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Infection in the Neuroischemic Foot

Michael Edmonds, MD, FRCP
King’s College Hospital, London, UK

Infection in the neuroischemic foot can lead to cellulitis,
which often progresses to necrosis as a result of septic vascu-
litis. Therefore, it is important to diagnose infection early.
However, the signs and symptoms of infection are diminished
in the neuroischemic foot. Microbiological investigation is es-
sential. Severe infection needs intravenous antibiotic therapy
and urgent assessment of the need for surgical drainage and
debridement. Infected neuroischemic feet need vascular as-
sessment and intervention where appropriate. It is important

to maintain strict metabolic control and optimize cardiovas-
cular function. Recent modern approaches based on multi-
disciplinary clinics have resulted in improved results in the
management of infection in the ischemic diabetic foot.
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At some time in their lives, 15% of people with dia-
betes develop foot ulcers, which are highly sus-

ceptible to infection. This infection may spread rap-
idly, leading to overwhelming tissue destruction and
amputation. Indeed, 85% of amputations in diabetic
patients are preceded by an ulcer that develops in the 2
main types of the diabetic foot, namely, the neuro-
pathic foot, in which neuropathy predominates but the
major arterial supply to the foot is intact, and the
neuroischemic foot, in which both neuropathy and
ischemia contribute to the clinical presentation.1 Infec-
tion is rarely a sole factor but often complicates ulcer-
ation and is responsible for considerable tissue necro-
sis in both the neuropathic and the neuroischemic foot.
An international consensus on the management of dia-
betic foot infection has recently been published.2 This
article will concentrate on infection in the neuro-
ischemic foot.

NEUROISCHEMIC FOOT

Ischemia results from atherosclerosis of the leg ves-
sels. This is often bilateral, multisegmental, and distal,
involving arteries below the knee. Intermittent claudi-
cation and rest pain may be absent because of coexist-
ing neuropathy and the distal distribution of the arte-
rial disease to the leg. Ulcers in the neuroischemic foot
develop on margins of the foot at sites made vulnerable
by underlying ischemia to the moderate but continu-
ous pressure, often from poorly fitting shoes. They are
susceptible to infection, which can rapidly lead to ne-
crosis. In the neuroischemic foot, infection is the most
common cause of necrosis, although ischemia itself
can directly lead to necrosis. It is crucial to diagnose
and treat infection aggressively.

This article will address the pathogenesis, presenta-
tion, and management of infection in the neuroische-
mic diabetic foot.

PATHOGENESIS

Infection in the diabetic foot is caused by bacteria
that invade the ulcer from the surrounding skin. The
diabetic patient is immunocompromised and shows
increased susceptibility to bacterial infection.3 White
blood cell function is diminished, in particular, the
function of bacterial killing.4-6 Staphylococci and strep-
tococci are the most common pathogens, particularly
in superficial ulcers in patients who have had no previ-
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ous antibiotic therapy.7 However, infection due to
gram-negative and anaerobic organisms occurs in ap-
proximately 50% of patients, particularly in chronic
lesions and in those who have received prior antibiotic
treatment. Often, infection is polymicrobial. In a recent
prospective study in which the infected wounds of 86
consecutive diabetic patients were cultured, Staphylo-
coccus aureus was the most common isolate, being re-
covered from 38.4% of cases.8 Other organisms were
Pseudomonas aeruginosa (17.5%) and Proteus mira-
bilis (18%), as well as anaerobic gram-negative organ-
isms (10.5%), mainly Bacteroides fragilis. Recent stud-
ies have shown an increased frequency of coliforms in
neuroischemic patients compared with neuropathic
patients and an increased frequency of S aureus in
neuropathic patients compared with neuroischemic
patients.9 Over recent years, methicillin-resistant S
aureus (MRSA) infections have been increasingly
diagnosed in diabetic foot ulcers.10,11

The progression to tissue necrosis in the neuro-
ischemic foot is usually mediated by a neutrophilic
vasculitis on the background of an intimal hyperplasia.
Although atherosclerotic large-vessel disease in the
leg, particularly in the tibial arteries, contributes to re-
duced perfusion in the neuroischemic foot, tissue ne-
crosis results from a vasculitis of the digital arteries.
This may affect transcutaneous oxygen measurements,
which may be falsely low as infection impairs oxygen
diffusion in the neuroischemic foot. After the infection
is treated with antibiotics, the transcutaneous oxygen
pressure rises even though there has been no vascular
intervention.12

PRESENTATION OF INFECTION

Diabetic foot infections do not always present with
the classical signs of local infection. Erythema and pain
may be absent. The signs of inflammation and early in-
fection often may be difficult to detect because of the
presence of neuropathy and vascular disease in the
lower limb. The reason for this is that neuropathy leads
to a diminished axon reflex and failure of vasodila-
tation.13 Furthermore, ischemia also leads to absence of
erythema in the ischemic limb. Immunopathy results
in limited abscess formation.

