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ABSTRACT
Foot ulceration in patients with diabetes increases the risk of lower extremity amputation. Major amputations 
produce substantial adverse consequences, increase length of hospital stay, diminish quality of life, and increase 
mortality. In this article, we describe approaches that decrease amputations and improve the quality of life for 
patients with diabetes and foot ulcers. We highlight the role of the perioperative nurse, who is essential to provid-
ing optimal patient care in the perioperative period. Perioperative care of patients with diabetes involves providing 
optimal surveillance for a break in the skin of the foot, screening for neuropathy, following guidelines for foot 
ulcer infections, preparing for pathophysiology-based debridement, using adjuvant therapies, and offloading the 
patient’s affected foot. Nurses should understand the disease process and pathophysiology and how to use these 
approaches in the perioperative setting to assist in curtailing the morbidity and mortality associated with foot ulcers 
in patients with diabetes.

Key words: diabetic foot ulcer, limb salvage, lower extremity amputation, hyperbaric oxygen therapy, surgical 
debridement.

In 2015, the worldwide prevalence of diabetes was esti-
mated to be 8.8% with a projected prevalence of 10.4% 
by the year 2040.1 Foot ulceration is common, with ulcers 

affecting up to 34% of patients with diabetes in their life-
times.2 Foot ulcers precede approximately 85% of nontrau-
matic amputations in persons with diabetes,3 with a 15- to 
20-fold increased risk of amputation compared with people 
without diabetes.4 A variety of causal pathways (eg, involve-
ment of bone, obesity) have been identified in patients who 
require amputation.4,5 Foot ulcers act as portals of entry for 
systemic infections that can have particularly deleterious 
effects on patients with diabetes, whose impaired immuni-
ty substantially increases their risk for infection.6 Diabetes-
related limb amputations are associated with an increased 
risk of additional amputation and a reported five-year mor-
tality rate ranging from 53% to 100%.7

Most clinical trials involving patients with diabetes tar-
get the neuropathic plantar foot ulcer, which classically 
appears as a callus surrounding an area of granulation 
tissue on the plantar aspect of the foot. For the purposes 
of this article, we define a foot ulcer in a patient with 
diabetes as any nontraumatic skin break below the mal-
leoli in a person with diabetes. This definition encom-
passes toe, heel, dorsal, and plantar foot ulcers. Despite 
the heterogeneity of foot ulcers in patients with diabetes 
that can lead to amputation, we suggest that a potential 
for healing exists in every new ulcer that has adequate 
vascular supply and is treated in a timely manner. In this 
article, we present perioperative approaches that may 
greatly accelerate healing while reducing morbidities and 
amputation rates among patients with diabetes and foot 
ulcers.
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PREOPERATIVE NURSING CARE
The preoperative assessment of a patient receiving 
wound care is essential to determine if there are any fac-
tors that can contribute to risk of injury in the intraop-
erative and postoperative settings. Patients often receive 
insulin perioperatively while simultaneously maintaining 
NPO status, which increases the risk of perioperative 
hypoglycemia.8 Perioperative nurses are a crucial line of 
defense when reviewing preoperative laboratory results 
and can alert providers to abnormal findings. The preop-
erative period is also an ideal time to coordinate a care 
plan for the patient. Preventive care for skin breakdown, 
screening for neuropathy, and managing infection are a 
few specific elements that are essential when taking care 
of a patient with a foot ulcer and diabetes.

Optimal Surveillance for a Skin Break on the Foot
Proper preventive care can influence the emergence 
and recurrence of foot ulcers in patients with diabe-
tes.2 Preventing foot ulcers begins with a comprehen-
sive foot examination, including assessing risk factors, 
inspecting the foot, and neurologic and vascular testing.9 
Perioperative nurses assess patients before, during, and 
after surgical procedures and may identify a foot ulcer 
that could have gone unidentified by the patient or the 
patient’s family. During the preoperative assessment, 
the perioperative nurse should elicit specific informa-
tion from the patient including the presence of previous 
ulcerations or amputations, tobacco use, renal or retinal 
complications secondary to diabetes, and prior vascular 
surgery (eg, angioplasty).10 Perioperative clinicians also 
should determine whether the patient is experiencing 
any current symptoms that are associated with increased 
risk of foot ulceration, such as claudication, rest pain, 
numbness, or tingling.10

The American Diabetes Association’s (ADA’s) guidelines 
for foot care recommend that a qualified health care pro-
fessional perform a yearly comprehensive foot examina-
tion for all patients with diabetes and a comprehensive foot 
examination at each visit for patients with known insen-
sate feet, foot deformities, or a history of foot ulceration.11 
The ADA also recommends that patients with diabetes 
perform daily self-checks of their feet.11 Perioperative 
clinicians can inform surgical patients who have diabetes 
of these ADA recommendations. Also, recommending a 
follow-up appointment with a diabetes educator can be 
helpful. The comprehensive physical examination should 

be performed in a well-lit room and begin with the remov-
al of the patient’s socks and shoes. The clinician should 
examine the patient’s shoes and question the patient 
regarding proper sizing because ill-fitting or overly worn 
footwear may lead to ulceration.12 The clinician should 
then inspect the feet, including interdigital spaces, with 
attention to skin color, perspiration, erythema, infection, 
skin breaks, callus, blistering, nail abnormalities, deformi-
ty, and muscle wasting.13 Perioperative nurses maintain a 
vital role in identifying any potentially damaging footwear 
that the patient may wear during preoperative check-in 
and assessment and work with other health care providers 
to ensure correction.

