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   Key points
     1. 
       Lower limb amputations account for the majority of all amputations
       in the UK, with peripheral vascular disease and diabetes being the
       major reasons for surgery.
     2. 
       Within the population of patients with peripheral vascular
       disease, major lower extremity amputation results in significant
       perioperative morbidity and mortality.
     3. 
       Potential wound-healing complications associated with lower limb
       amputation stumps include infection, tissue necrosis, pain,
       problems associated with the surrounding skin, bone erosion,
       haematoma, stump oedema and dehiscence.
     4. 
       The highest rate of surgical site infection is associated with
       lower limb amputations.
     5. 
       Wound healing outcomes for amputees can be maximised by
       multidisciplinary team working.
   [Abstract]
   The majority of patients undergoing amputation of the lower limb have
   peripheral vascular disease, often resulting in significant morbidity
   and mortality. The incidence of amputations is higher in smokers,
   rises with age and is higher in men than women. Furthermore, people
   with diabetes form just less than half of all amputees. Consequently,
   it is not surprising to find that such patient risk factors can result
   in an array of wound-healing difficulties, thus prolonging
   debilitation and reducing quality of life. The UK’s increasingly
   ageing population means that more elderly patients will be operated on
   in the future, thus giving rise to a growing trend in postoperative
   tissue viability problems where skin fragility and multiple
   pathologies such as diabetes and peripheral vascular disease co-exist.
   Hence wound healing complications associated with amputation are
   becoming more commonplace, requiring sophisticated management
   strategies to meet the needs of these vulnerable patients. The most
   important factor in ensuring a successful amputation is the correct
   choice of amputation site based on assessment of limb perfusion and
   functional requirements. The following factors will affect the outcome
   of amputation: the patient’s nutritional status, age, tissue
   perfusion, smoking habits, infection and the presence of co-existing
   diseases such as anaemia and renal failure. This paper describes a
   number of problems associated with amputation wound healing, including
   infection, tissue necrosis, pain, difficulties associated with the
   surrounding skin, bone erosion, haematoma, oedema and dehiscence/wound
   breakdown. It draws on the available literature to guide best practice
   in this complex area of surgical wound care and highlights the
   importance of multidisciplinary team working.
   [Heading 1]
   Introduction
   Amputation is the term given to the severance of a limb, or part of a
   limb, from the rest of the body (1). Amputations above or below the
   knee are termed major. Minor amputations involve partial removal of a
   foot, including toe or forefoot resections (2). Amputation is
   performed on patients with advanced critical limb ischaemia who cannot
   be treated with reconstructive vascular surgery (to restore blood flow
   to the leg) or in whom vascular surgery has failed, for patients with
   diabetic foot infections, extensive venous ulceration or following
   major trauma (3).
   [Heading 1]
   Epidemiology
   The lower limb amputee population in England is thought to be around
   52,000 (4). Patients who have undergone lower limb amputation account
   for 92% of all amputees referred to prosthetics centres in the UK (4).
   Significant geographical variation in lower extremity amputation rates
   has been reported in the UK, with variability in clinical
   decision-making a likely factor (though further research is required
   to explore the reasons for this) (5). The incidence of amputation is
   higher in smokers (6), rises steeply with age, with most amputations
   occurring in patients aged more than 60 years, and is higher in men
   than women (7). Diabetes is a significant factor in lower-limb
   amputation (8). People with diabetes constitute 50% of all major lower
   limb amputees (9). Diabetes-related lower extremity amputation rates
   have been found to be 12.5 to 31.6 times those of patients without
   diabetes (5).
   [Heading 1]
   Aetiology
   Approximately 85-90% of lower limb amputations in the developed world
   are caused by peripheral vascular disease, with the remaining
   amputations caused by infection secondary to diabetic foot ulceration
   (10). The incidence of lower limb amputation arising from vascular
   impairment or lower limb ischaemia increased from 56% in 1998/99 to
   75% in 2004/05 in the UK (4). The authors point out that this increase
   could be attributed to improved data recording from prosthetic
   centres. Table 1 gives statistics from the Amputee Statisitical
   Database for 2004-2005 (4).
   Table 1: Conditions that contribute to lower limb amputation (4).
