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Abstract: Diabetes mellitus (DM) is one of the primary problems in health systems and a worldwide public health
hazard that has actually increased dramatically over the past two decades. we aimed by this review to demonstrate
the approaches of surgical management of diabetic foot ulcers, effectiveness, when to decide for surgical
procedures efficiency and outcomes, all through reviewing the evidence based on previous studies. we searched for
articles published through October 2016 in the following five electronic databases: PubMed, Science Direct,
Embase, Web of Science, and Scopus, for both English and non-English language articles with the following
keywords: “diabetic foot ulcer”, “amputations”, “wound management”, “debridement”, “advanced dressings”,
“offloading modalities”, “hyperbaric oxygen therapy”, “electrical stimulation”, “negative pressure wound
therapy”, “bio-engineered skin“, “growth factors”, and “foot care” as the medical subject heading (MeSH). The
risk of injury to the diabetic foot is high, and the consequences of injury can be severe, therefore prevention is
undoubtedly the best strategy. Tight glycemic control is essential but many problems can also be avoided by strict
attention to foot hygiene and to the use of well-fitting footwear. Injury or infection may be overlooked in the early
stages due to the difficulty some patients experience in inspecting their feet, as well as the effects of poor eyesight
and reduced perception of pain. The role of the clinician in detecting these problems is of particular importance.
Once all nonsurgical therapeutic options have been attended to, preventive surgery should be considered as a
means of correcting deformities and minimizing the development of ulcerations, which may lead to much more
drastic interventional surgery at a later date.
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1. INTRODUCTION

Diabetes mellitus (DM) is one of the primary problems in health systems and a worldwide public health hazard that has
actually increased dramatically over the past 2 decades 2. According to epidemiological research studies, the variety of
patients with DM increased from about 30 million cases in 1985, 177 million in 2000, 285 million in 2010, and estimated
if the scenario continues, more than 360 million people by 2030 will have DM @4,

Patients with DM are prone to multiple issues such as diabetic foot ulcer (DFU). DFU is a typical complication of DM
that has actually shown an increasing pattern over previous years ®©. In total, it is estimated that 15% of patients with
diabetes will suffer from DFU throughout their lifetime 9.

To recently, DFU is considered as a major source of morbidity and a leading cause of hospitalization in patients with
diabetes >%19 |t is approximated that approximately 20% of healthcare facility admissions amongst patients with DM
are the outcome of DFU ™Y, DFU can lead to infection, gangrene, amputation, and even death if required care is not
provided Y. On the other hand, when DFU has developed, there is an increased threat of ulcer progression that may
ultimately lead to amputation. In general, the rate of lower limb amputation in patients with DM is 15 times higher than
patients without diabetes . It is approximated that approximately 50% -70% of all lower limb amputations are because
of DFU @,
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Recent studies have actually suggested several threat factors related to the advancement of DFU ®2*31419) These threat
elements are as follows: gender (male), duration of diabetes longer than 10 years, advanced age of patients, high Body
Mass Index, and other comorbidities such as retinopathy, diabetic peripheral neuropathy, peripheral vascular disease,

glycated hemoglobin level (HbA1C), foot defect high plantar pressure, infections, and. inappropriate foot self-care habits
(12,15)

We aimed by this review to demonstrate the approaches of surgical management of diabetic foot ulcers, effectiveness,
when to decide for surgical procedures efficiency and outcomes, all through reviewing the evidence based on previous
studies

2. METHODOLOGY
Systematic review was conducted according to reviews guideline:
Search Strategy:

we searched for articles published through October 2016 in the following five electronic databases: PubMed, Science
Direct, Embase, Web of Science, and Scopus, for both English and non-English language articles with the following

LRI EEINT3 CEINT3 EEINT3

keywords: “diabetic foot ulcer”, “amputations”, “wound management”, “debridement”, “advanced dressings”, “offloading
modalities”, “hyperbaric oxygen therapy”, “electrical stimulation”, “negative pressure wound therapy”, “bio-engineered
skin®, “growth factors”, and “foot care” as the medical subject heading (MeSH). Study designs that were included were
randomized controlled trials (RCTs), case-control studies, cohort studies, prospective and retrospective uncontrolled
studies, cross-sectional studies, and review studies. Case reports and case series were excluded. We searched

bibliographies for all retrieved and relevant publications to identify other studies.

