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Rezumat
Managementul chirurgical al complicatiilor piciorului diabetic neuropat

Introducere: Complicatiile piciorului diabetic sunt rezultatul
asocierii dintre boala vasculara periferica, neuropatie si un proces
de vindecare precar. Neuropatia periferica observata la diabetici
afecteaza toate componentele sistemului nervos, senzitiv, motor si
autonom, fiecare contribuind la aparitia ulceratiilor piciorului. Pe
fondul neuropatiei apar modificiri musculo scheletale si ale arhi-
tecturii piciorului conducand la deformari severe. Manifestarea
clinica a acestor complicatii variaza de la leziuni simple pana la
entitati complexe amenintatoare de pierderea membrului pelvin
sau chiar de viata (1,2).

Material si Metoda: In Clinica de Chirurgie a Spitalului Clinic Dr.
I. Cantacuzino din Bucuresti sunt internati si tratati anual un
numar semnificativ de pacienti cu leziuni de tip picior diabetic,
40% avand manifestari clinice de neuropatie diabetica. In 2017
dintr-un total de 448 de pacienti, internati pentru complicatii ale
diabetului zaharat, am efectuat o analiza retrospectiva a 150
pacienti consecutivi care au suferit interventii chirurgicale pentru
leziuni de picior diabetic cu predominanta neuropatiei.

Rezultate: Pacientii analizati au avut o evolutie postoperatorie
favorabila, beneficiind de suport circulator. Rezectia de raze a fost
interventia chirurgicala preferatd. Amputatia majora a fost efectuata
la 10% din pacienti, cu gangrene extensive si sepsis, amputatia de
gamba fiind preferata in toate situatiile.

Concluzii: Managementul chirurgical al acestor pacienti este delicat,
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de multe ori fiind necesar un abord multidisciplinar. O atitudine teraputica bine condusa poate face
diferenta intre prezervarea sau pierderea membrului pelvin.

Cuvinte cheie! neuropatie, diabet zaharat, ulceratie, Charcot

Abstract

Background: Diabetic foot complications result from the association between peripheral vascular
disease, neuropathy and a precarious healing process. Peripheral neuropathy observed in diabetics
affects all components of the nervous system, contributing to the occurrence of leg ulcers, muscu-
loskeletal changes, resulting in severe deformities. The clinical manifestation of these complications
ranges from simple lesions to complex entities threatening the loss of pelvic limb or even life (1,2).
Methods: In our surgery department, a significant number of patients with diabetic foot lesions are
hospitalized and treated annually, 40% having clinical manifestations of diabetic neuropathy asso-
ciated. In 2017, a total of 448 patients were hospitalized for complications of diabetes. We performed
a retrospective analysis of 150 consecutive patients who underwent surgery for neuropathic
diabetic foot lesions.

Results: The analyzed patients had a favorable postoperative progression, benefiting from distal
perfusion. Ray resection was the preferred surgical intervention. Major amputation was performed
in 10% of cases with extensive gangrene and sepsis, amputation of the calf being preferred in all
situations.

Conclusions: The management of these patients is delicate, often multidisciplinary approach being
necessary. A well-managed therapeutic attitude can make the difference between preserving or

losing the pelvic limb.

Key words: neuropathy, diabetes, ulceration, Charcot

Introduction

The prevalence of diabetes in Romania is one of
the largest in Kurope, given that it is
considered that for each newly diagnosed
diabetic patient, there are 1-2 undiagnosed
cases (1). Diabetes determines vascular and
nerve damage, with disease progression as a
result of cardiovascular, renal and ocular
damage, as well as the occurrence of diabetic
foot lesions. The diabetic foot is a complex enti-
ty that occurs as a result of the association of
several ethiopathogenic factors. Arterio-pathy,
neuropathy and infection, which are associated
with foot injury, deformities, skin mycoses, lim-
itations of joint mobility, or deficiencies in the
healthcare system are at high risk for compli-
cations that may ultimately lead to lower limb
amputations. Complications of the diabetic foot