   Cause of lower limb amputation
   Percentage
   Dysvascularity
   Neoplasia
   Neurological disorder
   Infection
   Trauma
   Other
   No cause provided
   The dysvascularity group can be further broken down as follows:
     * 
       diabetes mellitus
     * 
       non-diabetic arteriosclerosis
     * 
       patients for whom no additional detail was available
     * 
       other dysvascularity
   75%
   2%
   2%
   7%
   9%
   3%
   2%
   42%
   29%
   24%
   5%
   Acknowledgement
   Reproduced from: National Amputee Statistical Database. National
   Amputee Statistical Database Annual Report, 2005 (4)
   [Heading 1]
   Types of lower limb amputation
   Amputation is performed at a number of different levels (see Figure
   1). The most common continues to be the trans-tibial level, accounting
   for almost half of all referrals to the prosthetic services in the UK
   (4). Determining the ideal level of amputation for a patient depends
   on a number of factors. An holistic assessment considers factors such
   as healing potential, rehabilitation potential, prosthetic
   considerations, the patient’s own wishes, discharge arrangements (11),
   and the extent of non-viable tissue on the affected limb (3).
   Consideration must be given to knee and hip function and the presence
   of joint prostheses. The final choice of the level of amputation is
   considered to be a compromise between ensuring primary wound healing
   and maximising the patient’s function postoperatively (12).
   Wherever possible, patients should be empowered to make an informed
   decision about the level of amputation. People to involve in this
   process would be the surgeon, the vascular nurse, who can offer
   pre-operative counselling, the physiotherapist and possibly an
   ‘expert’ patient who has undergone amputation.
   All patients undergo a vascular surgical assessment before amputation
   (13) (14), which may incvolve a number of procedures, including
   transcutaneous oxygen (TcP02) measurements (15), laser Doppler
   flowmetry (16) and segmental pressures and ankle brachial pressure
   indices.
   FIGURE 1 HERE
   Figure acknowledgement after Figure 1:
   Adapted with permission from Marcovitch, H. Blacks Medical Dictionary.
   London: A&C Black, 2003 (1).
   Figure 1 shows common levels of lower limb amputation. These are as
   follows:
     * 
       Above knee
     * 
       Through knee
     * 
       Below knee. Two types of skin flap can be used. The posterior
       myocutaneous flap is well vascularised and contains muscle and
       skin and is designed to compensate for the poorly vascularised
       anterior skin flap (3). If a skew flap is used the join of the
       flap is oblique, thus the tibial crest is covered by the
       gastrocnemius muscle and blood supply to the flap is preserved (17)
     * 
       Ankle
     * 
       Forefoot.
   [Heading 1]
   Postoperative wound care
   In most instances, surgeons performing a lower limb amputation will
   use the primary closure technique, in which the edges of the wound are
   closely approximated, thus eliminating dead space and involving
   minimal formation of granulation tissue (14). There may be a drain in
   situ which will be removed on the first or second postoperative day (12).
   The drain is often not sutured in place to allow its removal without
   disturbing bandages or dressings.
   It is advisable to assess amputation wounds regularly for evidence of
   problems such as offensive odour, haemorrhage or excessive exudate (18).
   In most cases surgical wounds are managed with a simple island
   dressing, orthopaedic wool padding and a light retention bandage. It
   could be argued that such low cost, traditional dressings are adequate
   for most surgical wounds. However, amputees with poor tissue integrity
   often require modern woundcare products that offer additional
   benefits, such as the low adherence offered by the soft silicone
   range. Indeed, dressing adherence as a result of dried blood products
   can cause trauma, pain and anxiety at dressing changes (19). Wound
   dressings also need to be robust enough to withstand movement and use
   of the stump; they should not limit or interfere with the patient’s
   rehabilitation.
   There is a lack of agreement surrounding the length of time a
   surgically closed wound should be covered. Some clinicians argue that
   the wound can be left exposed after 24 to 48 hours (20) (21). However,
   others propose that exposure may contribute to wound pain, suggesting
   that the wound should remain covered until suture removal (22). In
   light of hospital-acquired infection rates, it would seem prudent to
   challenge regimens of the past and maximise the time a wound is
   covered. Moreover, the stump often requires additional protection from
   trauma, which can be experienced during transfer to and from the
   patient’s wheelchair.
