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Abstract

Diabetic foot is a major health problem all over the world. Approximately 15%
of the 200 million people with diabetes worldwide will develop a foot ulcer
during their lifetime. Major amputation is a feared complication of diabetes.
Many patients who undergo an amputation have a history of ulceration. More
than 60% of non-traumatic amputations in the western world are carried out
in diabetes patients. Major amputations increase morbidity and mortality and
reduce the patient’s quality of life. An important prelude to diabetic foot treat-
ment is the differing diagnosis of neuropathic and neuroischemic foot. Treat-
ment of a neuropathic plantar ulcer must correct pathological plantar distribu-
tion of pressures. Surgical treatment of deformities, with or without ulcerations,
is an effective therapy. Charcot neuroarthropathy is a particular complication
of neuropathy wich may lead to fragmentation or destruction of joints and
bones. Additionally, in the diabetic population peripheral vascular disease
(PVD) is the main risk factor for amputation. If PVD is not diagnosed, treatment
of the ulcer cannot be successiul. In diabetic patients PVD is distal, but often
fully involves the femoral, popliteal and tibial vessels. It can be successfully
treated with either open surgical or endovascular procedures. Finally, infection
is a serious complication of diabetic foot. Phlegmon or necrotizing fascitis are
not only limb-threatening problems, but also life-threatening ones. In this case
emergency surgery is mandatory.

Keywords: diabetic foot, Charcot neuroarthropathy, foot ulcer, osteomyelitis,
diabetic foot surgery.

Introduction

Approximately 15% of diabetic patients experience a foot ulcer
at some point in their lives.' More than 60% of non-traumatic
amputations in the western world are performed in the diabetic
population, with the incidence of major amputation varying from
0.5 to 5 per 1000 patients.>* Morbidity and mortality rates are
higher in patients with ulcerations. Mortality in the perioperative
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period is particularly high: reported to be 9% in a Dutch study*
and 10-15% in the UK.’ In a follow-up study of an amputated
population, our group reported a 5-year survival rate of 50%.5

Diabetic foot must be considered a complex entity. Two
types are recognized: neuropathic foot and neuroischemic
foot.” The two entities have different pathophysiological mech-
anisms, diagnostic-therapeutic phases, and outcomes. There
are different indications, different procedures and different or-
ganization of care in diabetic patients with neuropathic and
neuroischaemic foot.

The neuropathic foot

The association between peripheral neuropathy and foot ulcers is
uniform in the literature.*'* Neuropathy is associated with an
eight- to 18-fold increased risk of ulceration and a two- to
15-fold increased risk of amputation.®’

The mechanisms through which neuropathy acts as a pathoge-
netic event for ulceration and, thus, amputation are complex and
varied.*'? Above all, the reduction in protective sensitivity (in-
cluding sensitivity to pain and heat) leads to a reduction in the
perception of pain stimuli. Moreover, the motor component of
neuropathy involves progressive weakening of the intrinsic mus-
cle component, made up of interosseous and lumbrical muscles.
This reveals itself as a deformation in toe flexion and the forma-
tion of overloaded plantar areas, identifiable under the metatarsal
heads and the tips of the toes. Finally, the autonomous compo-
nent of neuropathy causes anhydrosis and dry, flaky skin, as well
as an increase in arteriovenous shunting, leading to altered skin
and bone perfusion.

Proper debridement must follow the evaluation of an ulcer.
This should completely remove the callus that surrounds the le-
sion and all non-healthy tissue, until healthy bleeding edges are
revealed. Sharp debridement allows for thorough removal of all
necrotic material and diminishes the bacterial load, thus promot-
ing healing."*'® Although debridement of the ulcer is considered
essential for the healing of diabetic foot ulcers, the grade of evi-
dence is low."” However, this is likely to be related to the lack of
studies rather than a lack of effect.

Subsequently, it is necessary to carry out an accurate “probe-
to-bone” maneuver in order to establish any involvement of
deeper structures such as tendons, joint capsules, and bones. In
our opinion, in many cases the probe-to-bone maneuver with a
sterile blunt instrument is adequate to diagnose osteomyelitis.
Therefore, it is only necessary to use more complex methods
(such as nuclear magnetic resonance and/or radio-labeled leuko-
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Figure 1. Surgical treatment of a neuropathic plantar ulcer

Figure 2. Pan metatarsal head resection

cyte scanning) in a small percentage of cases.'®** A number of
recent studies have questioned the reliability of the probe-to-
bone test.”*® We entirely agree with the authors of these studies
in the case that all patients are being considered and when the
probe-to-bone test is being used as a screening tool. However, in
“surgical patients” and in those with clinical signs of infection
we still believe the maneuver is useful and reliable.

The literature clearly demonstrates that offloading is essential
in cases of non-complicated plantar neuropathic lesions. Simple
offloading techniques are multifaceted and include casts and
boots, sandals, half-shoes, and felted foam dressings.”’ ™’

Armstrong and Frykberg have provided a classification of dia-
betic foot surgery that correlates classes of treatment with a risk
of amputation score.*® The indications for surgical treatment of
plantar neuropathic ulcers are essentially as follows:

* Coexistence of osteomyelitis.