are a major problem of the public health
system in terms of costs and the need for social
assistance, especially in cases where surgery is
represented by amputation, minor or major (2).
Preventing and treating injuries can reduce
the number of amputations by more than 80%
(3). Diabetic neuropathy can be defined as a
neurological, clinical or subclinical disorder
that occurs in patients with diabetes in the
absence of other causes of neuropathy and
which manifests itself in the somatic or vege-
tative component of the nervous system.
Recognition of this pathology as a consequence
of diabetes is attributed to Marchal Calvi
(1864), but the first mention dates back to 1778
(4). In 1998, a definition was drafted, that can
be used in a simple way in medical practice:
“diabetic neuropathy is defined by the presence
of symptoms and/or signs of dysfunction in the
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peripheral nerves in people with diabetes, after
exclusion of other causes” (5). Early recognition
of neuropathy in patients with diabetes is use-
ful because many patients are asymptomatic,
while others may experience non-diabetic
neuro-pathies. There is an impact on quality of
life, autonomic neuropathy associated with
increased morbidity and mortality, but
available treatments can be effective. Various
studies have shown that diabetic neuropathy
nvolves diffuse impairment of all nerve struc-
tures, with alteration of large myelin fibres -
skeletal muscles, vibratory sensitivity, proprio-
ceptive and tactile, as well as amyelinic or
weakly myelinated fibres, autonomous, painful
and thermal sensitivity. Peripheral neuropa-
thy correlates with age, duration of diabetes,
glycaemic control, presence of cardiovascular
disease, smoking, HDL cholesterol, diastolic
TA, microalbuminuria. Thus, the prevalence of
polyneuropathy in the diabetic population is
approximately 6 times higher than in non-
diabetic patients and in its occurrence it is
important to know the number of years from
onset of the disease (onset - 6-8%, 10 years -
20% at 25 years -50%). It has also been shown
that the prevalence of symptoms is higher in
men than in women. The first symptoms
that occur in somatic polyneuropathy are:
pain, paraesthesia, cramps, tingling, muscle
asthenia, later on skin hyperesthesia, cold
hypersensitivity, muscle atrophy, paresis or
absence of ROT (6). The most significant
complications of the diabetic foot are ulcera-
tions and amputations at the lower extremi-
ties, which are responsible for the substantial
use of health care resources, in addition to the
morbidity and mortality they bring to diabetic
patients. Leg ulcers are wounds associated
with difficult healing, which occur in the
patho-physiological changes induced by dia-
betes, anatomical deformities of the diabetic
foot and environmental factors, with several
etiological factors. The correct treatment of
ulcers is the main method of prophylaxis of
amputations. Once ulceration is detected, it is
essential to recognize the contribution of each
of the major prognostic factors, i.e. neuropathy,
1schemia and infection. Depending on the pre-

dominant component, ulcerations are classified
into neuropathic and ischemic.

Material and Method

In the Surgery Department of I. Cantacuzino
Clinical Hospital, a significant number of
patients with diabetic foot lesions are admitted
and treated annually, approximately 40% of
whom have associated with obvious clinical
manifestations of diabetic neuropathy. In 2017,
out of a total of 448 patients hospitalized for
complications of diabetes, 182 also had a
diagnosis of diabetic neuropathy. We performed
a retrospective analysis of 150 consecutive
patients who underwent surgery for diabetic
foot lesions specific for the predominance of
diabetic neuropathy. The objectives of the study
are are to establish appropriate surgical indica-
tion and to analyse postoperative results in order
to reduce the number of severe, potentially
debilitating lesions and the number of major
amputations.

Men's predominance of 4/1 was observed, simi-
lar to the data found in the literature. Persons
in their 60s and 70s were more common among
the patients analysed.

Although patients experienced a long-term
development of diabetes, there were 6 cases of
newly discovered diabetes at the time of
admission for foot injury. Of the 150 patients
analysed, 89 patients were treated with oral
antidiabetic agents, while 48 patients were
insulin-treated. In 6 patients, diabetes was
diagnosed after hospitalization and 7 patients
were on diets as the only treatment method for
diabetes (Fig. 1).

With regard to type of diabetes, only 12
patients, representing 8%, had type I diabetes,
the rest of analysed patients had type II dia-
betes.

