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Abstract

The Wound Healing Foundation (WHF) recognised a need for an unbiased consensus

on the best treatment of chronic wounds. A panel of 13 experts were invited to a vir-

tual meeting which took place on 27 March 2021. The proceedings were organised in

the sub-sections diagnosis, debridement, infection control, dressings, grafting, pain

management, oxygen treatment, outcomes and future needs. Eighty percent or better

concurrence among the panellists was considered a consensus. A large number of

critical questions were discussed and agreed upon. Important takeaways included

that wound care needs to be simplified to a point that it can be delivered by the

patient or the patient's family. Another one was that telemonitoring, which has

Abbreviations: ABI, ankle/brachial index; CMS, Centers for Medicare and Medicaid Services; CTPs, cell- and/or tissue-based products; DACC, dialkylcarbamoyl chloride; DFUs, diabetic foot

ulcers; DVTs, deep vein thromboses; FDA, United States Food and Drug Administration; HBOT, hyperbaric oxygen therapy; NPWT, negative pressure wound therapy; OCT, optical coherence

tomography; QOL, quality of life; PCR, polymerase chain reaction; SPP, skin perfusion pressure; TcPO2, transcutaneous oxygen measurement; TCC, total contact cast; TI, therapeutic index; VNA,

visiting nurse association; WHF, Wound Healing Foundation; WVTR, water vapour transmission rates.

Received: 13 August 2021 Revised: 23 December 2021 Accepted: 9 January 2022

DOI: 10.1111/wrr.12994

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Wound Repair and Regeneration published by Wiley Periodicals LLC on behalf of The Wound Healing Society.

156 Wound Rep Reg. 2022;30:156–171.wileyonlinelibrary.com/journal/wrr

https://orcid.org/0000-0003-2514-1646
https://orcid.org/0000-0001-8485-326X
https://orcid.org/0000-0001-5167-4679
https://orcid.org/0000-0001-6118-7161
mailto:elof@comcast.net
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/wrr


proved very useful during the COVID-19 pandemic, can help reduce the frequency of

interventions by a visiting nurse or a wound care center. Defining patient expecta-

tions is critical to designing a successful treatment. Patient outcomes might include

wound specific outcomes such as time to heal, wound size reduction, as well as

improvement in quality of life. For those patients with expectations of healing, an

aggressive approach to achieve that goal is recommended. When healing is not an

expectation, such as in patients receiving palliative wound care, outcomes might

include pain reduction, exudate management, odour management and/or other qual-

ity of life benefits to wound care.

K E YWORD S

arterial, chronic, pressure, treatment consensus, venous, wounds

1 | INTRODUCTION

The Consensus Panel on Chronic Wounds was convened virtually on

27 March 2021. The members of the panel, all with extensive experi-

ence in clinical and research areas pertaining to wound healing, have

summarised their conclusions in this article. The Consensus Panel

Members were invited by the five editors (the five first listed authors

who are all Wound Healing Foundation Board Members). All consen-

sus statements were based on 80% or higher concurrence.

Chronic wounds create major problems for patients. They are

painful and tender. Wounds often drain and emit odours, and applied

dressings are often conspicuous. Unprotected by an intact skin enve-

lope, these wounds can be retraumatised and progress in size. They

may develop an infection leading to sepsis and amputation.

The incidence of chronic wounds is high and increasing. Venous

ulcers, active or healed, are present in 1% of the population in the

United States.1 Pressure sores will occur in 0.75% of the population.2

Of the 30 M+ patients with diabetes in the United States, approxi-

mately 1 M will develop a foot ulcer annually, and 6–7 M will over

their lifetimes.3 The incidence of chronic wounds developing from

acute wounds is not known. Efforts at analysing their incidence and

prevalence is ongoing.4

The greatest need today in the treatment of chronic wounds is

consensus-based knowledge vetted by practical experience and

backed up by scientific evidence, which is easily communicated and

available to all wound care practitioners. This publication is organised

in treatment categories to make it as universally applicable to various

chronic wounds as possible. In this way, the titles of the sections can

be used as a check list.

One takeaway from this consensus panel was that wound care

needs to be simplified to a point where it can be delivered mainly by

the patient and his/her family. The current rapid development and

integration of telemonitoring spurred by the global COVID-19 pan-

demic may also help reduce the frequency of interventions by a visit-

ing nurse or a wound care center. This would also extend currently

available resources to manage a constantly increasing number of

patients with chronic wounds.

2 | METHODS

A group of five members of the WHF (the editors/five first listed

authors) defined the topic and outlined its various parts. The partici-

pants to be invited were then selected. Selection criteria included:

nationally recognised expertise in chronic wound care and research,

specialty diversity (seven clinical and two research specialties were

represented) (dermatology, general surgery, vascular surgery, paediat-

ric surgery, plastic surgery, podiatry, nursing and wound healing

research), practice setting diversity (academic hospital, private hospi-

tal, wound care clinic) and geographic diversity. Even if 12 of the

13 panel members were based in the United States, many foreign

publications were reviewed and most panel members participate fre-

quently in international meetings. The conclusions of the panel should

therefore be of interest to wound care practitioners outside the

United States. A very large number of topics and issues were raised to

the panel members before and during the proceedings. These were

discussed and statements were formulated. The group unanimously

agreed on the vast majority of statements. If there was any dissent, a

formal vote took place. Consensus on each statement was defined as

80% or better concurrence among the panel members. In a few cases,

the statements were reformulated to reach consensus.

Each part of the topic was presented by one of the three people

who had been assigned to this part. All presentations were recorded,

transcribed and edited into a draft manuscript.

The expenses (personnel, IT, recording, transcription and outside

editor) were covered by unrestricted donations (from Medline, Con-

vatec, David Zamierowski, MD and Chromologic). No editor or panel

member received any payment for their participation.

3 | DIAGNOSIS

A cutaneous wound may be defined as any break in the structural and

functional integrity of the skin. It is paramount, however, to remember

that wounds occur in people. This helps us focus on the true target –

a patient with a wound – not only the wound itself. Determining
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when that wound has failed to heal for long enough to be deemed