* Plantar exostosis, which puts the healed wound at a high risk
of recurrence.

 Chronically ulcerated wound resistant to conservative therapy.

In these situations, surgery allows two important results to be
achieved: shorter wound healing time and surgical correction of

Figure 3. Transmetatarsal amputation

the pathological overload by means of anatomical correction of
the exostosis (figure 1).”

Piaggesi et al. have demonstrated that surgical treatment of a
wound (ulcerectomy) accompanied by modification of the patho-
logical overload (exostectomy) in a population of diabetic pa-
tients affected by plantar neuropathic ulcers allowed significantly
shorter healing times and a lower rate of ulcerative repetition
compared with conservative treatment."*

Microbiological assessment is performed to choose the appro-
priate antibiotic treatment before ulcerectomy. Appropriate spec-
imens are obtained from the wound bed with a biopsy of the deep
soft tissue. It is necessary to establish any involvement of bone
(such as a metatarsal head) so as to plan the best type of surgery
for the wound. Involvement of more than one metatarsal head or
the presence of a vast plantar lesion may indicate the need for
more complex surgical techniques, such as pan metatarsal head
resection or minor amputation (figures 2 and 3).

Surgery should be not only curative but also effective in pre-
venting new ulceration. Treatment of the overload by lengthen-
ing the Achilles tendon (AT) has been shown to be effective in re-
ducing both the plantar pressures of the forefoot and the primary
risk of ulceration and recurrent infection.*’
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Charcot neuroarthropathy

Charcot neuroarthropathy (CN) is one of the most devastating
complications of diabetes and, in its most severe form, it may
lead to ulceration, infection, and, subsequently, amputation.*"**
CN has been defined as the simultaneous presence of bone and
joint destruction, fragmentation, and remodeling.* With respect
to epidemiology, diabetes is the most common cause of CN.**
The prevalence of CN in the diabetic population varies from
0.15% to 6.8% in published series.***

The CN has been defined as a disease in which there is the si-
multaneous presence of bone and joint destruction, fragmenta-
tion and remodelling.*

In a more recent study in Manchester the prevalence of CN,
evaluated on radiological changes, was 9% in a population of se-
lected neuropathic diabetic patients.*’ The initiating event of the
Charcot process is often a seemingly trivial injury or unnoticed
minor trauma resulting in minor periarticular or major fractures
in susceptible diabetic feet.** Peripheral and autonomic neuropa-
thy together with an adequate blood supply appears to be prereq-
uisites for the development of susceptibility,*#4

The reason why seemingly trivial injuries should lead to such
major catastrophic destruction of the foot has not yet been com-
pletely explained, although reduced bone density in the lower
limbs in Charcot patients has been demonstrated which might
make such patients at a higher risk for developing these chang-
es.” It is thought that increased blood flow and arteriovenous
shunting as a consequence of autonomic neuropathy, lead to in-
creased osteoclastic activity resulting in bone resorption.*®

Together with an increased risk of tripping and falling and re-
petitive trauma from the higher foot pressures in neuropathic di-
abetic patients, these factors may then predispose to CN.**' To
date there have been a few relatively small studies which have
both directly and indirectly indicated that there is an increased
rate of bone remodelling occurring in Charcot foot disease. Em-
ploying a urinary marker of bone resorption such as cross linked
N telopeptides of type I collagen (NTX), Edelson et al. have in-
dicated increased levels of collagen breakdown in subjects with
Charcot neuroarthropathy.* More recently Gough et al. assayed
both markers of osteoblastic and osteoclastic activity in the foot
as well as systematically.”® They found the pyridinoline cross
linked carboxy-terminal telopeptide domain of type I collagen
(ICTP) was significantly more prevalent in diabetic patients with
acute CN. Similarly, we also found an increase in the bone turn-
over marker urinary deoxypyridinoline (DPD) (both DPD and
ICTP are markers of increased bone resorption) in patients with
active CN.”' Both these studies also found that alkaline phos-
phatase was higher in patients with Charcot arthropathy com-
pared to controls. These results suggest that the acute Charcot
foot has excessive osteoclastic activity with possible increase in
osteoblastic activity suggesting continuous bone remodelling.
Recent data have suggested that there may be other underlying
pathogenic factors involved in the Charcot process such as in-
volvement of the cytokines tumor necrosis factor alpha (TNF-a),
interleukin-6 (IL-6), and also nitric oxyde synthase (NOS) and

calcitonin gene-related peptide (CGRP).>** Baumhauer et al.
demonstrate the presence of TNF-a and IL-6 in more than 90%
of osteoclasts.’® These cytokines have also been shown to medi-
ate an acute inflammatory response following bone fracture.™*
This suggests the constitutive expression of these regulatory mol-
ecules by osteoclasts during the remodelling process associated
with Charcot arthropathy. In a separate study LaFontaine et al.
showed that in the bones of the Charcot foot (compared to non-
Charcot non diabetic individuals) there was reduced expression
of CGRP and eNOS, both of which play a role in bone remodel-
ling.>* CGRP impacts osteoblastic activity and eNOS osteoclas-
tic activity.

