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Amputation rates for diabetic foot are staggering. It is estimated that 85% of 

amputations could be prevented with optimal patient-provider partnerships and 

multidisciplinary team care.  

2



3

Outline

• Epidemiology and pathophysiology of diabetic foot ulcers

• Promoting wound healing, foot care & off loading

• Diagnosis and treatment of infection

• Assessment & management of vascular disease

• Adjunct modalities/role for hyperbaric treatment

Some of the slides are courtesy my colleagues at VM: Dr. Pilar Almy, Podiatry; 

Dr Carlos Pineda, Vascular Surgery; and Dr Nick Bird, Hyperbaric Medicine.
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Epidemiology of Diabetic Foot Ulcers

• 537 million adults worldwide with diabetes (2021)

• 37.3 million adults with diabetes in the US (2023)

• 25% lifetime risk of developing a diabetic foot ulcer

• 20% with a foot ulcer require an amputation

• 70% of patients with amputations die within 5 years
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Amputations in Diabetes

• Worldwide > 1 million/year

• US 154K/year, 2023 >350/day

• 70% of all amputations are caused by diabetic foot ulcers

• Higher rates in men, racial/ethnic minorities

• Costly, $60K/amputation

• >2 Billion dollars/year total costs
National Diabetes Statistics Report, CDC 2023



Stairway to Amputation
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Compounding steps leading to limb loss in those 

with diabetes.

Journal of Vascular Surgery, Volume 52, Issue 3, 23S - 27S
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Decreased Incidence of Major Amputations with 

Multidisciplinary Care for Diabetic Foot Ulcers

Journal of Vascular Surgery, 2020-04-01 

Favors Multidisciplinary Care-

Pooled Odds Ratio of 0.4
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Multidisciplinary Diabetic Foot Ulcer Care at VM

Wound 
Center

Infectious 
Diseases

Vascular 
Surgery

Podiatry

PM&R
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Medicine
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Diabetes 
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Different mechanisms may dominate in the pathogenesis
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N Engl J Med 2000;343:787-793



Intrinsic

► Previous ulcer/ amputation

► Peripheral neuropathy

► Poor glycemic control, DM duration 

► Vascular disease

► Macrovascular, microvascular

► Structural foot deformity

► Advanced age, limited joint mobility

► Blindness/ partial sight

► Callus

Extrinsic

► Minor mechanical trauma

► High plantar pressure, shoe pressure

► Thermal injury

► Hot soaks, frostbite

► Bathroom surgery

► Nail trimming, callus carving

► Poor knowledge of diabetes

► Cigarette smoking

► Living alone

Risk Factors for Ulceration



►Global history

►DM duration

►Glycemic management/control

►CV, renal, ophthalmic evaluations

►Other comorbidities

►Social habits

►Previous hospitalizations/ surgeries

► Foot-specific history

►General pain/ problems

►Daily activity

►Footwear

►Occupational trauma

►Callus formation

►Deformities

►Previous foot surgery

►Neuropathic symptoms

►Ischemic symptoms

Clinical Evaluation: History



►Wound/ Ulcer history

►Location and duration

►Inciting event or trauma

►Recurrences

►Infections

►Hospitalizations

►Wound care/ off-loading methods

►Patient compliance/ wound care response

►Previous or active charcot joint



Foot Examination

►Vascular: DP, PT pulses, doppler

►Neurologic: vibratory sensation, protective threshold (Semmes-Weinstein 

monofilament), temperature sensation, sharp/dull, reflexes

►Dermatologic: temperature, turgor, color, dryness, hair growth, nail condition, 

edema, erythema, ecchymosis, fungus, calluses

►Musculoskeletal: digital contractures, bony prominences, joint mobility, foot 

deformity. 

►Shoe Gear: wear patterns, fit, stability, cushion, orthotics

►Gait: antalgia, balance, limb length inequality



Assessment of Foot Ulcers

►General extremity assessment

►Ulcer evaluation

►Determine etiology

►Neuropathic, ischemic or both?