Furthermore, there is a reduced systemic response
to infection in the diabetic foot. Only 50% of episodes
of severe cellulitis will provoke a fever or leukocytosis.
In a study of acute osteomyelitis of the foot in diabetic
mellitus, 54% of patients with acute osteomyelitis had
a normal white blood cell count.14 Thus, the white
blood count and body temperature should not be re-

garded as reliable indicators of infection in the diabetic
foot. This reduced host response to infection is particu-
larly noticeable in diabetic patients with impaired re-
nal and liver function.15

The most common manifestation of infection in the
neuroischemic foot is cellulitis. However, cellulitis
covers a spectrum of presentations, ranging from local
infection of the ulcer to spreading cellulitis, sloughing
of soft tissue, and vascular compromise of the skin.
This is seen as a blue discoloration when there is an in-
adequate supply of oxygen to the soft tissues, leading
finally to necrosis. Blue discoloration can occur in both
the neuropathic and the neuroischemic foot, particu-
larly in the toes, and in the neuroischemic foot it must
not be automatically attributed to worsening ischemia.
For descriptive purposes, the infected neuroischemic
foot can be divided into the locally infected ulcer, mild
infection, severe infection, and necrosis. Any of these
presentations may be complicated by osteomyelitis.

Locally Infected Ulcer

Local signs that an ulcer has become infected in-
clude the following: the base of the ulcer changes from
healthy pink granulations to yellowish or gray tissue
and becomes moist, possibly accompanied by a puru-
lent discharge, with an unpleasant smell. Sinuses may
develop in the ulcer, and the edges may become under-
mined with bone or tendon becoming exposed.

Mild Infection

This presents as erythema, warmth, and swelling
usually associated with ulceration. In the pigmented
(eg, Afro-Caribbean) foot, cellulitis can be difficult to
detect, but careful comparison with the other foot may
reveal a tawny hue. In the neuroischemic foot, it may
be difficult to differentiate between the erythema of
cellulitis and the redness of ischemia. However, the
redness of ischemia is usually cold, although not al-
ways so, and is most marked on dependency, while the
erythema of inflammation is warm. Erythematous in-
flammation of the feet also occurs in eczema, which is
characterized by crusting and scaling. This is not seen
in cellulitis. Erythema also occurs in response to
traumas, including insect stings.

Severe Infection

There is an intense, widespread erythema and
swelling. Lymphangitis, regional lymphadenitis, mal-
aise, flu-like symptoms, fever, and rigors may be pres-
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ent. In the presence of neuropathy, pain and throbbing
are often absent, but if present, they usually indicate
pus within the tissues. Palpation may reveal fluctu-
ance, suggesting abscess formation, but discrete ab-
scesses are relatively uncommon in the infected neuro-
ischemic foot. Many inexperienced practitioners are
unaware of this and feel that the only indication for op-
eration is fluctuance with abscess formation. This is
rare in the diabetic foot because the poor white cell
function cannot localize the infection to create an ab-
scess. Often, there is a generalized sloughing of the ul-
cer and surrounding subcutaneous tissues, which
eventually liquefy and disintegrate. Puncture wounds
may be complicated by cellulitis.16 Bacteria are inocu-
lated at the base of the puncture wound and then
tracked back toward the surface of the skin, with infec-
tion eventually manifesting itself as a cellulitis.

Necrosis

Wet necrosis in the diabetic foot is usually owing to
infection. The signs that parts of a foot are becoming
necrotic are subtle in the early stages and may mimic
bruising or chilblains. Early signs consist of a toe that is
developing a blue or purple tinge, having been previ-
ously pink because of infection. It was previously
thought a microangiopathic arteriolar occlusive dis-
ease was responsible for tissue necrosis. It is now con-
sidered that tissue necrosis results from poor tissue
perfusion that is caused by a combination of athero-
sclerotic narrowing of the arteries of the leg and a septic
occlusive vasculitis of the digital arteries. However,
intimal hyperplasia in the digital arteries may also
contribute.

Osteomyelitis

If a sterile probe inserted into the ulcer reaches bone,
this strongly suggests the diagnosis of osteomyelitis.17

In the initial stages, plain radiograph may be normal,
and localized loss of bone density and cortical outline
may not be apparent until at least 14 days later. The
radionuclide bone scan using technetium-99m diphos-
phonate is very sensitive but not specific for osteomye-
litis. Gallium or indium scans may improve specificity,
but magnetic resonance imaging may be most helpful
in demonstrating loss of bony cortex.18-20 A sign that an
underlying joint is involved is the drainage of viscous,
bubbly synovial fluid, which is clear and sometimes
has a yellowish tinge. Chronic osteomyelitis of a toe
has a swollen, red, sausage-like appearance in the ini-
tial stages, and plain radiograph may be normal.21

MANAGEMENT

Infection in the neuroischemic foot needs full
multidisciplinary treatment. If infection is not con-
trolled, it can spread with alarming rapidity and can
cause extensive tissue necrosis. There are 2 crucial de-
cisions to be made when managing infected ischemic
diabetic feet: first, to confirm the presence of infection
so as to start antibiotic therapy rapidly and, second, to
decide whether the patient needs surgical debridement
to remove extensive infected tissue.22 Often, the latter
is a very difficult decision. It should be clearly under-
stood that diabetic feet can be severely infected and
need operative removal of infected tissue yet may not
exhibit the classical signs of fluctuance and abscess
formation.

