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INTRODUCTION

Diabetes-related foot ulcers (DFUs) have a global prevalence of 
6.3%, reaching 13% in North America [1]. DFUs have a dismal 
prognosis, with 5- and 10-year survival rates of approximately 
50% and 25%, respectively [2, 3]. Infection, complicating >40% 
of DFUs, is often the coup-de-grace; nearly half of patients hos
pitalized with a diabetes-related foot infection (DFI) undergo 
amputation within 1 year [4, 5]. These risks disproportionately 
affect Black, Hispanic, Native, rural, and low-income commu
nities [6, 7]. Lower extremity amputations due to DFUs are the 
third most costly diabetes complication and are feared by many 
patients more than death [8].

In 2012, the authors of the Infectious Diseases Society of 
America (IDSA) DFI guidelines declared that “The main prob
lem currently is less our lack of full understanding of the prob
lem as our failure to apply what we know works.” [9] This 
statement remains accurate a decade later. Multidisciplinary 
DFI teams can reduce major amputations, and similar teams 
have dramatically reduced attributable mortality for infective 
endocarditis [10, 11]. Despite this, inconsistent and unstruc
tured collaboration between specialists that lead to breakdowns 
in shared decision-making remains common.

In this narrative review, we bring together experts in infectious 
diseases, endocrinology, podiatry, and vascular surgery to discuss 
shared decision-making in DFI care. We provide a focused over
view of the comprehensive management of these patients, high
lighting modern research spearheaded by our surgical colleagues 
and contemporary guidance from the International Working 
Group for the Diabetic Foot (IWGDF), arguably the lingua franca 
of DFI specialists [12]. Finally, we offer best practices for clinician– 
clinician and patient–clinician shared decision-making.

Notably, while this review reflects our expert opinion based 
on data largely published after the now-archived IDSA DFI 
guidelines, it is not intended to supplant those guidelines. This re
view is also written from the perspective of US-based clinicians 
and intended primarily for infectious diseases (ID) specialists. 
International colleagues may find some of our considerations re
garding barriers to care less relevant, and a comprehensive review 
of surgical decision-making in DFI is outside this article’s scope.

HOW ARE DIABETES-RELATED FOOT INFECTIONS 
AND THEIR OUTCOMES CLASSIFIED?

Lower limb amputations can be categorized as minor (at or be
low the ankle, sometimes also called foot amputation) or major 
(above the ankle). In retrospective DFI cohorts, minor amputa
tion rates of 15%–30% and major amputation rates of 5%–20% 
are typical [7, 13, 14]. Concomitant peripheral artery disease 
(PAD) is the key, most consistently identified risk factor for 
major amputation and death [13, 15].

A number of DFU classification systems have been proposed, 
including the perfusion, extent/size, depth/tissue loss, infection 
and sensation (PEDIS), University of Texas, Wagner, sepsis, ar
teriopathy, denervation (SAD), Saint Elain, and IDSA criteria 
[16–19]; however, all have limitations in their differentiation 
of wounds, ischemia, and/or infection severity. The most mod
ern and comprehensive criterion is the Society for Vascular 
Surgery’s WIfI (Wound, Ischemia, Foot infection) classification 
system, which iterates on the 2012 IDSA criterion with staging 
of the foot ulceration, the degree of accompanying gangrene, 
and the degree of accompanying limb ischemia [12, 20]. A 
straightforward approach to scoring and interpreting WIfI 
classifications is given in Tables 1 and 2.

The WIfI classification offers prognostication on both the 
risk of amputation and potential benefit of revascularization 
among patients with DFUs [21, 22]. Although not 
DFI-specific, WIfI encompasses the major determinants of 
DFU prognosis and predicts DFU healing and minor amputa
tions [21, 23, 24]; the infection scoring component of WIfI also 
predicts hospitalization and amputation [25]. The WIfI classi
fication system is well validated in DFI and an ideal basis for 
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evidence-based decision-making among ID specialists, sur
geons, and patients. At a minimum, the competent ID specialist 
should be familiar with WIfI classification and its interpreta
tion, as this common tool incorporates several of the key 
criteria beyond infection severity that inform our surgical col
leagues’ decision-making.

WHAT ARE THE KEY COMPONENTS OF A 
COMPREHENSIVE APPROACH TO 
DIABETES-RELATED FOOT INFECTIONS?

Antimicrobial Therapy

Most diabetes-related foot infections are polymicrobial, with 
Staphylococcus aureus near universally the most prevalent 

organism [26, 27]. Other common pathogens include 
Enterobacterales, Enterococci, and Streptococci. Pseudomonas 
aeruginosa has a highly regional prevalence and is probably 
more common in tropical/subtropical regions and after 
antibiotic exposure. This variance has resulted in highly 
regional preferences for empiric antibiotic therapies [28]. 
Acknowledging this diversity and the limited data for specific 
regimens, we focus here on DFI treatment controversies that 
often frame decision-making discussions and for which new 
data are rapidly emerging.