Screening for Neuropathy
A foot ulcer in a patient with diabetes is the result of mul-
tiple factors, and perioperative nurses may identify these 
factors before or during a surgical procedure. Neuropathy 
is the most common contributing factor; other factors 
include peripheral arterial disease, age, and previous 
ulceration.14 Whereas individual risk factors alone (eg, 
neuropathy, peripheral artery disease, age) rarely cause 
ulceration, it is the combination of two or more factors 
that typically leads to ulcer formation.14 Neuropathy also 
complicates the decreased tissue oxygen saturation in the 
skin of the patient’s foot.15

The symptoms of sensory neuropathy exist on a spectrum 
of severity; up to 50% of patients may be asymptomatic, but 
are at great risk of injury to their insensate feet.16 Clinicians 
can diagnose peripheral neuropathy by a simple clinical 
assessment of large fiber function (eg, loss of perception of 
vibration using a 128-Hz tuning fork) and small fiber function 
(eg, light-touch sensation) in the feet, along with an assess-
ment of ankle reflexes.17 Simple tests of sensory function are 
also useful, such as pressure perception using a Semmes-
Weinstein monofilament.17 The Semmes-Weinstein test 
involves the perception of pressure when a 10-g filament 
buckles against the skin of the foot.17 Biothesiometry 
is a semiquantitative method for determining vibration 

Preventing foot ulcers begins with a 
comprehensive foot examination, including 
assessing risk factors, inspecting the foot, and 
neurologic and vascular testing.
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perception in which a clinician increases the amplitude of 
a vibrating probe until the patient can sense the vibration. 
This method is useful, but is not as widely used or cost 
effective as the Semmes-Weinstein 10-g monofilament or 
the tuning fork, which are both considered to be simple, 
accurate, and easily learned.18 It is important for perioper-
ative clinicians to be cognizant of the patient’s neuropathy, 
proper footwear, and need for education in the periopera-
tive setting. The optimal time to educate the patient may be 
when the patient’s friends or family members are present 
and also attuned to perioperative instructions.

Managing Infection
The patient with a neuropathic foot ulcer often does not 
feel pain or tenderness, and the inflammatory response 
may be decreased, making infection difficult to detect.19 
Efforts to identify systemic impaired physiology are ham-
pered because of the chronicity of the wound and by the 
fact that neither an elevated white count nor fever may 
be present in a patient with a deep foot infection.19 Signs 
of infection are often postponed because of the delayed 
inflammatory response associated with neuropathy.19 If a 
wound is not healing or if drainage or cellulitis is present, 
we recommend deep sterile culture during debridement in 
the office or OR setting.

It is common for an ulcer in a patient with diabetes to har-
bor multiple types of microorganisms.20 Based on current 
treatment guidelines, clinicians should use broad-spectrum 
antibiotics initially for severe foot infections.21 Definitive 
antibiotic therapy is based on the results of culture and 
sensitivity testing on an appropriately obtained wound 
specimen and the clinical response to empiric antibiotics.21 
Clinicians can use parenteral therapy for severe and some 
moderate infections with a change to oral agents upon sys-
temic improvement and available culture results. Antibiotic 
therapy should continue until the infection resolves.21

Because of the high incidence of osteomyelitis in patients 
with diabetes,22 clinicians should consider its presence 
when examining patients. In addition to a baseline radio-
graph, clinicians can diagnose a patient with osteomyelitis 
by performing bone palpation followed by microbiologic, 
histologic, and advanced radiographic (eg, magnetic res-
onance imaging, bone scan) confirmation. Tissue evalua-
tion by histology and culture remains the gold standard.22 
Clinical experience suggests that a bone probe can 
help exclude osteomyelitis, although it cannot replace 

magnetic resonance imaging as the best noninvasive 
method for identifying occult osteomyelitis.23,24 Nuclear 
medicine scans may be equally diagnostic, but seldom 
provide additional information about bone architecture or 
localization.25

Because of the high incidence of osteomyelitis 
in patients with diabetes, clinicians should 
consider its presence when examining patients.

Osteomyelitis complicated by Charcot neuroarthropathy 
may necessitate leukocyte scanning or bone biopsy to dif-
ferentiate between the two conditions. Bone scans have 
sensitivity between 80% to 100%, but specificity between 
0% to 79%.26 Leukocyte scanning is more effective than 
bone scans in the diagnosis of osteomyelitis, with a sen-
sitivity between 74% and 86% and specificity between 
68% and 85%.27 Combined, the two scans are helpful in 
excluding bone infection in the presence of Charcot foot.28 
Clinicians need to complete all of these baseline tests 
before surgery to understand the extent of the disease 
process better and to be able to perform the best surgical 
intervention to achieve optimum outcomes.

