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Introduction

Diabetic foot ulcerations are an increasingly common
problem that have profound consequences on patient qual-
ity of life. A recent systematic review found a reduced rate
of major amputations at medical centers that initiated mul-
tidisciplinary teams with clear treatment algorithms and
designated referral pathways to exclusively treat diabetic
foot ulcerations.'” However, the majority of community or
even larger tertiary referral or academic centers do not
have a standardized workup protocol, defined criteria for
specialist referral, or specialized multidisciplinary teams.
The implementation of such a system is often confusing
and cost prohibitive.'? In the acute setting, this can result in
unnecessary admissions, either excess or inadequate
workup, delay in care, prolonged hospitalization, and inap-
propriate management of diabetic foot disease.

The International Working Group on the Diabetic Foot
(IWGDF) has produced evidence-based guidelines on the
prevention and management of diabetic foot disease since
1999.° The guideline consists of 6 chapters aimed at direct-
ing clinicians providing care for the diabetic foot with man-
agement principles supported by current literature and a
team of multidisciplinary experts. Despite the wealth of
information in this guideline, the clinical utility and imple-
mentation is limited by the length and large number of
asynchronous recommendations. This is often cumbersome
and confusing to the clinician who frequently encounters,
but does not necessarily specialize in diabetic foot disease.
Therefore, the goal of this article was to create a succinct,
comprehensive, and straightforward clinical pathway
derived from these evidence-based guidelines that can be
implemented to better guide clinicians in the acute setting.

Clinical Pathway

Our clinical pathway is adapted from the tenets of diabetic
foot ulcer management proposed by the IWGDF (Figure 1).

The fundamental chapters of the 2019 guideline relevant to
acute management include the appropriate classification of
ulcer severity, extent of infection, evaluating for peripheral
arterial disease, prior wound healing interventions, and
attempts at offloading. The pathway is designed to guide
clinicians to triage diabetic foot ulcers that require further
workup and admission vs diabetic foot ulcers that may be
managed more appropriately as an outpatient. Although a
multitude of diabetic foot ulcer classification systems exist,
this pathway is derived from the IWGDF/IDSA classifica-
tion system on infection severity, which is a strong predic-
tor of the need for hospitalization.'*!7

Triage

Assessment begins with evaluation by the emergency
department physician to determine clinical severity of
patient presentation. A plain-film radiograph of the affected
foot is obtained to evaluate for bony deformity, previous
operative intervention, and possible radiographic indica-
tors of osteomyelitis. An initial workup involving vitals
and laboratory studies is generally obtained by the emer-
gency room and used to risk stratify the patient. The wound
is assessed for any complicating features that may warrant
more intensive assessment and parenteral antibiotics,
including the presence of gangrene, limb ischemia, necro-
sis, rapidly progressive cellulitis, deep abscess, or any
other clinical feature, which may suggest a more serious
infection. Concurrent systemic conditions and comorbidi-
ties suggestive of a more complicated clinical picture (ie,
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immunocompromised patient, renal failure, severe hyper-
glycemia, highly elevated C-reactive protein, lymphedema,
venous insufficiency) may require hospitalization. In addi-
tion, failure of previous outpatient management should be
considered criteria for admission for surgical evaluation or
adjustment of antibiotic therapy.

Complicated Diabetic Foot Infection
Pathway

If the initial triage demonstrates systemic involvement, evi-
dence of a severe infection, or failure of outpatient manage-
ment, the complicated clinical pathway should be followed.
We define systemic involvement as the presence of Systemic
Inflammatory Response Syndrome (SIRS) criteria or the
presence of any comorbid condition that requires hospital-
ization. If SIRS criteria are present, as defined by the occur-
rence of at least 2 of the following: temperature >38°C or
<36°C, heart rate >90 beats/min, respiratory rate >20
breaths/min or Paco, <32mmHg, white blood cell count
>12 000 or <4000 cu/mm? or 10% immature (band) forms,
a thorough evaluation for a source of infection and manage-
ment of sepsis should be initiated. Admission to a primary
medicine service should be recommended to manage
comorbidities, perform fluid resuscitation, correct meta-
bolic abnormalities, initiate parenterally administered
broad-spectrum antibiotics, and possible preoperative opti-
mization. If the initial assessment is concerning for sepsis
and/or a necrotizing soft tissue infection, immediate surgi-
cal consultation should be obtained based on the hospital
policy, which designates the first-call surgical specialist for
limb and life-threatening infections.