►Size and depth 

►Describe margins, base, location

►Probe all but the most superficial wounds

►Note odor and exudate, and obtain deep culture if clinical signs of infection



Diagnostic Tests

►Laboratory testing

►As needed: CBC, HbA1c, CRP/ESR, serum chemistries, blood/wound 

cultures, etc.

►Imaging studies

►Plain radiographs (initial imaging study): cortical breaks, bony erosions, 

foreign bodies, gas, fractures, vascular calcifications, Charcot changes

►CT scan may be helpful for assessment of suspected bone/joint pathology 

not seen on plain films.

►MRI
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Hussain, Z. Current Drug Targets. 2017 

Wagner Grading





Diabetic Foot Ulcers: A Review JAMA. 2023;330(1):62-75. doi:10.1001/jama.2023.10578

Figure Legend: 

Assess for Infection and Ischemia



Date of download:  10/25/2024
From: Diabetic Foot Ulcers: A Review

JAMA. 2023;330(1):62-75. doi:10.1001/jama.2023.10578

Figure Legend: 

Scores of 1, 2, 3, and 4 were 
associated with 1-yr amputation rates 
of 0%, 8%, 11%, and 38%, 
respectively.



Treatment Principles

● Optimize the wound environment

● Relieve pressure: off-load the ulcer area

● Manage ischemia: vascular surgery consult

● Control infection: I&D, empiric then culture-specific antibiotics, 

possible ID consult, debride infected tissue/amputation



Optimize the Wound Environment

○ Debride necrotic, non-viable or grossly infected material

■ sharp debridement, sometimes amputation

■ enzymatic debriding agents

■ thorough lavage

○ Dressings: goals

■ maintain a moist wound environment

■ protect the wound and surrounding skin

■ cost, ease of use, frequency of changes



Diabetic Foot Offloading Devices and 

Customizable Soles



ADHESIVE FELT OFFLOADING TECHNIQUE



Customize strategies to patient needs 
and preferences



Minimize Internal Pressure Points

Surgical correction of 
bony prominences can 
be essential 

https://www.aapods.com



Diabetic Foot Infection

• Defined as soft tissue infection and/or osteomyelitis of the foot. 

• A diabetic foot ulcer is a common component.

• Most common single factor leading to amputation.

• Response to infection may be altered.
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Diabetic Foot Infection: Management Principles

• Diagnose infection- presence, severity, extent 

• Obtain deep cultures – tissue/bone. Select antibiotic therapy – empiric/definitive

• Determine need for surgery – drainage, debridement, revascularization. Antibiotics 

and surgical debridement are mainstays of therapy in severe infections.

• Proper wound care and off loading

• Aggressive diabetes care
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29The International Journal of Lower Extremity Wounds. 2023;0(0). 
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Diabetic Foot Osteomyelitis

• Frequent complication of DFU

• Contiguous focus most common

• Can be difficult to diagnose

• Probe to bone

• Inflammatory markers

• Imaging – plain x-rays, MRI
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Imaging for Diagnosis of Diabetic Foot Osteomyelitis

Modality N Sensitivity Specificity

Probe-to-bone or exposed 

bone
288 0.60 (0.46-0.73) 0.91 (0.86-0.94)

Radiography 177 0.54 (0.44-0.63) 0.68 (0.53-0.80)

MRI
135

421

0.90 (0.82-0.95)

0.93 (0.82-0.97)

0.79 (0.62-0.91)

0.75 (0.63-0.84)

Bone scan 185 0.81 (0.73-0.87) 0.28 (0.17-0.42)

Leukocyte scan 269 0.74 (0.67-0.80) 0.68 (0.57-0.78)

Dinh MT, Abad CL, Safdar N. Clin Infect Dis 2008; 47:519-527. Lauri C, Tamminga M, Glaudemans AWJM.. Diabetes Care 
2017; 40: 1111-1120.
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Pathogens Associated with Diabetic Foot Infection
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Antibiotic Selection

• Mild DFI, antibiotic naïve 🡪 coverage of aerobic GP organisms, Staph/Strep

• Moderate and severe cases 🡪 include coverage for MRSA and Pseudomonas

• Extensive necrosis/malodorous 🡪 include anaerobic coverage

• Obtain deep tissue/abscess cultures for soft tissue infection and bone cultures 

for osteomyelitis



34

Typical Duration of Antibiotic Therapy
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Role for Oral Antibiotics in Rx of Osteomyelitis

• Noninferiority demonstrated in 8 RCTs

• Most notable was the Oral Vs. IV Abx for bone and joint infection (OVIVA) trial

• OVIVA showed no difference in long-term cure between all-IV vs. rapid transition 

to PO antibiotics.