INTRAOPERATIVE NURSING CARE
Perioperative nurses are crucial to the success of the intra-
operative experience. Optimally, the perioperative nurse 
can ascertain that the patient is comfortable, can toler-
ate the position, and can ambulate postoperatively. The 
perioperative team must determine the optimal patient 
positioning for a debridement procedure. Nurses play 
a critical role in ensuring that they protect the patient’s 
pressure points for the duration of the procedure and 
in maintaining the patient’s normothermia with sheets, 
warming blankets, and forced-air warming.

Debridement
Debridement of the wound in the OR setting is often 
necessary because routine debridement of foot ulcers in 
patients with diabetes facilitates and accelerates wound 
healing.29,30 Perioperative nurses have a vital role in the col-
lection and setup of operating equipment for the debride-
ment procedure. Communication with the surgeon enables 
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the proper assembly of instruments, tissue implants, and 
equipment required for the procedure. Sharp debride-
ment includes the use of a scalpel, curette, scissors, and 
rongeurs to remove tissue. Debridement typically involves 
the removal of all callus (ie, pathologically hyperkeratotic 
tissue), necrotic, and infected tissue.30 Debridement also 
stimulates the nonmigratory edge epithelium, releases 
growth factors, and reduces the local inflammatory and 
proteolytic environment.31 Although studies have not been 
performed to determine the appropriate depth of debride-
ment, the absence of fibrotic (ie, scar) tissue and the pres-
ence of organisms is a reasonable clinical parameter.

Clinical judgment by the surgical team alone is often insuf-
ficient to determine if all hyperkeratotic and callus tissue 
has been debrided. Preliminary studies have demonstrated 
that there are distinct histopathologic differences between 
a nonhealing edge compared with a healing edge.31 The 
histopathologic analysis of debrided tissue may be bene-
ficial in predicting whether additional surgical procedures 
are necessary based on the margin of debridement.30,32 
Therefore, the perioperative nurse must assist in accurate 
specimen management, including providing proper label-
ing and transport medium (eg, formalin, saline, sterile cup 
alone). This requires effective multidisciplinary communi-
cation with minimal distractions and an awareness of the 
opportunities for error, especially when the nurse retrieves 
multiple specimens.33 Debridement in the OR setting 
should extend past the hyperkeratotic tissue into the soft 
epithelium immediately confluent to any callus.

Perioperative nurses have a vital role in the 
collection and setup of operating equipment 
for the debridement procedure.

Multiple products are approved by the US Food and Drug 
Administration for use in managing foot ulcers in patients 
with diabetes in both the OR and the clinical setting, 
including

•	 recombinant human-derived platelet growth factor,34

•	 cryopreserved placental membrane,35

•	 cryopreserved human fibroblast dermal substitute,36

•	 bilayered bioengineered living skin substitute,37 and

•	 bilayered type I bovine collagen.38

These products are biologically distinct; function by dif-
ferent mechanisms; and should not be used in the pres-
ence of drainage, infection, or before wide debridement 
of the ulcer.30 Clinicians can use these products intraop-
eratively to assist in wound healing. Perioperative nurses 
can work with the surgeon to determine which product 
to use after the debridement and assist in the collection 
and preparation of the product. Some products (eg, bilay-
ered living skin substitute) are stored at room temperature 
and can be easily obtained before or during the operation. 
However, some products (eg, cryopreserved placental 
membrane, cryopreserved human fibroblast dermal sub-
stitute) may be frozen and require time to thaw or involve 
extra steps before use (eg, soaking in predetermined 
solution, meshing). By anticipating these factors, periop-
erative nurses play a vital role in keeping the procedure 
running smoothly.

Many topical agents are also available for foot ulcer treat-
ment; however, none have been demonstrated conclu-
sively to accelerate the healing of foot ulcers in patients 
with diabetes.39,40 These topical agents include antimi-
crobials such as sustained release silver products; slow 
release iodine preparations; and dressings to manage the 
exudative, proteolytic, and inflammatory environment of 
chronic wounds. Although these advanced therapies are 
associated with high costs, clinicians should consider their 
use when a wound fails to show signs of healing after four 
weeks of standardized therapies.41

Intraoperative Offloading
It is essential to ensure proper offloading and padding of 
any boney prominences during the surgical procedure. 
Heel offloading during surgery by the use of dynamic 
support surfaces (eg, alternating-pressure mattresses, 
low-air-loss beds, air-fluidized mattresses) and evidence-
based pressure-reducing surfaces (eg, gel pad overlays) 
are important to use to ensure that the heels or any bony 
prominences do not incur unnecessary pressure during 
the procedure that can cause injury, such as blisters, bruis-
ing, and redness.42 It is also imperative to not elevate the 
heels too high because this can increase pressure on the 
sacral area or cause sliding resulting in shearing, which 
occurs when the skin remains stationary and the underly-
ing tissue shifts.42 Offloading the feet of patients with dia-
betes reduces mechanical stress on the wound. Frequent 
monitoring and skin care is mandatory and should be con-
sidered the minimum standard of care.43,44
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POSTOPERATIVE NURSING CARE
Postoperatively, the nurse should perform a skin assess-
ment to identify any skin integrity changes that may have 
occurred during the surgical procedure. The nurse should 
compare the results of this assessment with the preop-
erative skin assessment. Postoperative glycemic control 
is also essential to decrease the likelihood of surgical site 
infections.45 Blood glucose levels rise as part of the sur-
gical stress response and this leads to the secretion of 
cortisol. Cortisol inhibits insulin secretion and promotes 
insulin resistance, which can lead to hyperglycemia and an 
increased risk for surgical site infections.45 Other postop-
erative care may include adjuvant therapies to help heal 
the surgical wound, such as hyperbaric oxygen therapy 
(HBOT).