   A correctly placed stump bandage can be used to mould the stump and
   allow early mobilisation so may be left in place for four to five
   days, only being changed if there is increasing stump pain, odour or
   pyrexia. Practice varies according to local protocols – rigid plaster
   dressings are fitted in some centres in the immediate postoperative
   period, with reports of quicker wound healing and earlier ambulation (23).
   Heading 1
   Wound healing complications in the lower limb amputee
   Surgical wounds that heal by primary intention are expected to heal
   successfully without complications (24). However, there is little
   evidence to demonstrate that this actually happens in practice.
   Although wound infection is acknowledged to be a significant problem
   in surgical wounds, there are anecdotal reports that other
   complications such as dehiscence, the splitting open of a closed
   wound, and skin blistering occur, yet these problems do not feature
   widely in the literature.
   It has been estimated that over six million operations were undertaken
   in the NHS in England and Wales in 1998-99 (25). However, advances in
   surgery would suggest that the number of surgical procedures and their
   resulting wounds are set to increase. The National Institute for
   Health and Clinical Excellence (NICE) estimates that, based on data
   from a surgical department of a district general hospital, there may
   be 21,000 difficult-to-heal surgical wounds per annum in England and
   Wales (25). NICE acknowledge that this number may be a significant
   underestimate. The UK has an ageing population, which suggests that an
   increasing number of elderly patients will be operated on in the
   future, thus producing a rise in postoperative tissue viability
   problems where skin fragility and multiple pathologies co-exist.
   Indeed, both Harding (1993) and Mulder et al (1998) have alluded to
   the need for awareness of demographic changes in relation to woundcare
   developments – tissue friability and prolonged wound repair associated
   with ageing are acknowledged to be key problems (26) (27).
   Within the population of patients with peripheral vascular disease,
   major lower extremity amputation results in significant perioperative
   morbidity and mortality (28) (29). Patients are often extremely
   debilitated, with multiple co-existing cardiovascular risk factors.
   The prognosis following amputation is poor: nearly a third of
   unilateral amputees lose the other limb within three years and half of
   them will die within five years (30).
   Wound healing complications associated with the stump of an amputee
   are important because in some cases these determine a patient’s
   ability to walk with a prosthetic limb (31). One study concerning
   lower limb amputation found that the commonest stump-related
   complications were wound infection and poor healing (70%), poorly
   fashioned stumps (20%) and phantom pain (10%) (31). The healing rates
   for below- and above-knee amputations vary considerably. It is thought
   that a total of 90% of above-knee major amputations heal, 70%
   primarily, whereas for below-knee amputations, primary healing rates
   range between 30% and 92%, with a re-amputation rate of up to 30% (8).
   Important factors in healing and outcome of amputation include the
   patient’s nutritional status, age, whether or not the patient smokes,
   the presence of old potentially infected graft material and the
   presence of co-existing diseases such as renal failure, diabetes and
   anaemia (32) (33). Site selection is considered a crucial factor as
   healing depends on the adequacy of perfusion. Healing also depends on
   the technical precision of the surgeon (28). The type of surgical
   technique used for below-knee amputation has not been found to have an
   effect on stump healing, wound infection, re-amputation rate or
   mobility with a prosthetic limb and is considered to be a matter of
   surgeon preference (3). Chalmers and Tambyraja conclude that no system
   is foolproof in predicting amputation healing (34).
   Wound healing complications are listed in Table 2. and are discussed
   below.
   Table 2: Potential wound healing complications associated with lower
   limb amputation stumps.
   Complications
   Infection
   Tissue necrosis
   Pain
   Dehiscence/wound breakdown
   Problems associated with the surrounding skin
   Bone erosion/osteomyelitis
   Haematoma
   Stump oedema
   Heading 2
   Infection
   Infection can pose serious complications for the amputee. Indeed, some
   clinicians recommend the use of prophylactic antibiotics to reduce the
   risk of sepsis. Methicillin-resistant Staphylococcus aureus (MRSA)
   continues to be a major problem in surgical practice. MRSA infection
   in patients undergoing vascular reconstructive surgery is considered
   to be a serious and disastrous complication (35). However, one study
   has demonstrated that in those patients specifically undergoing lower
   extremity amputation, MRSA infection does not adversely affect
   clinical outcome with respect to number of revisions, revision to
   higher level amputation, time to heal, hospital length of stay, or
   30-day morbidity and mortality rates (36). It is recommended that
   aggressive wound monitoring should be routine in all patients (36).