3. RESULTS AND DISCUSSION

Diabetic foot surgery plays an essential role in the prevention and management of DFU ®® and has actually been on the
increase over the past 2 decades “"'®). Surgical interventions for patients with DFU are not without risk, the selective
correction of consistent foot ulcers can improve results ' In general, surgical treatment for DFU healing consists of non-
vascular foot surgical treatment, vascular foot surgery, and in some cases amputation. Nonvascular foot surgical treatment
is divided into optional, prophylactic, curative, and emerging surgical treatments that aim to fix deformities that increase
plantar pressure ®® (Table 1). Today, a couple of research studies have actually reported long-term results for diabetic
foot surgical treatment in RCTs ?*?2 In one study carried out by Mueller et al ®V, topics were randomized into two
groups of Achilles Tendon-Lengthening (ATL) group, who received treatment of ATL and TCC, and a group who got
TCC only. Their outcomes showed that all ulcers healed in the ATL group and the risk for ulcer reoccurrence was 75%
less at seven months and 52% less at 2 years than for the TCC group @V.

Tablel: Different types of nonvascular diabetic foot surgery

Type Explanation

Elective The main goal of this surgery is to relieve the pain associated with particular deformities such as
hammertoes, bunions, and bone spurs in patients without peripheral sensory neuropathy and at
low risk for ulceration

Prophylactic | These procedures are indicated to prevent ulceration from occurring or recurring in patients with
neuropathy, including those with a past history of ulceration (but without active ulceration)

Curative These procedures are performed to effect healing of a non-healing ulcer or a chronically recurring
ulcer when offloading and standard wound care techniques are not effective. These include
multiple surgical procedures aimed at removing areas of chronically increased peak pressure as
well as procedures for resecting infected bone or joints as an alternative to partial foot amputation

Emergent These procedures are performed to arrest or limit progression of acute infection

Data were citied from Frykberg et al ®2.
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Vascular foot surgical treatment such as bypass grafts from femoral to pedal arteries and peripheral angioplasty to
enhance blood flow for an ischemic foot have actually been just recently developed 2. While studies have revealed that
these treatments assist to recover ischemic ulcers @+?%) ng RCT has actually been shown to minimize DFU.

While the primary goal of DFU management focuses on limb salvage, in some cases amputation may use a better
functional result, although this is frequently not plainly specified ®”. This decision is individualized and multifactorial to
match patient lifestyle, medical, physical, and psychological comorbidities ®”. In general, amputation is thought about as
a immediate or curative surgery and need to be the last resort after all other salvage strategies have actually been checked
out, and the patient should remain in agreement ®®. Signs for an amputation consist of the elimination of gangrenous or
infected tissues, control of infection, and creation of a functional foot or stump that can accommodate footwear or
prosthesis .,

Surgery treatment of diabetes foot infection:

Eneroth et al. ®” demonstrated that deep foot infections in diabetic patients are a heterogeneous entity, and the type of
infection is associated with the outcome. Amputation was needed more frequently for patients with deep soft-tissue
infection, eitheralone or in mix with osteomyelitis, than for those with osteomyelitis alone. Armstrong et al. " validated a
diabeticfoot-wound category system that showed that the combination of infection and ischemia led to the worst outcome.
Both of these studies highlight the need for an extensive assessment of the infection. Extreme infections position an
immediate risk to the leg and, potentially, to the patient's life. Thus, timely surgical intervention is required. Severe
infections can occur when a mild to moderate infection is complicated by vital ischemia or when an effectively perfused
foot reveals a marked local participation (e.g., necrotizing fasciitis or an infection with anaerobic gasforming organisms)
or systemic signs and symptoms (throwing up, fever, and hypotension, suggestive of bacteremia). Necrotizing fasciitis is a
severe illness with a death rate of 24%-- 33%. It has actually classically been gotten in touch with b-hemolytic
streptococci, however a current review of 163 cases discovered that 71% of those with a favorable result of tissue culture
had polymicrobial infections 2. Numerous reports have documented an association of necrotizing fasciitis with diabetes
mellitus @39 The existence of serious discomfort with a deep plantar foot infection in a diabetic patient is often the first
disconcerting symptom, particularly in a patient with a previously insensate foot. Numerous aspects might result in quick
wear and tear and its attendant complications. The majority of ulcers take place on the plantar surface of the foot, at the
head of the metatarsal bones. With infection and subsequent cellulitis, edema can develop in the underlying compartment,
resulting in a compartment syndrome ©.

