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 UNIT 2

Wound Healing

CHAPTER 20 

In this unit we will look at three areas, the process of inflammation, wound healing and factors that may affect wound healing. Inflammation is a process that involves many cells of the immune system. The immune system itself will be discussed in greater detail in the next unit.

When we talk of wound healing there may be a tendency to think of a neat, clean surgical incision on the abdomen. However, I would like you to think about your own area of nursing practice and consider some of the types of wounds you may encounter. We need to think of wound healing in a broader sense than a scar on the abdomen. The scar is a visual remnant of a dynamic process, other healing takes place in deeper tissues, such as the dermis and muscle layers. In addition, healing occurs in a damaged myocardium, in a fractured bone, in burns, in a pressure sore, and even within the nervous system. The processes that are involved are the same as for the abdominal wound that we can see. Indeed any time that the tissues of our body are damaged the body attempts to heal.

Overview

Aim

The aim of this module is to increase your understanding of the processes involved in inflammation and wound healing. In addition, the module is designed to stimulate your thinking about the types of wounds you may encounter in your own practice.

Objectives

On completion of this unit you will be able to:

1. Describe the normal processes of inflammation and wound healing.

2. Describe factors involved in impaired wound healing.

3. Identify the signs of normal and impaired healing in clinical practice.

Resources
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Requirements

Porth, C. M. Pathophysiology-Concepts of Altered health States (7th ed). Philadelphia: Lippincott
Print Companion: Wound Healing

As you work through the unit keep the course text beside you as I refer to it frequently.

Web Links

All web links in this unit can be accessed through the Web CT system.

Section 1: Inflammation

Introduction
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	Note: It is important to distinguish between infection and inflammation as sometimes these two terms can be confused. Infection is the invasion of a host by microorganisms leading to their establishment and growth in the tissues of the host. (A host is any organism that is invaded by another for our purposes in most cases host = human although we can have “host cells” and “host tissues”).


Inflammation may be defined as the normal response of living tissue to injury. It is important to emphasize that inflammation is a normal process of the body and as such it is expected to occur when tissue is damaged. Indeed if injured tissue did not exhibit the signs of inflammation, this would be considered abnormal. Inflammation is a process that covers the time from tissue injury until healing occurs. It is important to note that you will only see signs of inflammation in living tissue. In other words, if tissue is destroyed as seen for example, in diabetics with gangrene of the great toe, it is not possible for that tissue to be inflamed. 

Classification

Inflammation has four stages: 

4. Destruction and removal of injurious agents

5. Confinement of the injurious agents

6. Stimulation and enhancement of the immune response (This is dealt with in the next unit)

7. Promotion of healing

It is important to realize that this is an artificial division as these stages overlap to a greater or lesser extent with each other.

Acute/Chronic Inflammation

Inflammation has also been separated into acute and chronic types. On a superficial level the difference between them is one of time. Acute inflammation that has lasted longer than 10-14 days is usually considered chronic. At the cellular level there is a difference in the types of cells that predominate. In acute inflammation there is an abundance of phagocytic cells (neutrophils and macrophages), whereas in chronic inflammation lymphocytes, monocytes, and plasma cells predominate. There is a subset of chronic inflammation known as granulomatous inflammation. In this type there is a wide range of different cells such as, swollen macrophages and mature monocytes. These cells may fuse together and form “giant cells,” or they may clump together in a mass and form a granuloma. The remainder of this module will be confined to the discussion of acute inflammation
Cardinal Signs of Inflammation

The cardinal signs of inflammation have been recognized for literally thousands of years. I have included the Latin translation of the words:

· Heat   

(Latin = calor)

· Pain   

(dolor)

· Redness
(rubor)

· Swelling
(tumor)

Loss of function (functio laesa) was added later, by Galen who was born around 130 AD! 

The inflammatory response occurs within seconds, we might ask why should these signs occur? 

