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The Present & The Future

• Curative surgery to prevent ulcerations
• Inframalleolar access to improve blood flow
• Non-surgical management of DFO
• Medical Imaging to assist in diagnosis



Curative surgery to prevent 
ulcerations



Goals for curative surgery

• Correct structural foot deformity  - improve range of motion
• Heal a chronic foot ulcer
• Reduce the risk of 

• recurrence
• infection
• amputation

•  Selecting the right patient
•  Selecting the right procedure



Patient selection for curative surgery
Requisites
• After standard therapy has failed
• Recurrent foot ulceration
• Evaluate and emphasize the risk
• Adequate diabetes control
• Adequate perfusion
• Nutrition
• Tobacco and alcohol

Unmet needs
• Compromised host
• Perfusion assessment
• Glucose control



Conservative surgical approach vs. non-surgical management 
of diabetic neuropathic foot ulcers: a randomized trial

p<0.05
Conservative

(n=20)
Surgical
(n=21)

Healed (%) 79.2% 95.5%

Time to heal (days) 128.9  ± 86.6 46.7 ± 38.9

Infection study ulcer 12.5% 4.5%

Ulcer recurrence 40.0% 14.3%

Piaggesi A et al Diabetic Medicine 1998; 15:412-417.

*
*



Group Target (noncritically ill patients) Publication year
Joint British Diabetes Societies
For NHS Diabetes 

6–10 mmol/L (108–180 mg/dL) target
4–12 mmol/L (72–216 mg/dL) acceptable

2012

AACE/ADA/Endocrine society <140 mg/dL (7.8 mmol/L) and a
random BG of less than 180 mg/dL (10.0 mmol/L)
Consider lower targets in those with previously tight control

2009

Canadian Diabetes Association Fasting 5.0-8.0 mmol/L (90–144 mg/dL)
Random <10 mmol/L (if safely achievable)

2013

The Association of Anaesthetists of 
Great Britain and Ireland 

6–10 mmol/L (108–180 mg/dL) target (intra-operatively)
6–12 mmol/L (108–216 mg/dL) acceptable

2015

Peri-operative glucose targets in national guidelines



Glucose control

• 2060 consecutive surgical cases
• Preoperative glucose level ≥140 mg/dL
• HgbA1c ≥8%
• 64 surgical site infections - 3.1%.
• Multivariate regression for infection

Neuropathy     OR: 4.84    95% CI: 1.4 to 16.4
HgbA1c ≥8%    OR: 2.75    95% CI: 1.2 to 6.3 

Wukich D J Bone  Joint Surg 2014 May 21;96(10):832-9.

OR: 7.25 

OR: 3.72

OR: 4.7



Glucose control and complications
• 348 consecutive after foot and ankle surgery
• Retrospective study

Blood glucose ≥200 mg/dL < 200 mg/dL Odds Ratio

N=348 N=176 N=172

Infection 11.9% (21/176) 5.2% (9/172) Odds Ratio 2.45
95% CI = 1.09-5.52

Sadoskas D, Suder NC, Wukich DK: Foot Ankle Spec. 2016 Feb;9(1):24-30
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Effect of Achilles tendon lengthening on neuropathic plantar ulcers. 
A randomized clinical trial

Mueller M: J Bone Joint Surg Am. 2003 Aug;85-A(8):1436-45

TCC n=33 Achilles Tendon 
Lengthening n=31

Healed (%) 88% (n=29) 100%

Average time to heal (days) 41 + 28 58 + 47  

Ankle dorsiflexion <1º 15º

Heel ulcer 0 13% 

Recurrence 
7 mos
24 mos

59% (n=16)
81% (n=24)

15% (n=4)
38% (n=10)