Vascular reconstruction:

Arterial reconstruction Lower extremity ischemia is classified according to the location of the arterial obstruction relative
to the inguinal ligament. Ischemic symptoms can result from aortoiliac occlusive lesions (inflow disease) or
femoropopliteal occlusive lesions (outflow disease). Despite extensive medial calcification of the aortoiliac system,
patients who have diabetes do not usually have significant isolated aortoiliac occlusive disease. Ischemic rest pain in
patients with such proximal disease is uncommon because of the extensive collateral network that develops. However,
patients with aortoiliac occlusive disease will commonly demonstrate concomitant obstructive arteriopathy in the
femoropoliteal or infrapopliteal segment. Generally, correction of hemodynamically significant inflow lesions will result
in substantive improvement in symptoms in all genders (°36:37:3839,

Amputation:

In 1949, Jonas Ertl described the t echnique of producing a distal tibiofibular bone bridge that now bears his name “% In
theory, the Ertl method should create an amputation stump that tolerates more axial loading and reduces discomfort as a
result of increased distal tibio- fibular stability as compared with standard BKAs. Pinzur examined his series of 20
amputees who underwent distal tibiofibular bone bridging and did not find any difference in their result when compared
to a matched friend who did not have distal tibiofibular bone bridging “V. Life expectancy decreases as each subsequent
section of the leg is cut off: toe< foot < lower leg < knee thigh “?. At Georgetown, we compared our survival and
ambulation rate of foot amputees with below-knee amputees in 937 successive patients from 1999 to 2000. There were 88
foot amputations (Chopart, tma and lisfranc) of whom 80% were still alive at 2 years with 64% ambulating. There were
25 BKAs with 52% alive and 64% of those ambulating at 2 years. The higher death rate amongst the BKAs is most likely
discussed by a selection predisposition versus more limb salvage because of advanced disease “*.
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4. CONCLUSION

The risk of injury to the diabetic foot is high, and the consequences of injury can be severe, therefore prevention is
undoubtedly the best strategy. Tight glycemic control is essential but many problems can also be avoided by strict
attention to foot hygiene and to the use of well-fitting footwear. Injury or infection may be overlooked in the early stages
due to the difficulty some patients experience in inspecting their feet, as well as the effects of poor eyesight and reduced
perception of pain. The role of the clinician in detecting these problems is of particular importance. Once all nonsurgical
therapeutic options have been attended to, preventive surgery should be considered as a means of correcting deformities
and minimizing the development of ulcerations, which may lead to much more drastic interventional surgery at a later
date. Many ulcerations and complications of infection can be avoided or minimized if surgery is carried out in a timely
fashion to improve vascularity, or to reduce mechanical trauma to the foot, wound, or plantar surface.

REFERENCES

[1] Shahbazian H, Yazdanpanah L, Latifi SM. Risk assessment of patients with diabetes for foot ulcers according to risk
classification consensus of International Working Group on Diabetic Foot (IWGDF) Pak J Med Sci. 2013;29:730—
734.

[2] Ramachandran A, Snehalatha C, Shetty AS, Nanditha A. Trends in prevalence of diabetes in Asian countries. World
J Diabetes. 2012; 3:110-117.

[3] Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 2030. Diabetes Res
Clin Pract. 2010; 87:4-14.

[4] Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the prevalence of diabetes for
2011 and 2030. Diabetes Res Clin Pract. 2011; 94:311-321.

[5] Aalaa M, Malazy OT, Sanjari M, Peimani M, Mohajeri-Tehrani M. Nurses’ role in diabetic foot prevention and care;
a review. J Diabetes Metab Disord. 2012; 11:24.

[6] Alavi A, Sibbald RG, Mayer D, Goodman L, Botros M, Armstrong DG, Woo K, Boeni T, Ayello EA, Kirsner RS.
Diabetic foot ulcers: Part Il. Management. J Am Acad Dermatol. 2014;70:21.e1-2124; quiz 21.e1-2124.

[7] Cavanagh PR, Lipsky BA, Bradbury AW, Botek G. Treatment for diabetic foot ulcers. Lancet.2005; 366:1725-
1735.