HYPERBARIC OXYGEN THERAPY
Indications for HBOT in patients with diabetes and foot 
ulcers are the presence of a Wagner grade III ulcer and 
failure to respond to standard of care therapy for ≥30 
days.46 Treating postoperative patients who meet these 
indications and who have diabetes, neuropathy, and foot 
ulcers using HBOT may improve their outcomes and help 
decrease amputation rates.47 It is common to perform a 
surgical debridement and treat the patient with HBOT the 
same day. Perioperative nurses can advocate for patients 
to receive HBOT and facilitate transport from the post-
operative care unit to the HBOT unit when located in 
the same or nearby facilities. The perioperative nurse 
maintains a critical role in ensuring that the patient’s glu-
cose level is within an acceptable range before HBOT 

treatment because blood glucose levels may decrease 
during treatment.48

The use of perioperative HBOT has been shown to 
increase the rate of wound healing,49 improve the sur-
vival of partially viable tissue,50 and increase the survival 
benefit of patients with necrotizing soft tissue infec-
tions.51 Clinicians use transcutaneous oxygen measure-
ments to assess the degree of periwound hypoxia, which 
is important in assessing the usefulness of HBOT for the 
patient.52

Hyperbaric oxygen therapy has multiple therapeu-
tic effects, including the reversal of hypoxia, increased 
angiogenesis, improved leukocyte function, and release 
of growth factors and stem cells.53 Although a recent 
large retrospective review reported that HBOT is not 
effective,54 the majority of clinical trials have shown a 
decrease in amputation rates if patients are appropri-
ately chosen for this therapy.47 Figure  1 provides an 
example of a patient with diabetes and a foot ulcer who 
underwent HBOT.

Postoperative Offloading
Teaching the patient offloading techniques and how to 
use offloading products must be part of the postoperative 
discharge education plan. Multiple offloading techniques 
have been described in the literature55 and include

•	 casts,

•	 half-shoes,

Key Takeaways

	 Patients with diabetes who have foot ulcers have an increased risk of infection and amputation. Perioperative 

nurses have a role in ensuring optimal perioperative care for patients with foot ulcers to help decrease their 

risk of amputation.

	 Preoperatively, patients with diabetes who have foot ulcers should undergo a comprehensive foot examina-

tion, screening for neuropathy, and infection management.

	 Patients with diabetes who have foot ulcers may undergo multiple surgical debridement procedures 

to help the ulcer heal. Intraoperative nurses must assist with optimal positioning (including offload-

ing), accurate specimen management, and preparation of biologic products that may be used for the 

procedure.

	 Postoperative skin assessment and education is essential. Patients may be candidates for hyperbaric oxygen 

therapy postoperatively, which could improve patients’ outcomes and decrease the risk of amputation.
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•	 sandals,

•	 felted foam dressings,

•	 Multi Podus boots,

•	 foam-based heel offloading boots, and

•	 calf rests.

Offloading options such as the instant total-contact cast 
have become available, making contact casting more 
accessible to providers. This technique involves render-
ing a removable cast walker, thus avoiding the need for a 
skilled casting technician. This may improve patient com-
pliance and can be as effective as a total contact cast.56 
In addition, clinicians can measure dynamic in-shoe plan-
tar pressure distribution, allowing for the development of 

customized footwear. These viable options should be fully 
explained to the patient postoperatively and education 
must be provided before the patient leaves the hospital. 
Follow-up during postoperative discharge phone calls 
can ensure that any additional questions or concerns are 
addressed.

The presence of a foot ulcer mandates offloading by 
an experienced professional.57 Whichever offloading 
device is used, it is important that a designated person 
such as a podiatrist, physiatrist, pedorthist, or physical 
therapist routinely apply the device. Even after a wound 
has healed, the ulcer may recur (eg, with the use of ill-
fitting footwear). Therefore, clinicians must take care 
to assess offloading practices continually to maintain 

Figure 1.  Male patient with a history of bilateral ischemic diabetic foot ulcers. No revascularizable lesions were 

found on angiography and the patient repeatedly refused amputation, opting for local wound care, including 

hyperbaric oxygen therapy, despite multiple inpatient admissions for failure to thrive, wound infections, and 

osteomyelitis. Patient had dry gangrene of the left distal foot (a,b), resulting in progressive loss of the left fourth 

toe (c), left second and third toes (d), and ultimately, a transmetatarsal amputation (e). Currently, the patient 

is receiving a regenerative medicine product in combination with a vacuum-assisted closure device and has 

decreased pain and wound size.