chronic has been a subject of debate5 with time courses ranging from

weeks to months. When the four normal phases of wound healing

(haemostasis, inflammation, proliferation and remodelling) fail to fol-

low this orderly progression of events to complete coverage, the

wound stalls (frequently in the inflammatory phase). Considering pre-

vious studies, this consensus panel agreed that when standard of care

has been applied to a wound with failure to progress towards healing

within 4 weeks, that wound should be considered chronic.6–9 A time-

related assessment has also been applied to the process of healing of

a wound that is diagnosed as chronic. If during 4 weeks of standard of

care, the wound surface area is reduced by 50%, it is likely to heal on

the same treatment in 12 weeks. If less than a 50% reduction occurs,

it is unlikely to heal on this treatment and a reassessment and change

of treatment should be considered.6,9,10

Approaching the diagnosis of wounds may be simplified by first

considering it from a systemic perspective, proceeding then to

regional causes, then lastly to local causes. Systemic illness most rele-

vant to wound healing is diabetes mellitus. The patient with a chronic

wound who has diabetes will usually be aware of this diagnosis and

be taking medication for it. Prediabetes can be diagnosed with an

HbA1C test and a value over 5.7 indicates prediabetes.11 The implica-

tions diabetes has for wound healing are myriad and complex but

include impaired oxygen delivery to the wound via stenotic inflow

arteries (also a regional aetiology), decreased ability to ward off infec-

tion via impaired neutrophil diapedesis, phagocytosis and intracellular

killing of bacteria.12

Malnutrition is another systemic setting for impaired wound

healing, and occurs when the body is deprived of vitamins, minerals

and other nutrients it needs to maintain healthy tissue and organ

functions.13 It occurs in both undernourished and over-nourished indi-

viduals. Normal collagen synthesis, required for new extracellular

matrix formation, as an example, requires adequate protein intake,

cofactors such as Vitamins A and C, and zinc.14 We diagnose protein

synthetic function in a patient by measuring serum albumin, retinol-

binding protein, prealbumin, transferrin, creatinine and blood urea

nitrogen. Long-term malnutrition is best assessed using albumin

because of its longer half-life.15

Connective tissue diseases include diagnoses such as rheumatoid

arthritis, scleroderma, lupus, polyangiitis and more. When one of these

diagnoses is being considered, the workup should be done by a

specialist in this area. Age and certain medications act synergistically

with these conditions to increase the incidence of chronic wounds.16

Occasionally, therapies designed to treat these conditions, such as

anti-tumour necrosis factor drugs, may impair wound healing and con-

tribute to chronicity.17 Another example of this would be for patients

on chronic anticoagulation for artificial heart valves or blood clots

experiencing Warfarin-associated skin necrosis.18

Regional contributors to chronicity of wounds may be neuro-

pathic, arterial, venous or lymphatic or combinations of these. Arterial

symptoms include claudication and rest or night pain, or pain when a

lower extremity is elevated. Key items to elicit during history-taking

include previous ulcerations or operative interventions on the arterial

tree.19 Positive smoking status and the presence of diabetes markedly

elevate risk.20 Assessment of blood supply and peripheral arterial dis-

ease rest both on physical examination findings as well as laboratory

assessments. Colour, blanching and capillary refill, hair presence, and

warmth all may indicate adequate circulation, as does the presence of

distal pulses (dorsalis pedis and posterior tibial flow into the foot).

Parameters such as an ankle/brachial index (ABI) above 0.8 or toe

pressures above 30 mm Hg favour healing.21 Transcutaneous oxygen

measurement (TcPO2) of skin perfusion pressure (SPP) can be done to

measure skin perfusion near the wound. Vascular laboratories perform

duplex ultrasound which can give additional information on venous

outflow (see below) as well as assessing the compressibility/elasticity

of the larger arteries of the legs.

Venous disease manifests as swelling and oedema of the legs. It

occurs in patients often with a positive family history of the same.22

Venous engorgement may result in reflux of a standing column of

blood when the delicate cusps of valves within veins no longer

coapt, leading to extravasation of blood into the interstitium and

stranding of red cells in an extra circulatory location. The iron of the

haemoglobin molecule is toxic and leads to hemosiderosis and ulcera-

tion of the skin.23 It is more frequent in patients with multiple gesta-

tions, vocations that require standing or deep vein thromboses

(DVTs).24 The skin surrounding the ulcer often has a brawny indura-

tion that presages actual breakdown. Venous reflux may be diagnosed

via duplex ultrasound with careful physical examination of varicosities.

It frequently coexists with arterial insufficiency, leading to a mixed

aetiology of ulcers, which may cause diagnostic confusion.

Another regional contributor to skin breakdown is lymphatic

obstruction, sometimes leading to massive extremity oedema. It too

may co-exist with venous disease, known as phlebo-lymphedema.25 In

this situation, the venous hypertension leads to overwhelming of the

lymphatic system and may respond to appropriate therapies for the

venous engorgement. Other aetiologies for lymphedema may be from

parasitic infections seen more commonly in the Third World, surgical

lymphadenectomies in cancer staging or therapeutic extirpation and

radiation of lymphatic regional beds in the groin or axilla. It also exists

in spontaneous cases or congenitally.26

Local causes of wounds include unremitting pressure, trauma,

non-healing burns, infection (including osteomyelitis), autoimmune

conditions, especially manifested in the lower extremities such as pyo-

derma gangrenosum, the presence of orthopaedic hardware or other

foreign bodies which may be evident with plain x-rays or computer-

ized tomography (CT) scans and vasculitis. A diagnosis of pyoderma

may require a biopsy including the wound edge and alerting the derm-

atopathologist to this as a diagnostic concern to look specifically for

dermal infiltrates of inflammatory cells and perivascular lymphocytic

infiltrates. Osteomyelitis may be diagnosed on physical examination

by probing directly to bone without periosteum, and/or the presence

of mushy and necrotic bone. Biopsy of bone with a sterile rongeur

may confirm the diagnosis as well as provide the identification and

sensitivity of bacteria to antibiotic therapy. DNA identification may be

the only accurate method of such bacterial identification (see

Section 4 on wound infections). CT scans and magnetic resonance
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imaging (MRI) scans may also assist in the diagnosis of osteomyelitis

though MRI may overcall bony involvement. Very long-standing

wounds, of many years' duration may necessitate biopsy of the nor-

mal skin/wound interface to rule out Marjolin's ulceration, a particu-

larly aggressive form of squamous cell cancer.27

The accurate diagnosis of wounds should proceed in orderly fash-

ion, ruling in or out systemic and regional aetiologies first. Only then

are local factors considered. Sophisticated techniques such as PCR to

assess bioburden are becoming more readily available and may aid in

accuracy of diagnosis. Last, and far more rare, are factitious (self-

induced) wounds which may persist into chronicity due to some per-

ceived secondary gain or obsessive–compulsive behaviour on the part

of the patient.

4 | DEBRIDEMENT

Debridement is the removal of non-viable wound components. In

addition to dead tissue, it includes necrotic material, slough and bio-

film. The general goal of debridement is to use the most effective

means (with the fewest side effects) that can be carried out at the

least complex site of service.28 The diagram in Figure 1 shows the

various techniques of debridement, and ranks them in terms of

complexity.

There was unanimous consensus among the panel members ‘that
early aggressive, initial and serial debridement, is a cornerstone of

wound care. Sharp debridement is the gold standard but the method

by which debridement may occur may be altered by patient and

wound characteristics, as well as cost and convenience’.
A recent publication29 updates the various aspects of wound bed

preparation including debridement. Surgical debridement usually

requires anaesthesia and is done with scalpel, curettage or tangential

hydrosurgery. If indicated, debridement may be performed upon initial

presentation to a wound care specialist and as needed to promote clo-

sure.30,31 Initial assessment for ischemia is critical prior to debride-

ment since in ischemic wounds, surgical debridement may cause

extension of the necrosis.32,33 Bleeding requiring electrocautery may

create a thermal injury which can extend the tissue injury.28 The

majority of chronic wounds likely will benefit from serial surgical

debriding to facilitate either secondary closure or healing with grafting

or tissue transfer.28 The degree of debridement should generally begin

with early substantial surgical debridement followed by maintenance

debridement.34 Hydrosurgery may be particularly advantageous when

tissue is friable or when tangential excision is required as in burns or

large wounds with a thin layer of non-viable tissue.28,35 This may be

followed by additional debridement requiring methods/resources fur-

ther down the ladder. The consensus panel recommends initiating

debridement as early as possible, with weekly debridement initially to

optimise outcomes,28 by removing debris and reducing bioburden (see

Section 4 on infection control).