Vascular Evaluation

All patients with suspected diabetic foot ulcer should be
worked up for peripheral arterial disease (PAD). The clini-
cal presentation of diabetics with PAD may differ from that
of PAD alone, without the classic preceding symptoms
such as rest pain and claudication. It is estimated that up to
50% of diabetics may have undiagnosed or underlying
PAD.*>!823 Unfortunately, clinical assessment alone may
prove unreliable in excluding PAD in a diabetic, and no
single bedside modality has been demonstrated to reliably
exclude the presence of PAD.

The ankle-brachial index (ABI) serves as an easily
administered, noninvasive test in the detection of PAD.¢ The
sensitivity and specificity in detecting PAD is increased by
the inclusion of a toe-brachial index (TBI) and a handheld
Doppler assessment of pedal waveforms.®*° The IDGWF
concluded that the diagnosis of PAD is less likely with an
ABI between 0.9 and 1.3; TBI=0.75; and triphasic pedal
Doppler waveforms.!! As the interpretation of Doppler

waveforms requires a skilled examiner, which may not be
available at many institutions, we suggest that ABI and TBI
be performed at a minimum, with the recommendation to
include a handheld Doppler evaluation when possible. Any
detected abnormalities in noninvasive testing should prompt
a consultation to a vascular surgeon for further advanced
workup and possible surgical intervention. In the hospital-
ized patient where noninvasive arterial testing is normal,
advanced workup and surgical treatment is made based on
the institution’s availability of subspecialty surgeons and
their individual treatment decisions.

Uncomplicated Diabetic Foot Infection
Pathway

For the diabetic foot ulcer without systemic involvement or
severe infection, the uncomplicated pathway to outpatient
management is established. In localized wound infections,
a sharp excisional debridement should be performed with
irrigation of the wound bedside. It has been well estab-
lished that superficial swabs of wounds often contain a
high level of contaminant bacteria not concordant with the
offending pathogen.'?2%22 A better specimen involves cul-
turing the deep tissue or bone, though these are also often
polymicrobial. For uncomplicated local soft-tissue infec-
tions without bony involvement in patients who have not
recently received antibiotic therapy, empiric oral antibiotic
therapy targeted toward aerobic gram-positive pathogens
(B-hemolytic streptococci and Staphylococcus aureus) for
a period of 1-2 weeks is recommended.'® Definitive ther-
apy targeted at the causative pathogen should then be tai-
lored based on the results of the collected culture. If
extended therapy is warranted because of a slowly resolv-
ing soft tissue infection, adjustments to the antibiotic regi-
menshouldbebased oninfectious diseaserecommendations.
Clinically uninfected ulcers should not receive any antibi-
otic therapy as there are no current data to support that anti-
biotic therapy advances healing.'!¢

Osteomyelitis Evaluation

A probe-to-bone test is a simple and effective way to deter-
mine the depth of the ulcer and possible bony involve-
ment. 331324 Using a sterile, blunt, metal probe that is gently
inserted into the wound, a positive test is defined by the
evaluator detecting a rock-hard and gritty structure.®!® The
most useful blood test suggestive of a bone infection is an
elevated erythrocyte sedimentation rate at >70 mm/h, often
in combination with an elevated C-reactive protein.?® In
conjunction with plain radiographic findings suggestive of
osteomyelitis (ie, bony erosion, periosteal reaction, and
demineralization), a positive probe-to-bone test, and ele-
vated inflammatory markers, a diagnosis of osteomyelitis
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can be made without advanced imaging.'® Although surgi-
cal resection of infected bone has been considered the gold
standard, evidence has recently demonstrated that, in the
properly selected patient, antibiotic therapy is an effective
treatment choice.>”!>?>?7 Although parenteral antibiotics
have been prescribed traditionally, recent evidence suggests
that oral antibiotic therapy with high bioavailability in bone
is an acceptable alternative.?