   One complication for which to observe is cellulitis, characterised by
   swelling, pain, pus formation, erythema, heat, sometimes accompanied
   by fever, leading in severe cases to septicaemia (37). Even localised
   wound infection can be problematic, resulting in excess exudate and
   breakdown of the suture line (38). A severe infection can lead to
   wound dehiscence (39), significant tissue necrosis and result in
   further re-amputation.
   One retrospective review of lower extremity amputations for peripheral
   vascular disease found that wound infections featured as a
   complication in 5.5% of below-knee amputation limbs and 6.7% of
   above-knee amputation limbs respectively (29). Figures from the
   Surgical Site Surveillance Service in England (40) demonstrate that
   the highest rate of surgical site infection was reported in
   association with lower limb amputations. This is perhaps not
   surprising when many patients undergo amputation for grossly infected
   limb ulceration. The authors of this report explain that high
   infection rates are likely to be related to underlying risk factors
   that affect wound healing and vulnerability to infection, such as poor
   limb perfusion and diabetes. On average, patients with diabetes are
   approximately five times more likely to have a post-surgical wound
   infection than non-diabetics (41).
   Additional risk factors predisposing the amputee to infection include
   a past or current history of corticosteroid therapy and other disease
   processes leading to an immunocompromised state (41). When an
   amputation is performed in proximity to an existing infection, the
   incidence of postoperative infection is also higher (41). It is vital
   that these wounds are inspected on a regular basis for any signs or
   clues suggesting the possibility of infection and that practitioners
   are skilled in this monitoring process. Care should be taken not to
   confuse the signs of infection with the normal inflammatory phase of
   healing. Redness or erythema can also be mistaken for ischaemia or an
   allergic reaction to a prosthesis (41). If a wound is situated near
   bone and an infection is present, it is considered good practice to
   arrange an X-ray to exclude underlying osteomyelitis, which would
   require treatment before normal wound healing can continue (42). In
   addition to the use of systemic antibiotics, wound infection can also
   be addressed by enhancing the host defence mechanisms (for example
   controlling blood sugar levels), wound debridement, wound cleansing,
   increased frequency of dressing changes and use of topical
   antimicrobials such as silver or iodine dressings (43).
   Heading 2
   Tissue necrosis
   Since the majority of amputations are carried out because of
   ischaemia, this patient population is particularly vulnerable to the
   development of tissue necrosis due to poor tissue perfusion. The
   tissue essentially becomes non-viable and can be clinically observed
   as dusky skin changes, mottled/purple discoloration, dry gangrene, wet
   gangrene or sloughy tissue (see Figures 2 and 3). Such discoloration
   or cyanosis of the skin at the incision line can result in wound
   breakdown soon after surgery or even skin necrosis in the non-viable
   areas several weeks later (41). The clinician’s ability to
   differentiate between simple bruising and non-viable ischaemic tissue
   is vital. The latter is often cold and very painful. Any sign of
   tissue necrosis should be reported promptly to the surgical team (12).
   Figures 2 and 3 here
   Caption
   Figure 2 - Tissue necrosis developing on a
   stump wound causing wound
   breakdown.
   Caption
   Figure 3 - Extensive tissue necrosis to a stump extending below
   the suture line characterised by discolored, cyanosed
   tissue.
   The presence of non-viable, necrotic tissue is significant as it can
   be responsible for delaying healing (44), prolonging the inflammatory
   response, mechanically obstructing contraction and impeding
   re-epithelialisation. It also provides a focus for wound infection (45).The
   need for debridement (the removal of dead or non-viable tissue) is
   dependent on the extent of non-viable tissue. If the area of necrosis
   is large, then debridement and possible surgical revision may be
   indicated (41). Small quantities of necrosis may not be clinically
   significant and are left to debride naturally by autolysis. Once the
   decision has been made to remove the non-viable tissue, the most
   appropriate method must be chosen. Factors such as type of tissue
   involved, amount of exudate production, time available and the
   patient’s wishes should be considered here (44). The choice of
   debriding agent should be based on the impact on comfort, odour
   control and other aspects relevant to patient acceptability, type and
   location of wounds and total cost (25).