First of all, a stimulus is necessary to give rise to the response. Types of stimuli include: 

· mechanical injury (trauma)

· chemical injury

· presence of pathogens

· biochemicals from dead cells (e.g., enzymes released from dead or damaged cells)

Vascular Response

Initially at the site of injury there is vasoconstriction, followed rapidly by dilation of the blood vessels (causing redness and heat). The endothelial cells of the blood vessel contract thus increasing the permeability of the vessel walls to plasma proteins. Protein rich fluid (exudate) escapes into the extravascular space thus causing localized swelling in the tissues. 
Leucocytes (especially neutrophils and monocytes) move to the site of injury. They line up on the inner surface of the blood vessel; this is known as “pavementing” or “margination.” They then have the ability to pass through the wall of the vessel and into the extravascular space The vascular responses described above cause the outward signs of heat, redness, and swelling.

What causes pain?

Pain

The sensation of pain is important as it serves a protective function. When we experience pain, we know that something is wrong and so we seek help and protect the injured part. Can you imagine what sort of damage would be done inside your abdomen if no pain was experienced with a ruptured appendix? On a physiological level pain is experienced because of swelling in the tissues which in turn puts pressure on the nerve endings. In addition, some of the biochemicals that are released from the process of inflammation stimulate the nerve endings. Consequently the body’s way of protecting the injured part is for loss of function to occur. This makes sense; if someone has a fractured radius and continues to move the arm around as before, then a lot of soft tissue (nerves, blood vessels and muscle) damage would occur. 

The Inflammatory Response and Exudate 

There are different types of exudate produced during the inflammatory response. Before looking at some examples, let’s review what normally happens in both the arteriole and venous capillaries:

8. At the arteriolar end, the hydrostatic pressure (HP) is approximately 32 mmHg. This pressure forces fluid out of the arteriole and into the surrounding tissue spaces (see Figure 2.1).

9. At the venous end the HP is 12 mmHg, however the osmotic pressure (OP) is approximately 25 mmHg. The OP is mainly due to the presence of plasma proteins. The OP “pulls” fluid from the surrounding tissue spaces back into the veinule.


	Note: Normally capillaries are only slightly permeable to plasma proteins (see Figure 2.1).


Now let’s look at what happens in inflammation:

10. At the arteriolar end, when vasodilation occurs in inflammation there is a local increase in HP to about 60 mmHg. What do you think happens to the fluid...? That’s right! Fluid will be forced out at the arteriolar end (a lot more than usual), and into the surrounding tissue spaces (see Figure 2.2). 

11. Vasodilation occurs, but also recall that blood vessels become more permeable to plasma proteins. The difference in OP between tissue fluid and venous blood no longer exists. What do you think happens to the fluid that normally returns to the veinules from the surrounding tissue fluid...?

That’s right! Fluid does not return to the veinules and remains in the tissue spaces (see Figure 2.2).

Therefore because of the processes involved in the inflammatory process there is an accumulation of fluid in the tissue spaces. We usually call this type of fluid edema. When it occurs during the inflammatory process we call it exudate.
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Figure 2.1 The movement of fluid in the “normal” capillary bed
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Figure 2.2 The movement of fluid during inflammation

	Note: The arrows indicate the movement of fluid.


Types of Exudate

There are different types of exudate depending on the cause of the inflammation. Exudate has varying degrees of consistency depending on its constituents. For example:

· Mild inflammation—such as a blister on the palm of your hand—the fluid in a blister does not contain much protein. It is known as watery exudate. When there is more protein present it is termed serous exudate. For example we see serous rexudate oozing from abdominal wounds. When the serous exudate is blood stained it is termed serosanguinous exudate (or hemoserous).

· Severe inflammation—such as occurs in lobar pneumonia—the fluid is much more viscous (thick) and contains clot, plasma proteins and leucocytes. This is fibrinous exudate.

· When infection is present and pus is formed the exudate is extremely viscous. It contains proteins, dead microorganisms and macrophages as well as other cellular debris. This is known as purulent or suppurative exudate. When the exudate contains large amounts of blood it is termed hemorrhagic.

Functions of Serous Exudate 

12. Dilution of toxins produced by bacteria.

13. Provides a fluid medium for the movement of immunoglobulins (antibodies) and phagocytes. 

14. Excess exudate is drained off via the lymph vessels. Micro-organisms are transported to the lymph glands and an immune response is mounted. 

In relation to wound healing: 

15. Serous exudate maintains humidity at the wound surface. It has been shown that dehydration at the wound surface delays wound healing (Winter & Harkiss, 1971).

16. It provides a fluid medium for re-epithelialization to occur. Re-epithelialization is promoted in a moist environment (Winter & Scales, 1963).