Therefore with lack of eNOS there is lack of inhibition of os-
teoclastic activity and therefore increased bone resorption, and
lack of CGRP leads to decreased bone formation and osteopae-
nia, IL-6 and TNF-a are produced in bone marrow cells and in
osteoclasts and in combination have important effects on osteo-
clastic recruitment, proliferation and differentiation and they di-
rectly are involved in the regulation of eNOS activity, TNF-a has
been shown to downregulate eNOS expression® but increase
iNOS expression. In the latter causing increased bone and joint
inflammation™ whereas CGRP reduces TNF-a. expression.*®
TNF-a by promoting osteoclast differentiation and activation to
increase bone resorption can therefore reduce bone density in the
Charcot foot.””*® These processes involve an interaction between
receptor activator of NF-kB ligand (RANKL) and its receptor os-
teoprotegerin (OPG). This pathway has been shown to be unreg-
ulated in inflammatory joint disease.” It has been hypothesized
that rankle and OPG play a role in the development of the Char-
cot process.® This hypothesis links the inflammatory component
of acute CN to the abnormalities in bone metabolism.*® An initial
bone fracture or microtrauma may trigger an exaggerated inflam-
matory response in an insensitive, hyperaemic foot by an exces-
sive release of proinflammatory cytokines such as TNF-a and IL-
1. These proinflammatory cytokines stimulate overexpression
of RANKL, which in turn lead to maturation of osteoclasts, and
subsequently leading to a typical osteolysis of CN.% Therefore
these cytokines are inter-related and their up-and/or down regu-
lation can increase bone resorption and reduced bone formation,
typical features in the Charcot foot.

Acute CN can be confused with cellulitis, osteomyelitis, and
inflammatory arthropathy. Clinical suspicion of the condition is
necessary, so that appropriate treatment can be instituted imme-
diately in order to prevent the severe deformities seen in this
condition. The first clinical manifestation of the disease is swell-
ing and edema. On examination, the foot is generally warm, and
may be inflamed and swollen. Surgical intervention may be
present in the patient’s history.” Once the acute phase has sub-
sided, which can take months, the foot progresses into the
chronic stage. Chronic CN is painless, without a temperature
differential in a deformed foot. CN can infrequently become re-
activated if there is further trauma to the foot, in which case, in
the presence of an ulceration, differentiating it from osteomyeli-
tis can be difficult.*
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Table 1. Eichenholtz phases in Charcot foot

e Stage 0: “At risk” foot and ankle. Patient with diabetes and peripheral
neuropathy who has had an acute sprain or fracture

e Stage 1: Development. Patient presents with an acute inflammatory
process; X-rays show bone fragmentation with debris and occasional
joint disruption or dislocation

e Stage 2: Coalescence. Swelling, warmth, and redness regress, and
X-rays show bone surrounding the joint as sclerotic; absorption of fine
debris occurs, and most of the large fragments fuse together

e Stage 3: Reconstruction. Continued resolution of inflammation, and
X-rays show persistent remodeling with some deformation of joint
architecture. This is the best time for surgical fusion

Modified by Shibata et al.

Table 2. Indications for surgical

treatment in Charcot neuroarthropathy

e Plantar ulcerative wound on exostosis, with or without osteomyelitis
e Recurrent wound

e Severe deformity not manageable with orthotics or accommodative
footwear

e Severe joint instability not manageable with orthotics and
accommodative footwear

e Pain

There are a number of anatomical classifications of CN. In
1966, Harris and Brand described a pattern of tarsal disintegra-
tion in leprosy that is determined by posture and mechanical
stress, which is often initiated by unrecognized trauma.” Eichen-
holtz® was the first to codify the phases of CN development in
1966; this classification was modified by Shibata et al. in 1990
with the introduction of stage 0 as the prodromal state (table 1).*

In 1990, Sanders and Frykberg proposed a five-step classifica-
tion for patterns of bone destruction.® In addition, in 1993, Brod-
sky suggested an anatomical classification of the mid- and rear-
foot.”

In the majority of cases, CN can be recognized via clinical fea-
tures and plain X-rays. However, special investigations may be
required. Plain X-rays will reveal bone and joint destruction (fig-
ure 4), fragmentation, and remodeling in advanced cases (figure
5), but early changes may be subtle or undetectable.®

The aims of treatment in CN are as follows:

* To heal fractures.

* To prevent deformities.

* To create and maintain a plantigrade, stable foot.
* To heal an ulceration if present.

The choice of treatment depends on the Eichenholtz stage and
the location of the disease. The elective treatment of acute CN
is prolonged immobilization. Clinical stabilization is proven by
a reduction in skin temperature and the resolution of edema.
Radiotherapy and ultrasound have been used in small trials
without clear evidence of effectiveness in the treatment of acute
CN.69'70

Diabetic foot therapy. L. Dalla Paola, et al.

Figure 4. Bone and joint
destruction in Charcot
neuroarthropathy
(Eichenholtz stage 2)

Figure 5. Deformation in Charcot neuroarthropathy (Eichenholtz stage 3)

There is no pharmacological treatment approved for the treat-
ment of acute CN. Bisphosphonates are synthetic analogues of
inorganic pyrophosphate that inhibit bone turnover by reducing
the resorption of bone. They do this directly, by inhibiting the re-
cruitment and function of osteoclasts, and indirectly, by stimulat-
ing osteoblasts. Although it has not been demonstrated that bi-
sphosphonates have any beneficial effects on the underlying
acute Charcot process, all studies conducted to date have in-
volved a small number of patients and larger randomized trials
are urgently needed.”"