Although obtaining a biopsy of the infected bone, either
through surgical or transcutaneous methods, is a commonly
accepted practice to definitively identify the causative
pathogen, there are significant practical considerations in
the acute setting. First, the procedure requires significant
coordination, experience, and cost if done in an operating
room. If a properly collected aseptic sample identifies a
single pathogen, such as S aureus, or if the ulcer is respond-
ing appropriately to empiric antibiotic therapy, a biopsy
may not be needed.'® We recommend reserving the biopsy
for cases where the diagnosis is equivocal, or the ulcer is
failing to heal in the first few weeks despite adequate
adjunctive treatment. In the carefully selected patient with
an uncomplicated diabetic foot ulcer with osteomyelitis, a
course of empiric oral antibiotic therapy in conjunction
with local wound care and offloading is an acceptable treat-
ment option. Surgical bony resection in the acute setting
may potentially be deferred in favor of this conservative
management with close outpatient follow-up.

Bedside Debridement and Outpatient
Management

Although a variety of debridement methods exist, sharp
excisional debridement of the ulcer is an effective, readily
available, and inexpensive technique.’ The goals of
debridement include removing the peripheral hyperkera-
totic callus, foreign debris, removal of any nonviable
necrotic tissue, and reduction of bacterial burden, leaving
behind clean and viable tissue to support healing.”?° To
reduce the cost and expertise required of the variety of
dressings, a basic nonadherent dressing is placed after
debridement to protect the wound. To simplify the selec-
tion of orthotics, a removable knee-high offloading device
is recommended, particularly because it is presumed many
cases that present to an emergency department require fre-
quent monitoring for infection. Lastly, outpatient follow-
up is arranged to a wound care clinic, a diabetic foot care
specialist, and primary care physician for continued man-
agement of diabetes. If there is concern for decreased per-
fusion to the limb, noninvasive vascular studies should be
obtained with a referral to a vascular specialist if abnor-
mal. In the cases where extended antibiotic therapy is rec-
ommended, such as for osteomyelitis, infectious disease
specialist involvement is recommended to guide antibiotic
selection tailored to culture results.

Limitations

A main limitation of our clinical pathway is that it does not
guide surgical decision making. Operative treatment such as
revascularization, debridement and bone resection, lower
extremity amputation, and deformity reconstruction are at the
discretion of the consulting surgeon. The pathway is not
intended to diagnose or manage the critically ill patient, and
the level of care is left to the discretion of the emergency and
admitting physicians per individual hospital guidelines. The
pathway is not meant to specifically classify, offer prognosis,
or predict wound healing of the infected diabetic foot ulcer.
Antibiotic therapy, particularly for osteomyelitis, should be
determined by specialists with expertise in the field. Wound
care interventions, dressings, and offloading options are sim-
plified to expedite care, despite the abundance of treatment
options available to the diabetic foot care specialist.

Conclusions

The diabetic foot ulceration clinical pathway incorporates
facets of the most recent evidence-based guidelines into a
simple flowchart diagram, directing the clinician in the
acute setting to appropriately triage the severity of the
ulcer, obtain the proper surgical evaluation when neces-
sary, and potentially avoid unwarranted and prolonged
hospitalization.

Ethical Approval

Ethical approval was not sought for the present contemporary
review article as no patient information was used in the creation of
this manuscript.

Declaration of Conflicting Interests

The author(s) declared no following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article. ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Andrew R. Hsu, MD, https://orcid.org/0000-0001-5274-5782

References

1. Abbas M, Uckay I, Lipsky BA. In diabetic foot infections
antibiotics are to treat infection, not to heal wounds. Expert
Opin Pharmacother. 2015;16(6):821-832. doi:10.1517/1465
6566.2015.1021780

2. Acharya S, Soliman M, Egun A, Rajbhandari SM. Conser-
vative management of diabetic foot osteomyelitis. Diabetes
Res Clin Pract. 2013;101(3):e18-¢20. doi:10.1016/j.diabres.
2013.06.010


https://orcid.org/0000-0001-5274-5782

Haghverdian et al

3.