17. The exudate can clot and form a fibrin mesh, this acts as a barrier to the spread of bacteria.

Thus far we have looked at the cardinal signs of inflammation, the effect on the HP and OP in the capillaries and exudate.

The Inflammatory Response and Chemical Mediators

Let’s take a closer look at how the changes in inflammation occur. Specifically, increased vasodilation and permeability of the blood vessels and the movement of the leucocytes involved. 

Seven chemical mediators of the inflammatory response are distributed throughout the body in an inactive form. The mediators are released and activated at the site of inflammation. Let’s take a brief look at each of the mediators. 

Histamine 

Histamine is stored in two cell types in the body, mast cells and basophils. Mast cells are found in the tissues all over the body (e.g., the lungs, the gastrointestinal tract). Basophils may be thought of as circulating mast cells, and are found in the blood. (See Fig. 7-4 on page 200 of the course text for an illustration of the mast cell). Histamine is stored ready for release. It is released from the mast cell when an antigen and a pair of immunoglobulin E (IgE) molecules bind to the cell surface. Mast cell degranulation takes place and histamine is released. If you have an allergy to, say, pollen this is precisely what happens. The pollen is the antigen and when it combines with two IgE molecules on a mast cell in your lungs, histamine is released. Now, if you have an allergy you already know what happens next Histamine action:

· Contraction of extravascular smooth muscle. For example, the smooth muscle of the bronchi constricts and the bronchial air passages become narrowed

· Dilation of the blood vessels

· Increased vascular permeability — this leads to localized edema (exudate)

· Stimulation of pain fibres — produces an “itchy” sensation

Histamine acts quickly in the initial phase of inflammation. As an aside, when a generalized allergic reaction occurs histamine is released from mast cells all over the body and from the basophils. This causes the individual to experience anaphylactic shock. (We will deal with this later in the unit about shock.)

Degranulation of mast cells may also be stimulated by two components of the complement system, C3a and C5a

Serotonin (5-Hydroxytryptamine)

The majority of this substance (90%) is produced by cells in the gastrointestinal tract. The cells are known as enterochromaffin cells. These cells are also known as APUD cells (APUD = Amine Precursor Uptake Decarboxylation). When serotonin is released much of it is taken up by the platelets. Serotonin has much the same action as histamine.

	Learning Activity

Stop and Think

Now stop and think for a minute. Why would the platelets take up serotonin?

Well, when there is tissue damage platelets arrive on the scene and it is at this point that they can release the serotonin they have taken up. Serotonin acts similarily to histamine. Both of these substances are known as vasoactive amines (vaso = vessel; amine = protein). In other words they are proteins that act on vessels.

The other 10% of the serotonin is found in the central nervous system. It is found in that part of the central nervous system known as the dorsal raphe nuclei. It is thought that serotonin is involved in pain, sleep and it also acts as a neurotransmitter. 


Lysosomes

Lysosomes are sacs of digestive enzymes that are found in phagocytes (Greek, phago = I eat; cyte, cyto = cell). The phagocytes use these digestive enzymes to destroy bacteria. Many cells contain lysosomal enzymes. When cell death occurs these enzymes are released. 

The Kinins

The kinins are a family of vasoactive polypeptides which are produced by a cascade system: 

· At the time of tissue damage kallikreins (enzymes) act on an inactive precursor known as kininogen

· Different types of kinins are formed

· Perhaps the best known is bradykinin (Greek, brady = slow; kinin = to move)

Thus the effect of bradykinin is slow and long lasting. It has the same action as histamine. In addition it stimulates nerve fibres to produce a pain sensation and it is thought to play a role in the margination and emigration of leucocytes at the site of inflammation. It is also a potent chemotactic agent .
Complement

Complement represents a complex biochemical system that plays an important part in the inflammatory response. The activation of complement is described as a cascade system. This means that activation occurs in a step-like fashion.. The system can be activated in two ways (see pp. 381 – 382). I am not asking you to remember the steps in the pathways but rather to be aware of the role of complement. 

18. The classical pathway—This is activated by an antigen-antibody complex
19. The alternate pathway—Cell wall polysaccharides from bacteria activate the system. The components that are produced enhance the inflammatory process in the following ways:

· Opsonization of bacteria. Opsonization means to prepare for eating! The bacteria are coated and this prepares them for digestion by the phagocytes. 