The indications for, and timing of, surgery are controversial,
since the surgical management of Charcot deformities of the foot
and ankle continues to evolve.”® However, there are some specif-
ic clinical conditions that indicate a surgical approach is advisa-
ble (table 2). In general, practitioners treating patients with neu-
roarthropathy of the foot and ankle should be experienced and
have the ability to recognize situations in which conservative
treatment is likely to fail.

Joint dislocation with collapse of the plantar fascia and onset
of plantar exostosis can be followed by ulceration. This is usual-
ly found at the midfoot level. In the majority of cases, this occurs
at the Lisfranc line. The clinical characteristics of these ulcera-
tions are usually persisting exostosis, large size, callus surround-
ing the wound, torpidity, and lack of healing. In this situation, the
risk of osteomyelitis and subsequent amputation is high.”’

In the case of superficial wounds (grade I-II in the Texas Uni-
versity Classification),”® the treatment of choice is offloading of
pathological pressures together with local dressings, which vary
depending on the state of the wound. Once the wound has healed,
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Figure 7. Medial column fusion in unstable Charcot foot

the decision is taken as to whether to place the patient in a pre-
vention program. Through education, insoles, and rocker-bottom
soles, the patient can keep the risk of recurrent ulceration under
control.”#

When the ulcerated wound involves joints and bones (grade II1
in the Texas University Classification), surgical treatment is indi-
cated, usually entailing removal of the lesion, exposure, and
clearing of exostosis. The bones involved are usually those in the
medial aspect of the foot, the navicular and/or medial cuneiform
and/or base of the first metatarsal; in the lateral aspect of the foot,
the bones involved are the base of the fifth metatarsal and the
cuboid (figure 6).

The unstable deformities of CN comprise the major indica-
tions for arthrodesis, the aim of which is to achieve stability of
the joints involved, reducing the risk of further ulceration and the
entire collapse of the foot. Reconstruction is considered in pa-
tients with deformities and instabilities, in whom surgical stabi-
lization is the only alternative to major amputation.”®

In-depth assessments of the international literature have
highlighted some key points that must be followed in the surgi-
cal treatment of CN.*** The literature is oriented to consider
surgery only once the quiescent state is obtained, which is char-
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Figure 8. Ankle instability in Charcot foot

acterized by the disappearance of signs of inflammation (re-
duced edema, normal skin color, lower temperature symmetri-
cal to the contralateral limb). Two studies recently reported
good results with early arthrodesis as an alternative to non-op-
erative treatment:®® however, these studies were limited by a
lack of follow-up.
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Figure 10. Application of hybrid external fixation: final result

The most common localization of CN involves the tarsometa-
tarsal (Lisfranc) joints, but other joints in the midfoot may also
be affected. Instability of the Lisfranc joints often results in a
rocker-bottom deformity and plantar-medial ulceration. This is
primarily owing to the base of the first metatarsal and medial cu-
neiform. Plantar-lateral ulcerations can be seen when the cuboid
is plantarly extruded as part of a Charcot joint.** Recently, Bevan
and Tomlison have shown that some radiographic measures can
predict ulceration in CN of the midfoot.®” Management of these
problems requires a flexible approach. Treatment may involve
simple exostectomy, with or without a fasciocutaneous flap, or
primary arthrodesis of the involved joints to provide stability. Ei-
ther approach may require concomitant AT lengthening to ad-
dress ankle equinus.®

Fusion procedures are traditionally carried out with internal
fixation. Studies showing positive results can be found in the lit-
erature, although with significant complication rates, varying be-
tween 30% and 70%.%%%% Complications include failure of
fixation, infections, and sepsis, which may lead to amputation.

Unfortunately, these studies are not comparable, as they used
different methods of patient selection, types of operation, and
operative timeframes. When resolution of the Charcot joint
process has resulted in significant bone loss, subluxation, joint
dislocation, or joint compromise, such that there is significant
instability of the medial column of the foot, primary fusion of
this joint should be considered. Simple exostectomy may fail in
this scenario owing to continued plantarflexion of the bones in
this segment if instability remains, resulting in a new bony
prominence. Stabilizing this joint in the form of primary fusion

Diabetic foot therapy. L. Dalla Paola, et al.

Figure 9. Ankle fusion using
intramedullary nails

is the better alternative. Fixation can be achieved in a variety of
ways (figure 7).