Published data demonstrate that successful treatment of 
diabetes-related foot osteomyelitis (DFO) can routinely be ac
complished without bony debridement. Truong et al identified 

Table 1. Summary of the Society for Vascular Surgery’s WIfI (Wound, Ischemia, Foot Infection) Classification System for Diabetes-related Foot Infection

Wound Wound Appearance Score

No ulcer 0

Small, shallow ulcer without exposed bone unless distal toe; no gangrene 1

Deeper ulcer with exposed bone/joint/tendon or shallow heel ulcer; gangrene limited to digits if present 2

Extensive deep ulcer involving forefoot or midfoot or a deep, full-thickness heel ulcer; extensive gangrene 3

Ischemia Toe Pressure, Transcutaneous Oximetry, mmHg Ankle Systolic Pressure, mmHg Ankle-Brachial Indexa Score

≥60 >100 ≥0.8 0

40–50 70–100 0.6–0.79 1

30–39 50–70 0.4–0.59 2

<30 <50 <0.39 3

foot Infection Clinical Manifestations of Infection …

No symptoms or signs of infection 0

Local infection; defined by >2 of local swelling/induration, erythema extending 0.5–2 cm from the ulcer, pain or tenderness, 
warmth, or purulent discharge, not due to some other inflammatory response, and without involvement of deeper tissues or 
systemic infection

1

Local infection as defined above, accompanied by erythema extending >2 cm from the ulcer or involving deeper tissues (eg, 
abscess, osteomyelitis, septic arthritis), without systemic signs of infection

2

Total Society for Vascular Surgery’s WIfI (Wound, Ischemia, Foot Infection) class should be reported with the components of each score. For example, a patient with an ankle-brachial index 
(ABI) of 0.3 but no wound or signs of infection would be classified as WIfI 030.  
aABI may be falsely elevated. The International Working Group for the Diabetic Foot guidance prefers use of toe pressure (TP) or transcutaneous oximetry, which have been shown to predict 
ulcer healing.  

Table adapted from Mills et al [21].

Table 2. Simplified Approach to Interpreting the Society for Vascular Surgery’s WIfI (Wound, Ischemia, Foot Infection) Classification for 
Diabetes-related Foot Infection Prognostication

Low Moderate High

What is the risk of major lower 
extremity amputation?

Nearly all classifications with a 
sum of scores <3a

Society for Vascular Surgery’s WIfI 
(Wound, Ischemia, Foot Infection) 
classifications that do not fit the low- or 
high-risk criteria shown

Nearly all classifications with a foot 
infection score of 3 (extensive local 
and systemic infection) OR a sum of 
scores >5b

What is the likelihood that 
revascularization would be 
beneficial if the infection can be 
controlled first?

All classifications with: 
• Ischemia scores of 0 
• Ischemia scores of 1 with 

no wound and no more 
than local infection 

• Ischemia scores of 2 with 
no wound and no more 
than limited local infection

Most other classifications with an ischemia 
score of 1

Most other classifications with an 
ischemia score >2

aExceptions are classifications 003 and 021 (both moderate rather than low risk).  
bExceptions are classifications 003, 032, 103, 131, and 212 (all moderate rather than high risk).  

Table adapted from Mills et al [21].
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18 studies that evaluated nonoperative outcomes of DFO with 
a mean treatment success rate of 68.2% over a median of 
15 months of follow-up. In contrast, the same systematic review 
identified 13 studies of surgical DFO treatment that reported a 
mean success rate of 85.7% over 19.5 months [29]. Important 
limitations of this meta-analysis include its use of primarily ret
rospective studies, introducing confounding by indication in 
patients selected for surgical vs nonoperative medical manage
ment, and substantial heterogeneity between studies in antibi
otic management as well as definitions of disease and cure. 
While higher-quality evidence that demonstrates whether med
ical management is noninferior to surgical treatment at a clin
ically acceptable effect size would be welcome, these data 
indicate that nonoperative management can frequently be suc
cessful. Amputations often threaten a patient’s independent 
mobility, particularly when the patient’s preoperative function
al status is already mediocre, and perversely may predispose to 
foot ulceration and infection elsewhere by shifting weight- 
bearing mechanics, putting new areas under threat. These pa
tients are most likely to benefit from limb preservation efforts. 
In such cases, the modest improvement in infectious cure with 
surgical management may not be justified, given the risk of de
cline in functional status with amputation [30]. On the other 
hand, in patients with DFO that involves the distal phalanx 
or proximal interphlangeal (PIP) of a hammer toe or claw de
formity, early surgery can both eradicate the infection and treat 
the underlying biomechanical issue with little threat to mobility 
and should be preferred.

Preserving independent mobility is key to patients’ prognoses, 
often central to their values and preferences, and must be weighed 
against antibiotic-associated adverse events. Antibiotics cannot 
restore devitalized tissue. Consequently, antibiotic therapy alone 
is not a reasonable strategy for infections that involve extensive tis
sue necrosis or copious undrained purulence, particularly when 
these have become sources of systemic infection. However, be
yond these cases, a “therapeutic trial” of antibiotics is usually 
reasonable.

The noninferiority of oral to intravenous antibiotics for 
chronic osteomyelitis has been shown in 8 randomized, con
trolled trials (RCTs) and their meta-analyses [31]. The most ro
bust was the Oral vs Intravenous Antibiotics for Bone and Joint 
Infection (OVIVA) noninferiority RCT, which found no differ
ence in long-term cure with all-intravenous (IV) antibiotics vs a 
rapid transition to oral therapy [32]. While OVIVA did not re
port DFI-specific outcomes, modern RCTs of DFIs have used an 
IV-to-oral antibiotic switch strategy with IV durations as short as 
a median of 2 days, achieving high rates of cure [33–37].