· Attraction of leucocytes to the area of tissue damage (chemotaxis).

· Release of anaphylatoxins - causing degranulation of mast cells and the release of histamine. 

· Destruction of bacteria by drilling a hole in the bacterial membrane causing cell lysis.

Prostaglandins

Prostaglandin is the generic name for a family of polyunsaturated fatty acids. They are so called because they were isolated from cells of the prostate gland, however many cells of the body have the capability of producing prostaglandins. The major series of prostaglandins are PGA, PGB, PGE and PGF. They are then further subdivided into PGE-1, PGE-2 and so on.

Prostaglandins act as mediators and regulators of inflammation. They are not stored but rather are synthesized when required. They have the same action as histamine (i.e., increased vascular permeability; smooth muscle contraction; stimulate pain fibres and neutrophil chemotaxis). The amount of prostaglandin that is released causes different effects. Generally speaking low concentrations contribute to the inflammatory process as described above, whereas high concentrations can inhibit some aspects of the inflammatory process, for example, suppression of histamine and lysosomal enzymes. 

Leukotrienes

Leukotrienes are produced from arachidonic acid. Their action is very similar to that of the prostaglandins. The effects are similar to histamine but are slower and longer lasting.

Other Biochemical Substances

Other important substances are released by cells during the inflammatory response. Three substances are lymphokines, interferons and interleukins. Here is a brief summary: 

Lymphokines

· Produced by T cells

· Two examples are, migration inhibition factor (MIF) and macrophage activation factor (MAF)

· MIF prevents macrophages from moving away from the site of inflammation

· MAF increases macrophage activity in the area

Interferons

· Produced by virus infected cells, are released and attach to neighbouring cells

· Interferon stimulates uninfected cells to produce a protein which prevents the virus from replicating

Interleukins 

· Produced by lymphocytes and macrophages. 

· Stimulate further lymphocyte and macrophage activity to respond to antigens. 

Summary

As you can see from the preceding information the entire inflammatory process is complex and a number of biochemical substances are involved. Many of these biochemicals have similar functions and interact with one another. This is a feature that is common to many functions in the body especially at the cellular level. It is almost as if the body wishes to ensure that all the bases are covered not just once but several times over. 

Learning Activity #1

A variety of factors can affect the inflammatory response. In other words the inflammatory response is not the same in every individual. 

Can you think of some factors that might affect the inflammatory response? (Answers are at the end of this unit.)

That completes the section on the inflammatory process. Let’s take a look now at wound healing. 

Section 2: Wound Healing 

You will recall from our definition of inflammation at the beginning of this module that the process of inflammation is not complete until healing occurs. 

The optimum outcome in healing is, of course, complete restoration of structure (anatomy) and function (physiology). When this occurs it is known as resolution. Complete resolution is possible with tissue that is capable of regenerating. Cells have been classified into three types with respect to regeneration:

20. Labile cells—These cells are constantly dividing, for example, skin, bone marrow, and the epithelia of the genitourinary and gastrointestinal systems.
21. Stable cells—The tissue composed of these cells stops dividing (mitosis) when we stop growing, but it will regenerate under certain circumstances. For example, bone, lung and liver hepatocytes (note: the parenchymal or support cells of the liver do not regenerate).
22. Permanent cells—These cells cannot divide. We get a fixed number of these and we have to make do with what we get! For example, cells of the central nervous system and cardiac muscle fall into this category. This explains why individuals who transect their spinal cord will be paraplegic for the rest of their lives. The nerves of the spinal cord are incapable of regenerating. Similarly, individuals cannot sustain an indefinite number of infarctions to their myocardium. Heart muscle is also incapable of regenerating.
It is important to note that although certain cells cannot regenerate this does not mean that healing cannot occur. It just means that healing is not as complete (i.e., resolved) compared with those cells that can regenerate. Thus when an individual sustains a myocardial infarction, the tissue that is damaged will heal however it will not (unfortunately) regenerate. In other words, the normal structure and (especially) the normal function is not completely restored.

When large lesions occur and there is much loss of tissue (especially in tissues that cannot regenerate) then healing occurs by replacing the lost tissue with collagen. The collagen forms a scar and the wound is said to have repaired. As you might guess, repair allows for closure of the “gap” in the wound, however collagen cannot carry out the usual function of the tissue that it has replaced.