   One approach to debriding stump wounds is that of larval therapy (the
   use of sterile maggots). This practice is widely accepted in the UK.
   It is argued that it may offer advantages over surgical debridement
   because no general anaesthetic is required (46). Larval therapy can
   act as a useful form of debridement for stump wounds since surgical
   revision and debridement of a stump is often not an option for
   patients because of other co-morbidity factors. One case study has
   shown how the use of maggots rapidly cleansed an infected amputation
   wound and appeared to encourage the growth of granulation tissue and,
   by doing so, prevented the need for additional surgery (47). Reference
   is also made to the use of larval therapy as a form of debidement in
   difficult-to-heal surgical wounds in a guideline from NICE (25).
   Other methods of debridement include autolysis (a naturally occurring
   process in a moist environment), surgical (involving the surgical
   removal of tissue usually under a general anaesthetic) and sharp (a
   skilled practitioner using scissors or a scalpel to remove dead tissue
   at the patient’s bedside). In terms of speed of debridement, the
   surgical method is most favourable; however, this approach is least
   favourable in terms of pain and cost (48). Due to the complex nature
   of stump wounds and the potential for extensive non-viable tissue to
   develop, they are likely to require ongoing maintenance debridement
   rather than a single intervention, a process described by Falanga (49).
   Heading 2
   Pain
   In 1990, the Royal College of Surgeons of England issued a report on
   postoperative pain control, arguing that failure to relieve pain is
   morally and ethically unacceptable (50). The report included a number
   of recommendations to improve on the ‘unsatisfactory’ management of
   pain after surgery, including the introduction of acute pain services
   in hospitals, education of healthcare professionals and effective pain
   assessment techniques.
   In the context of lower limb amputation wounds, pain is a significant
   problem. It is thought that pain experienced after an amputation may
   scare and confuse patients (10) and features in case reports as a
   difficulty for patients (38). Amputees can experience two different
   types of pain: incisional stump pain and phantom pain. Stump pain is
   localised to the area immediately around the stump and the amputation
   scar (51) and is described by patients as ‘pressing’, ‘throbbing’,
   ‘burning’ and ‘squeezing’ (52). If unresolved, such pain is considered
   to negatively affect wound healing and to impact on quality of life (53).
   Phantom pain is a common problem, affecting between 8% and 10% of
   patients (54) and is usually reported during the immediate
   postoperative period but can persist for up to two years (51). In some
   cases, phantom pain can be a lifelong experience. It is literally pain
   experienced in the limb that has been amputated, and is often
   described as a crushing, tearing pain (10). Ellis points out that a
   large percentage of patients undergoing amputation have experienced
   chronic pain before their operation (51). Therefore, in some cases, a
   patient may exchange the pain of ishaemia for that of phantom limb
   pain (55). Other sources of pain in the lower limb amputee include
   infection, acute depression, pressure in a cast or prothesis (41) and
   tissue necrosis (12). Increasing pain may also be a sign of ischaemia;
   this may not be obvious if the deeper tissue rather than the skin is
   ischaemic.
   Successful relief of incisional stump pain can be achieved by the use
   of opiates, non-steroidal anti-inflammatory agents and local
   anaesthetics. Phantom limb pain may be relieved with anticonvulsants,
   tricyclic antidepressants, transcutaneous electrical nerve stimulation
   (TENS) (10) and therapeutic touch and massage. If the patient’s pain
   is worsening and becoming unmanageable, despite appropriate
   interventions, referral to an acute pain service may be indicated.
   Pain continues to be a problem for surgical patients and has prompted
   investigations into pain in surgical wounds healing by secondary
   intention (56. Work by Foster and colleagues has shown that using
   hydrofibre dressings led to a reduction in wound pain, when compared
   with ribbon gauze dressings (57) and alginate dressings (58). Table 3
   lists strategies that can help the patient with wound pain (59).
   Table 3: Suggested strategies for the relief of pain at dressing
   changes (59).