(a)

(d) (e)

(b) (c)
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ulcer-free feet. Patients must be informed regarding the 
need for this specialized care and be given the appro-
priate resources to contact the correct health care 
professional.

CONCLUSION
Perioperative nurses are integral members of the pro-
vider team and play a critical role in ensuring optimal 
patient care before, during, and after wound debridement. 
Preoperatively, nurses can identify potentially damaging, 
improper footwear; help the patient avoid surgical com-
plications associated with hypo- or hyperglycemia; and 
identify new injuries or ulcerations during the preoper-
ative and postoperative check. Nurses can also serve as 
a crucial line of defense by reviewing laboratory results 
and identifying abnormalities. Intraoperatively, nurses are 
essential for patient positioning, padding, warming, and 
gathering of surgical equipment. Postoperatively, nurses 
can facilitate the education of patients in all aspects of 
care. Ensuring optimal care for patients with diabetes and 
foot ulcerations can lead to an improved quality of life, 
a decreased number of amputations, and increased limb 
salvage.

Acknowledgments: This work was supported by the National 
Institute of Diabetes and Digestive and Kidney Diseases 
(NIDDK)  of the National Institutes of Health under award 
number  K24DK090135. The authors acknowledge Thomas 
Jacobs, PhD, New York University, and Hyacinth Entero, MD, 
Washington Health System, PA, for their efforts in obtaining 
background information.

Editor’s note: Multi Podus is a registered trademark of 
Restorative Care of America Incorporated, St Petersburg, FL.

REFERENCES
	 1.	 Ogurtsova K, da Rocha Fernandes JD, Huang Y, et 

al. IDF diabetes atlas: global estimates for the prev-
alence of diabetes for 2015 and 2040. Diabetes Res 
Clin Pract. 2017;128:40‐50.

	 2.	 Armstrong DG, Boulton AJM, Bus SA. Diabetic 
foot ulcers and their recurrence. N Engl J Med. 
2017;376(24):2367‐2375.

	 3.	 Moxey PW, Gogalniceanu P, Hinchliffe RJ, et al. 
Lower extremity amputations—a review of glob-
al variability in incidence. Diabet Med. 2011;28(10): 
1144‐1153.

	 4.	 Pemayun TGD, Naibaho RM, Novitasari D, Amin 
N, Minuljo TT. Risk factors for lower extremity 
amputation in patients with diabetic foot ulcers: 
a hospital-based case–control study. Diabet Foot 
Ankle. 2015;6(1):29629. https://doi.org/10.3402/dfa.
v6.29629.

	 5.	 Alvarsson A, Sandgren B, Wendel C, Alvarsson 
M, Brismar K. A retrospective analysis of ampu-
tation rates in diabetic patients: can lower 
extremity amputations be further prevented? 
Cardiovasc Diabetol. 2012;11(1):18. https://doi.
org/10.1186/1475-2840-11-18.

	 6.	 Casqueiro J, Casqueiro J, Alves C. Infections in 
patients with diabetes mellitus: a review of patho-
genesis. Indian J Endocrinol Metab. 2012;16(suppl 
1):S27‐S36.

	 7.	 Thorud JC, Plemmons B, Buckley CJ, Shibuya N, 
Jupiter DC. Mortality after nontraumatic major ampu-
tation among patients with diabetes and peripheral 
vascular disease: a systematic review. J Foot Ankle 
Surg. 2016;55(3):591‐599.

	 8.	 Levesque CM. Perioperative care of patients with dia-
betes. Crit Care Nurs Clin North Am. 2013;25(1):21‐29.

	 9.	 Iraj B, Khorvash F, Ebneshahidi A, Askari G. 
Prevention of diabetic foot ulcer. Int J Prev Med. 
2013;4(3):373‐376.

	10.	 Boulton AJM, Armstrong DG, Albert SF, et al. 
Comprehensive foot examination and risk assess-
ment: a report of the Task Force of the Foot 
Care Interest Group of the American Diabetes 
Association, with endorsement by the American 
Association of Clinical Endocrinologists. Diabetes 
Care. 2008;31(8):1679‐1685.

	11.	 American Diabetes Association. Microvascular com-
plications and foot care. Diabetes Care. 2015;38 
(suppl 1):S58‐S66.

	12.	 Schaper NC, Van Netten JJ, Apelqvist J, Lipsky BA. 
Bakker K; International Working Group on the 
Diabetic Foot (IWGDF). Prevention and management 
of foot problems in diabetes: a summary guidance for 
daily practice 2015, based on the IWGDF guidance 
documents. Diabetes Metab Res Rev. 2016;32(suppl 
1):7‐15.

	13.	 Hingorani A, LaMuraglia GM, Henke P, et al. The man-
agement of diabetic foot: a clinical practice guideline 
by the Society for Vascular Surgery in collaboration 
with the American Podiatric Medical Association 

https://doi.org/10.3402/dfa.v6.29629
https://doi.org/10.3402/dfa.v6.29629
https://doi.org/10.1186/1475-2840-11-18
https://doi.org/10.1186/1475-2840-11-18


438  AORN Journal	�

Howell et al� April 2018, Vol. 107, No. 4

and the Society for Vascular Medicine. J Vasc Surg. 
2016;63(2 suppl):3S‐21S.