One of the most difficult problems to manage is ulcers located
laterally in the midfoot secondary to plantar subluxation of the
cuboid bone. This is type 5 in the Harris and Brand classification
of Charcot joint disruption (pattern II in the Frykberg/Sanders
classification), and has been described as highly resistant to con-
servative care.”® Resolution of these ulcerations often requires
surgical intervention. When ulcerations of this type are large, pri-
mary excision with closure may be difficult and an alternative
technique may be sought.'**** The ulcerectomy and exostecto-
my procedure may leave a large dead space. This space can be
filled with a muscle flap (using the flexor digitorum brevis and/or
the quadratus plantae), which will serve two purposes: it will re-
duce the dead space following the bony resection and it will pro-
vide a layer of soft tissue between the underlying bone and the
overlying skin. The ulceration itself may be covered by creating
a medially based fasciocutaneous flap originating from the arch
of the foot and rotated laterally. The donor site in the arch is then
covered with a split-thickness skin graft. The postoperative
course usually requires a minimum of 6 weeks of non-weight-
bearing. The foot is then fitted with custom-molded double-den-
sity Plastazote orthoses. As the relative shape of the foot has not
changed, these patients often require custom-molded shoes as
well. Ankle instability is a major challenge in limb salvage pro-
cedures (figure 8).

Good results have been reported by our group and others,
showing significant percentages of limb salvation with the use of
intramedullary nails (figure 9).%'

These are used to stabilize the ankle in patients presenting with
a high risk of ulceration and, therefore, possible amputation. Ex-
ternal fixation is an alternative in patients with osteomyelitis or
infective complications from internal fixation (figure 10).”**
More importantly, external fixation allows earlier mobilization.

Timing and therapeutic

protocols in acute and chronic infection

An ulcerated wound may start as an uncomplicated case, but in-
fection can develop and lead to compromise of soft tissues and
even bone involvement. Cases of serious soft tissue destruction,
osteomyelitis, and compartment syndrome (progressive infection
through plantar and dorsal compartments) constitute true medi-
cal and surgical emergencies.”'"" Infection of soft tissues, pro-
gressive compromise of deep tissues, and the development of os-
teomyelitic foci are the factors that distinguish between
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Table 3. Clinical characteristics of diabetic foot infections

Clinical manifestations Severity

Wound without purulence or any signs of inflammation Uninfected

2 cm manifestation of inflammation (purulence or Mild
erythema, pain, tenderness, warmth, induration) but any
cellulitis/erythema extending 2 cm around ulcer and

infection is limited to superficial tissues. No local

complications or systemic illness

Infection in patient who is systemically well and Moderate
metabolically stable but who has one or more of the

following: cellulitis extending >2 cm; lymphangitis; spread

beneath fascia; deep tissue abscess; gangrene; muscle,

tendon, joint, bone involved

Infection in patient with systemic toxicity or metabolic Severe
instability (e.g. fever, chills, tachycardia, hypotension,

confusion, vomiting, leukocytosis, acidosis, hyperglycemia)

Table 4. Recommended evaluation

of a diabetic patient with a foot infection

e Describe lesion (e.g. cellulitis, ulcer) and any drainage (e.g. serous, purulent)
e Enumerate presence or absence of various signs of inflammation
e Ascertain whether or not infection is present, and attempt to define
probable cause
e Examine soft tissue for evidence of crepitus, abscesses, sinus tracts
e Probe any skin breaks with sterile metal probe
to see if bone can be reached
e Measure the wound (length x width; estimate depth); consider
photograph
e Palpate and record pedal pulses; use Doppler instrument if necessary
e Evaluate neurological status: protective sensation,
motor and autonomic functions
e (Cleanse and debride wound; remove any foreign material and eschar
e Culture cleansed wound (by curettage, aspiration, or swab)
¢ |n most cases, order plain radiographs of infected foot

conservative treatment and a more aggressive surgical approach.
Clearly, revascularization must be postponed after acute treat-
ment of infection,'*'**

Infections that do not pose an immediate threat of limb loss are
defined as “non-limb-threatening”, and are generally character-
ized by the absence of signs of systemic toxicity. In a superficial
lesion, cellulitis of >2 cm is generally not present, nor are deep
abscesses, osteomyelitis, or gangrene. Infections defined as
“limb-threatening” show extended cellulitis, deep abscesses, 0s-
teomyelitis, or gangrene. Ischemia characterizes a superficial le-
sion as limb-threatening.'® Lipsky has provided a more specific
classification of infection, shown in table 3.'%

In the majority of clinical studies in the literature, antibiotic
treatment does not improve the outcome of non-infected ul-
cers.'”” Follow-up, including wound inspection and dressing
changes, is necessary to ensure that dangerous signs and/or
symptoms of local infection are identified as early as possible.'”

The diagnosis of infection is clinical.'® The presence of puru-
lent secretions or two or more signs of inflammation (erythema,
warmth, tenderness, heat, and induration) should be used in diag-
nosing an infection (table 4).

Faced with a clinical case of non-limb-threatening infection, it
is best to start antibiotic treatment early on. For mild and moderate
infections, antibiotic therapy is administered orally. Oral treatment
is less expensive, easier to manage, and usually sufficient for this
type of patient.'® Parenteral treatment can be reserved for selected
cases (e.g. those with difficulty in intestinal absorption, gastroin-
testinal allergies, or isolation of bacteria resistant to oral antibiotic
therapy). The chosen antibiotic must reach good serous levels and
provide good coverage against gram-positive cocci bacteria.'®

Acute infected foot

Acute infection (phlegmon, abscess, necrotizing fasciitis) is an
emergent condition that can threaten not only the limb but also
the patient’s life. It requires evaluation, and immediate hospitali-

zation and treatment.'*!°"1%!1% The infection may lead to pro-
gressive destruction of soft tissues, involvement of bone, the
need for surgical treatment, and possibly amputation.'”''® In
many cases, rapid treatment is absolutely essential for effectively
treating an acute wound in a diabetic foot.'"" It is often neces-
sary to turn to debridement surgery in an emergency without
considering limiting factors such as metabolic compensation and
the patient’s nutritional state and vascular condition.'*'*!"