   Strategies for relieving pain at dressing changes
   Avoid any unnecessary stimulus to the wound, such as draughts from
   open windows
   Handle wounds gently, being aware that any slight touch can cause
   pain. Topical application of local anaesthetics can be considered to
   help relieve local pain, although further research is needed to
   establish best practice. ‘Gas and air’, a self-administered gas
   comprising oxygen and nitrous oxide, used for the duration of the
   procedure, is another option.
   Select a dressing that:
   ● is appropriate for the type of wound
   ● maintains moist wound healing to reduce friction at the wound
   surface
   ● minimises pain and trauma on removal
   ● remains in situ for a longer period to reduce the need for frequent
   dressing changes.
   Reconsider dressing choice if:
   ● removal is causing a problem with pain, bleeding or trauma to the
   wound or surrounding skin
   ● soaking is required for removal.
   Read the manufacturer’s instructions about technique for removal.
   Acknowledgement
   Adapted with permission from Briggs et al. Pain at wound dressings: a
   guide to management. In: EWMA. Pain at Wound Dressing Changes: EWMA
   Position Statement. London: MEP Ltd, 2002 (59).
   Heading 2
   Dehiscence
   In relation to lower limb amputation wounds, complete dehiscence can
   expose muscle and bone (39). It occurs when the wound has failed to
   develop sufficient strength to withstand forces placed on it (14).
   Such forces can include trauma, either shear or, more commonly, direct
   trauma sustained in a fall. Too early removal of sutures and stump
   swelling placing tension on the wound are the other main causes.
   Other predisposing local factors include wound infection, suture
   technique, wound perfusion, haematoma and seroma (60). Systemic
   factors comprise diabetes, anaemia, old age and postoperative
   respiratory tract infection. Total dehiscence normally requires the
   patient to return to the operating theatre for surgical intervention
   to explore the wound, allow excision of any devitalised tissue and to
   close the wound (61). Signs of imminent dehiscence may include
   discharge of serosanguinous exudate (60).
   One approach to the management of dehisced amputation wounds healing
   by secondary intention is the use of topical negative pressure. This
   therapy has been used successfully in the management of dehisced
   wounds, although currently the evidence base is anecdotal (62) (63).
   The effective use of topical negative pressure therapy, such as the
   vacuum-assisted closure (VAC) system, lies with its ability to cope
   with copious quantities of exudate, thus protecting surrounding skin
   from maceration and excoriation, helping to reduce the risk of
   infection and avoiding soiling of the patient’s bedclothes. It can
   also accelerate the proliferation of granulation tissue within the
   cavity wound, although, due to stump pain, not all patients can
   tolerate this therapy.
   Anecdotal evidence suggests that although VAC therapy itself may cause
   discomfort, patients benefit from improved wound stability and fewer
   dressing changes which, in some patients, can result in better overall
   pain control.
   A good example of the advantages of using the VAC in primary
   amputation management is found in Armstrong and Lavery (2005) (64).
   Other approaches to the management of dehisced stumps include the use
   of absorbent hydrofibre or alginate dressings, which are designed to
   handle heavy exudate. Simple dressing pads will usually meet the
   requirements of the secondary dressing as they come in sizes large
   enough to conform to extensive stump wounds, and may be retained by
   cotton tubular stockinette.
   The complex and challenging nature of dehisced amputation wounds has
   been highlighted in the literature, which describes how members of the
   multidisciplinary team are required to work together to achieve a
   satisfactory patient outcome (38).
   Heading 2
   Surrounding skin problems
   After amputation the patient can experience a number of problems
   involving the skin surrounding the wound. First, skin blistering (Figure
   4) can occur where, according to Gupta et al (65), the epidermis is
   separated from the dermis as a result of repeated friction to the
   skin. This may cause complications such as infection and prolonged
   healing time requiring additional dressings. This will require more
   nursing time and may lead to delayed discharge from hospital.
   Blistering is also caused by traction, infection (with B haemolytic
   streptococcus), allergy and oedema.