Oral vs. intravenous antibiotics for bone and joint infections. NEJM 2019; 380:425-36
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Indications for Surgery

• Urgent surgical debridement is indicated for deep or extensive abscess, 

extensive bone or joint involvement, necrosis, gangrene, necrotizing fasciitis, 

compartment syndrome.

• Prior to surgery, vascular evaluation should be performed if there is concern for 

peripheral artery disease. 

• Early surgical debridement for severe diabetic foot infection may decrease the 

risk of amputation. 

The role of early surgical debridement and revascularization in patients with diabetes and deep foot space abscess: 
retrospective review of 106 patients with diabetes. J Foot Ankle Surg. 2006; 45(4):220–226. 
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Assess perfusion

Increase if insufficient



Measurement of the 

Ankle–Brachial Index (ABI)

● PAD is considered to be present when 

the resting ABI is 0.90 or less.

● Patients with claudication typically 

have ABI values 0.41 to 0.70, and 

those with critical leg ischemia have 

values of 0.40 or less.

● A ratio >1.30 suggesting a 

noncompressible, calcified vessel. 

Additional tests are required to 

diagnose PAD.

● Toe Pressures: More accurate 

measurement >60 mmHg is required for 

wound healing.

● Continuous-wave Doppler waveforms 

analyzed to assess arterial blood flow.

NEJM Volume 344 • Number 21 • May 24, 2001

https://www.nejm.org/toc/nejm/344/21


Full Leg Pressures

Measurement of segmental pressures/ 

indexes and continuous-wave Doppler exam.

● Generally a drop in the blood pressure 

>20 mm Hg between two adjacent 

locations indicates a hemodynamically 

significant stenosis.

● Normally, a triphasic or biphasic 

response is present, whereas a reduced 

biphasic or monophasic signal indicates 

a hemodynamically significant stenosis.

NEJM, Volume 374 • Number 9 • March 3, 2016

https://www.nejm.org/toc/nejm/374/9
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Vascular Imaging

Arterial duplex 

ultrasound 

(velocities and flow)

CT angiogram

MR angiogram



Perfusion Assessment: Arteriogram

: 



Endovascular Procedures for 

Treatment of PAD

● Balloon angioplasty, stenting, and 

atherectomy are common 

endovascular procedures.

● Drug-eluting or covered stents and 

drug-coated balloons are being 

evaluated to reduce the rate of 

restenosis.

NEJM, Volume 374 • Number 9 • March 3, 2016

https://www.nejm.org/toc/nejm/374/9
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Lesion too long/unable to cross and target present

Bypass

Old school

It works!

Gomez-Sanchez CM (JVS CIT, 2022)
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CONCLUSIONS: Among patients with CLTI who had a great saphenous 

vein adequate for surgical revascularization, clinical outcomes with an initial 

treatment of surgery were superior to those with endovascular therapy.
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After revascularization

Typically on dual antiplatelet therapy (4-6 weeks)

Foot may get warm, swollen, and painful (reperfusion)

OK to proceed with debridement/amputation

Surveillance imaging at 1-, 3-, 6-, 12 months

Decrease in TBI/increase in velocities → threatened revascularization
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When to Call Hyperbaric Medicine

When in doubt…just give us a call
206-583-6543 or 206-341-0144
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HBO2: Goals and Expectations

• Preserve as much tissue as possible
• Lose a toe(s), but save a foot

• Re-establish sufficient microvascular supply to achieve and sustain 

healing

• Preserve ambulatory ability for as long as possible

• Psychological transition time to accept amputation



Primary Mechanisms Of Hyperbaric Oxygen 

Elevated tissue O2

levels keep cells 
alive

Enable collagen 
cross-linking

Release of growth 
factors

Enhanced bone 
remodeling 

Stimulate and 
support 

microvascular 
angiogenesis

Recruitment of 
stem cell progenitor 

cells in bone 
marrow

Enhanced bacterial 
oxidative killing



CMS Criteria for Hyperbaric Oxygen 

Optimized glucose 
control and 

nutritional status Wagner Grade 3 -5
Assessment of 

correctable vascular 
disease

No measurable 
healing for 30+ 

days.