Our general recommendation for oral antibiotics in DFO 
comes with a few caveats. First, the OVIVA’s subgroup analyses 
identified a trend toward worse outcomes with oral vs IV 
among patients with no defined pathogen. Therefore, we sug
gest against empiric oral therapy in areas where there are no 

reliably susceptible oral options for Enterobacterales and S. au
reus [32]. Second, the same analyses showed a trend toward 
poorer outcomes with oral penicillin vs IV therapy, possibly 
due to poorer adherence to oral penicillin’s frequent dosing 
and/or suboptimal bug–drug matches (eg, amoxicillin for oste
omyelitis due to Enterococcus faecalis, whose penicillin mini
mum inhibitory concentrations are typically 10- to 100-fold 
higher vs Streptococci). While direct data to support this hy
pothesis are lacking, a recent large cohort found that maximiz
ing oral beta-lactam dosing was a critical component of their 
noninferiority to other highly bioavailable antibiotics in 
gram-negative bacteremia [38]. We suggest selecting oral beta- 
lactams for DFO only with aggressive dosing and not in pa
tients with obesity, augmented renal clearance, or other factors 
that limit drug exposures. Third, data for oral antibiotics in os
teoarticular infections are not equal for each drug class. 
Combinations of rifampin with fluoroquinolones and 
trimethoprim-sulfamethoxazole are well studied in orthopedic 
infections [39]; data for other regimens are less robust, and 
their use requires expert judgment.

Finally, some experts advocate for routine addition of rifam
pin in DFO. This practice is supported by a large observational 
study that associated rifampin use with lower risks of amputation 
and death [40]. The forthcoming Investigation of Rifampin to 
Reduce Pedal Amputations for Osteomyelitis in Diabetics (VA 
INTREPID) RCT seeks to compare rates of further amputation 
or death with 6 weeks of adjunctive rifampin vs placebo in pa
tients with DFO that has been managed nonoperatively or fea
tures residual osteomyelitis and will provide better evidence to 
guide this practice [41].

Antimicrobial durations for DFI and DFO are not well de
fined by evidence and traditionally stratified by infection se
verity (mild vs moderate–severe), depth (soft tissue vs 
osteomyelitis), and extent of surgical debridement (none, par
tial, complete) [9]. When surgery has been performed to re
move all infected bone and there is no residual soft tissue 
infection, antibiotics may be stopped within 48 hours [42]. 
Among patients with DFO managed nonoperatively, a large 
RCT demonstrated that 6 weeks of antibiotic therapy was non
inferior to 12 weeks [36]. Two subsequent pilot RCTs with large 
noninferiority margins found similar rates of cure with 3 weeks 
vs 6 weeks of antibiotic therapy for DFO with residual osteomy
elitis after debridement and 10 days vs 20 days of antibiotic 
therapy for moderate to severe DFI after debridement 
[37, 43]. Larger, confirmatory RCTs are ongoing [44]. A sum
mary of reasonable durations of therapy for DFI based on these 
data is given in Table 3.

Surgery

Surgical treatment of DFI is performed in a stepwise approach, 
starting as distally as possible, with the goal of achieving func
tional limb preservation [45, 46]. Most mild and superficial 
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DFI, meaning DFI that does not extend below the subcutane
ous fascia and does not include osteomyelitis or abscess, can 
be managed conservatively. Urgent or emergency surgery is 
needed in severe infection and involves incision and drainage 
of deep plantar spaces, debridement of devitalized tissue, and 
sometimes toe or partial foot amputation. Although every ef
fort should be made to avoid major amputation, emergency 
open below-knee amputation may be necessary for severe life- 
threatening infections, particularly necrotizing fasciitis. 
Temporization of infection should take precedence over PAD 
evaluation in patients who require emergent or urgent source 
control. In non–life-threatening DFIs, surgery is typically de
ferred to allow for PAD evaluation and treatment. Depending 
on local expertise and available resources, definitive toe/foot 
surgery may be performed during or after revascularization.

The level of amputation is determined based on the extent of 
infection, tissue viability, tissue perfusion, and the functionality 
of the amputation. Amputation of a single digit or 2 consecu
tive digits, with or without removal of the metatarsal head 
(ray amputation), is generally well tolerated. In patients who re
quire amputation of 3 or more digits, a transmetatarsal ampu
tation (TMA) is a better option. The main challenge with a 
TMA and other more proximal mid-foot amputations (such 
as Lisfranc and Chopart amputations) is the high biomechani
cal failure rate (30%–60%) [47]. Although the reoperation risk 
is greater than for a below-knee amputation, TMA yields a su
perior functional outcome and is preferred in ambulatory pa
tients. Major amputation is required in patients with TMA 
failure [48, 49]. In selected patients with open TMA without 
a viable posterior flap, which is necessary for closure, negative 
pressure wound therapy (“wound vac”) can be used until the 
application of a partial thickness skin graft or healing by sec
ondary intention [50].

PAD affects 30%–50% of patients with DFUs and is associat
ed with significantly worse ulcer healing, amputation, and 
mortality [15]. In the EURODIALE prospective DFU cohort 
(n = 1088), concurrent infection was a key predictor of limb 

loss in patients with PAD [15]. Timely PAD assessment and 
treatment are paramount. Revascularization, whether open or 
endovascular, increases limb perfusion and limb salvage rates 
in patients with ischemic ulcers [51], while delayed revascular
ization is associated with an increased risk of limb loss and 
mortality [52].

Clinical examination (pulse palpation, capillary refill time) is 
insufficient to rule out PAD; therefore, all patients with DFUs 
(especially those without clearly palpable pulses) should under
go noninvasive vascular testing. The ankle-brachial index 
(ABI) can be inaccurate due to falsely elevated ankle pressure. 
IWGDF guidelines recommend tests that predict healing, such 
as toe pressure measurement, transcutaneous oximetry 
(TcPO2), or skin perfusion pressure. In a systemic review, an 
ankle pressure of 70 mmHg or a combination of ABI <0.5 
and ankle pressure <50 mmHg was associated with risk of ma
jor amputation, whereas toe pressures of ≥45 mmHg, TcPO2  
>25 mmHg, and skin perfusion pressures >40 mmHg were as
sociated with healing [53]. The ischemic grading of the WIfI 
classification can identify patients who could benefit from re
vascularization [54, 55].