[8] Leone S, Pascale R, Vitale M, Esposito S. [Epidemiology of diabetic foot] Infez Med. 2012; 20 Suppl 1:8-13.
[9] Iraj B, Khorvash F, Ebneshahidi A, Askari G. Prevention of diabetic foot ulcer. Int J Prev Med. 2013; 4:373-376.

[10] Fard AS, Esmaelzaden M, Larijani B. Assessment and treatment of diabetic foot ulcer. Int J Clin Pract.
2007;61:1931-1938.

[11] Snyder RJ, Hanft JR. Diabetic foot ulcers--effects on QOL, costs, and mortality and the role of standard wound care
and advanced-care therapies. Ostomy Wound Manage. 2009;55:28-38.

[12] Frykberg RG, Zgonis T, Armstrong DG, Driver VR, Giurini JM, Kravitz SR, Landsman AS, Lavery LA, Moore JC,
Schuberth JM, et al. Diabetic foot disorders. A clinical practice guideline (2006 revision) J Foot Ankle Surg.
2006;45:51-66.

[13] Bortoletto MS, de Andrade SM, Matsuo T, Haddad Mdo C, Gonzélez AD, Silva AM. Risk factors for foot ulcers--a
cross sectional survey from a primary care setting in Brazil. Prim Care Diabetes. 2014;8:71-76.

[14] Waaijman R, de Haart M, Arts ML, Wever D, Verlouw AJ, Nollet F, Bus SA. Risk factors for plantar foot ulcer
recurrence in neuropathic diabetic patients. Diabetes Care. 2014; 37:1697-1705.

[15] Monteiro-Soares M, Boyko EJ, Ribeiro J, Ribeiro I, Dinis-Ribeiro M. Predictive factors for diabetic foot ulceration:
a systematic review. Diabetes Metab Res Rev. 2012; 28:574-600.

[16] Capobianco CM, Stapleton JJ, Zgonis T. Soft tissue reconstruction pyramid in the diabetic foot. Foot Ankle
Spec. 2010; 3:241-248.

Page | 352
Research Publish Journals




International Journal of Healthcare Sciences ISSN 2348-5728 (Online)
Vol. 4, Issue 2, pp: (349-354), Month: October 2016 - March 2017, Available at: www.researchpublish.com

[17] Blume PA, Paragas LK, Sumpio BE, Attinger CE. Single-stage surgical treatment of noninfected diabetic foot
ulcers. Plast Reconstr Surg. 2002; 109:601-609.

[18] Armstrong DG, Lavery LA, Stern S, Harkless LB. Is prophylactic diabetic foot surgery dangerous? J Foot Ankle
Surg. 1996; 35:585-589.

[19] Hinchliffe RJ, Valk GD, Apelqgvist J, Armstrong DG, Bakker K, Game FL, Hartemann-Heurtier A, Londahl M, Price
PE, van Houtum WH, et al. A systematic review of the effectiveness of interventions to enhance the healing of
chronic ulcers of the foot in diabetes. Diabetes Metab Res Rev. 2008; 24 Suppl 1:5119-S144.

[20] Armstrong DG, Frykberg RG. Classifying diabetic foot surgery: toward a rational definition. Diabet Med. 2003;
20:329-331.

[21] Mueller MJ, Sinacore DR, Hastings MK, Strube MJ, Johnson JE. Effect of Achilles tendon lengthening on
neuropathic plantar ulcers. A randomized clinical trial. J Bone Joint Surg Am. 2003; 85-A:1436-1445.

[22] Lin SS, Lee TH, Wapner KL. Plantar forefoot ulceration with equinus deformity of the ankle in diabetic patients: the
effect of tendo-Achilles lengthening and total contact casting. Orthopedics.1996; 19:465-475.

[23] Lepéntalo M, Biancari F, Tukiainen E. Never amputate without consultation of a vascular surgeon. Diabetes Metab
Res Rev. 2000; 16 Suppl 1:527-S32.

[24] Sumpio BE, Lee T, Blume PA. Vascular evaluation and arterial reconstruction of the diabetic foot. Clin Podiatr Med
Surg. 2003; 20:689-708.