In less urgent cases, patients can be treated on the ward or in
bed, without the need for anesthesiological support. In cases of
wider and deeper infections, an operating theatre is required for
adequate debridement and drainage. This is especially true in
cases with bone involvement."'>!'® Lavery et al. recently detailed
independent risk factors for the development of osteomyelitis,
such as wounds that extended to the bone or joint, previous his-
tory of a wound and recurrent or multiple wounds.'"’

Recent studies have focused on non-surgical management of
osteomyelitis in patients with diabetic foot wounds."®'*' In our
practice, we carry out surgical treatment of osteomyelitis when
the foot is neuroischemic (after revascularization) or when there
are clinical signs of infection. We use to surgically treat all com-
plicated wounds of the forefoot, midfoot, and rearfoot with clin-
ical and/or radiological signs of osteomyelitis. We don’t carry
out surgery as first approach when we don’t have clinical signs of
infection in wounds localized on toes with or without radiologi-
cal evidence of osteomyelitis. Surgical treatment, antibiotic treat-
ment, and support should all be decided after general and local
examination of the patient.'®

Other than conferring a negative prognosis, infection alone can
lead to ischemia through inflammatory and thrombotic mecha-
nisms that involve the terminal digital arteries (increase in oxy-
gen consumption, edema, and septic thromboangiitis).'?*!'* It is
precisely for this reason that debridement allows for reduction of
the infected mass and improvement in local circulatory condi-
tions.
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Surgical debridement is the physical removal of necrotic mate-
rial, foreign bodies, and infected tissue from the bed of an acute
or chronic ulcer, with an evident secondary reduction in bacterial
load. This treatment helps to create a more suitable environment
for restoring the physiological processes of tissue repair. An ag-
gressive surgical approach to ulcers, as used in the treatment of
acute lesions or burns, can also be beneficial in the treatment of
chronic lesions. One of the most important motives for debride-
ment is, in fact, to transform a chronic lesion into an acute wound
that has more suitable characteristics for healing.'"*>!'® The tim-
ing and the repetition of surgical debridement depends on vari-
ous factors, such as the length of time the lesion has been present,
whether the surface and deep tissues and bone are infected, and
whether concomitant vascular disease is present. Steed et al. not-
ed the positive effect of surgical debridement performed routine-
ly on chronic lesions compared with its sporadic use."

Debridement should be performed in an operating theatre if
the extent of the lesion requires locoregional anesthesia or if
there is a risk of hemorrhage.'™ The procedure should be per-
formed without the aid of a tourniquet to effectively assess bleed-
ing and damage to the soft tissues. The treatment, therefore, re-
quires a balance between the necessary level of aggressiveness to
remove anything that may impede tissue repair, and the need to
leave healthy tissue intact. The excision of damaged tissue
should, in any case, always be complete, and should not stop un-
til it reaches macroscopically healthy, bleeding tissue.

Cleansing is important after debridement, preferably by high-
pressure irrigation.'** This procedure allows deeper decontami-
nation of both necrotic tissue and the bacterial load, owing spe-
cifically to the pressure of the irrigation. If the skin is
permanently damaged by the infection or by critical limb
ischemia or ischemia secondary to the infection, it should be re-
moved surgically, because both proteases and bacteria accumu-
late around the edges and underneath the infection, and can cause
the necrosis to progress and impede tissue repair. If the margin
between healthy and necrotic skin is clearly delineated, the skin
should be incised along that margin. We usually use simple gauze
dressings soaked in antiseptic agents after surgical debridement.
A new antiseptic agent based on superoxidized water has recent-
ly been proven to be superior to povidone iodine in the treatment
of infected ulcers.'*'?°

A further key point in debulking infection is the treatment of
osteomyelitis.''® Non-bleeding malacic bone should be removed.
The instruments used for this procedure are rongeurs and an os-
cillating saw. The best method for decontaminating small por-
tions of bones (phalanges, metatarsal heads) is to resect thin bone
sections until healthy, bleeding bone is reached. The tissue
should also be irrigated with saline solution to limit the high tem-
perature caused by using an oscillating saw.

When dealing with osteomyelitis, the problems related to sur-
gical treatment with the removal of bone segment should not be
given too much consideration —all of the infected bone should be
removed.'™ Possible correction of the biomechanical imbalance
resulting from the radical treatment of osteomyelitis should be
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addressed after the infection, and ischemia should be controlled.
Microbiological specimens of both clinically infected and clini-
cally healthy bone remain essential to determine the extent of the
infection.