Mechanical debridement may utilise hydro-jet, ultrasound, pulsa-

tile lavage, gauze abrasion or wet-to-dry dressings. It can often be

done without local anaesthesia and usually does not cause significant

bleeding though care must be exercised if the patient is on systemic

anticoagulation. All of these are effective, and the choice is usually

determined by the practitioner's experience.28

Enzymatic debridement entails the application of chemicals or

enzymes that degrade components of necrotic tissue. Bromelain and

collagenase are most commonly used.36 Pain is usually minor and if

the treated area is small, there is very little risk of propagating infec-

tion.28 The treated wound bed may need additional surgical prepara-

tion if grafting is being used to attain wound closure.

It is common practice to use surgical debridement at the first or

second visits followed by enzymatic debridement as an outpatient. It

is important to remove all dead and dying components in the wound.

A wound culture, either using traditional methods or more recent

molecular microbiological methods can be used to verify the removal

of heavily contaminated tissue.37 The adequacy of removal of

devitalised tissue may not be readily apparent and one often has to

give the wound surface a few days before ascertaining if debridement

was adequate to promote the growth of healthy granulation tissue.

The ladder of debridement roughly parallels cost and efficacy as

well, with wound beds being demonstrably cleaner and more vascular

after surgical debridement. This will enhance surgical outcomes.28 But

this may require in-patient hospitalisation and general anaesthesia

and may be more expensive than outpatient visits. However, an initial

thorough surgical debridement may reduce the need for serial outpa-

tient debridement. Ultrasound units are expensive and require sterile

saline as the medium to propagate the sound waves, which may pose

a risk of aerosolisation. Reusable handpieces may reduce cost if sterile

processing is available. Choices are usually based on local experience

and supply chains/costs.

Future debridement therapies should consider marrying compan-

ion diagnostics with debridement to assist the clinician in identifying

marginal tissue viability as well as wound preparation. This type of

F IGURE 1 Ladder of complexity of debridement. The bottom
rungs are the least complex methods and require the fewest
resources
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biomarker-based debridement has the potential to identify viable tis-

sue with “receptive receptors”.38 Furthermore, we believe that inno-

vation efforts might help to further drive care out of the hospital and

towards outpatient and home settings.28

5 | INFECTION CONTROL

All chronic wounds should be assumed to be contaminated or infected

with bacteria. The level of wound bioburden is an essential factor in

determining if a wound can heal. Reducing the bioburden in every

wound is a critical component of wound bed preparation and

individualising treatment of each wound.38,39

Not all surface bacteria result in infection or even necessarily con-

tribute to the chronicity of the wound. Planktonic bacteria are not

bound together and necessarily anchored to the surface of the

wound, as is the case with bacteria associated together as a biofilm.40

Standard microbiological swabbing for culture and sensitivity of

wound bacteria may thus result in identification of a species that is

not pathogenic and thus treating for it may not aid healing.41 Biofilms

contribute to the bioburden of that wound, and the level of wound

bioburden is an essential factor in determining if the wound can

heal.38 Reducing the bioburden in every wound is a critical component

of wound bed preparation and individualising treatment of each

wound.

5.1 | Diagnostic tests

DNA identification of bacteria should be the preferred option when

available. It requires specific sampling/transport kits. DNA identifica-

tion identifies close to 100% of dominant bacterial species but is less

quantitative than swab cultures.38 Deep swab culturing detects 20%

of all bacteria in the wound compared to DNA identification, but is

semiquantitative and most practitioners are already adept in procuring

proper samples and interpreting the result of the culture. Using 16Sr

RNA sequencing, swabs collected using the Levine technique recov-

ered higher relative abundance of known and potential pathogen gen-

era when compared to tissue biopsies collected in the same diabetic

foot ulcers (DFUs).42

As DNA identification becomes more readily available, deep

swabbing is likely to be supplanted. Diagnostic tests to identify the

bacteria responsible for biofilm-associated infections is challenging

due to the dense and impervious glycocalyx matrix secreted by the

biofilm. DNA identification of bacteria elaborating the biofilm and

localisation of extent/presence of biofilm using violet light or wound

biofilm blots1 may assist in treatment.43,44 Occasionally, punch biop-

sies must be taken to rule out specific organisms such as chlamydia

and acid-fast bacilli or a malignancy, as when hyper-granulation tissue

in an older person persists on optimal treatment. Quantitative cultures

of bacteria in wound tissue is a great research tool, and of historic

importance in defining burn wound sepsis, but is no longer practical

since most labs have abandoned the practice.45

5.2 | Treatment

Wound debridement (see Section 3) is a necessary part of treating the

infective component of chronic wounds and should precede any anti-

biotic therapy. Systemic antibiotics (parenteral or oral) are given for a

clinically invasive infection, a diagnosis of haemolytic streptococci and

diagnosed osteomyelitis. The first two require 10 days of systemic

antibiotics, while osteomyelitis requires treatment for 6 weeks or

more. Exposed, contaminated bone in a common pressure sore should

be treated with surgical debridement and a short (10 days) course of

systemic antibiotics. It should not be referred to as osteomyelitis

unless bony destruction has occurred.45

Topical antimicrobials will reduce contamination in a wound but

are not powerful enough to eradicate an invasive infection. In general,

they should not be used for more than 2 weeks. Many dressings

incorporate nanocrystalline silver as an anti-infective. Most show effi-

cacy in laboratory assays, but clinical effectiveness is less clear.46 In

addition, some are relatively cytotoxic. Sustained release iodine is

effective with low toxicity, but has a high incidence of sensitivity reac-

tions. It has been shown to be effective against some biofilms.46–48

Hypochlorous acid combines efficacy with relatively low cytotoxicity.

Studies have shown complete antibiotic activity in vitro against Pseu-

domonas, Staphylococcus aureus and Candida albicans with permissive

effects on keratinocyte and fibroblast migration and replication

rates.38,49 Dialkylcarbamoyl chloride (DACC) impregnated dressings

are highly hydrophobic and irreversibly bind bacteria at the wound

surface, trapping them in the dressing, thus reducing the number of

organisms in the wound.38

Topical antibiotics are attractive due to low cytotoxicity in high

concentration. Topical delivery can provide very high concentrations

with relatively little systemic absorption and potential toxicity. Min-

ocycline and gentamycin are the only systemic antibiotics that are

cleared by the United States Food and Drug Administration (FDA) for

the topical treatment of infected wounds. Both can be delivered in

concentrations of up to 100� minimum inhibitory concentration

(MIC). Minocycline is very effective against many Gram+ bacteria and

in high concentrations against many Gram� bacteria including Pseudo-

monas. It also has an independent anti-inflammatory effect due to

inhibition of metalloproteases. Treatment should be limited to

2 weeks due to concerns about inducing antibiotic resistance.38,49

Several antibiotics are approved for topical treatment of ocular and

periocular wounds and for treatment of external otitis.48,49 Over-the-

counter antibiotic ointments like bacitracin and Neosporin may be

useful short-term adjuncts, but up to 2% of adults now have hyper-

sensitivity reactions to bacitracin due to injudicious and prolonged

exposures.38

Treatment of biofilm merits separate mention. Diagnosis has been

covered, but once it has been ascertained biofilm from a specific bacterial

species or combination is present, debridement is mandated followed by

additional surgical debridement at follow-up visits until contamination in

the wound has been reduced to an acceptable level. Debridement

degrades biofilm structures thus exposing constituent bacteria which

makes treating agents more effective as the biofilm regrows.41 After
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debridement the wound is treated with an antimicrobial such as