Even though clinical examination at admis-
sion showed present distal pulses (dorsalis
pedis and/or posterior tibial artery), a vascular
surgery consult was performed, our surgery
department having a vascular surgeon inte-
grated. Simple neuropathic ulceration is a
superficial lesion, usually located on the
plantar face of the toes, which is interested in
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Figure 1. Treatment of diabetes at the time of admission

the entire thickness of the skin. Although early
and appropriate treatment consisting of
debridement of hyperkeratosis zones, applica-
tion of local antiseptics and pressure discharge
results in healing, most often the absence of
algic syndrome leads to therapeutic neglect and
progression of lesions to more advanced stages.
Deep neuropathic ulceration is firm, with
elevated hyperkeratosis edges. In depth, it is
covered with detritus and secretions, exceeding
the thickness of the skin to the ligament plane
or even the bone. It does not heal spontaneously,
it tends to become chronic and is usually super-
infected with germs from the surface of the
skin, gram-positive (streptococci, staphylococci).
Appropriate treatment consists in associating
antibiotic therapy, debriding and resting in
orthopaedic facilities. In the present study,
simple and profound ulcerations, without bone
contact were reported in 39 cases, representing
26% of the studied group.

In 85 cases, the anatomical clinical form
encountered was neuropathic ulceration with
osteitis or superinfected osteoarthritis, high-
lighting the lack of medical education of the
diabetic patients, the little use of prophylaxis
methods due to the absence of podiatric physi-
cians in our medical system. Deep ulceration
with osteitis or superinfected osteoarthritis
represents the late and complicated stage of
the deep ulcer in which the infectious process
concerns the underlying bone or metatarsal-
phalange joint, in some cases patients pre-
senting with disintegrated osteo-articular

fragments due to the suppurative process.
Bone destruction is rapidly diagnosed with a
simple foot radiography, which is why this
Investigation is necessary for all patients with
diabetic foot. Rapid surgical treatment is
required in these situations. Neglecting the
evolution of the infectious process and the
presence of an aggressive polymorphic flora
can lead to aggressive forms of cellulite and
fasciitis in the forefoot, evolving to extensive
gangrene. Neuropathic gangrene with exten-
sive lesions, associating sepsis and metabolic
dysfunctions, occurred in 18 patients, respec-
tively 12%. 8 cases showed a clinical form of
Charcot neuroarthropathy at the time of
admission (Fig. 2).

In 39 cases with simple or deep neuropathic
ulceration, periodic excisional debridement and
recommendation of orthopedic footwear for
pressure relief of the ulceration were chosen. The
technique of excisional debridement involves the
removal of all devitalized and necrotic areas
until apparently bloody and healthy tissues
remain.

Toe amputation or ray resection was the
preferred surgical intervention, being found in
half of the patients studied. In selected cases of
patients with incipient osteoarthritis, initially,
conservative treatment was tempered by the
combination of a good bone penetration anti-
biotic, such as Clindamycin, and the application
of topical antiseptic dressings after local
excisional debridement (Figs. 3, 4).

m foot ulcer+ osteitis/osteoarthritis ~ simple/deep foot ulcer
mdiabetic neuropathic gangrene = Charcot foot

90
80
70
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Figure 2.

Anatomical clinical forms at patient intake
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From the total of 85 patients with neuro-
pathic ulceration with osteitis or superinfected
osteoarthritis, 76 cases were surgically treated
by performing ray resections. The technique of
ray resection presumes the removal of the toe,
the metatarso-phalangeal joint and the
metatarsal head. We prefer to just partially
suture the remaining wound.

In 4 selected cases, patients with ulceration
and lesions of osteitis or osteoarthritis, even
with superinfection and added limited necrosis,
located in the phalanges, a trans-phalangeal,
distal or proximal amputation was preferred.
The remaining wound after the removal of the
distructed phalanx and the subjacent interpha-
langeal joint was in all cases primary sutured.

In 5 cases of plantar ulcers corresponding
to the metatarsophalangeal joints, resection of
the joint and the head of the metatarsal was
chosen, with the preservation of the finger.
The skin incision was made on the dorsum of
the foot overlying the osteomyelitic metatarsus
and MTP joint. We opt for a dorsal approach as
1t involves healthy soft tissues free from inflam-
mation, and this area is not on any pressure
points on the foot. The infected bones and all
septic tissue are excised and carefully debrided;
then the wound 1s washed, and the skin closed
with interrupted sutures. In patients with
neuropathic gangrene with extensive plantar or
dorsal suppurative dissemination, extensive
incisions and counter incisions were performed,

Figure 3.