	14.	 Volmer-Thole M, Lobmann R. Neuropathy and dia-
betic foot syndrome. Int J Mol Sci. 2016;17(6):917. 
https://doi.org/10.3390/ijms17060917.

	15.	 Fiordaliso F, Clerici G, Maggioni S, et al. Prospective 
study on microangiopathy in type 2 diabetic foot 
ulcer. Diabetologia. 2016;59(7):1542‐1548.

	16.	 Pop-Busui R, Boulton AJM, Feldman EL, et al. 
Diabetic neuropathy: a position statement by the 
American Diabetes Association. Diabetes Care. 
2017;40(1):136‐154.

	17.	 Al-Geffari M. Comparison of different screening tests 
for diagnosis of diabetic peripheral neuropathy in 
primary health care setting. Int J Health Sci (Qassim). 
2012;6(2):127‐134.

	18.	 Ogbera AO, Adeleye O, Solagberu B, Azenabor A. 
Screening for peripheral neuropathy and periph-
eral arterial disease in persons with diabetes melli-
tus in a Nigerian university teaching hospital. BMC 
Res Notes. 2015;8(1):533. https://doi.org/10.1186/
s13104-015-1423-2.

	19.	 McArdle C, Lagan KM, McDowell DA. The pH of 
wound fluid in diabetic foot ulcers—the way forward 
in detecting clinical infection? Curr Diabetes Rev. 
2014;10(3):177‐181.

	20.	 Parvez N, Dutta P, Ray P, et al. Microbial profile and 
utility of soft tissue, pus, and bone cultures in diag-
nosing diabetic foot infections. Diabetes Technol Ther. 
2012;14(8):669‐674.

	21.	 Lipsky BA, Berendt AR, Cornia PB, et al. 2012 
Infectious Diseases Society of America clinical prac-
tice guideline for the diagnosis and treatment of 
diabetic foot infections. Clin Infect Dis. 2012;54(12): 
e132‐e173. https://doi.org/10.1093/cid/cis346.

	22.	 Van Asten SAV, Nichols A, La Fontaine J, Bhavan K, 
Peters EJG, Lavery LA. The value of inflammatory 
markers to diagnose and monitor diabetic foot osteo-
myelitis. Int Wound J. 2017;14(1):40‐45.

	23.	 Lipsky BA, Aragón-Sánchez J, Diggle M, et al. IWGDF 
guidance on the diagnosis and management of foot 
infections in persons with diabetes. Diabetes Metab 
Res Rev. 2016;32(suppl 1):45‐74.

	24.	 Abdel Razek AA, Samir S. Diagnostic performance of 
diffusion-weighted MR imaging in differentiation of 
diabetic osteoarthropathy and osteomyelitis in dia-
betic foot. Eur J Radiol. 2017;89:221‐225.

	25.	 Lee YJ, Sadigh S, Mankad K, Kapse N, Rajeswaran 
G. The imaging of osteomyelitis. Quant Imaging Med 
Surg. 2016;6(2):184‐198.

	26.	 Womack J. Charcot arthropathy versus osteomyelitis: 
evaluation and management. Orthop Clin North Am. 
2017;48(2):241‐247.

	27.	 Ertugrul BM, Lipsky BA, Savk O. Osteomyelitis or 
Charcot neuro-osteoarthropathy? Differentiating 
these disorders in diabetic patients with a foot prob-
lem. Diabet Foot Ankle. 2013;4(1):21855. https://doi.
org/10.3402/dfa.v4i0.21855.

	28.	 Donegan R, Sumpio B, Blume PA. Charcot foot and ankle 
with osteomyelitis. Diabet Foot Ankle. 2013;4(1):21361. 
https://doi.org/10.3402/dfa.v4i0.21361.

	29.	 Steed DL, Attinger C, Colaizzi T, et al. Guidelines for 
the treatment of diabetic ulcers. Wound Repair Regen. 
2006;14(6):680‐692.

	30.	 Howell RS, Gorenstein S, Castellano M, et al. 
Wound care center of excellence: guide to opera-
tive technique for chronic wounds. J Am Coll Surg. 
2018;226(2):e7‐e17. https://doi.org/10.1016/j.
jamcollsurg.2017.11.002.

	31.	 Golinko MS, Joffe R, de Vinck D, et al. Surgical pathol-
ogy to describe the clinical margin of debridement of 
chronic wounds using a wound electronic medical 
record. J Am Coll Surg. 2009;209(2):254‐260.

	32.	 Tang JC, Vivas A, Rey A, Kirsner RS, Romanelli P. 
Atypical ulcers: wound biopsy results from a universi-
ty wound pathology service. Ostomy Wound Manage. 
2012;58(6):20-29.

	33.	 Van Wicklin SA. Back to basics: specimen manage-
ment. AORN J. 2015;101(5):558‐565.

	34.	 Regranex Gel 0.01%. US Food & Drug 
Administration. https://www.fda.gov/downloads/
Drugs/DrugSafety/PostmarketDrugSafetyInfor 
mationforPatientsandProviders/UCM142821.pdf. 
Revised May 2008. Accessed January 1, 2018.