hypochlorous acid, cadexomer iodine, Ag+ and others. Washing and

scrubbing the wound will also decrease biofilm presence.47,48

5.3 | Therapeutic index: antimicrobial
effectiveness versus cytotoxicity

Using topical antimicrobials to reduce bacterial (and fungal) bioburden in

chronic wounds to levels that do not impair healing is based on the princi-

ple that the topical antimicrobial treatments can effectively kill the plank-

tonic and biofilm bacteria without killing an unacceptable amount of

wound cells (fibroblasts, keratinocytes, vascular endothelial cells) that are

required to actually heal the wound. This concept is reflected in the thera-

peutic index (TI), which is the ratio of CT50/MBC, that is, the cytotoxic

concentration, which is the minimal concentration (μg/ml) of the agent

that kills 50% of a test cell line (usually human fibroblasts or keratinocytes)

divided by the minimum bactericidal concentration (μM) of the agent that

kills 50% of the test bacteria or fungi.41 Therefore, microbicidal agents that

have a high TI against typical wound pathogens should be more effective

in reducing bacterial bioburden while not killing wound cells. For exam-

ple, the TI for hypochlorous acid is typically much higher than the TI for

sodium hypochlorite or for hydrogen peroxide for key bacterial patho-

gens.47 [Correction added after publication 15 June 2022: in the preced-

ing sentence the reference citation 41 was corrected to 47.] A more

complete measurement of TI is needed for commercially available wound

antimicrobials, antiseptics, and antibiotics against common wound patho-

genic bacteria in both planktonic and biofilm phenotypes. Also, improved

delivery systems are needed that provide controlled, sustained release of

antimicrobials and antibiotics into wound beds. For example, antibiotics

typically require 4–6 h of continuous exposure to planktonic bacteria to

achieve full kill,45 and many antiseptic agents require more than 10 min

of exposure to achieve full kill of planktonic bacteria and more than 24 h

of exposure to kill mature bacterial biofilms.46

6 | DRESSING MANAGEMENT

6.1 | Dressing functions

Dressings or wound coverings need to carry out several different

functions, and no single dressing can do this. The main functions are

protection, exudate/moisture management, pain reduction, aesthetics,

compression, offloading, immobilisation and sometimes provide nega-

tive pressure wound therapy (NPWT). Cell- and tissue-based products

(CTPs) add matrix and cells that produce growth factors.50,51

6.2 | Protection

This is a critical function of a dressing, to avoid re-injury and to pro-

tect the wound from the external environment. All dressings provide

some level of protection against trauma. In general multilayer, thicker

dressings provide the best protection. They also tend to reduce the

heat loss from a wound. Occlusive dressings adherent to surrounding

skin can prevent bacteria and toxic material from entering the

wounds. Modern dressings create an environment to reduce or elimi-

nate pain and trauma to the wound bed if chosen appropriately to

match the exudate levels from the wound. Additionally, newer super

absorbent dressings absorb higher levels of exudate further protecting

peri-wound skin and preventing soiling of clothing, bed linens and

other materials the patient may contact.

Furthermore, bordered, silicone sacral-shaped dressings have

been used to help prevent pressure injury by deflecting shear, and

providing padding and microclimate management.

6.3 | Moisture management

Moisture balance in the wound bed is maintained by appropriate choice

of dressings. Insufficient moisture in exposed wound tissues causes

desiccation and cell death and prevents epithelial migration and matrix

deposition. Excessive moisture due to exudate inhibits cell proliferation

and breaks down matrix components.52,53 Moist dressings have water

vapour transmission rates (WVTRs) varying from close to zero (Winter's

polyethylene membrane) to, for instance, hydrated films 12,000

(or more) g/m2/24 h. No moist dressing is completely ideal for all

phases of healing because the wound exudate is quite high during the

first 48 h and then tapers off. There are literally hundreds of moisture

management dressings available and most of them have acceptable

WVTR. The absorptive capacity of modern dressings varies greatly

based on their composition, from none (films) to great (alginates, gelling

fibres and super absorbents). By design, most dressings can absorb

large amounts of fluid without altering their WVTR (Figure 2).

6.4 | Pain reduction and aesthetics

Applying a moist dressing to a superficial wound will greatly reduce

pain by reducing inflammation, evaporation and heat loss. The dress-

ing improves aesthetics by keeping the wound out of sight. A moist

dressing also improves the appearance of the healed wound by down-

regulating inflammatory cytokines and reducing hypertrophic scarring.

6.5 | Compression

Essential in venous and lymphatic ulcers and helpful in other types of

lower extremity oedema (dependency) and desirable in lower extrem-

ity wounds of all causes to enhance venous return is mobilising lym-

phatic fluids and reversing the effect of gravity. A critical consideration

is the presence of a significant arterial insufficiency, preventing com-

pression treatment. Once the volume of the extremity is reduced, com-

pression garments (socks, stockings and juxtaposed strap devices) are

important for maintenance of the oedema reduction. These can be

exceedingly difficult to apply and take off due to body habitus, loss of
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flexibility and hand strength. Of importance is to choose a garment

that the patient can use, even if it results in less power to the

compression.

6.6 | Immobilisation

Wounds around joints or with exposed, mobile tendon often need to

be immobilised during healing and particularly after a grafting proce-

dure. A plaster cast may be ideal to prevent the patient from removing

it, but a splint is often more practical. The patient needs to understand

that the splint must be worn continuously to prevent movement of

the affected area.

6.7 | Offloading

Any wound caused by pressure between a bony prominence and a hard

or firm surface (bed, wheelchair and shoe) needs to be offloaded in

order to heal and not recur. Pressure injuries require the use of a bed

and/or chair cushion which allows the redistribution pressure over a

larger body surface area. There are numerous bed and chair devices

available, and the choice will depend on the location and stage of the

ulcer, the patient's mobility, and insurance coverage or facility contracts

and formularies. Similarly, the plantar diabetic foot ulcer must also have

the pressure removed or redistributed to heal. The total contact cast

(TCC) is still considered the gold standard and works by redistributing

weight along the entire plantar aspect of the foot. The challenge with

the TCC is that there are patients who are not candidates such as those

with concurrent ischemic disease, patients who are claustrophobic, or

those who must drive and their ulcer is on the right foot. There are also

removable offloading boots and walkers that patients prefer so that they

can take them off when not walking, but this also increases the likeli-

hood that they will walk without it even for short distances such as

bathroom trips, thus disturbing the healing of the ulcer.

6.8 | Negative pressure wound therapy

NPWT is an active wound management system that utilises controlled

negative (sub-atmospheric) pressure which is applied uniformly to the

wound through an open cell foam or other interface dressing in a con-

tinuous or intermittent fashion.54 NPWT is used for the removal of

exudate from chronic, acute, traumatic, sub-acute and dehisced

wounds, partial-thickness burns, ulcers (such as diabetic, venous or

pressure), surgically closed incisions, flaps and grafts. It speeds healing

and reduces the number of complications.