Documented 
offloading efforts

Infection 
assessment/ 

treatment

Assessment of 
wound response at 
least every 30-days

Documentation of 
failed standard 

wound care. 
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Pre-HBO2

26 HBO2

Treatments

50 HBO2 Treatments

Photos by Kenneth Stoller, MD

Beckman, R. VA Press Release. 
2023

Collaborative Approach

When we maintain 
a person’s 

ambulatory ability, 
we affect their 

dignity, autonomy, 
and productivity
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• Wagner 3-4, BKA and AKA are 
associated with high 5-year 
mortality.

• Practice experience: approx. 70% 
of patients achieve wound healing 
with a collaborative approach.

• A structured team approach 
resulted in 91% healing at ½ the 1st-
year costs of amputation.

Eggert, JV. UHMJ vol 43. 2016

Collaboration and Coordination

J Wound Care vol 30. 2021

72% Favorable Outcomes



72 year old female with left great toe ulcer, DM, HTN, 
and peripheral neuropathy



Plain films show lytic destruction of distal phalanx



55yo diabetic man with left heel wound for 1 month. 
h/o poorly controlled diabetes, peripheral neuropathy, retinopathy, ESRD s/p 
KT

ABI. Bilateral lower extremity ABI incalculable 

due to vessel Incompressibility. Toe pressures 

reduced bilaterally.

Wound cultures MRSA 

Angio - Single-vessel lower 

extremity runoff via the anterior 
tibial. Tibioperoneal trunk stenosis. 
Peroneal artery diminutive. 



Amputation risk based on 
Wound-Ischemia-foot Infection 
system
The table shows the effect of worsening 
Wound, Ischemia, and foot Infection (WIfI) 
clinical stage and the prognosis of chronic 
limb-threatening ischemia. The clinical 
stages 1, 2, 3, and 4 correspond to the VL, L, 
M, and H amputation risk categories. As an 
example, a foot with WIfI grades 002 is 
clinical stage 1 and has a low risk for 
amputation at one year, whereas a foot with 
WIfI grades 223 is clinical stage 4 and is high 
risk.

Amputation risk based on Wound-Ischemia-foot Infection system

Adapted from: Mills JL, Conte MS, Armstrong DG, et al. The Society for Vascular Surgery Lower Extremity Threatened Limb Classification 
System: Risk stratification based on Wound, Ischemia, and foot Infection. J Vasc Surg 2014; 59:220.. 2025 UpToDate



55yo diabetic man with left heel wound for 1 month. 
h/o poorly controlled diabetes, peripheral neuropathy, retinopathy, ESRD s/p 
KT

1, Wound care

2. Antibiotics
3. Left tibioperoneal artery and peroneal artery angioplasty
4. Off loading

5. Glycemic control



Summary: Interaction between the main factors that contribute to 
wound/tissue loss 

● Ask, "Which factor or combination of 

factors contributes most to the 

wound?"  Helps determine initial 

wound management priorities.

● Frequent reassessment is important 

since the wound environment is 

dynamic.

● Adapted from: A Wound Medicine 2013; 1:13.,  Journal of Vascular Surgery 2015; 61:939., Journal of 
Vascular Surgery 2014; 59:220. © 2025 UpToDate, Inc
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It takes a village



Saving Soles: Take Home Points
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Counsel patients on well-fitting shoes and daily foot inspection

Annual provider exams with optimal diabetes control

In patients with foot ulcers- evaluate for ischemia and infection. Assess need for 
wound care/off loading, antibiotics, and revascularization.

Link with Podiatry, Vascular Surgery, Wound Care. 

Hospitalize for urgent surgical intervention, IV antibiotics, or medical stabilization. 
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Thank you.
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