Plantar ulceration corresponding
to MTF I, before and after excisional
debridement

Figure 4.  Orthopaedic footwear for pressure

relief in the MTF joints

extensive excisional debridement associated or
not with ray resections, the presence of distal
perfusion resulting in a long evolution in the
production of granulated wounds. Transmeta-
tarsal amputation was the surgical option for 3
patients in our group. If more than three toes or
metatarso-phalangeal joints were compromised
at admission, an initial transmetatarsal ampu-
tation was preferred as primary surgical
management in 2 patients of the analyzed lot.
Otherwise, the transmetarsal amputation was
reserved for one case primary treated with
limited surgical intervention, with less than
three ray resections, that were insufficient to
control the local sepsis process.

In cases of severe sepsis and metabolic
dysfunction, in patients with extensive suppu-
rative dissemination, sometimes at the calf, the
indication was of major amputation. Invariably,
in all 15 such situations, representing 10% of
the analysed lot, amputation was chosen.
Distal perfusion, found in all 15 patients by the
presence of pulse in the popliteal artery, as
well as the definite advantages in terms of
prosthesis, were the primary arguments in
support of surgical indication (Fig. 5).

Although the exact ethiopathogenicity of
Charcot’s disease is unclear, it appears to the
community after a 10-12 year history of
diabetes, under low glycaemic control condi-
tions. The current consensus admits that osteo-
arthropathy appears secondary to both repeated
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Figure 5. Amputation blunt in a patient with neuropathic
gangrene, the first postoperative day

micro-trauma and as a hindrance to hyper-
aemia from autonomic neuropathy, knowing
that these patients have a peripheral pulse
present. Thus both theories, neurotraumatic
and neurovascular are accepted (7-9). In the 8
cases of Charcot neuroarthropathy, patients
experienced acute stages of plantar ulceration
and suppurative phenomena in the foot, requiring
surgical procedures - excisional debriding and/or
corrective osteotomies. They later received a
recommendation for orthosis and/or orthopaedic
examination to assess the possibility of foot
remodelling surgery.

The treatment is multimodal and aims to
achieve plant stability, solve soft tissue prob-
lems and prevent acute episodes, osteitis and
osteoarthritis and ulceration, thus avoiding
amputations. The gold standard of the Charcot’s
foot treatment is gypsum or customized
orthopaedic immobilization in order to reduce
deformations and predominantly discharge the
prominent areas. Immobilization can be main-
tained for up to 1 year depending on the evolu-
tionary particularities of each patient. Surgical
treatment is used in case of failure of conserva-
tive treatment in less than 25% of cases.
Corrective osteotomies can be performed to
prevent plantar ulceration, corrective fusions,
screw osteo-synthesis or external fixators.
Although these patients have distal perfusion in
case of severe septic complications, the surgery
solution can be a major amputation (10).

Results

The analysed patients underwent a favourable
postoperative progression, the distal perfusion
being the determining factor for obtaining
wound healing. The periods of hospitalization
varied between 1 and 14 days, with an average
duration of 5 days. All patients received empiri-
cal antibiotherapy with third generation
cephalosporins, subsequently being treated
with an effective antibiotic on germs isolated
from wound secretion.

The short term postoperative outcome was
favorable in all cases analyzed. However,
considering the long term outcome we found
out that 27 patients, representing 18% were
readmitted in less than 1 year for lesions in
the same leg or in the contralateral leg, empha-
sizing the lack of compliance with medical
recommendations at discharge, especially
regarding off-loading therapy.

To illustrate the importance of differentiating
the neuropathic gangrene from the ischemic one
and the favourable net prognosis following a
well-managed therapeutic strategy, we present
the case of patient G.D., admitted and treated in
the surgery department of the Dr. I Cantacuzino
Clinical Hospital. This is a patient known with
type II diabetes and diabetic neuropathy for 13
years, treated with insulin and Milgamma. At
the time of admission there is significant
swelling in the right leg, accompanied by
inflammatory phenomena and febrile syn-
drome, local pain and areas of necrosis in the
dorsal face of the foot, the clinical aspect being
diabetic gangrene. Laboratory analyses show
important leucocytosis, moderate anaemia and
increases in urea and creatinine (WBC:
17.391%1000/uL,s hgb: 10.10 g/dL, glycaemia:
313.03 mg/dL, ureea: 105.64 mg/dL, creatinine:
1.29 mg/dL) (Fig. 6).