NPWT is contraindicated or should be used with caution with

inadequately drained wounds, presence of necrotic tissue such as

eschar or adherent slough, exposed blood vessels, anastomotic sites,

organs, tendons or nerves, wounds containing malignancy, fistulas,

untreated osteomyelitis and actively bleeding wounds.

2

Platelet-rich plasma

F IGURE 2 Schematic representation of decision-making for dressing selection. DACC, dialkylcarbamoyl chloride; PHMB, polyhexamethylene
biguanide
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NPWT has been shown to rapidly improve granulation tissue for-

mation, increase the rate of wound contraction, improve perfusion,

remove toxic exudates and likely impact surface biofilm. The devices

available allow for the optimum patient management with hospital

devices that are used for larger wounds, dressings and devices all-

owing for instillation and cleansing of wounds, and management of

larger volumes of exudate. Available outpatient devices are smaller,

more portable and available in single use delivery systems that employ

mechanical or battery powered collection devices and dressings.54

One important aspect is that retained foam or gauze after NPWT is a

relatively common complication and is reportable as an adverse

event.55

6.9 | Cell- and tissue-based products

There is a variety of CTPs consisting of cellular and acellular matrices

that are derived from human and non-human sources.6 Replacing

damaged and missing connective tissue in the wound, some also pro-

vide signalling to reverse a non-healing phenotype and speed healing.

Decision making should depend on the level of evidence for any spe-

cific product and any specific wound type. In deep wounds particu-

larly with exposed bone, tendon or nerve, these products may

stimulate the formation of granulation tissue over these structures to

allow skin grafting or healing without a skin graft. In general, a particu-

late product would be used on an uneven wound surface and a sheet

on an even surface.

7 | GRAFTING

Grafting refers to a surgical procedure to move tissue from one site to

another on the body, or from another creature, without bringing its

own blood supply with it. In some instance, a graft can be an artifi-

cially manufactured device.56–58

7.1 | Difference between a skin graft and a flap

A graft does not have its own blood supply and must be revascularised

or the metabolic needs must be exogenously supplied. Flaps bring their

own blood supply; they may be local rotation, transposition flaps or free

flaps but are distinct from grafting.59 The Consensus Panel Members

unanimously agreed that rapid coverage of the wound is preferred and

skin grafting represents an option to achieve that goal.

7.2 | Autologous skin grafts

Autologous (from another place on the patient's body) skin grafts are

commonly used for acute wounds, but are often overlooked for treat-

ment of chronic wounds due to concerns for poor healing.60 Split-

thickness skin grafts have better ‘take’ than full-thickness grafts and

are therefore more commonly used for chronic wounds.61 Indications

for grafting chronic wounds include large shallow wounds and wounds

that have not reduced in surface area by at least 30% during 4 weeks

of optimal treatment.60,62,63 In either case, the wound bed must be

well prepared, highly vascularised with no exposed tendon or bone

and no infection prior to grafting. Optimising the patient's condition

includes oedema reduction, limiting anticoagulation at the time of

grafting, smoking cessation and glucose regulation. Acute wounds

may be grafted immediately if the above conditions are met. When

the patient and wound bed are optimised, many small open wounds

will heal without grafting. Advanced age is not a contraindication to

grafting. Pre-operative planning includes determining how the graft

site will be immobilised to allow revascularisation without disruption.

There are four types of autologous skin grafts.

1. Split-thickness skin grafts are indicated when simpler methods

of wound closure are not adequate, such as healing by secondary

intention, primary closure or NPWT.61

2. Full-thickness grafts are primarily used for small defects when

colour match is important and scar contracture needs to be avoided

such as the palm of the hand or facial wounds.

3. Epidermal skin grafts offer an alternative to traditional auto-

grafts when only the epidermis is needed (typically not in full-

thickness wounds) and may also be used to promote healing similar to

the application of allografts/xenografts.64

4. Last, composite grafts comprising more than one layer of tissue

are employed when there is a need for structural support or volume

replacement that cannot be supplied by skin alone. They usually

include cartilage for nasal defects and possibly muscle or bone for

deeper defects. Fat may be left on a composite graft if contour

defects are being addressed, as in the nose or lips; however, thick

grafts should be avoided on compromised wound beds. The methods

for each are described in more detail as follows.

7.2.1 | Split-thickness skin grafts (consisting of
epidermis and dermis and usually 0.008–0.016 inch, or
.2–.4 mm thick).65,66

1. Method/technology:

a. Harvest techniques: Dermatome ± expansion via meshing; free-

hand; minced grafts.63,64

b. Dressing techniques: All grafts heal faster in a moist environ-

ment. A non-adherent layer next to the graft is mandatory.

Consider bolster with negative pressure if large surface area or

highly mobile area.64 Immobilisation with a splint on upper or

lower extremities is often advisable.

c. Donor site: May treat with fibrin spray in anticoagulated

patients. Moist-wound healing principles will promote most

rapid healing. Non-adherent dressing close to the wound and

covered by clear film initially, and cover with dry gauze or foam

that can be changed as needed. After 4–7 days, keep non-

adherent dressing in place and keep moist with bordered foam

dressing until healed. Moisturise daily when healed.
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2. Advantages: replace like with like, donor site heals within 2–

3 weeks despite comorbid illnesses in host. Secondary contraction

may reduce total surface area. Minced grafts require small donor

site compared to the size of the recipient bed and can be done

under local anaesthesia as an outpatient. Consider minced grafts

for patients who have very large open wounds and/or contraindi-

cations to surgical procedures under general anaesthesia.

3. Disadvantages: Risk of morbidity with creation of a new wound/

donor site especially in patients with heightened inflammatory

response such as large body surface area burns; infection; donor

site pain and scarring, limited donor sites; potential for graft loss

with delayed healing. Graft must be immobilised which may be dif-

ficult in some anatomical locations. Secondary contraction may

lead to contracture. Minced grafts accelerate healing but may still

require prolonged healing of the recipient site.

7.2.2 | Full-thickness skin grafts

1. Method/technology:

a. Harvest: With scalpel, or pinch grafts, or biopsy to create sus-

pension of autologous, homologous skin construct.65

b. Donor site: Closed primarily with sutures.

2. Advantages: Good colour match, minimal contraction, minimal

donor site morbidity (primarily closed vs. small biopsy).

Disadvantages: Limited donor sites, poor take with high risk for graft

loss with delayed healing, relatively small grafts; hair growth is possi-

ble and may be inappropriate for recipient site.

7.2.3 | Epidermal grafts64

1. Method/technology:

a. Harvest: Suction blister, biopsy for cultured epidermal

autografts.

b. Donor site: Non-adherent dressing.

2. Advantages: Minimal donor site morbidity, may cover large sur-

face area.

Disadvantage: Instability after healing, requires immobilisation;

Cultures require weeks to grow. No dermal component, high rates of

infection and graft loss. Usually not indicated for full thickness

defects.

7.2.4 | Composite grafts

1. Method/technology: Freehand with scalpel.

2. Advantages: Provides structure when more than skin has been

excised, primarily nasal reconstruction with skin and cartilage.