Clinical efficacy of the pan metatarsal head resection as a 
curative procedure in patients with diabetes mellitus and 

neuropathic forefoot wounds

No Surgery 
N=46

Surgery 
N=46

Amputation 13.0% 6.5% NS

Infection 64.5% 35.5% odds ratio = 2.4
CI = 1.0-6.0

Time to 
heal

84.2 ± 39.9 
days

60.1 ± 27.9 
days 

P = .003

Ulcer 
recurrence

39.1% 15.2% odds ratio = 3.6; 
CI = 1.3-9.7 

Armstrong DG, et.al.: Foot Ankle Spec. 2012 Aug;5(4):235-40



Inframalleolar access to the 
dysvascular foot



Branches of the Dorsalis Pedis in the foot 

During dorsiflexion, the DP may kink
Plantar flexion may therefore facilitate wire crossing  



Branches of the Posterior Tibial in the foot 

During Plantar flexion, the PT may kink 
Dorsi flexion may therefore facilitate wire crossing  



The case for inframalleolar interventions

• Higashimori A et al. Cath. Cardiovasc. Interv. 2016: 87: 129.
• Japanese study looking at patients who had flow reestablished into a 

single tibial vessel.  It compared 76 limbs with a patent pedal arch to 
61 limbs without a patent pedal arch.

• Limb salvage was higher in the first group 88% vs 66% with more 
wound healing as well. 



The case against inframalleolar intervention

• Rashid H et al. J. Vasc. Surg. 2013: 57:1219. 
• 154 bypasses to tibials with 3 groups compared: complete pedal arch, 

incomplete and absent pedal arch.
• 76% diabetic
• No differences in bypass patency or limb salvage. However, rates and times 

to healing were better with a complete pedal arch. 

• Meyer A et al. Ann. Vasc. Surg. 2016; 35:121.
• 32 patients on dialysis undergoing BK angioplasty. 56% one year 

amputation free survival despite 100% technical success rates. No 
correlation was noted to the quality of the pedal arch.



Bypass to the foot vs endo intervention on the 
tibials (J Vasc Surg 2018; 68: 168)

A retrospective chart review of  417 patients presenting  with ischemic foot wounds and infrapopliteal
arterial disease who underwent a revascularization procedure (either open surgical bypass to an inframalleolar
target or endovascular tibial intervention).
The primary outcome -index wound, mortality, major amputation, and patency.
• 105 underwent surgical bypass and 312 underwent endovascular intervention, with mean follow-up of 25.0 

and 20.2 months, respectively.
• At 6 months, the rate of wound healing was 22.4% in the bypass group compared with 29.0% in the 

endovascular group (P < .02). 
• At 1 year, survival was higher after bypass (86.2% vs 70.4%; P < .0001), but freedom from major amputation 

was similar (84.9% vs 82.8%; NS).
• Primary patency (53.1% vs 38.2%; P<.002) and primary assisted patency (76.6% vs 51.7%; P < .0001) were 

higher in the bypass group, but there was no difference in secondary patency (77.3% vs 73.8%; NS).
• Conclusions: Endovascular tibial intervention is associated with poorer primary patency but similar 

secondary patency and wound healing rates compared with the “gold standard” of surgical bypass to a pedal 
target. 



In summary, 

• Both endovascular and open surgical approaches are options for foot 
vessel reconstruction. 

• You should expect a high failure rate, higher than for tibial level work, 
for both open and endo procedures  

• The results of inframalleolar endovascular interventions from other 
countries do not seem to be reproducible here 

• This should be a plea for avoiding unnecessary pedal access for 
routine angiography. 

• These patients have low 5-year survival rates (about a third)



Non-surgical management for 
DFO



Clinical Challenges

Diagnosis
• Proper diagnosis tools
• Presence of bacteria vs 

infectious process
• Contamination vs infection
• Bacteria vs biofilm

Treatment
• Poor delivery
• Kidney injuries
• Reduction of microbial flora
• PICC infection
• Outpatient parenteral therapy is 

costly



Oral or parenteral?
• Improved outcome with bone biopsy combined with rifampicin
• Reduction in major amputation with early surgery
• 1 RCT (OVIVA) of surgery vs antibiotics for DFO: no significant 

differences
• No effect of hyperbaric oxygen
• Nonsurgical treatment osteomyelitis with 3–6 months course of 

antibiotics 
• clinical success rate of ~65%–80%

Systematic review diabetic foot infection



Long term antibiotics

• Multiple retrospective cohorts with long-term antibiotic treatment
• Therapy duration range 45 days-280 days
• Cure rate 63-88%