Other Care Components

Many evidence-based interventions for DFI are nonpharmaco
logic, particularly regarding long-term care for accompanying 
ulcers. These provide ID clinicians with the opportunity to em
brace our roles as masters of internal medicine and complex 
problem solvers rather than single-faceted antibiotic somme
liers. To that end, we offer a checklist for comprehensive DFI 
care (Table 4). At a minimum, all such patients need wound 
care, offloading, PAD assessment/treatment, and glycemic con
trol [12, 56]. Multidisciplinary DFU care improves outcomes; 
delayed referral to DFU services is associated with poorer heal
ing and more amputations [10]. Although there are no stan
dards regarding the components of a DFU multidisciplinary 
team, most experts suggest that these teams, at a minimum, in
clude podiatrists and vascular surgeons to deliver wound care, 
offloading, and PAD care, as well as physical therapists to op
timize functional outcomes (the “toe flow and go” model). 
We further suggest incorporating social workers and/or case 
managers into the team, with the specific goals of identifying 
and addressing barriers to care.

DFU wound care focuses on removing devitalized tissue by 
physical (eg, sharp debridement with a scalpel), biochemical 
(eg, hydrogels such as INTRASITE or Purilon gels), or biolog
ical (eg, larvae) methods. Although head-to-head comparisons 
between methods are lacking, IWGDF guidelines recommend 
sharp debridement absent contraindications such as pain or is
chemia, partially due to lower cost [57]. Secondary analyses of 
clinical trials and large observational studies suggest that fre
quent debridement (≤7 days compared with longer intervals) 
may produce better healing [58–60].

Table 3. Typical Durations of Antimicrobial Therapy for DFI

Degree and Management of Foot Infection Duration

Osteomyelitis, managed nonoperatively 6 weeks

Osteomyelitis, following debridement (but not curative 
amputation)

3–6 weeksa

Soft tissue infection without osteomyelitis 10–21 
daysb

Soft tissue infection and/or osteomyelitis, following curative 
amputation

0–48 hours

aBased on similar clinical outcomes with 3 vs 6 weeks of antimicrobials from a single pilot 
randomized, controlled trial (RCT).  
bBased on similar clinical outcomes with 10 vs 21 days of antimicrobials from a single pilot 
RCT. Given the limitations of this study, shorter durations may not be appropriate for 
patients with peripheral artery disease or who have not had highly sensitive imaging (eg, 
magnetic resonance imaging) to rule out osteomyelitis.
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Following debridement, wound dressings are applied to keep 
the wound clean and absorb exudate without drying the 
wound. Dressing choice should be individualized and may 
need to be modified as the wound evolves. Although wet-to-dry 
saline dressings are common, they may increase viable tissue 
loss vs alternatives. A plethora of “advanced” dressings have en
tered the market, but few are supported by RCTs [61]. 
Moreover, patients with DFIs are generally excluded from these 

RCTs, making it unclear whether and when to deploy these 
products for DFIs.

An alternative to wound dressings, wound vac promotes 
granulation tissue formation via growth factor upregulation 
[61, 62]. Two negative pressure wound therapy trials (total 
n = 277) included participants with DFI following amputations, 
both showing higher healing rates in the intervention arms 
[63, 64]. Another large RCT (n = 335) enrolled participants 
with long-standing, large uninfected ulcers (median ulcer dura
tion of 198 days and area of 13.5 cm2 in the intervention arm) 
and found that 16-week healing rates increased (43% vs 29%) 
with wound vac therapy [64]. Although negative pressure 
wound therapy for DFUs is generally safe, we suggest carefully 
monitoring patients at risk for loss to follow-up. In our experi
ence, delays in changing the device/wound interface (“sponge”), 
which is typically exchanged weekly, can lead to infections.

There has been long-standing interest in using oxygen (sys
temically or topically) for DFUs, given the high prevalence of 
micro- and macrovascular disease and consequent tissue hyp
oxemia [62]. Systemic hyperbaric oxygen therapy for DFUs re
mains highly controversial, given its high cost and mixed data 
from underpowered and poorly designed RCTs. Although the 
2019 IWGDF guidelines recommend systemic hyperbaric oxy
gen therapy for patients with nonhealing ischemic ulcers, mul
tiple studies (including 2 RCTs) suggest that this practice offers 
no benefit [65–67]. Topical oxygen therapy seems more prom
ising, with a meta-analysis of RCTs published since 2010 in
cluding 4 studies (total n = 494) and finding topical oxygen 
associated with increased 12-week healing rates (relative risk, 
1.59; 95% confidence interval, 1.07–2.37) [68]. Of note, these 
RCTs included the optimal standard of care (including de
bridement and offloading) across arms. Consequently, topical 
oxygen or other advanced modalities may not be value-added 
unless basic interventions are also performed.

Offloading (ie, reducing pressure at the ulcer site) is a corner
stone of neuropathic DFU treatment and can be accomplished 
using devices or surgical intervention [69]. Nonremovable 
knee-high offloading devices (fiberglass total contact cast or 
nonremovable knee-high walkers) increase healing rates for 
forefoot and midfoot plantar ulcers and appear superior to re
movable devices in a recent meta-analysis [70, 71]. However, 
nonremovable devices are generally avoided in cases of signifi
cant infection or ischemia and may be unsuitable for patients 
who have difficulty adhering to frequent clinic follow-ups 
due to transportation or other barriers [72]. Removable off
loading devices can also improve healing if worn regularly, 
but nonadherence is common. Addressing concerns about bal
ance and falling may increase adherence [73, 74]. There is 
growing interest in monitoring offloading adherence and pro
viding real-time reinforcement via wearable devices [75–77]. 
Finally, several surgical offloading techniques (eg, Achilles ten
don lengthening) exist, with variable levels of evidence 