3. Disadvantages: Very limited in size, poor vascularity with high rate

of graft loss.

7.2.5 | Autologous fat grafts

Fat is a source of adipose-derived stem cells and a stromal vascular

fraction that may improve healing, vascularity and scar quality.67

1. Method/technology: Liposuction or direct excision with implanta-

tion via small cannulas or in a thin layer.

2. Advantages: Benefits well documented in depressed and adherent

scars and may promote healing of chronic wounds but data are

inconclusive.

3. Disadvantages: Does not provide wound cover, requires skilled

surgeon familiar with technique,

7.2.6 | Non-autologous grafts

Except for dermal constructs, allografts and xenografts do not persist

in the wound bed, are not revascularised by the host and therefore

are not replacing ‘like with like’. There are some limited cases of

patients with large burns and/or immunosuppression in which

allografts persist long term.68 Although sometimes referred to as skin

substitutes, these products are now appropriately labelled as

CTPs.69–71 Cellular allografts are laminated constructs with dermal/

epidermal layers from another human.70 Decellularised or acellular

allografts consist of collagen substrates and purportedly act as a tem-

plate for cellular ingrowth. Some consist of only the dermal substrate

and are human reticular allografts. Allografts derived from human pla-

centas may come from the amnion, chorion or umbilical cord. These

are thought to act as delivery vehicles for various growth factors.

Xenografts are derived from other species, and there are currently

porcine, bovine, equine, and fish products on the market. Synthesised

and composite allografts are also employed. General principles regard-

ing the entire category are summarised below:

1. Method/technology: May be frozen or lyophilised requiring recon-

stitution with sterile application to wound bed.

2. Advantages: No donor site, off-the-shelf, may be applied in clinic

or operating room; promote recipient bed healing through induc-

tion of cell migration and reduction of inflammation. Provide wide

variety of growth factors, cytokines and immunomodulatory mole-

cules. May reduce pain. Dermal allografts will reduce insensible

water loss in large wounds, and provide temporary cover until the

patient is stable or wound bed is prepared for autografting.

3. Disadvantages: Usually requires repeated applications.Combined

allografting and autografting may also be performed as a staged

procedure, with application of dermal allograft first followed by

thin-split-thickness or epidermal graft. This technique has the

advantage of being able to cover large surface areas quickly,

reduce insensible water loss, reduce pain and provide thicker, more

durable cover over areas vulnerable to friction or when grafting

directly on muscle or large scalp defects. The chief disadvantage is

that multiple procedures delay final grafting and definitive wound

coverage.
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7.3 | Future technologies

The use of grafting techniques and the development of new technolo-

gies is rapidly expanding. The future may hold micro- and pixel-grafts,

spray on cells and the use of 3D printing to prefabricate vascularised

grafts to assist in wound coverage.63,64

8 | PAIN MANAGEMENT

The Consensus Panel Members unanimously agreed that wounds and

wound procedures are often associated with pain, and managing the

pain is critical to the patient's experience. When pain persists long-

term, referral to a pain specialist may benefit the patient.

Many and possibly most individuals with open wounds present

with some level of pain.72–75 The exception to this of course would

be those in whom innervation to a limb or area of the body has been

interrupted due to injury (e.g., spinal cord injury) or the metabolic con-

sequence of diabetes resulting in loss of protective sensation, which is

often the precipitating factor for the presence of the wound. Initial

and ongoing assessment of pain is important as a sudden increase or

change in a patient's pain may indicate a change in the wound condi-

tion such as infection.

Wound-related pain can have a significant impact on a patient's abil-

ity to adhere to a prescribed treatment plan, and such patients may often

be labelled as non-compliant when, in actuality, the treatment plan

should be altered to be better tolerated and followed.76,77 Treating

wound-related pain is essential for optimal wound healing. The European

Wound Management Position Statement explained the complexity of

wound pain and its effect on treatment, emphasising the use of a combi-

nation of techniques that focussed not only on physiological factors, but

also on psychological and emotional factors.78

Wound pain can be due to four causes: presence of the wound,

the disease process (neuropathy, inflammation, ischemia and infec-

tion), treatment procedures (including debridement, dressing changes

and cleansing) or a very low pain tolerance.78 The source of the pain

can be described as nociceptive75 or neuropathic and its occurrence

as noncyclic, cyclic or chronic.76–79 Nociceptive pain involves pain

receptors in the area of injury, whereas neuropathic pain is processed

by the central nervous system, as in for instance phantom limb pain,

or in the peripheral nervous system as in peripheral neuropathy.

Pain should be assessed at each patient encounter and should

always be taken seriously.80 In addition to a pain scale (for instance a

visual analogue scale), patients should be queried on the effects of

pain on their quality of life. Does it interfere with sleep? Does it influ-

ence appetite, activities of daily living? Does it prevent work, family,

and social life? Does it limit mobility or exercise? Findings should be

documented in the medical record.73

Treating the pain depends on treating the aetiology. Addressing,

infection and inflammation, limb ischaemia, venous disease, areas of

pressure in immobile and in diabetic patients, wound desiccation and

peri wound dermatitis, should be done in conjunction with treatment

of the pain.

Procedural pain may be anticipated and treated with preme-

dication, either topical local anaesthetics or systemic analgesics.

Talking through the procedure may help, as well as explaining what

efforts are being employed to minimise pain. Try to use a contact

layer next to the wound surface. Relaxation techniques are helpful.78

The World Health Organisation developed a three-step approach

to pain relief in cancer patients, and conceptually this can be applied

to wound care.79

Step 1: A non-opioid analgesic (NSAID, non-steroidal anti-inflam-

matory drug) with or without an analgesic adjuvant. Adjuvants include

tricyclic antidepressants, anticonvulsants, antihistamines, benzodiaze-

pines, steroids and phenothiazines. Adjuvants are given for their indi-

rect benefits in pain management.

Step 2: If pain is not controlled: Continue the initial medication

and add an opioid, such as codeine or tramadol, and an adjuvant.

Step 3: When a patient does not respond to second-step medica-

tions, these should be discontinued and a more potent oral narcotic

initiated.1,20,22

Systemic pain management should start with over-the-counter

agents such as aspirin, acetaminophen and NSAIDs. Side effects, co-

morbid conditions and concurrent medications may limit their use. If

these prove inadequate, short-term synthetic opioids are given,

followed by escalation to short-term opioids. Referral to a pain man-

agement service should occur before resorting to long-term opioids.

A wide range of topical anaesthetics, oral analgesics and other

modalities are available. Non-invasive therapies such as electrical

stimulation, ultrasound and pulsed radio frequency energy have all

shown benefit in managing chronic pain. Comprehensive management

and pain control are critical for patients with chronic wounds to

improve outcomes and speed healing.81,82

9 | HYPERBARIC OXYGEN

Hyperbaric oxygen therapy (HBOT) has been used to treat a wide

variety of wound disorders and is currently provided at over 1300

locations in the United States. The concept of using enriched oxygen

in a pressurised environment is relatively ancient from a medical per-

spective, having been initially described in the late 17th century.83,84

However, the widespread usage of HBOT did not occur until the mid-

20th century when it was popularised for a variety of medical condi-

tions including cardiac surgery, necrotizing infections and chronic

wounds.85–87 Its adoption was accelerated in the United States when

the Centers for Medicare and Medicaid Services (CMS) began reim-

bursing for HBOT treatment in 2002.