In the figure, it can be noticed that post-
amputation of V-finger is not cured, there being
an ulceration at this level. Paraclinical investi-
gations confirm the presence of peripheral
diabetic neuropathy by performing specific
sensitivity tests, the ankle-brachial index is 0.9,
and the foot radiography describes a metatarsal
V-line with osteolysis (Fig. 7).
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Figure 6. Neuropathic diabetic gangrene

Figure 7.  Front and radius foot radiographs with metatarsal V

osteolysis areas

Surgical treatment consisted of incisions and
contraindications, aggressive excisional debride-
ment with tarso-metatarsal joint exposure, and
resection of the osteitis metatarsal blunt.
Antibiotherapy with generic III cephalosporin
was instituted and a sample was taken for

bacteriological and antibiogram examination.
The immediate surgical appearance with areas of
plaque flare ischemia and suppurative fusions
imposed a new excisional debridement on post-
operative day 4 (Figs. 8, 9.

The Dbacteriological exam isolated
Staphylococcus aureus MRSA. The empirical
treatment with generic cephalasporin III
being resistant was replaced with a combi-
nation of vancomycin-clindamycin, antibi-
otics susceptible to antibiogram. During
hospitalization, after the therapeutic adjust-
ment of the insulin regimen, control of
glycaemic values (Figs. 10, 11).

The complex therapeutic approach has
benefited in addition to local surgical inter-
ventions, and to local topical dressing applica-
tions with Ag. Negative pressure therapy was
considered 1inappropriate due to tarso-
metatarsal osteo-articular exposure. After
obtaining a fully granulated wound, a free-cut
skin diversion will be performed. As an evolu-

Figure 8. Immediate postoperative appearance Figure 9. Postoperative appearance after
the second intervention
640 www.revistachirurgia.ro Chirurgia, 113 (5), 2018
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glycemia

1 3 5 11 13 14
hospitalization day

18 25 28

Figure 10. The glycaemic rate curve for the period
of hospitalisation

tionary potential, the patient could develop a
Charcot foot, which is why he received the
recommendation to wear specialized ortho-
paedic footwear.

Discussions

Treatment of the neuropathic diabetic foot
should include 3 steps: prophylaxis, treatment
of risk factors for complications and surgical
treatment of acute, lesional and infectious
complications. Prophylaxis includes the
medical education of diabetic patients who

Figure 11. Appearance at discharge
and one month after surgery

need to be aware of the importance of the
disease and the risk of complications. With
regard to the treatment of risk factors, patho-
genic therapy for diabetic neuropathy is quite
limited, with long-term treatments having
questionable results. In addition to treating
algic neuropathic symptoms with tricyclic,
antiarrhythmic and anticonvulsant anti-
depressants, neurolysis of the posterior tibial
nerve was also proposed. Foot biomechanical
disorders can be corrected by tailored custo-
mized orthotics based on plant stress recording.