Table 4. To-Do List for a Comprehensive Approach to Diabetes-related 
Foot Infection Care

Surgical debridement: If present, drain deep purulence and excise necrotic 
tissue. Assess risk of amputation using clinically validated criteria (WIfI). If 
elevated, request surgical evaluation and risk-benefit/shared 
decision-making

Peripheral artery disease: Obtain relevant vascular studies (eg, toe pressure 
measurements); request vascular surgery evaluation if patient is likely to 
benefit from revascularization (ie, by Society for Vascular Surgery’s WIfI 
(Wound, Ischemia, Foot Infection) classification system WIfI classification)

Antibiotic therapy: Once patient is stabilized and has responded to initial 
antimicrobial therapy, select an appropriate oral (or IV) definitive 
antimicrobial regimen, with considerations including: 
• Results of deep tissue cultures or the local epidemiology and antibiogram if 

cultures are not available 
• Duration appropriate to the degree of infection and surgical management 

provided 
• Social factors, including the ability to adhere to the regimen (eg, 

affordability, pill burden, ability to store and administer IV antibiotics, and 
travel to infusion centers) and whether giving IV antibiotic therapy inpatient 
or via skilled nursing facility facilitates access to other needed care (eg, 
wound care)

Offloading: Provide the patient with either a non-removable device (eg, total 
contact cast) or removable device (ie, surgical boot) to provide mechanical 
offloading of the diabetes-related foot wound; consider surgical offloading 
referral for select patients who do not heal with mechanical devices

Wound care: Secure longitudinal outpatient follow-up with a wound care 
specialist who can provide serial assessment, debridement, and appropriate 
dressings or negative pressure wound therapy. Ensure the patient has 
access to adequate wound care supplies upon discharge and at each 
follow-up visit

Glycemic control: Initiate or intensify diabetes treatment to achieve the HbA1c 
goal to optimize wound healing: 
• The HbA1c goal for most adults is <7% (comparable continuous glucose 

monitoring targets are time in range >70% with time below range <4%). 
Higher or lower glycemic targets may be appropriate based on the 
individual’s comorbidities and risk of hypoglycemia

Concurrent foot pathology: Identify and address other conditions that provide a 
bacterial portal of entry into the foot or otherwise predispose to infection: 
• Treat onychomycosis and tinea pedis if present 
• Offer compression garments and recommend leg elevation if venous 

stasis is present and degree of peripheral arterial disease allows 
• Recommend daily moisturizer to areas of dry, cracked skin 
• Arrange longitudinal follow-up every 3 months, preferably by a podiatrist, 

for secondary prevention and early detection of ulcers/infection

Other key comorbidities: 
• Offer pharmacotherapy and referral to local evidence-based programs for 

tobacco cessation if patient has any active tobacco use 
• Initiate pharmacotherapy (eg, buprenorphine-naltrexone for opiate use 

disorder, selective serotonin reuptake inhibitor for major depression) or 
request psychiatry consultation for untreated mood or substance use 
disorders

Barriers to care: Mitigate social factors likely to impede the patient’s adherence 
to treatment (see Table 5)

Abbreviation: IV, intravenous; WIfI, Society for Vascular Surgery’s WIfI (Wound, Ischemia, 
Foot Infection) classification system.
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supporting their use; these procedures are reserved for patients 
who do not heal with mechanical offloading [69, 70]. Whatever 
offloading modality is chosen, patients with DFIs generally 
should not leave the office/hospital with the same footwear 
they walked in with.

Tighter glycemic control has been associated with decreased 
DFU and amputation risk in clinical trials [78, 79]. However, 
there are surprisingly little data from clinical trials regarding 
the impact of glycemic control on DFU or DFI outcomes, 
and while tight control might improve wound healing, data 
are insufficient to recommend specific glycemic targets in this 
population [80–82]. HbA1c values ≥8.0% and correlating fast
ing blood glucose of ≥126 mg/dL are associated with increased 
lower extremity amputation risk among patients with DFUs, 
and HbA1c control between 7% and 8% was associated with op
timal DFU healing at 1 year in observational studies [83]. 
Continuous glucose monitors (CGMs) offer an opportunity 
to assess more nuanced glycemic control metrics compared 
with monitoring with traditional glucometers and HbA1c mea
surements. One observational study that used CGMs after sur
gical debridement of DFO found that more time spent in the 

blood glucose range of 70–180 mg/dL and less time spent below 
that range were associated with lower major amputation rates 
[83]. More research is needed to determine if CGMs can im
prove DFI outcomes.

Care fragmentation and loss to follow-up after discharge are 
common for patients with DFIs, particularly in health systems 
with no “one-stop shop” clinic with all required providers. Only 
53.8% of patients hospitalized with a DFU attended a 
DFU-related outpatient appointment within 30 days of hospital 
discharge in an Atlanta, Georgia–based urban hospital with 
no single clinic incorporating all DFU providers [84]. 
Guideline-concordant DFU care may be even harder to achieve 
in rural settings, where referrals to urban providers are often 
challenging and delayed [85]. Although evidence-based inter
ventions proven to mitigate the sources of DFI health dispari
ties are scarce, we propose solutions based on our collective 
experience (Table 5). Last, we suggest that providers in health 
systems with a large DFU burden, particularly where health dis
parities are prevalent, establish limb salvage programs. 
Although daunting, there is guidance on how to build a scalable 
program by starting with a “hot foot line.” This is a single point 