All patients presenting with clinical signs of infec-
tion should have a radiograph of the foot to detect (1)
gas in the deep tissues, (2) foreign body, and (3) bony
destruction, secondary to infection. In very severe cases
of infection, gram-negative and anaerobic organisms
produce gas, which can be detected by palpating crep-
itus and can be seen on radiographs. Serum C-reactive
protein is a good indicator of the extent of infection,
and a subsequent fall in its level during treatment is a
useful monitor of resolution of infection. Management of
the infected neuroischemic foot can be divided into the
following sections: antibiotic treatment, surgical de-
bridement, revascularization, and metabolic control.

ANTIBIOTIC TREATMENT

The microbiology of the diabetic foot is unique. In-
fection can be caused by gram-positive, gram-negative,
and anaerobic bacteria, singly or in combination. Anti-
biotics alone do not always treat foot infections suc-
cessfully. Severe infection in the diabetic foot may be
accompanied by deep soft tissue involvement, which
spreads through the fascial planes and needs early ex-
tensive surgical debridement and concomitant antibi-
otic therapy. At initial presentation, it is important to
prescribe a wide spectrum of antibiotics because it is
impossible to predict the organisms from the clinical
appearance.

In view of the unreliability of clinical signs of infec-
tion, it is important to pay special attention to the mi-
crobiological diagnosis of infection. However, there is
considerable controversy as to the most useful tech-
niques to obtain cultures and, furthermore, much dis-
cussion on the interpretation of results.23 Isolation of
bacteria from an ulcer may indicate either colonization
when organisms multiply on the surface of the wound
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or invasive infection when the organisms are actively
penetrating the soft tissues around the ulcer. It is vital
to send swabs for culture without delay in all patients
with suspected infection. Deep swabs or tissue should
be taken from the ulcer after initial debridement, and if
the patient undergoes operative debridement, then
deep tissue should also be sent.

As there is a poor immune response of the diabetic
patient to sepsis, even bacteria regarded as skin com-
mensals may cause severe tissue damage. This in-
cludes gram-negative organisms such as Citrobacter,
Serratia, and Pseudomonas. When gram-negative bac-
teria are isolated from an ulcer swab, they should not
be regarded automatically as insignificant. Group A
streptococcus is a rare isolate from ulcers but when
present can cause severe systemic upset. Infection in
the neuroischemic foot is often more serious than in the
neuropathic foot, which has a good arterial blood sup-
ply; therefore, we regard a positive ulcer swab in a
neuroischemic foot as having serious implications, and
this influences antibiotic policy. Blood cultures should
be sent if there are fever and systemic toxicity.

Aggressive use of antibiotics is recommended, but a
very close surveillance should be kept for side effects,
particularly vomiting and diarrhea. If this does occur, it
is advisable to stop the antibiotics, at least for a short
period, to prevent the development of clostridium
difficile colitis. Stools should be sent for culture, but
therapy should be started immediately with either
vancomycin, 125 mg 4 times a day (qds) orally (intrave-
nous [IV] vancomycin does not treat clostridium diffi-
cile), or metronidazole, 400 mg 3 times a day (tds)
orally. Acidophilus lactobacillus tablets can also be
given to help to restore the intestinal bacterial flora. In
severe cases of clostridium difficile infection, there is
abdominal pain associated with diarrhea and a raised
white blood cell count and fever, and patients may
need hospitalization and IV fluids. A useful diagnostic
investigation is an abdominal CT scan, which will re-
veal loops of edematous large bowel. When patients
with foot infections develop diarrhea with a high white
cell count and fever, it is difficult to know whether the
fever and raised white blood cell count are owing to ei-
ther worsening of the foot infection or the onset of
clostridium difficile diarrhea. Close examination of the
foot will determine whether infection here has wors-
ened. If this is not the case, then the high white count
and fever are likely to be owing to colitis, and the
antibiotics should be stopped immediately.

Chantelau et al randomized patients with neuro-
pathic ulcers (some of which had cellulitis) to oral

amoxicillin plus clavulanic acid or matched placebo.
At 20-day follow-up, there was no significant differ-
ence in outcome.24 Lipsky et al randomized 56 patients
with an infected lesion to oral clindamycin or oral
cephalexin in an outpatient setting and at 2 weeks;
there was no difference in treatment.7 Grayson ran-
domized 93 patients to intravenous (IV) imipenem/
cilastatin or IV ampicillin/sulbactam, and after 5 days,
cure had been effected in 60% of the ampicillin/
sulbactam group and 58% of the imipenem/cilastatin
group.25 A further study comparing the efficacy and
safety of IV piperacillin/tazobactam and ampicillin/
sulbactam for infected diabetic foot ulcers showed sim-
ilar beneficial results for both agents, although
piperacillin/tazobactam had the advantage of covering
P aeruginosa (bacteriologic success rate of 85.7%), the
most commonly isolated gram-negative pathogen in
that study.26

Antibiotic treatment is to be discussed as both initial
treatment and follow-up treatment and is divided into
treatment of the infected ulcer and the foot with mild
infection and the foot with severe infection. The in-
fected ulcer and the foot with mild cellulitis are of
equally serious import and have been grouped to-
gether. The following regimen has been developed and
is based on many years of treating the diabetic foot and
significantly reducing amputation.27