• No direct evidence for more effect of antibiotics > 3 months 1,2

• Side effects of antibiotics:
• Resistance development
• C. difficile associated diarrhea
• Acute kidney injury 

• 47 of 143 (33%) subjects in cohort treated for DFO 3
1 Lipsky, Diabet Metab Res Rev, IWGDF 2016
2 Lipsky, Clin Infect Dis, IDSA 2012
3 Van Asten, Diab Res Clin Pract, 2018 



Polypeptides

• Innate immune response
• Topical treatment

• Bacteria
• Biofilm
• Immunomodulator

• In diabetic foot: pexiganan vs ofloxacin 1

1. Peters, Diabet Metab Res Rev, 2016



Bacteriophage therapy

• Replaced by antibiotics in the Western World
• Persistant use in Eastern Europe (Georgia)
• No controlled studies
• Associated products can be produced GLP and GCP (e.g. endolysin)
• Does not affect normal flora, gut microbiome
• Studies needed!



Antibodies and vaccines S. aureus

• Monoclonal antibodies 
• Vaccines (polysaccharide or live)

• Virulence factors
• Surface antigen

Parker, Virulence, 2018
Moscoso, Virulence, 2018



Local Antibiotic Delivery 
Systems: Current and Future 
Applications for Diabetic Foot 
Infections

Markakis K et.al.: IJLEW 2018, Vol. 17(1) 14 –21



Clinical Needs: Beads

• High concentrations to target area
• Long term release with biodegradable vehicles
• Custom to different type of antibiotics
• Bone scaffold- bone healing
• Prevention vs treatment



Medical needs to assist in 
diagnosis



Imaging Summary

• Plain film usually first step and if inadequate 
• MRI considered best advanced imaging study
• MRI sensitivity 90%-100% for OM 
• MRI specificity in most studies <80%
• Conventional methods do not identify OM site with precision due to 

low spatial resolution and lack of anatomic specificity



46 year old diabetic male with diabetic foot infection. (A) Initial Tc-99m WBC SPECT/CT 
demonstrated osteomyelitis of the 2nd metatarsal head with additional involvement of the 
2nd proximal phalanx. (B,C) Sequential SPECT/CT scans at 2 month clinical intervals showed 
improvement of osteomyelitis followed by resolution of infection after prolonged antibiotic 
therapy. This allowed physicians to determine when it was the proper time to stop 
antibiotic therapy.

A B C

Tc-99m can be used to follow up patients with osteomyelitis at clinical 
intervals to determine endpoint of therapy

Baseline 2 Months after Initial Therapy 4 Months after Initial Therapy



Magnetic Resonance Imaging of Diabetic Foot Osteomyelitis: Imaging
Accuracy in Biopsy-Proven Disease

La Fontaine J, Bhavan K, Jupiter D, Lavery LA, Chhabra A. Magnetic Resonance Imaging 
of Diabetic Foot Osteomyelitis: Imaging Accuracy in Biopsy-Proven Disease. J Foot Ankle 
Surg. 2021 Jan-Feb;60(1):17-20



Magnetic Resonance Imaging of Diabetic Foot Osteomyelitis: Imaging
Accuracy in Biopsy-Proven Disease

N=58 Official Read 2nd Read

Wrong dx OM 29.3% 16%

Sensitivity 87% 90%

Specificity 37% 74%

PPV 74% 88%

NPV 58% 78%

Accuracy 74% 84%

La Fontaine J, Bhavan K, Jupiter D, Lavery LA, Chhabra A. Magnetic Resonance Imaging of Diabetic Foot 
Osteomyelitis: Imaging Accuracy in Biopsy-Proven Disease. J Foot Ankle Surg. 2021 Jan-Feb;60(1):17-20



Future Directions for Research

• Modify patients risk factors to improve surgical outcomes
• Role of Imaging in management of disease/post-treatment 
• Molecular imaging- emerging radiotracers on infection imaging
• Inframalleolar standardization of pedal access
• Identify best candidates to direct medical therapy for DFO
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