Despite this long history, the use of HBOT remains controversial,

especially in the context of chronic wounds. There are various reasons

for this controversy, but perhaps, the most compelling is the overall

financial cost of HBOT, which typically runs $50,000 and up for a

course of this therapy in the United States.88,89 This has led some

unscrupulous practitioners to use HBOT as a revenue generator by

‘guiding’ inappropriate patients towards HBOT to act as profit centres

for their practices. This is obviously unacceptable from an ethical
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perspective and third-party payors have become increasing sceptical

of HBOT as it generates significant costs. This mercantile aspect of

HBOT has extended at times into outright overuse such as the appli-

cation of HBOT into areas with no clinical evidence or biologic mecha-

nism of action such as in the treatment of autism, dementia and other

disorders.90

Before considering the clinical evidence for HBOT in wound

healing, we should ask whether HBOT has been demonstrated to work

in any human disease state. Fortunately, the answer here is that HBOT

has proven efficacious for a variety of clinical conditions with a high

level of evidence. For example, there is level 1 evidence, published in

leading medical journals for carbon monoxide poisoning, air embolism

and decompression sickness.91–93 In addition, comprehensive meta-

analyses have demonstrated that HBOT is helpful in treating the late

effects of radiation in a variety of settings.94 HBOT is authorised and

reimbursed by CMS for this and 12 other clinical indications including

cyanide poisoning, osteoradionecrosis and actinomycosis.88

Since HBOT has proven to work in a variety of human disease

states, it may be helpful to examine any potential biologic mechanisms

of action for HBOT that may be beneficial in the context of chronic

wounds. From the clinical and pre-clinical literature, there appear to

be multiple potential mechanisms that might be beneficial in impaired

wound healing. The simplest mechanism is governed by the increased

dissolution of oxygen in an enriched pressurised environment, which

is governed by the gas equation known as Henry's Law. This supersat-

uration of blood with dissolved oxygen would be expected to increase

oxygen delivery to the wound with potentially beneficial effects.88

Other potentially beneficial mechanisms demonstrated in the clinical

and preclinical literature include local wound vasodilation, increased

neutrophil bactericidal activity due to the altered redox state, and an

overall modulation of wound inflammation.95,96 Thus, given our

understanding of the pathophysiology of chronic wounds, there is

ample reason to believe that, theoretically, HBOT may be beneficial in

their treatment.

However, in reviewing the literature examining the effectiveness

of HBOT in the treatment of chronic wounds, no definitive conclusion

can yet be drawn. In a meta-analysis of the relevant literature, two

separate Cochrane reviews conducted 10 years apart came to signifi-

cantly different conclusions regarding the usefulness of HBOT in dia-

betic foot ulcers. The 2004 meta-analysis concluded that HBOT

decreased the incidence of major amputations and improved healing

at 1 year.92 However, an updated 2015 metanalysis contradicted this

conclusion and found that HBOT improved healing in the short term

(6 weeks), but not at 1 year.93 Since this last Cochrane review, numer-

ous new studies have been conducted, including both randomised

controlled studies and newer ‘big data’ studies based on large data

bases derived from the electronic medical record. These newer tech-

niques again yielded conflicting results with one study showing no

impact on amputation outcomes97 while a later study on the same

data base demonstrated efficacy in a subset of more severe DFUs

(Wagner 3 and 4) in terms of wound closure.98,99 Clearly, how the

analysis is performed and how the questions are asked can skew

results in different directions. Unfortunately, since none of these

studies is perfect or definitive, this allows the controversy to continue

ad infinitum. However, when considering the totality of the existing

data, among the potential indications for HBOT in the field of chronic

wounds, the strongest evidence exists for ischemic, infected DFUs,

that is, Wagner Grade 3 or worse.88

Most wound care professionals are not interested in the myriad

potential applications for HBOT, which is different from the perspec-

tive of the Undersea and Hyberbaric Medical Society.90 For wound

professionals, HBOT is one potential tool to use in patients with non-

healing chronic wounds that have failed to improve with standard of

care. At present, there is a limited armamentarium for these patients

who are at risk of amputation or worse. Given the absence of defini-

tive data demonstrating a lack of efficacy, the high level of evidence

for clinical benefit in other clinical indications and the substantial

experimental data suggesting biological efficacy, we believe that

HBOT should remain a therapeutic option for a narrow set of wound

patients, namely complicated Wagner 3 and greater DFUs. The

favourable safety profile of HBOT (primarily ear barotrauma) makes it

attractive for end stage patients who have no other options. We

strongly condemn the practice of using HBOT as a revenue generator

but believe it should remain available for Wagner 3 DFUs or DFUs

with concurrent infection. We believe that further research should

focus not only on clinical outcomes but on developing predictive

models100-103 to help guide therapy so that this expensive treatment

will only be offered to patients likely to benefit from it. We are opti-

mistic that more targeted and focused clinical trials will be able to

prove definitely that HBOT works (or does not) in an appropriately

selected and stratified patient population.

10 | OUTCOMES

The Consensus Panel Members unanimously agreed that defining

patient expectations is critical to designing a successful treatment.

Patient outcomes might include wound specific clinical outcomes such

as time to heal, and wound size reduction, as well as improvement in

quality of life. For those patients with expectations of healing, an

aggressive approach to achieving that outcome is recommended.

When healing is not an expectation, such as in patients receiving palli-

ative wound care, outcomes might include pain reduction, exudate

management, odour management and/or other quality of life benefits

to wound care.

The goal of systematic and uniform evaluation and delivery of

care is to reach a desired outcome. For instance, a King's physician

was paid based on the outcome. In wound care, that desired outcome

has historically been a healed wound. However, recent appreciation

of other outcomes, either as intermediate, surrogates, or of desired

endpoints that by themselves have value, has emerged.104–108 Out-

comes or endpoints have also become a focal point in regulatory

aspects of wound care. Recognition of the impact of wounds and how

other fields approach drug and device development led to holistic

evaluations of providers' and patients' opinions regarding important

outcomes. A detailed literature search for supporting evidence of
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which outcomes might be important enough to allow for drug and

device approval was performed.109–116 As a result several outcomes

were identified and validated through an extensive literature search.109

To summarise, providers divided important outcomes into five

major categories which included healing outcomes (including quality

of healing), healing precedents (perfusion, oedema, etc), wound com-

plications to be reduced (infection, amputation, pain and others),

patient function and cost.108 Patients, beyond clinical and quality of

life outcomes, also voiced the importance of logistical matters such as

dealing with insurance companies, the wound care staff and afford-

ability of treatment.110 Eight outcomes were identified by both pro-

viders and patients as being important beyond complete healing of

the wound. These are: time to healing, wound size reduction, infection

reduction, pain reduction, prevention of recurrence, amputation

reduction, improved ambulation functionality and reduced isolation.