The curative step of treating acute, lesional
and infectious complications of the neuropathic
diabetic foot is in fact the surgical stage of the
treatment. The acute nature of the lesions
requires early initiation of an initial, empirical,
wide-spectrum antibiotic treatment to be
re-evaluated after obtaining the result of the
antibiogram. For soft tissue infections, the
preferred antibiotic is last generation
cephalosporin or ertapenem. If the septic
process localizes at the osteoarthritic level,
superior results were observed after the
administration of Lincomycin, Clindamycin
and Rifampicin, antibiotics with good bone
penetration. Surgical intervention has the role of
septic healing, pus evacuation and devitalization
tissue removal. Debridement can be surgically
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done, enzymatically, by last generation wet
dressings, mechanically by means of a saline jet
or biological by sterile larvae. Favouring granu-
lation and the healing process can be achieved
by negative pressure therapy. The resulting
skin defects can be covered with free-cut skin
diversions, collaboration with a plastic surgeon
being recommended. In case of bone skeleton
Interest, minor amputations, which preserve
the ankle joint, are recommended. This category
includes trans-phalangeal amputation, ray
resection, trans-metatarsal and trans-tarsal
amputations. Neuropathic diabetic ulcers are
the result of joint deformation and corresponding
high pressure points. We encounter them more
often at the level of the MTF I or plantar joint
at the ends of the other metatarsal heads.
Under conditions of preserved blood circulation,
the pressure-discharge and treatment of the
infection ensure healing (11,12). In relation to
clinical experience, we found a very low compli-
ance among patients with individualized
orthopaedic load-relieving shoes. Each year, 2%
of all diabetic patients will develop a leg ulcer,
while 15% will develop ulceration throughout
their lives (13,14). Leg ulceration precedes 85%
of amputations, the causal relationship between
them being evident. It is alarming that 15% of
all ulcerations will ultimately require amputa-
tion at a certain level (15,16).

The excision of the MTF joint and the head
of the metatarsal is an alternative to ray resec-
tion for patients with neuropathic diabetic
plantar ulcers. This technique provides rapid
healing without the sacrifice of healthy tissue,
along with a superior cosmetic result (17). In
our study it was reported in 5 selected cases.
We consider this operation useful in neuro-
pathic diabetic foot ulcers over the MTP joint,
where the blood supply is good, and only for
selected patients where losing a toe is a major
psihological and/or cosmetic issue. The diabetic
neuropathy foot complications can very easily
mislead to disproportionate surgical indica-
tions, and to a large number of pelvic limb
major amputations. For a better use of the
surgical management arsenal, in our departa-
ment was imagined and conceived a therapeu-
tic-prognostic index to help the surgeon

establish an adequate procedure (18,19). As an
alternative to surgical management for chronic
neuropathic nonifected diabetic ulcers, nega-
tive pressure wound therapy did not prove its
effectiveness over standard therapy, hight rates
of recurrence being reported (20). In diabetic
foot ulcers patients, the risk of limb amputation
depends on severity of infection at the initial
presentation, previous history of lower extremity
amputation, peripheral arterial disease and
presence of any walking disability. Prevention
of future amputations in these patients rely
on early identification and management by a
multidisciplinary team (21).

Conclusions

Diabetic neuropathy is the most common and
early chronic complication of diabetes. The diag-
nosis is delayed, usually after the appearance of
the leg ulcer.

As demonstrated above our recommenda-
tion is to perform excisional debridement
associated afterwards with off-loading therapy
for simple and deep ulcers without bone
contact. In cases with neuropathic ulceration
with osteitis or superinfected osteoarthritis the
surgical recommendation is to perform ray
resections, transphalangeal amputations being
reserved for lesions limited to the distal pha-
lanx. In selected compliant patients a resection
of the joint and metatarsal head can be
perfomed for esthetic purpose, the toe being
preserved. If more than three toes or meta-
tarso-phalangeal joints are compromised at
admission we suggest to perform a primary
transmetarsal amputation. Forneuropathic
gangrene with extensive plantar or dorsal
suppurative dissemination we recommend
extensive incisions and counter incisions,
extensive excisional debridement associated or
not with ray resections if metatarso-phalangeal
joints are compromised. In cases of severe
sepsis and metabolic dysfunction, in patients
with extensive suppurative dissemination we
suggest to perform a major amputation. For
patients with Charcot neuroarthropathy exci-
sional debriding and/or corrective osteotomies
must be followed byrecommendation for ortho-
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sis and/or orthopaedic examination.

A multidisciplinary team approach (general
surgeon, orthopedist, plastic surgeon, podia-
trist) is essential for good results and good long-
term prognosis. Even though an adequate
surgical management provides good postopera-
tive results as shown, after healing is obtained,
special personalized footwear is mandatory to
prevent recurrence. The role of the podiatric
physician is both to prevent appearance of
tisular lesions and to prevent recurrence after
efficient surgical management by prescribing
the accurate measures, especially off-loading
therapy. Diagnosis and early treatment of
diabetic neuropathy can lead to a conservative
surgical attitude, a significantly reduced
number of major amputations and low overall
costs in the public health system.
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