Principles of treatment of neuroischemic foot

The epidemiological characteristics of peripheral vascular dis-
ease (PVD) are more obvious in diabetics than in the general
population.'””'? The main characteristic of PVD in diabetics is
the morphological and clinical presentation.'** Obstructions are
mainly located below the knee; occlusions prevail, compared
with stenoses;'**'*! painful symptoms are often reduced or ab-
sent, due to the co-existence of neuropathic sensitivity, and me-
dial arterial calcinosis (MAC) is common.'* These characteris-
tics make PVD in diabetics more difficult to diagnose and
therapy more problematic than in non-diabetics.

They also mean that PVD plays a fundamental role in the
prognosis of major amputation. Nevertheless, since the 1990’s,
revascularization procedures have been proved feasible options
compared with initial thinking. Procedures ranging from distal
revascularization to angioplasty and by-pass interventions have
all been able to change the original prognosis of amputation.'**

The fundamental problem of diabetic peripheral obstructive ar-
teriopathy is precision of diagnosis. These patients often suffer
little or no pain when walking or at rest. The frequent presence
of arterial calcifications is another confusing element, sometimes
giving rise to incorrect evaluation of the importance of pressure
parameters, as both ankle-pressure and ankle-brachial index.
These typical diabetic characteristics are the primary factors that
lead to underestimation of the presence of PVD. This mistake
plays a major role in delayed wound healing and possible gan-
grene, and is a contributing factor to many amputations.'** This
is true in the case of minor amputations when the foot lacks suf-
ficient blood flow, wounds cannot heal, and an amputation is nec-
essary at a more proximal level."**

The TASC (TransAtlantic Inter-Society Consensus)'*® was
published in 2000 (table 5).

This Consensus introduced a useful diagnostic tool —transcuta-
neous oxygen tension (TcPO,)- and gave higher cut-off pres-
sures than those determined previously.*® Some parameters can-
not be applied to the diabetic population. Rest pain is often
absent and ankle pressure is not feasible or erroneously high. In
our experience, around 50% of patients with foot ulcer present
incompressible arteries of erroneously high figures, as reported
by Gibbons et al.'*” The pressure of the big toe is even less use-
ful, not only because calcifications often include inter-digital ar-
teries, but above all because the wound often involves the big toe.

We rely on the TcPO, in our clinical practice, since it is feasi-
ble in all patients. Duplex scanning is an accessible and wide-
spread diagnostic tool, which provides two types of information
at the same time. One is morphological and regards the presence
of stenosis or occlusions, and one is functional, and deals with
the rate of blood flow. This type of diagnostic investigation is
highly sensitive and specialised in the large vessels of the thigh.
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Table 5. Critical limb ischemia: diagnostic criteria (TASC)

e Chronic ischemic rest pain, ulcers or gangrene, attributable
to objectively proven arterial occlusive disease, with

ankle <50-70 mmHg or toe pressure <30-50 mmHg
or
transcutaneous oxygen tension <30-50 mmHg

Even without arteriography, some authors consider this examina-
tion sufficient for choosing reconstructive therapy. The main lim-
itation of duplex scanning is its dependency on operator ability.
All too often defective examinations are made, unreliable for a
diagnosis of PVD. Figure 11 shows our clinical and instrumental
protocol to assess PVD, 03133137139

Arteriography is the gold-standard diagnostic instrument,
which fully responds to the need for precise definition of the ex-
istence, extent, location and morphology of arterial lesions, even
in diabetics. In people with diabetes, arteriography is often de-
scribed as risking more severe complications compared with non-
diabetics. This is true above all as regards the renal toxicity of the
contrast medium. From this point of view, current contrast media
must be considered. The digital technique and non-ionic contrast
medium require lower dosages and concentrations of contrast me-
dia. Both literature and our experience have confirmed that hydra-
tion procedures, both pre- and post-examination, drastically re-
duce the risk of renal toxicity."* In cardiopathic patients with
cardiac ejection fraction <40% we use furosemide at the start and
end of daily hydration in order to avoid possible effects of over-
loading liquids. This procedure has allowed us practically to elim-
inate the risk of nephropathy due to contrast media, even in pa-
tients suffering from serious kidney insufficiency.

Vascular investigations with excellent imaging obtained by an-
gio-CT or angio-MRI are currently considered. Despite the high
cost and poor accessibility of the equipment, we do not believe
that such instrumentation provides a feasible method for routine
use at the present time. The double time required when using
such methods —the first diagnosis, followed by a second interven-
tion— does not have a place in a procedure like ours. We maintain
that arteriography forms a ‘bridge’ between diagnosis and percu-
taneous transluminal angioplasty (PTA) therapy (carried out
whenever possible) during an angiographic examination. How-
ever, we would welcome the double time if it were useful in
revascularizing patients with PVD.

Certainly, endoluminal or surgical revascularization is the only
treatment capable of reducing the number of major amputations
significantly. This is amply shown in literature,'%127-12%133.138.140-152
Revascularization can restore direct arterial flow where it has
been interrupted or significantly reduced. This is an indispensa-
ble condition for healing a wound in an ischemic foot without re-
sorting to amputation.