   Stump wounds swell and this must be taken into account when choosing
   and applying dressings. The postoperative dressing may contribute to
   blister formation through lack of elasticity and the presence of
   postoperative wound oedema (66). This theory is echoed by Pudner (61)
   and Ballard and Baxter (67), who claim that some dressings with
   adhesive borders may cause blistering to the surrounding skin if
   applied at tension. Postoperative stump dressings should therefore be
   low adherent, non-adhesive and absorbent. Patients should be
   questioned pre-operatively about any known allergies to solutions
   (such as iodine) or dressings which could complicate wound healing.
   The practice of bursting or de-roofing blisters should be avoided in
   order to reduce the risk of wound infection and further patient
   discomfort.
   Figure 4 here
   Caption
   Figure 4 - An example of blistering.
   If wound breakdown has occurred, exudate can be heavy, risking
   peri-wound excoriation or maceration (68), and making the area
   sensitive and painful (53). In such situations, skin protectants
   should be considered, such as barrier films or zinc oxide paste. The
   recommended wear time of the dressing must not be exceeded as this can
   cause maceration through the leakage of exudate on to the surrounding
   skin (69). Damage to delicate skin through the injudicious use of
   adhesive tape should be avoided (18), especially as allergic skin
   reactions can occur (see Figure 5). As an alternative, disposable
   pants (38) or tubular stockinette (11) (30) can prove useful in
   retaining dressings with no trauma to the surrounding skin. The ideal
   initial stump dressing comprises cotton wool, stockinette and no tape
   (70). Tight or elasticated bandages are not recommended in the
   vascular amputee as they are thought to generate unacceptable
   pressures and cause tissue breakdown (71).
   A limb with impaired sensation will be susceptible to the development
   of ulcers and blisters in a prosthesis as a result of trauma leading
   to friction or pressure in the prosthetic socket once the original
   wound has healed (32) (41). Patients undergoing amputations involving
   the foot, such as the transmetatarsal procedure, are particularly
   prone to pressure, shear and friction damage. Multidisciplinary teams
   including podiatry and orthotics staff should be involved with this
   patient group to help maximise the tissue integrity of the remaining
   limb.
   Figure 5 Here
   Caption
   Figure 5 - Contact dermatitis to the distal end of a stump
   caused by the application of tape.
   Heading 2
   Bone erosion/osteomyelitis
   In some cases, retraction of muscle can occur over the stump with
   erosion of bone through the skin (41) (70). Bone can also become
   exposed within a dehisced wound (see Figure 6). This situation usually
   requires surgical revision unless the degree of bone exposed is
   minimal and granulation tissue can cover the defect through healing by
   secondary intention. As with any wound exposing bone, the risk of
   osteomyelitis is high.
   Figure 6 Here
   Caption
   Figure 6 - A dehisced above-knee amputation
   wound exposing the femur.
   On occasions, healing can be delayed by the presence of a deep, often
   infected, sinus (Figure 7). Such wounds can be defined as blind-ended
   tracks, lined with epithelium and granulation tissue that extend from
   the skin to the subcutaneous tissues (72) where an underlying cavity
   within a sinus has the potential to become an abscess (73). These
   wounds can produce high levels of purulent exudate, necessitating
   prolonged antibiotic therapy. In some situations osteomyelitis is
   revealed on X-ray, in which case more aggressive antibiotic therapy or
   surgical revision may be indicated. The problem may be caused by a
   foreign body or material in the stump such as bone wax, a suture,
   graft material or, in the case of traumatic amputation, dirt.
   The most effective way to manage a sinus is to lay it open by surgical
   intervention (74); however, in the case of amputation wounds, further
   surgery may not be a favourable option. Indeed, the risks of more
   surgery include a shorter stump and a poor rehabilitation outcome.
   Decisions regarding the management of sinus wounds in this instance
   should be made carefully, involving the multidisciplinary team, as
   they have significant implications for patient care. Sinus dressings
   aim to prevent adherence of wound edges and stop premature closure.
   Modern dressings such as alginates and hydrofibres are useful (75).
   Figure 7 Here
   Caption
   Figure 7 - Stump sinus masking underlying osteomyelitis.