It is also important to think of wound healing as something that occurs in all tissues of the body. As I stated in the introduction to this unit, there is a tendency for us to think of wound healing only in the context of a surgical incision or at least an external, visible wound. However, whenever tissue damage occurs, be it externally or internally the same phases of healing take place. With respect to time, healing may take days, as in the case of a surgical incision to a well vascularized area (such as the neck). For example, following a partial thyroidectomy, sutures may be removed as early as the fourth postoperative day. Conversely healing may take months (e.g., spiral fracture of the femur) or even more than a year (e.g., a large pressure sore; damage to the central nervous system). Thus we can think of a wound as an area of tissue damage in which it is necessary for healing to take place.

Examples of wounds would include:

· Cerebrovascular accident, transection of the spinal cord

· Lung damage -- chronic bronchitis, pneumonia

· Myocardial infarction

· Mouth ulcer, duodenal ulcer, gastric ulcer

· Ruptured appendix

· Fracture of a bone

· Decubitus ulcer

· Burns

This list is by no means exhaustive, perhaps you can add to it based on the type of wounds (tissue damage) that you see in your own clinical practice.

From your own clinical practice you will be aware that healing can take variable amounts of time. This depends to a large extent on:

· The type of tissue that is injured, (e.g., bone takes longer than skin)

· The extent of the damage, (e.g., skeletal muscle loss from a motor vehicle accident will take longer to heal than a “neat” skin incision)

Other factors are involved in healing and we will discuss these later in the module.

Classification of Wound Healing

We speak of wounds healing by primary and secondary intention. Table 2.1 lists some differences between them.

Table 2.1 Differences in healing by primary and secondary intention

	Primary intention 


	Secondary intention



	· Wound edges closely apposed

· Minimal tissue loss

· Wound heals quickly

· Usually healing by regeneration


	· Wound edges separated 

· Large tissue loss

· Healing takes longer 

· Usually healing by repair 




Some other differences between primary and secondary intention can be found on page 228 of the course text.

Phases of Wound Healing 

Healing can be divided into different phases. There is some overlap between these phases. At the cellular level it is possible to detect different amounts and types of cellular activity. The example that follows illustrates healing by primary intention. Essentially the same activity occurs when healing is by secondary intention, however you will recall that healing by secondary intention takes longer and there is more scar formation.

Phase I - Inflammation 1-4 Days 

In this phase the inflammatory response occurs, we have already discussed this in depth! Only a brief overview will be given:

·  Formation of blood clot – prevents further blood loss and protects from bacterial invasion (the wound is “sealed”)

· Formation of wound exudate, usually serous exudate that is stained with blood (i.e., serosanguineous exudate)

· Neutrophils ingest and destroy bacteria

· Macrophages scavenge and clear up dead material and cellular debris

· The cardinal signs of inflammation are present. Remember! This is a normal response of living tissue

Phase II—Proliferation 1-20 days 

The course text refers to this as the reconstructive phase 

Epidermal cells bridge the “gap” in the wound by about day 3 (i.e., re-epithelialization takes place)

· Small blood vessels bud from the ends of damaged ones and grow into the wound. They then differentiate into arterioles and veinules. In this way oxygen and nutrients are transported to the site of injury. Excess fluid and debris is also removed. Budding of new vessels is stimulated by angiogenesis factor (AGF). This is secreted from histiocytes which are white blood cells derived from monocytes (Cooper, 1990).

· Fibroblasts manufacture collagen. Collagen provides a “scaffolding” to support the fragile new blood vessels and it increases the tensile strength of the wound. The collagen fibres align themselves along the lines of tension.

· By the 14th day the wound has about one quarter of its former strength (Carrieri, Lindsey & West, 1993).

· Wound contraction due to the action of myofibroblasts.

Phase III - Maturation 20 days - 6 Months to Years 

· Period of tissue regeneration (in those tissues that are capable of this)

· Remodelling of collagen fibres -- increase in tensile strength of wound

· Rationalization of capillary blood vessels -- many occlude and disappear

· Further contraction of the wound (by myofibroblasts)

· Further atrophy of the capillaries -- the scar changes colour from pink to white

One of the main features of this type of healing is the presence of granulation tissue. In an open wound granulation tissue can be directly visualized. It appears as a bed of soft red tissue that is dotted throughout with small blood vessels. Granulation tissue is very fragile. When cleaning an open wound that is healing by second intention it is very easy to cause bleeding in the granulation tissue. Thus great care is necessary when dealing with this type of wound.