Local Signs of Infection in the Ulcer
and Mild Infection

If the wound is suitable for outpatient care, prescribe
amoxicillin, 500 mg tds; flucloxacillin, 500 mg qds;
metronidazole, 400 mg tds; and ciprofloxacin, 500 mg
2 times a day (bd). Infection on the borderline of mild to
severe can be treated with ceftriaxone 1 g intramuscu-
larly in 3.5 mL 1% lidocaine. On follow-up, if there are
no signs of infection and no organisms growing, con-
sider stopping antibiotics. However, if severely ische-
mic and ankle-brachial pressure index is < 0.5, con-
sider continuing antibiotics until healing. If there are
no signs of infection but organisms are present, focus
the antibiotics according to sensitivities. If signs of
infection are present but no organisms are growing,
continue to give broad-spectrum antibiotics, with
amoxicillin, 500 mg tds; flucloxacillin, 500 mg qds;
metronidazole, 400 mg tds; and ciprofloxacin, 500 mg
bd. If signs of infection are still present, and organisms
are growing, focus the antibiotics according to sensitiv-
ities. If MRSA is growing, whether signs of infection are
present or not, consider oral therapy with 2 of the fol-
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lowing: sodium fusidate, 500 mg tds; rifampicin, 300
mg tds; trimethoprim, 200 mg bd; and doxycycline, 100
mg daily and topical therapy with mupirocin 2% oint-
ment.28 Recently, linezolid has been introduced as a
new antibiotic active against gram-positive infections,
including MRSA.29

Severe Infection

Admission for IV antibiotics is the treatment of
choice for this serious condition. Quadruple therapy
may be indicated: amoxicillin, 500 mg tds IV; fluclox-
acillin, 500 mg qds IV; metronidazole, 500 mg tds IV;
and ceftazidime, 1 g IV tds. If the patient is allergic to
penicillin, replace amoxicillin and flucloxacillin with
erythromycin, 500 mg qds IV, or vancomycin, 1 g IV bd
(with doses adjusted according to serum levels). On ad-
mission, the foot should be urgently assessed as to the
need for surgical debridement. If admission is not pos-
sible, then give ceftriaxone, 1 g intramuscularly in 3.5
mL 1% lidocaine daily, and metronidazole, 400 mg tds
orally. Trace the distribution of the cellulitis with a
marker pen so that extension can be detected, and re-
view it in 2 days. Patients should be on bed rest at home
with daily visits from a community nurse to redress the
foot and to alert the diabetic foot clinic if the foot is
deteriorating so as to arrange admission to hospital.
Antibiotic therapy should be reviewed when results of
initial cultures are available.

Osteomyelitis

At first, antibiotics will be given for the infected foot
as above. On review, antibiotic selection is guided by
the results of deep swabs or tissue, but it is useful to
choose antibiotics with good bone penetration, such as
sodium fusidate, 500 mg tds; rifampicin, 300 mg tds;
clindamycin, 300 mg tds; and ciprofloxacin, 500 mg
bd. Antibiotics should be given for at least 12 weeks.
During this time, the ulcer will have regular debride-
ment, and bone fragments at the base of the ulcer can be
easily removed. Such conservative therapy is often
successful and is associated with resolution of cellu-
litis and healing of the ulcer.30 However, if after 3
months’ treatment the ulcer persists, with continued
probing to bone that is fragmented on radiograph, re-
section of the underlying bone is favored, and this may
entail toe amputation or removal of the metatarsal
head. Parenteral therapy has in the past been given
for 4 to 6 weeks followed by oral therapy for 6 weeks. It
may be possible to limit the parenteral therapy to

2 weeks and follow this with appropriate oral
antibiotics.

Adjunctive Therapies for Diabetic Foot Infection

Recently, granulocyte colony stimulating factors
have been used to augment the host response to infec-
tion. An initial randomized study showed a beneficial
effect with increased rates of resolution of the infec-
tion.31 Subsequently, 5 randomized control studies
have been carried out, and a recent meta-analysis has
shown a statistically significantly reduced risk of lower
extremity amputation as well as other foot infection–
related invasive interventions.32 The role of hyperbaric
oxygen in the management of wounds is not yet estab-
lished, but 2 small randomized controlled trials found
that systemic hyperbaric oxygen reduced the absolute
risk of foot amputation in people with severely infected
ulcers compared with routine care.33

SURGICAL DEBRIDEMENT

The definite indications for urgent surgical inter-
vention are a large area of infected sloughy tissue, lo-
calized fluctuance and expression of pus, crepitus with
gas in the soft tissues on radiograph, and purplish
discoloration of the skin, indicating subcutaneous
necrosis. It is often necessary to perform a surgical
debridement as the initial intervention. However, by
definition, the neuroischemic patient has a reduced
perfusion, and early investigations, such as Duplex
angiography, should be carried out with a view to
revascularization. However, it is important to proceed
to surgical debridement as soon as possible with the
plan to revascularize after the debridement has been
carried out.