This procedure is essential in cases of pain at rest. It is vital
when corrective surgery of a wound of part of the foot is neces-
sary. We consider it incorrect to perform surgical amputation

Pedal pulses present Pedal pulses absent

TcP0, =50 mmHg TcPO, < 50 mmHg
(ankle pressure > 70 mmHg) (ankle pressure < 70 mmHg)
Duplex scanning
: No obstructions| | Obstructions |
v v
Conservative / surgical pu Arteriography and concomitant PTA
treatment Bypass graft if PTA impossible

Figure 11. Flow chart of diagnostic-therapeutic procedure in peripheral
vascular disease

without carrying out an exhaustive diagnosis of PVD and (where
appropriate) without considering revascularization,'¥1%3

In our protocol PTA was the first-choice revascularization pro-
cedure'® yelding outcomes similar to by-pass grafting (BPG).'*
It does not require general or spinal anesthetic, is well tolerated,
does not pose problems of local surgical treatment of the wound,
hospitalization is very short, and the possibility of BPG in the
event of failure is not ruled out."”'*"*¥ In the hands of experts
PTA is a feasible approach for distal, long and multiple obstruc-
tions,'™!*® as noted in recent guidelines.'>” However, when criti-
cal limb ischemia (CLI) is present any procedure is welcome to
save the foot.

It is often believed that PTA is a useless approach, due to im-
mediate and unavoidable restenosis. This is not so since it is nec-
essary to distinguish between clinical and morphological resten-
osis."** Morphological restenosis, visible by Duplex scanning or
transcutaneous oxygen tension and with ankle-pressure values
lower than 15% of pre-PTA values,'® in the absence of returning
pain or worsening or relapse of foot wounds, is an irrelevant clin-
ical condition. The absence of a foot wound and of pain when
resting does not indicate the need for revascularization. It is clin-
ical restenosis that is important, as it shows itself through inves-
tigatory procedures and the reappearance of pain or foot wounds.
In our experience, clinical restenosis has a frequency of around
10-14% of treated cases. Efficient PTA is possible in about 80%
of cases of restenosis.'**!

In our protocol, PTA is carried out at the same time as angiog-
raphy.'®'*® If PTA is not considered feasible, the angiographic
study is used to evaluate the possibility of surgery. PTA may be
associated with a BPG at the same time as surgery or immediate-
ly afterwards. An example is a femoral-popliteal bypass giving
the PTA the task of recanalizing distal (tibial) stenosis. This al-
lows a ‘short’ bypass to be carried out instead of a ‘long’ one. The
former has a shorter surgical time and better chances of patency
in the long term. Distal PTA allows a good run-off to bypass.

In our clinical practice, a surgical bypass is only carried out
when PTA is deemed impossible or ineffective. It has been wide-
ly shown that distal bypasses are both possible and effective in
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diabetics."*'®* As in restenosis, non-recanalizable closure during
a bypass does not always lead to limb amputation. If bypass clo-
sure happens after the wound has healed, in some cases the pa-
tient remains asymptomatic.

The objective is always revascularization as regards the foot.
We have often seen femoral-popliteal bypasses or PTA of the su-
perficial femoral which have left infragenicular arteries occlud-
ed. In a recent analysis of 420 PTAs judged to be technically suc-
cessful procedures, the probability of major amputation increased
8 times for every non-recanalized infragenicular artery (personal
data, unpublished data). In a few cases, recanalization of the per-
oneal artery was not enough to save the limb. Recanalization of
at least one of the tibial arteries is the optimum to salvage a limb.

However, in some diabetic subjects neither endoluminal nor
surgical revascularization of the arteries below the popliteal is
possible, and amputation is often resorted to although the paten-
cy of at least one artery to the foot is an optimal guarantee of
limb salvage, revascularization with PTA or BPG of the arteries
upstream can lead to an increase in collateral circles, with an im-
provement in distal perfusion. Such procedures sometimes allow
wound healing and pain remission. Even if the foot cannot be
saved, a below knee amputation can be performed instead of a
above knee amputation, thus creating a distinct advantage for
ambulation with a prosthesis.

The extensive use of revascularization undoubtedly allows a
very high percentage of limb salvage. The ability to revascular-
ize, with PTA and BPG, is an essential requisite for a diabetic
foot center.
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Conclusion

Over the past years diabetic foot surgery has begun to transform
from an ill-defined and not well proven combination of procedures
to a much more standardized approach. Indications of surgery are
centred on some fundamental variables: 1) the presence or absence
of an open wound; 2) the presence or absence of limb-threatening
infection; 3) the presence or absence of osteomyelitis; 4) the pres-
ence of deformities with an increased risk for ulceration.

The diagnostic paths and treatments examined above are cer-
tainly the result of a multidisciplinary approach. The optimal
way of improving outcomes in diabetic population with diabetic
foot is to create an independent and dedicated multidisciplinary
team. In many situations, where the social health impact of the
problem has occurred, the decisive step toward facing the prob-
lem in a new way has been the creation of specialized centers.
The so-called “foot clinics” have various characteristics depend-
ing on the healthcare enviroment in which the various specialists
work. The organization of care should offer the possibility of
treating non complicated wounds in a ward enviroment, using
modern offloading techniques, local therapy, and moist dress-
ings. Admittance to a care structure managed by a foot clinic
should be arranged for complex wounds. In such a structure,
overall treatment should be possible: from revascularization to
emergency and/or elective surgical treatment, to rehabilitation. l
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