Table 5. Common Barriers to Care and Potential Solutions

Barrier to Care Potential Solution

Inadequate access to transportation/limited 
time off work

• Verify whether insurance includes nonemergency medical transportation benefits 
• Refer for local taxi/bus voucher programs 
• Offer telehealth appointments 
• Consolidate clinic appointments with other specialists on campus (ie, arrange multiple same-day visits) to limit 

travel needs 
• Organize a multidisciplinary DFU/DFI clinic 
• Organize a mobile DFU clinic to perform home calls or rotate between high-burden communities [86]

Inadequate access to healthcare providers • Ensure patient has registered for the care system’s electronic patient portal (eg, to review laboratory results, track 
appointments, and exchange secure messages with the treatment team; ideally set up via mobile phone), if 
available 

• Define a single DFI/DFO point of contact (eg, ID nurse clinic coordinator) who can triage patient concerns and 
connect them to other members of the treatment team; provide their contact information at first encounter 

• Use nursing visits and other healthcare professionals (eg, pedorthists) to the capacity of their license 
• Reserve appointment slots in the ID clinic for early post-discharge follow-up of DFI/DFO patients or create a weekly 

nurse- or physician-led telehealth clinic for timely post-discharge evaluation

No stable housing • Consult with social worker for patient’s access to local publicly funded housing, respite care services, shelters, and 
similar services 

• Employ outpatient intravenous antimicrobial therapy to facilitate temporary housing at a nursing facility

Poverty • Ask patients if they have adequate wound care supplies and dispense at the visit if not 
• Ask patients if they have offloading footwear; keep a supply of donated footwear in clinic to distribute if not 
• Screen for food insecurity and refer to food banks 
• Identify lower-cost therapeutic alternatives for DFI medications in your area (eg, GoodRx coupons for local 

pharmacies or mail-order options via CostPlusDrugs.com) 
• Preferentially use low-cost oral antibiotics if available to adequately cover the isolated pathogens

Insecure employment • Offer doctor’s notes for each visit 
• Inquire about nature of patient’s employment; offer letters of support for duty modifications (eg, reduced walking/ 

standing) to promote foot healing

Not fluent in English • Ensure clinic has on-demand access to telephonic medical translation services with a loud, good audio quality 
speakerphone 

• Provide written patient instructions in the patient’s preferred language at the point of care using medical translation 
services 

• Allow patients to record all or a portion of the visit (eg, the summary guidance and Q&A conversation at the end) for 
later reference

Abbreviations: DFI, diabetes-related foot infection; DFO, diabetes-related foot osteomyelitis; DFU, diabetes-related foot ulcer; ID, infectious diseases.
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of contact to whom acute diabetes-related foot complications 
discovered in the emergency department or inpatient wards 
can be reported, leading to a rapid assessment by a member 
of the limb salvage team who then consults the most appropri
ate surgical specialist). These teams can make patient care less 
burdensome and more effective [87].

Assessing Clinical Response

Along with resolution of the cardinal sign of inflammation, re
duction in wound size is the key marker of response in DFIs; 
only 45% of DFIs heal within 12 months [88]. Since antibiotic 
therapy for DFIs, even with osteomyelitis, should seldom ex
tend beyond 6 weeks, most patients will have unhealed ulcers 
at antibiotic cessation. All ulcers are colonized by bacteria, 
and antibiotic therapy for uninfected ulcers does not improve 
healing. In short, antibiotics are meant to treat the infection, 
not to heal the ulcer, and a persistent wound alone does not in
dicate further benefit from continued antibiotics [89].

Inflammatory marker trends (eg, C-reactive protein and sed
imentation rate) do not correlate with DFI or DFO outcomes, 
and we do not routinely use them to inform treatment deci
sions [90, 91]. Similarly, there are no studies that demonstrate 
a predictive value of serial imaging, and data from other forms 
of osteomyelitis suggest routine follow-up imaging may not 
add value beyond clinical judgment alone [31]. We reserve se
rial imaging for patients with concerns about progressing infec
tion at follow-up rather than reimaging routinely. When 
patients with known or suspected DFIs do not respond to ther
apy, clinicians should consider alternative diagnoses (eg, 
Charcot), review indications for surgery (eg, undrained ab
scess), consider repeating cultures with optimal specimens 
(eg, bone biopsy off antibiotics), and, most importantly, ensure 
that the cornerstones of DFU therapy, that is, wound offloading 
and care, PAD assessment, and treatment, are being imple
mented. The success of further management will hinge on iden
tifying and addressing the reason for an initial, suboptimal 
response.

Finally, there is little evidence to inform the optimal follow- 
up interval, modality, or duration for DFIs. However, because 
frequent debridement (usually defined as at least weekly) is as
sociated with increased DFU healing, weekly follow-up for out
patients with DFIs until at least some improvement occurs 
seems ideal [58–60]. Early and more frequent ID follow-up (in- 
person or remotely) is indicated for patients on antibiotics who 
require closer monitoring (eg, linezolid and outpatient paren
teral antibiotic therapy) [92]. Ulcer recurrence is common: ap
proximately 40% of healed DFUs recur within 12 months, and 
osteomyelitis carries a 5-fold increase in the odds of ulcer re
currence [2]. Thus, patients with DFIs need life-long foot 
care, with the 2019 IWGDF guidelines recommending foot 
evaluations at least every 3 months after treatment of acute in
fection [12].

HOW DO WE ENGAGE IN SHARED DECISION-MAKING 
CONVERSATIONS ABOUT DFI MANAGEMENT

With Surgeons

Most nonproductive conversations about DFI management be
tween ID and surgical colleagues fall into 1 of 3 categories. The 
first is inadequate or absent communication between specialists 
(eg, consults placed and received electronically or via ancillary 
staff, with no direct conversation between specialists, or con
versations that occur solely between house staff who lack the 
necessary experience to communicate concerns accurately 
across teams and who, in any case, lack the authority to nego
tiate on their team’s behalf). The second is conflicting apprais
als of the medical and/or surgical prognoses (eg, the likelihood 
of cure with vs without immediate surgical intervention or the 
likelihood of response with conservative debridement vs a mi
nor or major amputation). The third is conflicting valuation of 
antibiotic vs surgical stewardship principles.

