsinisation of bacteria producing increased efficiency in phagocytic action. In addition, the antibodies may function to neutralise the toxins produced by the streptococcus bacteria (Underwood). Furthermore, increased vascular permeability causes effective transportation of antibiotics to the injury site, allowing a compounded response to occur (Robbins). 

Streptococcal infections causing pneumonia and Staphylococcus infections causing abscess formation are just two pathological examples of varied severity and multiplicity. Such pyogenic infections progress at a rapid rate (see Acknowledgement) and the exuded fibrinogen plays a vital role in facilitating phagocytosis. The ultra structural mesh like formation of fibrin impedes immediate movement of micro organisms, therefore trapping them for phagocytosis to occur, effectively increasing the efficiency of phagocytic action (Underwood). As explained, this fluid exudate is eventually drained into the lymphatics. Upon presentation of the antigens and cellular debris to the local lymph nodes, an immune response is elicited outlining yet another beneficial effect of the acute inflammatory response (Underwood). The increased efficiency of phagocytic action is also due to increased delivery of oxygen and nutrients to such cells as a direct result of the exudate (Underwood). It is important to recognise that even in a helpful inflammatory response like lobar pneumonia, there is evidence of ‘bystander injury’ to local cells whose repair must precede before tissue homeostasis is re-established (Davidsons). 

The main beneficial outcome regarding the acute inflammatory process is that tissue homeostasis is the ultimate aim. This is normally the case in the event of minor and short-lived damage as evidenced by our example, an acute lobar pneumonia. Complete resolution would mean the lung parenchyma would appear histologically normal (Underwood, Davidsons). In cases where destruction occurs in non-renegenerative tissues or excessive fibrin exudation, fibrosis occurs whereby connective tissue elements are interspersed in a process known as organisation (Robbins). This can be interpreted as a negative aspect too, as scar tissue cannot serve the tissue’s original function. In terms of systemic outcomes, fever can be considered as a favourable outcome depending on the intensity. Phagocytosis stimulates pyrogen release, which acts on the hypothalamus, resetting the thermostat to much higher levels. For bacteria to prosper, zinc and iron are essential nutrients, but during fever these nutrients are sequestered by the liver and spleen therefore negatively impacting on the growth of such microorganisms (Marieb). An important point must be stated in that, although mild to moderate pyrexia elicits an affirmative response, high fevers increase body temperature to a state where essential body enzymes cease to function, which could manifest into dangerous complications (Marieb). 

The acute inflammatory response features many digestive enzymes such as collagenases and proteases, which may act in a detrimental fashion to produce negative consequences (Underwood). The action of such enzymes is crucial for the movement of leukocytes into the interstitium, as they assist in the breakdown of the basement membrane but excessive action may lead to damage of normal tissues. Type III hypersensitivity reactions is an example where an antigen – antibody complex may activate the complement system, that causes injury to normal tissue (Underwood). In cases of infective endocarditis caused by alpha haemolytic streptococci or viral hepatitis, immune complexes are formed, which may then deposit into tissues, particularly blood vessels (Underwood). This may cause injury to blood vessels therefore causing a disturbance in the acute inflammatory response. 

Swelling is one of the cardinal signs of acute inflammation and may present as a negative feature of acute inflammation. Swelling is a consequence of the increased vascular permeability leading to increased exudate. Although, exudate formation can pose as a beneficial characteristic, the swelling of tissues can obstruct blood flow or air flow, especially when occurring within an enclosed space such as the cranial cavity. Meningitis is the acute infection of the meninges and causative agents vary from viruses, parasites and bacteria. In the UK, the most common cause of bacterial meningitis is the meningococcus (Neisseria meningitidis). Inflammatory cells infiltrate the pia-arachnoid, pus formation results and CSF pressure rises and is protein rich in content (Davidsons). Excessive pus formation may lead to cranial abscess formation. A combination of all of these may cause hydrocephalus or cerebral oedema, therefore obstructing vascular supply to some areas of the brain. Ischaemic damage may result, causing irreversible injury to the brain (Underwood). Therefore, swelling is an underlying harmful effect of the acute inflammatory response. 

Although the acute inflammatory response poses as the first step in dealing with any type of tissue disturbance, an inappropriate response is always a possibility and such a response may be life threatening (Underwood). In type 1-hypersensitivity reactions, the binding of antigen to IgE antibody on the surface of mast cells causes an immediate immune reaction (Underwood). The most common type of such a reaction is hay fever, where minute exposure to grass pollen leads to acute inflammation of nasal mucosae (Underwood). Sometimes the allergen may elicit an inappropriate immune response whereby causing and acute systemic anaphylaxis with presentation of circulatory collapse, dyspnoea and convulsions (Underwood). The circulatory collapse arises from hypotension with shock due to generalised peripheral vasodilation and constriction of bronchial smooth muscle results in the difficulty in breathing. When a resolution ot the acute inflammatory response is not achieved, it may progress to chronic inflammation (Robbins). While chronic inflammation is not classified as an ‘inappropriate’ inflammatory response, it is a harmful possibility if achieved. Helicobacter pylori is a spiral bacterium, which only colonises in the gastric mucosa causing chronic gastritis (EMINS). Much interest has been focussed on this bacteria’s ability to disturb the balance between mucosal defences and damaging forces hence allowing the aggressive action of acid-peptic juices to cause damage to the gastric mucosa (Robbins). Chronic inflammation is one of the outcomes of an acute inflammatory response, and one, which distinctly forms part of the category of harmful effects. 

Inflammation has been historically presumed to play a beneficial role in tissue repair, however during the latter half of this past century it befell that the inflammatory response may be detrimental in disease (Internet Ref). Such is the case in infectious diseases such as meningitis, or inflammatory disorders such as Crohn’s disease, or rheumatoid arthritis. Modern therapies of these autoimmune diseases feature anti-inflammatory agents like infliximab. Nonetheless, there are disease settings where acute inflammation results in beneficial effects and outcomes (Internet Ref). Thus, inflammation can be beneficial, detrimental or a negligible consequence associated with a disease pathology, depending on the nature and phase of disease (Internet Ref). 
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