[25] Faglia E, Mantero M, Caminiti M, Caravaggi C, De Giglio R, Pritelli C, Clerici G, Fratino P, De Cata P, Dalla
Paola L, et al. Extensive use of peripheral angioplasty, particularly infrapopliteal, in the treatment of ischaemic
diabetic foot ulcers: clinical results of a multicentric study of 221 consecutive diabetic subjects. J Intern Med. 2002;
252:225-232.

[26] van Baal JG. Surgical treatment of the infected diabetic foot. Clin Infect Dis. 2004;39 Suppl 2:5S123-S128.

[27] Attinger CE, Brown BJ. Amputation and ambulation in diabetic patients: function is the goal. Diabetes Metab Res
Rev. 2012;28 Suppl 1:93-96.

[28] Frykberg RG, Armstrong DG, Giurini J, Edwards A, Kravette M, Kravitz S, Ross C, Stavosky J, Stuck R, Vanore J.
Diabetic foot disorders: a clinical practice guideline. American College of Foot and Ankle Surgeons. J Foot Ankle
Surg. 2000;39:51-60.

[29] Abou-Zamzam AM, Gomez NR, Molkara A, Banta JE, Teruya TH, Killeen JD, Bianchi C. A prospective analysis of
critical limb ischemia: factors leading to major primary amputation versus revascularization. Ann Vasc Surg. 2007;
21: 458-463.

[30] Eneroth M, Apelqvist J, Stenstrom A. Clinical characteristics and outcome in 223 diabetic patients with deep foot
infections. Foot Ankle Int 1997; 18:716-22.

[31] Armstrong DG, Lavery LA, Harkless LB. Validation of a diabetic wound classification system. The contribution of
depth, infection and ischemia to risk of amputation. Diabetes Care 1998; 21:855-9.

[32] Marinelli MR, Beach KW, Glass MJ, Primozich JF, Strandness Jr DE. Noninvasive testing vs clinical evaluation of
arterial disease. A prospective study. JAMA 1979;241(19):2031 — 4.

[33] Childers BJ, Potyondy LD, Nachreiner R, et al. Necrotizing fasciitis: a fourteen-year retrospective study of 163
consecutive patients. Am Surg 2002; 68:109-16.

[34] Brandt MM, Corpron CA, Wahl WL. Necrotizing soft tissue infections: a surgical disease. Am Surg 2000; 66:967—
70.

[35] Tang WM, Ho PI, Fung KK, et al. Necrotising fasciitis of a limb. J Bone Joint Surg Br 2001; 83:709-14. 3
[36] Ertl J. Uber amputationsstumpfe. Chirurg 1949; (20): 218-224.

[37] Pinzur MS, Beck J, et al. Distal tibiofibular bone-bridging in transtibial amputation. J Bone Joint Surg Am 2008;
90(12): 2682-2687. 1
Page | 353
Research Publish Journals




International Journal of Healthcare Sciences ISSN 2348-5728 (Online)
Vol. 4, Issue 2, pp: (349-354), Month: October 2016 - March 2017, Available at: www.researchpublish.com

[38] Mayfield JA, Reiber GE, Maynard C, Czerniecki JM, Caps MT, Sangeorzan BJJ. Survival following lower-limb
amputation in a veteran population. Rehabil Res Dev. 2001; 38(3): 341-5.

[39] Evans KK, Attinger CE, Al-Attar A, et al. The importance of limb preservation in the diabetic population. J Diabetes
Complications 2011; 25(4): 227-31.

[40] Frangos S, Kilaru S, Sumpio B, Gahtan V. Effect of gender on outcome following infrainguinal bypass graft
surgery: a systematic review. Conn Med 2002; 66:137 — 44.

[41] Frangos SG, Kilaru S, Sumpio BE, Gahtan V. Effect of gender on outcome following infrainguinal bypass graft
surgery: a systematic review. Conn Med 2002;66 (3):137 — 44.

[42] Bartlett FF, Gibbons GW, Wheelock Jr FC. Aortic reconstruction for occlusive disease. Comparable results in
diabetics. Arch Surg 1986; 121(10):1150 - 3.

[43] Brewster DC, Perler BA, Robison JG, Darling RC. Aortofemoral graft for multilevel occlusive disease. Predictors of
success and need for distal bypass. Arch Surg 1982; 117(12):1593 — 600.

Page | 354
Research Publish Journals