As preparation for debridement, the following in-
vestigations should be carried out: full blood count and
cross-matching, serum electrolytes and creatinine,
blood glucose, liver function tests, electrocardiogram,
and chest radiograph. Often, it is difficult to assess how
much debridement will be necessary, and in some
cases, it may need to be accompanied by toe or ray am-
putation. Therefore, consent for these procedures
should be obtained prior to anesthesia.

An IV insulin sliding scale should be started. It is
important to avoid veins in the lower limb as inser-
tion of IV cannula into the veins of the foot can lead
to ulceration, especially if the tip of the cannula
goes into the subcutaneous tissues. The anesthesiol-
ogist must be aware that virtually all of these pa-
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tients will have autonomic as well as peripheral neu-
ropathy, and respiratory reflexes may be diminished.
Postoperative respiratory arrests have been reported.
Careful anesthetic attention, particularly in the recov-
ery room, is necessary.

During surgery, it is important that a meticulous
wound exploration is carried out, with removal of in-
fected sloughy tissue and opening of all sinuses. It is
rare to find a well-defined abscess. The usual presenta-
tion is of heavily infected sloughy, gray tissue, which
needs to be removed down to healthy, bleeding tissue.
All dead tendon and necrotic tissue should be re-
moved. Wide excision is necessary; small incisions
with drains should be avoided. Fragmented infected
and nonbleeding bone should be removed. Deep in-
fected tissue should be sent urgently to the microbiol-
ogy laboratory. It is important to remove all necrotic tis-
sue, down to bleeding tissue, as well as opening up all
sinuses. Deep necrotic tissue should be sent for culture
immediately. In addition to debridement, it may be
necessary to perform a formal digital or ray amputation
to establish drainage.

The wound should not be sutured but left to heal by
secondary intention. A foot with a large gaping wound
following extensive tissue removal may be lightly held
together by winding long strips of paraffin gauze
around the foot; however, the strips should be cut
through to accommodate swelling and must not pre-
vent drainage of exudate. Large wounds are treated
with a vacuum-assisted closure (VAC) pump™ (KCI,
San Antonio, Texas, USA) to encourage granulation.34

Skin grafting may then be the best way to achieve heal-
ing of large tissue deficits. The VAC dressing should
not be placed adjacent to an arterial anastomosis site
for fear of disturbing the anastomosis and causing
an arterial bleed. Ischemic wounds are extremely slow
to heal even after revascularization, and wound care
needs to continue on an outpatient basis in the diabetic
foot clinic but with patience—outcomes may be sur-
prisingly good.

In the neuroischemic foot, wet necrosis should also
be removed when it is associated with severe spreading
sepsis. This should be done whether pus is present or
not. In cases in which the limb is not immediately
threatened and the necrosis is limited to 1 or 2 toes, it
may be possible to control infection with IV antibiotics
and proceed to urgent revascularization and, at the
same operation, perform digital or ray amputation. If
angioplasty or bypass is not possible, then a decision
must be made either to amputate the toes in the pres-
ence of ischemia or to allow the toes, if infection is con-
trolled, to convert to dry necrosis and autoamputate.
Surgical amputation should be undertaken if the circu-

lation is not severely impaired, that is, an ankle-
brachial pressure index > 0.5 or a transcutaneous oxy-
gen tension pressure > 30 mmHg on the dorsum of the
foot. The recent use of the VAC pump™ promptly
applied to such postoperative wounds has encour-
aged healing in ischemic limbs that cannot be
revascularized.

After surgery, the edges of the wound are debrided
every 3 days, and all callus, slough, and nonviable tis-
sue is removed. The wound is kept open and drained to
heal from the base. However, large surgical defects are
now treated with VAC™ therapy until they are granu-
lating, when they can either have split skin grafts ap-
plied or otherwise be left to heal by secondary inten-
tion. When there is an initial fever preoperatively, the
patient’s temperature is a useful indication of his or her
progress. A steady fall in temperature is expected over
the subsequent 3 to 4 days. If this does not occur, then
uncontrolled infection should be suspected. At opera-
tion, it is sometimes difficult to remove all infected tis-
sue. It is important to inspect the wound every day after
the operation, and if signs of infection recur, then the
patient may need further surgical intervention. Signs
that the foot is settling include a decrease in erythema,
less edema, and a pink wound. Patients will need bed
rest, and it is wise to give prophylactic subcutane-
ous heparin. Low molecular weight heparin can be
used except in patients in renal failure. Antithrombotic
stockings should not be used on neuroischemic feet.

Debridement of necrotic lesions of the foot often
leads to severe tissue deficits. Management of these soft
tissue deficits is complex, and skin grafts, local flaps,
and free tissue transfer have been used. In free tissue
transfer, donor tissue from above the waist is used, par-
ticularly the muscle flaps, rectus abdominis, and latiss-
imus dorsi. The arteriovenous pedicle accompanies
the transferred tissue and is anastomosed to usually a
pedal or tibial vessel, which is either a bypass graft or a
native revascularized artery. These serve as the inflow
tract for the free flap, and anastomosis is achieved us-
ing microsurgical techniques.35 Free tissue transfer for
limb salvage is a major undertaking in diabetic patients
and should be carried out with caution in diabetic pa-
tients who may be of advanced age and have significant
comorbidities.