Impairment of Wound Healing

There are a great many factors that may affect successful healing of a wound, only some of them will be mentioned here, (note the photograph of keloid formation on page 399 in textbook). 

A brief overview of factors that affect healing:

· Wound infection—this has to be cleared before healing can take place.

· Necrotic (dead) tissue—it is essential that dead tissue is removed (debrided) before healing can occur.

· Stress can delay wound healing - increased stress has been shown to elevate serum cortisol levels (Crosby, 1988). High levels of cortisol can effect the normal inflammatory response and interfere with healing.

· Nutrition—an individual who is poorly nourished will take longer to heal. Protein is necessary for lymphocyte production, collagen synthesis and the formation of new blood vessels (Garvin, 1990). In addition, fats are used in the synthesis of prostaglandins, and carbohydrates provide the energy that is necessary for anabolism. Vitamins and minerals are also important, for example, vitamin C and zinc are required for re-epithelialization and collagen formation (Stotts, 1986). 

· Immune system—a competent immune system is important for healing to take place. The very young and the very old are at risk for delayed healing with respect to the immune system. In the neonate the immune system is not yet fully mature, whereas in the elderly patient, T cell and antibody response is decreased. (If you are interested in the young or old in relation to wound healing may I suggest the articles by Garvin, 1990 and Jones & Millman, 1990 respectively as good resource material.)

Other factors that are known to have an effect on wound healing include: 

· poor oxygenation to the site of injury (e.g., poor blood supply)

· an underlying pathology (e.g., diabetes mellitus)

· lack of adequate sleep

· certain medications (e.g., steroids, nonsteroidal anti-inflammatories, and immunosuppressive agents)

· dehydration

Learning Activity # 2

Study Group Activity

Stop and think. What type of patient/client population do you deal with in your clinical practice? Can you think of the factors that may be detrimental to wound healing? What factors contribute to satisfactory wound healing?

Given the preceding information think about these questions and if possible discuss them with colleagues at your place of work or with classmates by email.

23. Do you think that applying a plain, dry, gauze dressing to a wound that is healing by primary intention is appropriate? Why/Why not?

24. If you assess a patient/client’s wound after 10 days and it appears inflamed and edematous, is this to be expected? (Explain your answer.)

25. Why do people have an increase in their temperature and white cell count 2-3 days following a myocardial infarction? 

Final Thoughts

Well that concludes the unit on wound healing. We have looked at inflammation and the characteristics of the inflammatory response, healing by first and second intention and finally factors that detract from and contribute to satisfactory wound healing. It is important to try and relate the material in this unit to your own clinical practice.

Web Activity

Once you have completed this unit visit the following web site:

http://www-medlib.med.utah.edu/
Click on Web Path (remember to scroll down the page)

Click on General Pathology (scroll down the page)

Click on Inflammation

Check out images 1 through 12, 22, 26, 30 and 63. Feel free to browse the other images. For example atherosclerosis and thrombosis images 1-4, 13, 28 and 37.
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Glossary

inflammation: The normal response of living tissue to injury.

kinins: A family of vasoactive polypeptides which are produced by a cascade system.

lysosomes: Sacs of digestive enzymes that are found in phagocytes (Greek, phago = I eat; cyte, cyto = cell).

prostaglandin: The generic name for a family of polyunsaturated fatty acids.

Checklist of Requirements

(
Read Print Companion Inflammation and Wound Healing

(

Answers to Learning Activities

Learning Activity #2

Factors affecting the inflammatory response:

· Genetic make up

· Poor blood supply to the affected area

· Poor diet (i.e., malnutrition), low reserves of protein and vitamins

· Age: very young and the elderly may not be able to mount an effective inflammatory response due to immature cells and less efficient physiological functioning respectively. Neonates are also partially deficient in complement.

· Drugs: a variety of drugs can affect different components of the inflammatory response. Aspirin, alcohol, steroids and immunosuppressive medication.



