10.

11.

12.

13.

15.

16.

Alvaro-Afonso FJ, Lazaro-Martinez JL, Aragon-Sanchez
J, Garcia-Morales E, Garcia-Alvarez Y, Molines-Barroso
RJ. Inter-observer reproducibility of diagnosis of diabetic
foot osteomyelitis based on a combination of probe-to-
bone test and simple radiography. Diabetes Res Clin Pract.
2014;105(1):e3-e5. doi:10.1016/j.diabres.2014.04.024

. Boyko EJ, Ahroni JH, Davignon D, Stensel V, Prigeon RL,

Smith DG. Diagnostic utility of the history and physical
examination for peripheral vascular disease among patients
with diabetes mellitus. J Clin Epidemiol. 1997;50(6):659-
668. doi:10.1016/s0895-4356(97)00005-x

. Dolan NC, Liu K, Criqui MH, et al. Peripheral artery disease,

diabetes, and reduced lower extremity functioning. Diabetes
Care. 2002;25(1):113-120. doi:10.2337/diacare.25.1.113

. Forsythe RO, Apelqvist J, Boyko EJ, et al. Effectiveness

of bedside investigations to diagnose peripheral artery dis-
ease among people with diabetes mellitus: a systematic
review. Diabetes Metab Res Rev. 2020;36(suppl 1):e3277.
doi:10.1002/dmrr.3277

. Game FL, Jeffcoate WJ. Primarily non-surgical manage-

ment of osteomyelitis of the foot in diabetes. Diabetologia.
2008;51(6):962-967. doi:10.1007/s00125-008-0976-1

. Grayson ML, Gibbons GW, Balogh K, Levin E, Karchmer

AW. Probing to bone in infected pedal ulcers. A clinical
sign of underlying osteomyelitis in diabetic patients. JAMA.
1995;273(9):721-723.

. IWGDF Guidelines. INGDF practical guidelines on the pre-

vention and management of diabetic foot disease. Published
online 2019. https://iwgdfguidelines.org/wp-content/uploads/
2019/05/01-TWGDF-practical-guidelines-2019.pdf

Hicks CW, Canner JK, Karagozlu H. Quantifying the costs
and profitability of care for diabetic foot ulcers treated in
a multidisciplinary setting. J Vasc Surg. 70(1):233-240.
doi:10.1016/j.jvs.2018.10.097

Hinchliffe RJ, Forsythe RO, Apelqvist J, et al. Guidelines on
diagnosis, prognosis, and management of peripheral artery
disease in patients with foot ulcers and diabetes (IWGDF 2019
update). Diabetes Metab Res Rev. 2020;36(suppl 1):e3276.
doi:10.1002/dmrr.3276

Huang Y, Cao Y, Zou M, et al. A comparison of tissue ver-
sus swab culturing of infected diabetic foot wounds. /nt J
Endocrinol. 2016;2016:8198714. doi:10.1155/2016/8198714
Lam K, van Asten SAV, Nguyen T, La Fontaine J, Lavery
LA. Diagnostic accuracy of probe to bone to detect osteomy-
elitis in the diabetic foot: a systematic review. Clin Infect Dis.
2016;63(7):944-948. doi:10.1093/cid/ciw445

. Lavery LA, Armstrong DG, Murdoch DP, Peters EJG,

Lipsky BA. Validation of the Infectious Diseases Society of
America’s diabetic foot infection classification system. Clin
Infect Dis. 2007;44(4):562-565. doi:10.1086/511036
Lazaro-Martinez JL, Aragén-Sanchez J, Garcia-Morales E.
Antibiotics versus conservative surgery for treating diabetic
foot osteomyelitis: a randomized comparative trial. Diabetes
Care. 2014;37(3):789-795. doi:10.2337/dc13-1526

Lipsky BA, Senneville E, Abbas ZG, et al. Guidelines on
the diagnosis and treatment of foot infection in persons with
diabetes (IWGDF 2019 update). Diabetes Metab Res Rev.
2020;36(suppl 1):¢3280. doi:10.1002/dmrr.3280