Autoamputation

Careful sharp debridement is performed along the
demarcation line between necrosis and viable tissue to
debulk dead tissue, drain pockets of pus, and prevent
accumulation of debris. Dry sterile dressings are used
to separate necrotic toes from their fellows, for if necro-
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sis is in direct contact with viable tissue, it can absorb
perspiration and become wet. This provides an ideal
culture medium for bacteria, and infection and necro-
sis can spread. Patients should not bathe to ensure that
necrotic tissues are kept dry, since moistening necrosis
may encourage infection.

REVASCULARIZATION

Most patients with neuroischemic infections will
need consideration for revascularization, which is con-
sidered an important part of the treatment of infection.
Angioplasty is now the initial means of revascular-
ization, followed, if unsuccessful, by peripheral arte-
rial bypass (especially distal bypass), which has been
established as a valuable procedure in the diabetic
lower limb, especially with considerable tissue loss.36

Furthermore, bypass can be performed safely and ef-
fectively in patients who have undergone renal
transplantation37 and in a dialysis-dependent patient
population.38,39 Thus, angioplasty is indicated in
the treatment of single or multiple stenoses or short-
segment occlusions.40 If angioplasty is not possible be-
cause of long arterial occlusions, bypass should be con-
sidered. If the infection is responding to conservative
treatment, with resolution of cellulitis on IV antibiot-
ics, then bypass, with its inherent risks, is probably not
indicated. However, if operative debridement is neces-
sary with amputation of a toe or ray, then arterial by-
pass may be necessary to achieve full wound healing.

Metabolic Control

In severe infections, considerable metabolic decom-
pensation may occur. Full resuscitation is urgently re-
quired with IV fluids and IV insulin sliding scale,
which is often necessary to achieve good blood glucose
control while the patient is infected. This is followed
by a basal-bolus regimen of tds short-acting insulin be-
fore meals and long-acting insulin at night.

Diabetic patients with neuroischemic foot infec-
tions are complex patients, and cardiac and renal func-
tion should be assessed.41-43 Echocardiography will
identify patients with left ventricular dysfunction.
This is expressed as the ejection fraction, and a value
less than 35% increases the risk of noncardiac sur-
gery.44 Close observation and monitoring of cardiovas-
cular and renal function are essential to maintain cor-
rect electrolyte and fluid balance. Neuroischemic pa-
tients should be regularly taking statins, angiotensin-
converting enzyme inhibitors, and antiplatelet agents,
and these should be continued if the patient is admit-
ted to hospital. Aspirin should not be stopped before

angiography or angioplasty, although if the patient is
taking aspirin and clopidogrel, the latter should be
stopped. High blood glucose is associated with re-
duced white cell function, which improves when the
blood glucose is lowered.

DISCUSSION

Over the past 20 years, there has been considerable
progress in the care of the diabetic foot.45 There is an in-
creased limb survival rate in patients attending multi-
disciplinary clinics.46-48 This has resulted from ad-
vances in the care of the neuropathic foot and of the
neuroischemic foot, including advances in the man-
agement of infection, which have been described in
this article.49

APPENDIX
Antibiotics

Example
Nonproprietary Name Trademark Name

Amoxicillin Amoxyl
Ceftazidime Fortrum
Ceftriaxone Rocephin
Ciprofloxacin Ciproxin
Clindamycin Dalacin C
Doxycycline Vibramycin
Erythromycin Erythrocin
Flucloxacillin Floxapen
Imipenem Primaxin
Linezolid Zyvox
Metronidazole Flagyl
Rifampicin Rifadin
Sodium fusidate Fucidin
Teicoplanin Targocid
Trimethoprim Monotrim
Vancomycin Vancocin

REFERENCES

1. Pecoraro RE, Reiber GE, Burgess EM. Pathways to diabetic limb
amputation: basis for prevention. Diabetes Care 1999;22:1354-60.
2. International Working Group on the Diabetic Foot. International

consensus on the diabetic foot [CD-ROM]. Brussels, Belgium: Inter-
national Diabetes Federation; 2003.
3. Sato N, Shimizu H, Suwa K, Shimomura Y, Kobayashi I, Mori M.

MPO activity and generation of active O2 species in leukocytes from
poorly controlled diabetic patients. Diabetes Care 1992;15:1050-2.
4. Geerlings SE, Hoepelman AI. Immune dysfunction in patients

with diabetes mellitus DM. FEMS Immunol Med Microbiol 1999;3-
4:259-65.