	35.	 Gibbons GW. Grafix, a cryopreserved placental mem-
brane, for the treatment of chronic/stalled wounds. 
Adv Wound Care. 2015;4(9):534‐544.

	36.	 Hart CE, Loewen-Rodriguez A, Lessem J. Dermagraft: 
use in the treatment of chronic wounds. Adv Wound 
Care. 2012;1(3):138‐141.

	37.	 Summary of safety and effectiveness data: Graftskin. 
US Food & Drug Administration. https://www.access 
data.fda.gov/cdrh_docs/pdf/P950032S016b.pdf. 
Published June 20, 2000. Accessed January 1, 2018.

https://doi.org/10.3390/ijms17060917
https://doi.org/10.1186/s13104-015-1423-2
https://doi.org/10.1186/s13104-015-1423-2
https://doi.org/10.1093/cid/cis346
https://doi.org/10.3402/dfa.v4i0.21855
https://doi.org/10.3402/dfa.v4i0.21855
https://doi.org/10.3402/dfa.v4i0.21361
https://doi.org/10.1016/j.jamcollsurg.2017.11.002
https://doi.org/10.1016/j.jamcollsurg.2017.11.002
https://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM142821.pdf
https://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM142821.pdf
https://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM142821.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P950032S016b.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P950032S016b.pdf


AORN Journal  439  

April 2018, Vol. 107, No. 4� Limb Salvage in Patients With Diabetes

	38.	 Krause D. Integra Omnigraft dermal regeneration 
matrix, integra dermal regeneration template [let-
ter]. US Food & Drug Administration. https://www.
accessdata.fda.gov/cdrh_docs/pdf/P900033S042A.
pdf. Published January 7, 2016. Accessed January 1, 
2018.

	39.	 Snyder RJ, Kirsner RS, Warriner RA III, Lavery LA, 
Hanft JR, Sheehan P. Consensus recommendations 
on advancing the standard of care for treating neu-
ropathic foot ulcers in patients with diabetes. Ostomy 
Wound Manage. 2010;56(suppl 4):S1‐S24.

	40.	 Barrientos S, Brem H, Stojadinovic O. Clinical applica-
tion of growth factors and cytokines in wound heal-
ing. Wound Repair Regen. 2014;22(5):569‐578.

	41.	 Zelen CM, Gould L, Serena TE, Carter MJ, Keller 
J, Li WW. A prospective, randomised, controlled, 
multi-centre comparative effectiveness study of 
healing using dehydrated human amnion/chorion 
membrane allograft, bioengineered skin substitute 
or standard of care for treatment of chronic lower 
extremity diabetic ulcers. Int Wound J. 2015;12(6): 
724‐732.

	42.	 Spruce L. Back to basics: preventing perioperative 
pressure injuries. AORN J. 2017;105(1):92‐99.

	43.	 Ricci JA, Bayer LR, Orgill DP. Evidence-based medi-
cine: the evaluation and treatment of pressure inju-
ries. Plast Reconstr Surg. 2017;139(1):275e‐286e. 
https://doi.org/10.1097/PRS.0000000000002850.

	44.	 Sving E, Fredriksson L, Gunningberg L, Mamhidir 
AG. Getting evidence-based pressure ulcer preven-
tion into practice: a process evaluation of a multi-
faceted intervention in a hospital setting. J Clin Nurs. 
2017;26(19-20):3200‐3211.

	45.	 Allegranzi B, Bischoff P, de Jonge S, et al. New WHO 
recommendations on preoperative measures for sur-
gical site infection prevention: an evidence-based 
global perspective. Lancet Infect Dis. 2016;16(12): 
e276‐e287.

	46.	 Fife CE, Eckert KA, Carter MJ. An update on the 
appropriate role for hyperbaric oxygen: indications 
and evidence. Plast Reconstr Surg. 2016;138(suppl 
3):107S‐116S.

	47.	 Löndahl M. Hyperbaric oxygen therapy as adjunctive 
treatment of diabetic foot ulcers. Med Clin North Am. 
2013;97(5):957‐980.

	48.	 Peleg RK, Fishlev G, Bechor Y, et al. Effects of hyper-
baric oxygen on blood glucose levels in patients 

with diabetes mellitus, stroke or traumatic brain 
injury and healthy volunteers: a prospective, cross-
over, controlled trial. Diving Hyperb Med. 2013;43(4): 
218‐221.

	49.	 Munjewar C, Nabi I, Gautam S, et al. Evaluation of the 
role of hyperbaric oxygen therapy in the treatment 
of diabetic foot ulcers: a prospective comparative 
study. Hell J Surg. 2016;88(4):219‐224.

	50.	 Chiang IH, Tzeng YS, Chang SC. Is hyperbaric oxygen 
therapy indispensable for saving mutilated hand inju-
ries? Int Wound J. 2017;14(6):929‐936.

	51.	 Shaw JJ, Psoinos C, Emhoff TA, Shah SA, Santry 
HP. Not just full of hot air: hyperbaric oxygen ther-
apy increases survival in cases of necrotizing soft 
tissue infections. Surg Infect (Larchmt). 2014;15(3): 
328‐335.