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Monteiro-Soares M, Russell D, Boyko EJ, et al. Guidelines
on the classification of diabetic foot ulcers (IWGDF
2019). Diabetes Metab Res Rev. 2020;36(suppl 1):e3273.
doi:10.1002/dmrr.3273

Morbach S, Furchert H, Groblinghoff U, et al. Long-term
prognosis of diabetic foot patients and their limbs: amputa-
tion and death over the course of a decade. Diabetes Care.
2012;35(10):2021-2027. doi:10.2337/dc12-0200

Musuuza J, Sutherland BL, Kurter S, Balasubramanian P,
Bartels CM, Brennan MB. A systematic review of multidis-
ciplinary teams to reduce major amputations for patients with
diabetic foot ulcers. J Vasc Surg. 2020;71(4):1433-1446.¢3.
doi:10.1016/j.jvs.2019.08.244

Nelson A, Wright-Hughes A, Backhouse MR, et al. CODIFI
(Concordance in Diabetic Foot Ulcer Infection): a cross-
sectional study of wound swab versus tissue sampling
in infected diabetic foot ulcers in England. BMJ Open.
2018;8(1):¢019437. doi:10.1136/bmjopen-2017-019437
Nelson EA, O’Meara S, Craig D, et al. A series of system-
atic reviews to inform a decision analysis for sampling and
treating infected diabetic foot ulcers. Health Technol Assess.
2006;10(12):ii-iv, ix-x, 1-221. doi:10.3310/htal0120
O’Meara S, Nelson EA, Golder S, Dalton JE, Craig D,
Iglesias C. Systematic review of methods to diagnose infec-
tion in foot ulcers in diabetes. Diabet Med. 2006;23(4):341-
347.doi:10.1111/j.1464-5491.2006.01830.x

Prompers L, Huijberts M, Apelqvist J, et al. High preva-
lence of ischaemia, infection and serious comorbidity in
patients with diabetic foot disease in Europe. Baseline results
from the Eurodiale study. Diabetologia. 2007;50(1):18-25.
doi:10.1007/s00125-006-0491-1

Senneville E. Editorial commentary: probe-to-bone test for
detecting diabetic foot osteomyelitis: rapid, safe, and accu-
rate-but for which patients? Clin Infect Dis. 2016;63(7):949-
950. doi:10.1093/cid/ciw450

Senneville E, Lombart A, Beltrand E, et al. Outcome of
diabetic foot osteomyelitis treated nonsurgically: a retro-
spective cohort study. Diabetes Care. 2008;31(4):637-642.
doi:10.2337/dc07-1744

Spellberg B, Lipsky BA. Systemic antibiotic therapy for
chronic osteomyelitis in adults. Clin Infect Dis. 2012;54
(3):393-407. doi:10.1093/cid/cir842

Ulcay A, Karakas A, Mutluoglu M, Uzun G, Turhan V,
Ay H. Antibiotherapy with and without bone debride-
ment in diabetic foot osteomyelitis: a retrospective cohort
study. Pakistan J Med Sci. 2014;30(1):28-31. doi:10.12669/
pjms.301.4266

van Asten SAV, Jupiter DC, Mithani M, La Fontaine J,
Davis KE, Lavery LA. Erythrocyte sedimentation rate and
C-reactive protein to monitor treatment outcomes in dia-
betic foot osteomyelitis. Int Wound J. 2017;14(1):142-148.
doi:10.1111/iwj.12574

Wukich DK. Current concepts review: diabetic foot ulcers.
2010;31(5):460-467. doi:10.3113/FAI.2010.0460

Wukich DK, Shen W, Raspovic KM, Suder NC, Baril DT,
Avgerinos E. Noninvasive arterial testing in patients with dia-
betes: a guide for foot and ankle surgeons. Foot Ankle Int.
2015;36(12):1391-1399. doi:10.1177/1071100715593888


https://iwgdfguidelines.org/wp-content/uploads/2019/05/01-IWGDF-practical-guidelines-2019.pdf
https://iwgdfguidelines.org/wp-content/uploads/2019/05/01-IWGDF-practical-guidelines-2019.pdf