We frequently encounter scenarios where house staff or pa
tients attempt to relay information about another team’s care 
plan but misconstrue or omit key details that render our col
leagues’ assessment puzzling or scenarios in which medical 
team hierarchy becomes a roadblock to compromise. A phone 
call between senior team members (ideally, attending to attend
ing) in which the specialist shares their own assessment and 
asks open-ended questions is the best first step to address per
ceived conflicts and is often sufficient.

When ID and surgical specialists genuinely do have conflicting 
care plans for patients with DFIs, we find these most often derive 
from different assessments of the patient’s prognosis and specifi
cally the perceived need for surgery and/or the degree of interven
tion needed. Framing such conversations around objective data 
and validated measures of prognosis (eg, the presence of gangrene 
or undrained abscess; WIfI classification), as well as the degree to 
which the proposed surgery would impact the patient’s current 
mobility and potential for wound healing, can help the team reach 
consensus. Often, the surgical specialist can offer additional in
sight into the patient’s revascularization potential, biomechanics, 
and other factors that inform their judgment.

Occasionally, patients have a marginal likelihood of cure with 
nonoperative or conservative surgical management, and the ID 
and surgical specialists may have disagreements based on genu
ine conflict over the relative importance of antibiotic steward
ship vs the potential to avoid surgery (and often, preserve the 
patient’s functional status). The presence of extensive wet gan
grene/necrosis, undrained abscess, or progressive infection dur
ing antimicrobial therapy is a relatively strict indication for 
surgical debridement. In the case of wet gangrene, which de
scribes infection with a component of progressive necrotizing 
soft tissue infection, surgery should be performed urgently, 
whereas dry gangrene, in which necrosis is driven primarily by 
ischemia, is usually not a surgical emergency. However, neither 
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form of gangrene is likely to resolve with antimicrobial therapy 
alone. Indeed, delays in source control have been associated with 
more proximal amputation and prolonged hospitalization 
[93, 94], and deferring indicated major amputation has been as
sociated with substantially increased risks of mortality and poor 
wound healing [95]. Beyond such cases, we encourage humility 
among our ID colleagues. The literature demonstrates that many 
patients with DFIs, even when complicated by osteomyelitis, can 
achieve clinical cure with antibiotic therapy alone. It may be 
helpful to frame antibiotic therapy in such cases as a “therapeutic 
trial,” with early outpatient follow-up and rediscussion among 
the care team if no clinical improvement has occurred.

Alternatively, in patients with DFIs who have marginal pros
pects for limb salvage, the most fruitful approach is often not to 
attempt to withhold antibiotics but rather to ensure they are being 
given in the context of a comprehensive strategy for DFI care, op
timizing the likelihood of clinical success, and ensuring that med
ical management is exhausted before functionally limiting 
amputations are pursued. For example, revascularization can 
play a critical role in limiting the extent of amputation. Patients 
who undergo revascularization before, compared with after, a sec
ond minor amputation have a markedly lower risk of major am
putation [96]. Despite this, less than 70% of patients undergo 
vascular studies prior to amputation, and only approximately 
60% undergo attempted revascularization prior to amputation, 
with marked racial and rural disparities in this metric [97].

Finally, multidisciplinary teams that facilitate provider–pro
vider shared decision-making (and regular multidisciplinary 
meetings to discuss complex cases) improve care and have 
been associated with reduction in major amputation [96]. 
These teams seldom rely on, or attribute their results to, 
cutting-edge technology. Instead, they share a strong common 
goal (limb salvage), have a clear understanding of the roles and 
responsibilities of each member (often via a care algorithm), 
and communicate effectively, generating mutual trust [98]. 
These relationships are built starting with face-to-face intro
ductions, cultivated with frequent communication outside of 
the medical record and documentation, and develop best 
with stable team membership over time [96].

With Patients

Effective, shared decision-making with patients starts with a 
clear understanding of their individual values and priorities. 
Along with infection, amputation is commonly the most feared 
complication of diabetes-related foot disease [99]. Therefore, 
just as ID clinicians may view relapsed infection after attempted 
medical management as a failure state, patients may view am
putation as the primary failure state to be avoided. 
Unsurprisingly, it is often difficult to convince patients that ear
ly aggressive surgical management for DFI is indicated, partic
ularly when patients have not been adequately counseled about 
the reasoning behind that recommendation, have low trust in 

the healthcare system, or have clinicians who have not ade
quately built therapeutic rapport. Some may refuse surgery un
til they observe conservative therapy fail firsthand.