LOWER EXTREMITY WOUNDS 4(3);2005 151

INFECTION IN THE NEUROISCHEMIC FOOT



5. Leibovici L, Yehezkelli Y, Porter A, Regev A, Krauze I, Harell D.
Influence of diabetes mellitus and glycaemic control on the charac-
teristics and outcome of common infections. Diabet Med 1996;13:
457-63.
6. Marhoffer W, Stein M, Maeser E, Federlin K. Impairment of

polymorphonuclear leukocyte function and metabolic control of dia-
betes. Diabetes Care 1992;15:256-60.
7. Lipsky BA, Pecoraro RE, Larson SA, Hanley ME, Ahroni JH. Out-

patient management of uncomplicated lower-extremity infections in
diabetic patients. Arch Intern Med 1990;150:790-7.
8. Abdulrazak A, Bitar ZI, Al-Shamali AA, Mobasher LA. Bacterio-

logical study of diabetic foot infections. J Diabetes Complicat
2005;193:138-41.
9. Hampton E, Edmonds ME. Microbiology is different in the foot

infections of the neuro-ischaemic foot compared with the neuro-
pathic foot. Diabet Med 2004;21 Suppl II:P268.
10. Tentolouris N, Jude EB, Smirnof I, Knowles EA, Boulton AJ.
Methicillin-resistant Staphylococcus aureus: an increasing problem
in a diabetic foot clinic. Diabet Med 1999;16;767-71.
11. Dang CN, Prasad YD, Boulton AJ, Jude EB. Methicillin-resistant
Staphylococcus aureus in the diabetic foot clinic: a worsening prob-
lem. Diabet Med 2003;20:159-61.
12. Phelan RA, Edmonds ME. Improvement in the transcutaneous
oxygen tension by treatment of infection in the ischaemic diabetic
foot. Diabet Med 2005;22 Suppl II:P230.
13. Parkhouse N, Le Quesne PM. Impaired neurogenic vascular re-
sponse in patients with diabetes and neuropathic foot lesions. N Engl
J Med 1987;318:1306-9.
14. Armstrong DG, Lavery LA, Sariaya M, Ashry H. Leukocytosis is a
poor indicator of acute osteomyelitis of the foot in diabetes mellitus. J
Foot Ankle Surg 1996;35:280-3.
15. Edmonds ME, Foster AVM. Infections complicating diseases of
the feet in renal patients. In: Sweny P, Rubin R, Tolkoff-Rubin N, edi-
tors. The infectious complications of renal disease. New York: Oxford
University Press; 2003. p. 399-416.
16. Armstrong DG, Lavery LA, Quebedeaux TL, Walker SC. Surgical
morbidity and the risk of amputation due to infected puncture
wounds in diabetic versus nondiabetic adults. South Med J 1997;904:
384-9.
17. Grayson ML, Gibbons GW, Balogh K, Levin E, Karchmer AW.
Probing to bone in infected pedal ulcers: a clinical sign of osteo-
myelitis in diabetic patients. JAMA 1995;273:721-3.
18. Craig JG, Amin MB, Wu K, Eyler WR, van Holsbeeck MT,
Bouffard JA, et al. Osteomyelitis of the diabetic foot: MR imaging—
pathological correlation. Radiology 1998;203:849-55.
19. Morrison WB, Schweitzer ME, Batte WG, Radack DP, Russel KM.
Osteomyelitis of the foot: relative importance of primary and second-
ary MR imaging signs. Radiology 1998;207:625-32.
20. Enderle MD, Coerper S, Schweizer HP, Kopp AE, Thelen MH,
Meisner C, et al. Correlation of imaging techniques to histopathology
in patients with diabetic foot syndrome and clinical suspicion of
chronic osteomyelitis. Diabetes Care 1999;22:294-9.
21. Rajbhandari SM, Sutton M, Davies C, Tesfaye S, Ward JD. “Sau-
sage toe”: a reliable sign of underlying osteomyelitis. Diabet Med
2000;17:74-7.
22. Edmonds ME, Foster AVM. Managing the diabetic foot. Oxford:
Blackwell Science; 2000.
23. Pellizzer G, Strazzabosco M, Presi S, Furlan F, Lora L, Benedetti
P, et al. Deep tissue biopsy vs. superficial swab culture monitoring in
the microbiological assessment of limb-threatening diabetic foot in-
fection. Diabet Med 2001;18:822–7.
24. Chantelau E, Tanudjaja T, Altenhofer F, Ersanili Z, Lacigova S,
Metzger C. Antibiotic treatment for uncomplicated neuropathic fore-
foot ulcers in diabetes: a controlled trial. Diabet Med 1996;13:156-9.