	52.	 Fife CE, Buyukcakir C, Otto GH, et al. The predic-
tive value of transcutaneous oxygen tension mea-
surement in diabetic lower extremity ulcers treated 
with hyperbaric oxygen therapy: a retrospective 
analysis of 1144 patients. Wound Repair Regen. 
2002;10(4):198‐207.

	53.	 Thom SR, Milovanova TN, Yang M, et al. Vasculogenic 
stem cell mobilization and wound recruitment in 
diabetic patients: increased cell number and intra-
cellular regulatory protein content associated with 
hyperbaric oxygen therapy. Wound Repair Regen. 
2011;19(2):149‐161.

	54.	 Margolis DJ, Gupta J, Hoffstad O, et al. Lack of 
effectiveness of hyperbaric oxygen therapy for the 
treatment of diabetic foot ulcer and the preven-
tion of amputation: a cohort study. Diabetes Care. 
2013;36(7):1961‐1966.

	55.	 Healy A, Naemi R, Chockalingam N. The effectiveness 
of footwear and other removable off-loading devices 
in the treatment of diabetic foot ulcers: a systematic 
review. Curr Diabetes Rev. 2014;10(4):215‐230.

	56.	 Lavery LA, Higgins KR, La Fontaine J, Zamorano RG, 
Constantinides GP, Kim PJ. Randomised clinical trial 
to compare total contact casts, healing sandals and a 
shear-reducing removable boot to heal diabetic foot 
ulcers. Int Wound J. 2015;12(6):710‐715.

	57.	 Snyder RJ, Frykberg RG, Rogers LC, et al. The man-
agement of diabetic foot ulcers through optimal off-
loading: building consensus guidelines and practical 
recommendations to improve outcomes. J Am Podiatr 
Med Assoc. 2014;104(6):555‐567.

https://www.accessdata.fda.gov/cdrh_docs/pdf/P900033S042A.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P900033S042A.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P900033S042A.pdf
https://doi.org/10.1097/PRS.0000000000002850


440  AORN Journal	�

Howell et al� April 2018, Vol. 107, No. 4

Raelina S. Howell, MD, is a clinical research fellow 
in the Division of Wound Healing and Regenerative 
Medicine, Department of Surgery, New York University 
(NYU) Winthrop Hospital, Mineola. As a recipient of a 
grant for this work from the NIDDK of the National Institutes 
of Health under award number K24DK090135, Dr Howell 
has declared an affiliation that could be perceived as pos-
ing a potential conflict of interest in the publication of this 
article.

Theresa Criscitelli, EdD, RN, CNOR, is the assistant 
vice president in administration and perioperative ser-
vices in the Division of Wound Healing and Regenerative 
Medicine, Department of Surgery, NYU Winthrop Hospital, 
Mineola. Dr Criscitelli has no declared affiliation that could 
be perceived as posing a potential conflict of interest in the 
publication of this article.

Jon S. Woods, MD, is a clinical research fellow in the 
Division of Wound Healing and Regenerative Medicine, 
Department of Surgery, NYU Winthrop Hospital, Mineola. 
Dr Woods has no declared affiliation that could be perceived 
as posing a potential conflict of interest in the publication of 
this article.

Brian M. Gillette, PhD, is a research scientist in the 
Division of Wound Healing and Regenerative Medicine, 

Department of Surgery, NYU Winthrop Hospital, Mineola. 
Dr Gillette has no declared affiliation that could be perceived 
as posing a potential conflict of interest in the publication of 
this article.

Harold Brem, MD, FACS, is the chief of the Division of 
Wound Healing and Regenerative Medicine, Department 
of Surgery, Newark Beth Israel Medical Center,  
RWJBarnabas Health, Newark, NJ. As a recipient of a grant 
for this work from the NIDDK  of the National Institutes 
of Health under award number  K24DK090135, Dr Brem 
has declared an affiliation that could be perceived as pos-
ing a potential conflict of interest in the publication of this  
article.

Scott Gorenstein, MD, Fellow of the American College 
of Emergency Physicians (FACEP), is the clinical direc-
tor of the Division of Wound Healing and Regenerative 
Medicine, Department of Surgery, NYU Winthrop 
Hospital, Mineola. As the medical director of Life Support 
Technologies and the recipient of an honorarium for speak-
ing at the Symposium on Advanced Wound Care from BSN 
Therapeutics and Grand Rounds-Westchester, Dr Gorenstein 
has declared affiliations that could be perceived as pos-
ing potential conflicts of interest in the publication of this  
article.

Earn continuing education (CE) contact hours, which are free for AORN members, by 
visiting the AORN Journal CE Archive. Our online platform provides quick access to all 
current CE articles, as well as the ability to read an article, take the test, see your results, 
and print your certificate. AORN Journal CE articles cover a broad range of perioperative 
nursing and management topics, and new articles are published every month. 

AORN is accredited with distinction as a provider of continuing nursing education by  
the American Nurses Credentialing Center’s Commission on Accreditation.

AORN JOURNAL CONTINUING EDUCATION HOURS
aornjournal.org/content/cme



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.