We recommend engaging in shared decision-making with pa
tients using the same clear, systematic approach to the risks and 
benefits that we use with colleagues. When considering prolonged 
antibiotic therapy for patients with DFI, we suggest explicitly de
scribing the balance of limb and function at risk with the likelihood 
and potential consequences of antibiotic-related adverse events. 
For example, a nonambulatory patient with heel DFO that does 
not threaten their current functional status may not benefit 
from antibiotic therapy, as untreated osteomyelitis seldom leads 
to sepsis, whereas an ambulatory patient with heel DFO may war
rant aggressive antibiotic therapy (in addition to all other elements 
of foot care) because heel DFO presents high risk for a major am
putation. Similarly, a patient who has no suitable oral antimicro
bial options and advanced diabetes-related nephropathy (ie, 
someone for whom preservation of long-term vascular access is 
paramount) would be hard-pressed to opt for prolonged antimi
crobials than a patient with a safe, low-risk oral option. 
Clinicians should also consider the foot territory at risk when dis
cussing further antimicrobial therapy. For example, a patient with 
possible residual DFO after a TMA may warrant more aggressive 
antibiotic therapy compared with a patient with possible residual 
DFO after a partial toe amputation because TMA failure is likely to 
lead to a major amputation, whereas a post-partial toe amputation 
can likely be addressed with another minor amputation. Patients 
require counseling that delayed surgical management is either 
clearly futile and/or likely harmful in 3 situations: acute life- 
threatening infection (eg, necrotizing fasciitis), clearly failing anti
microbial therapy (eg, worsening soft tissue and/or systemic infec
tion after several days of antimicrobials) and when extensive 
gangrene, tissue necrosis, or undrained purulence are present.

Finally, as in discussions with surgical colleagues, often the ID 
clinician’s most useful input is not to gatekeep reasonably indicat
ed antimicrobials but to ensure they are being given as part of a 
comprehensive approach to DFI so that the infection resolves 
and retreatment can be avoided. To that end, general exhortations 
about the importance of adhering to therapy are mostly useless. 
Nonadherence more often stems from material conditions such 
as poor insurance coverage, inability to stop working or caregiving 
to adhere to offloading, and inability to obtain timely post- 
discharge appointments or communicate with clinicians as issues 
arise [100]. Specifically elucidating and addressing these barriers 
will not only optimize the odds of cure but can help build rapport 
and set up the clinician and patient for a productive future conver
sation about amputation should conservative management fail.

CONCLUSIONS

DFI is common and can devastate patients’ mobility, indepen
dence, and quality of life. This disease disproportionately 
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affects marginalized communities, with social determinants of 
health frequently complicating treatment. Antimicrobial thera
py is just one component of comprehensive DFI care, which 
also involves assessing and treating peripheral vascular disease, 
caring for wounds, offloading, addressing biomechanics, con
trolling diabetes, treating contributing comorbidities, and ex
ploring and mitigating the patient’s barriers to care.

Of note, we have primarily addressed barriers to care in DFI 
from the perspective of individual patients and clinicians rather 
than discussing social determinants of health at the community 
or national level. This approach was taken to emphasize oppor
tunities for ID clinicians to take direct action to address social 
factors for their individual patients. However, the sources of 
health inequity in DFI, differential access to medical care medi
ated by insurance status, English fluency, transportation, and 
insecurity of employment and housing, ultimately require ef
fective interventions at the level of healthcare policy, systems, 
and communities [101]. Expanded paid medical leave, subsi
dized or free access to medical transportation and care, subsi
dized or free housing, and other policies successfully 
implemented in other nations would undoubtedly improve 
DFI outcomes in the United States.

Indeed, German microbiologist and epidemiologist Rudolf 
Virchow recognized the limits of individual practitioners in ad
dressing health disparities with socioeconomic origins nearly 
200 years ago. He called for “social medicine, that is, political 
prioritization of the health of the community, particularly the 
poor, and for physicians to be its advocates [102]. Modern 
data support Virchow’s contention: the removal of access to 
podiatric care for Medicaid patients led to an astonishing 
37% increase in hospitalization for DFIs in 1 state, while a dec
ade later, the expansion of access to foot care through the 
Affordable Care Act resulted in a 33% reduction in major am
putations among minoritized patients in early adopting states 
[103, 104]. Today, we can rise to this challenge individually 
by advocating for policies such as Medicaid expansion, increas
ing the effectiveness and capacity of existing resources by form
ing multidisciplinary teams, ensuring that triage pathways 
promote equitable access to our expertise, and helping individ
ual patients tap into resources beyond our individual discipline.

Patients with DFIs that involve substantial undrained puru
lence, gangrene, necrotizing infection, or infection clearly 
worsening on antimicrobial therapy have relatively strict indi
cations for surgery. Beyond these, many patients can achieve 
durable cure nonoperatively. Whether to pursue surgical de
bridement in such cases depends on the territory of the foot un
der threat and the accompanying threat to mobility surgery 
entails, whether vascularization of the foot is or can be made 
adequate for wound healing and the patient’s values and 
preferences (ie, regarding avoiding amputation vs avoiding 
rehospitalization and prolonged care for infection). These 
decisions should be made in concert with both the patient 

and surgeon. We find that the most effective framing for these 
conversations is a systematic consideration of the patient’s 
modifiable and nonmodifiable prognostic factors (informed 
by validated tools such as the WIfI classification) and the rela
tive risks and benefits of antimicrobial and surgical options, as 
detailed above.

When conflict arises out of shared decision-making (either 
between colleagues or with patients), simple miscommunica
tion, conflicting prognostications, and genuine conflicts in val
ues and preferences (eg, a surgical colleague’s emphasis on 
preservation of mobility or a patient’s emphasis on avoidance 
of amputation vs an ID clinician’s emphasis on eradication of 
the infection with minimal necessary antimicrobial exposure) 
are common sources. Specifically identifying and addressing 
these sources often aids the group in reaching consensus. We 
emphasize that in some cases of conflicting values where sur
gery is not strictly indicated, the ID clinician may bring the 
most value to the patient’s care by framing antimicrobials as 
a “therapeutic trial” to be reevaluated at early clinic follow-up 
and by ensuring that antimicrobials are being given as part of 
a comprehensive treatment strategy to preserve the patient’s 
functional status via limb salvage. Finally, we recommend de
veloping multidisciplinary DFI teams that can centralize pa
tient care, foster longitudinal relationships and trust between 
clinicians, and optimize outcomes.
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