25. Grayson ML. Diabetic foot infections: antimicrobial therapy. In:
Eliopoulos GM, editor. Infectious disease clinics of North America.
Philadelphia: WB Saunders; 1995. p. 143-62.
26. Harkless L, Boghossian J, Pollak R, Caputo W, Dana A, Gray S, et
al. An open-label, randomized study comparing efficacy and safety of
intravenous piperacillin/tazobactam and ampicillin/sulbactam for
infected diabetic foot ulcers. Surg Infect (Larchmt) 2005;61:27-40.
27. Edmonds ME, Foster AVM, Sanders LJ. A practical manual of di-
abetic foot care. Oxford: Blackwell; 2004.
28. Anstead GM, Owens AD. Recent advances in the treatment of in-
fections due to resistant Staphylococcus aureus. Curr Opin Infect Dis
2004;176:549-55.
29. Lipsky BA, Itani K, Norden C, Linezolid Diabetic Foot Infections
Study Group. Treating foot infections in diabetic patients: a random-
ized, multicenter, open-label trial of linezolid versus ampicillin-
sulbactam/amoxicillin-clavulanate. Clin Infect Dis 2004;38:17-24.
30. Venkatesan P, Lawn S, Macfarlane RM, Fletcher EM, Finch RG,
Jeffcoate WJ. Conservative management of osteomyelitis in the feet of
diabetic patients. Diabet Med 1997;14:487-90.
31. Gough A, Clapperton M, Rolando N, Foster AV, Philpott-Howard
J, Edmonds ME. Randomised placebo-controlled trial of granulocyte-
colony stimulating factor in diabetic foot infection. Lancet 1997;350:
855-9.
32. Cruciani M, Lipsky BA, Mengoli C, de Lalla F. Are granulocyte
colony–stimulating factors beneficial in treating diabetic foot infec-
tions? A meta-analysis. Diabetes Care 2005;28:454-60.
33. Bakker DJ. Hyperbaric oxygen therapy and the diabetic foot. Dia-
betes Metab Res Rev 2000;16 Suppl 1:S55-8.
34. Clare MP, Fitzgibbons TC, McMullen ST, Stice RC, Hayes DF,
Henkel L. Experience with the vacuum assisted closure negative
pressure technique in the treatment of non-healing diabetic and
dysvascular wounds. Foot Ankle Int 2002;2310:896-901.
35. Vermassen FE, van Landuyt K. Combined vascular reconstruc-
tion and free flap transfer in diabetic arterial disease. Diabetes Metab
Res Rev 2000;1:S33-6.
36. Pomposelli FB, Kansal N, Hamdan AD, Belfield A, Sheahan M,
Campbell DR, et al. A decade of experience with dorsalis pedis artery
bypass: analysis of outcome in more than 1000 cases. J Vasc Surg
2003;372:307-15.
37. McArthur CS, Sheahan MG, Pomposelli FB Jr, Dayko A, Belfield
AK, Veraldi J, et al. Infrainguinal revascularization after renal trans-
plantation. J Vasc Surg 2003;376:1181-5.
38. Ramdev P, Rayan SS, Sheahan M, Hamdan AD, Logerfo FW,
Akbari CM, et al. A decade experience with infrainguinal revascular-
ization in a dialysis-dependent patient population. J Vasc Surg 2002;
365:969-74.
39. Treiman GS, Lawrence PF, Rockwell WB. Autogenous arterial
bypass grafts: durable patency and limb salvage in patients with
inframalleolar occlusive disease and end-stage renal disease. J Vasc
Surg 2000;321:13-22.
40. Faglia E, Mantero M, Caminiti M, Caravaggi C, De Giglio R,
Pritelli C, et al. Extensive use of peripheral angioplasty, particularly
infrapopliteal, in the treatment of ischaemic diabetic foot ulcers: clin-
ical results of a multicentric study of 221 consecutive diabetic sub-
jects. J Intern Med 2002;2523:225-32.
41. Poldermans D, Boersma E, Bax JJ, Thomson IR, van de Ven LL,
Blankensteijn JD, et al. The effect of bisoprolol on perioperative mor-
tality and myocardial infarction in high-risk patients undergoing vas-
cular surgery. Dutch Echocardiographic Cardiac Risk Evaluation Ap-
plying Stress Echocardiography Study Group. N Engl J Med 1999;
341:1789-94.
42. Fleisher LA, Eagle KA. Screening for cardiac disease in patients
having noncardiac surgery. Ann Intern Med 1996;124:767-72.

152 LOWER EXTREMITY WOUNDS 4(3);2005

EDMONDS



43. Hood DB, Weaver FA, Papanicolaou G, Wadhwani A, Yellin AE.
Cardiac evaluation of the diabetic patients prior to peripheral vascu-
lar surgery. Ann Vasc Surg 1996;10:330-5.
44. Eagle KA, Brundage BH, Chaitman BR, Ewy GA, Fleisher LA,
Hertzer NR, et al. Guidelines for perioperative cardiovascular evalua-
tion for non cardiac surgery: an abridged version of the report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Mayo Clin Proc 1997;524-31.
45. Karchmer AW. Microbiology and treatment of diabetic foot infec-
tions. In: Veves A, Giurini JM, LoGerfo FW, editors. The diabetic foot:
medical and surgical management. Totowa (NJ): Humana Press; 2002.
p. 207-19.
46. Larsson J, Apelqvist J, Agardh CD, Stenstrom A. Decreasing inci-
dence of major amputation in diabetic patients: a consequence of a

multidisciplinary foot care team approach? Diabet Med 1995;129:
770-6.
47. Holstein P, Ellitsgaard N, Olsen BB, Ellitsgaard V. Decreasing in-
cidence of major amputations in people with diabetes. Diabetologia
2000;437:844-7.
48. Faglia E, Favales F, Aldeghi A, Calia P, Quarantiello A, Barbano P,
et al. Change in major amputation rate in a center dedicated to dia-
betic foot care during the 1980s: prognostic determinants for major
amputation. J Diabetes Complicat 1998;122:96-102.
49. Edmonds M, Foster AVM. Reduction of major amputations in the
diabetic ischemic foot: a strategy to “take control” with conservative
care as well as revascularisation. VASA 2001;58 Suppl:6–14.

LOWER EXTREMITY WOUNDS 4(3);2005 153

INFECTION IN THE NEUROISCHEMIC FOOT