   Heading 2
   Haematoma
   A haematoma is a localised collection of blood which can form in an
   organ, space or tissue (14). It acts as a focus for infection and can
   create dead space, weakening the suture line (39) and thus increasing
   tension in the wound (72). In most cases they drain on their own,
   without the need for surgical intervention; however, large amounts of
   clotted blood may warrant prompt surgical debridement (41). Wounds
   with no drainage may be at risk of haematoma formation under the
   suture line, causing tension and oedema at the wound site, as well as
   providing ideal conditions for bacterial growth (72). Partridge
   believes that the increased tension under the suture line can lead to
   a disruption in blood supply, resulting in dehiscence and necrosis (76).
   Once again, skilled assessment techniques are paramount in detecting
   signs that a haematoma has developed and if it has, the surgical team
   must be informed promptly.
   Heading 2
   Stump oedema
   Excessive and prolonged stump swelling or oedema is thought to be due
   to pre-existing venous insufficiency, generalised fluid retention
   (usually due to congestive cardiac failure) and chronic
   hypervascularity (often seen in patients with diabetes who do not have
   significantly impaired arterial blood flow) (41). Deep vein thrombosis
   (DVT) can also be a cause of limb swelling. A diagnosis of DVT is
   frequently associated with the lower limb amputee (77). Other causes
   may include hypoproteinaemia, stump dependency and infection. It is
   essential to identify and, where possible, treat the underlying cause
   of stump oedema. Nutritional support may be required in the form of
   high protein supplementation.
   A stump wound associated with excess oedema and resulting exudate is
   likely to heal slowly, if at all. It is now believed that, in some
   instances, components of wound exudate can be harmful to wound healing
   and the condition of the surrounding skin (78). Measures must be taken
   to achieve an acceptable balance of exudate. Excess wound drainage or
   exudate can be attributed to seroma/haematoma formation and infection
   (41). Postoperative oedema of the amputation site may be overcome by a
   strict regimen of limb elevation (34) (41) (79).
   All amputees who have a below- or through-knee amputation must have a
   padded stump board fitted to their wheelchair so that the stump is at
   the same level as the chair (80) and is supported at all times. This
   will help prevent dependent oedema and possible wound breakdown (10).
   If the patient is likely to benefit from a prosthesis,
   physiotherapists will promote the use of a pneumatic post-amputation
   mobility aid to help reduce oedema and phantom limb sensation (30).
   Correct choice of wound dressing is paramount in order to achieve the
   appropriate moisture balance within the wound. Topical negative
   pressure therapy, as previously described, can benefit exuding stump
   wounds. The therapy involves the application of local sub-atmospheric
   pressure across the wound and has an important role in acute wound
   management (81). It is reported to manage stump wound exudate
   effectively (67) and contribute to oedema reduction. Vacuum-assisted
   closure used in a diabetic amputation site can help to promote healing
   (82). When considering the positioning of absorbent primary and
   secondary dressings in the handling of high levels of exudate,
   consider the position of the patient, as this will influence the
   direction of flow of fluid (83). Most amputees with stump wounds
   should have their stump supported on a horizontal surface rather than
   in a downward position, and thus dressings should be applied
   accordingly.
   Skin hygiene is important in patients with oedema, where the
   compromised cellular and lymphatic function means that infection is
   more readily acquired and may proceed to cellulitis (84). Once
   complete wound healing has been achieved, swelling of the stump should
   be controlled by stump compression in the form of elastic stump socks
   (70). Elastic bandaging of amputation stumps continues to be
   recommended in the USA to reduce postamputation oedema (80) (85).
   Indeed, it is thought to protect healing tissue, retain dressings,
   reduce swelling and shape the residual limb for prosthesis (86).
   Vigier et al compared plaster casting with elastic compression
   bandages in patients with recent transtibial amputation and found that
   plaster cast dressings resulted in quicker healing times and shorter
   periods of hospitalisation (85).
   Heading 1
   Conclusion
   Wounds associated with amputation of the lower extremity continue to
   be a challenge. Patients who endure such wounds are often in poor
   health, with co-existing medical pathologies. Wound healing outcomes
   for amputees can be improved through multidisciplinary teams working
   together. Such healthcare professionals need to be equipped with the
   appropriate knowledge and skills in wound management to meet the needs
   of this vulnerable patient population. Surgical wound management in
   the lower extremity amputee has moved into a new era where
   complications such as infection, tissue necrosis and dehiscence are
   demanding more sophisticated therapies.
   .
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