While this work was part of a process helping the FDA to evaluate

new drugs, biologics and devices for approval, understanding the

value put on several outcomes for clinical use, especially by patients,

is a critical step forward for wound healers providing optimal care.102

Extrapolating to clinical care, identifying shared recognition of the

outcome of care is an important step in providing individualised and

personalised care.111 Some patients may not have the potential to

heal and their care may be considered palliative. Nonetheless wound

care will still be essential to the patient and a variety of other out-

comes may be pursued. For example, outcomes of importance might

include pain reduction, exudate management, odour management

and/or other quality of life benefits of providing wound care. Thus,

honest and earnest communication is essential. Clinicians may rely on

a variety of quality of life (QOL) tools to assess the impact on QOL

and how certain interventions might change QOL. Such tools may

measure overall QOL, or may be disease specific (e.g., to venous leg

ulcer, diabetic foot ulcer or pressure ulcers).104–108 Depending on

individual patient needs, QOL assessment may not be needed for

every patient; choosing the best assessment tool might differ

between patients. For example, wound pain may be a critical driver of

diminished QOL in patients with venous leg ulcers but less important

for a patient with a neuropathic insensate diabetic foot ulcer.108 It is

also likely new tools will emerge over time. Providers should work

aggressively to achieve the desired outcomes that have been agreed

upon with patients. It must be recognised that all outcomes may not

be dependent on each other. For example, healing a wound may or

may not achieve other desired outcomes such as reduction in pain or

improved QOL, and specific interventions aimed at achieving these

goals may be needed.109,110

As was noted previously, cost of care was identified by providers

as an important outcome of interest. Reducing cost and/or improving

cost effectiveness may help reduce patient and health care system

burdens.111 This raises the importance of acknowledging health care

system outcomes as another important, but not primary, outcome of

care. For example, reducing readmission rates from wound recurrence

and/or infection might be another outcome that goes beyond any one

individual patient and may identify systemic trends of care that can

serve to model and/or improve care.112

11 | FUTURE NEEDS

High-quality research together with wound care practice that leads to

the best outcomes and produce consensus-based knowledge will

remain a top priority. This knowledge should be easily available to all

wound care practitioners. The presentation of the knowledge should

also lend itself to be easily expressed in treatment algorithms for vari-

ous types of wounds. The future of wound care is dependent on

achieving marked progress in successful outcomes, namely more

healed wounds. As many participants in this consensus panel have

pointed out, this needs to be economically feasible. Barring a para-

digm shift in the health care marketplace, this future will be centred

on using specialised wound centres collaborating with home care and

greater participation by patients and their families. Use of visiting

nurse association (VNA) care, especially in rural areas, may not be fea-

sible, and may spur greater reliance on tele/video medicine practices.

Coupling advances in basic science research to filling clinical

needs seems like an obvious and ongoing requirement.113,114 Yet, the

‘valley of death’ has often precluded successful bench to bedside

translation.115 Many of the failures stem from lack of monetary

resources, including investment in funding wound science grants and

bench research by biopharma.116 There is a way forward. One exam-

ple is illustrated by a collaborative effort spearheaded by some of the

co-authors of this paper. Jung et al. mined a large dataset of patient

and wound data collected at 68 outpatient wound care centres in

26 states between 2009 and 2013. The dataset included basic demo-

graphic information on 59,953 patients, and both quantitative and

categorical information on 180,696 wounds. They used the data to

enhance accuracy of predicting which wounds would lapse into chro-

nicity, to better focus more aggressive techniques on those

wounds.117 A similar effort could be mounted to collect tissue from

those wounds to generate molecular data from what would amount

to a huge wound tissue bank. Correlating tissue with demographic

data and disease context, genomic mapping, proteomic correlation,

and even mathematical modelling of wounds to enable in silico trials

of potential therapeutics, could yield new possibilities for care.118 This

would take a page from our colleagues in cancer care who have

made tremendous progress in the last couple of decades by applying

advances in genomics, proteomics and metabolomics and coupling

them to powerful, newly developed big data analytical methods and

modelling. Personalised medicine has led to targeted therapies for

solid tumours and blood-borne dyscrasias that have yielded tremen-

dous successes and triumphant stories of cure.119

Many of the sections included in this panel have specified future

directions and the main ones are as follow.

11.1 | Smart dressings

The development of remotely monitored ‘smart dressings’ together
with telemonitoring might help improve patient care. Flexible sensors

that measure oxygen, pH, temperature and other parameters could be

monitored remotely and directly or indirectly report the condition of
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the wound. If the sensors are optical they could also potentially detect

the specific auto fluorescence of common bacteria and diagnose wound

infections. The goal would be to limit patient visits to the initial one and

only subsequent visits that require debridement or other invasive treat-

ment. These ‘smart dressings’ would also help developing a precise

diagnosis at the first visit. The dressings could also be used to determine

when a dressing change or other intervention would be needed.

11.2 | Imitation dressings and devices

Another goal would be to reduce the number of ‘imitation dressings

and devices’ and instead encourage the wound care companies to put

more effort into innovation and creating new products that would

provide better treatments.

11.3 | Imaging to determine extent of
debridement

The methodology and depth of debridement would benefit from

imaging devices that could help determine the amount of tissue to be

removed. One promising technology correlating depth of injury and

repair is optical coherence tomography (OCT).120

11.4 | More precise diagnosis of wound bioburden

All chronic wounds are contaminated or infected. With the goal of

reducing bioburden in the chronic wound it is critical to determine

type and relative numbers of bacteria in the wound.121-124 Routine

microbial sequencing (PCR) to identify and quantify microorganisms in

the wound is becoming standard of care technology. Bioinformatics

that helps distinguish pathogenic from non-pathogenic bacteria is also

very useful. Indicator species analysis which considers species' fidelity

and specificity will help determine the relative influence of a microor-

ganism on healing.

11.5 | Better methods for delivery
of antimicrobials and antibiotics

There is a growing need for better antimicrobials as well as antibiotics

for topical wound treatment. Many of the currently available antimi-

crobials have relatively high cytotoxicity in combination with a low

MIC. The opposite, that is, low cytotoxicity in combination with a high

MIC, are typical characteristics of common antibiotics. The concern

about developing antibiotic resistance is limiting the use of topical

antibiotics in wound care. Better devices for delivery of antimicrobials

and antibiotics would greatly enhance efficacy of both and reduce the

potential for antimicrobial or antibiotic resistance. The same delivery

devices could also be used for delivery of topical analgesics, thus

reducing the need for systemic opioids.

11.6 | Autologous skin grafting

There is a great need for better outcomes studies to determine when

autologous skin grafting should enter the treatment algorithm. Cur-

rently, many wound care practitioners consider it a default option, but

introducing autologous skin grafting as a strategic option early in the

treatment algorithm could potentially make many chronic wounds

heal faster. Improved methods for wound bed preparation and autolo-

gous skin grafting should facilitate this option.61,63,64

11.7 | Topical pain treatment

There is a strong need for better pain treatment in chronic wounds.

Local treatment with sustained release bupivacaine is showing prom-

ise. Particularly in the patients with severe wound pain, any treatment

that would eliminate or delay the need for systemic opioids would be

very beneficial.

11.8 | Outcome studies

There is a great need for outcomes studies of different chronic

wounds to determine if and when oxygen and other treatments might

be deployed successfully.

In summary, a significant progress has been made in understand-

ing the science and clinical responses of chronic wounds. Consensus,

when reached, has been presented. Much work remains to be done!
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