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Introduction
Burden of chronic wounds. Nonheal-

ing wounds pose a major challenge 
in clinical medicine, both in terms of 
prevalence and complexity. It has been 
estimated that 1% to 2% of the popu-
lation of developed countries will ex-
perience a chronic wound during their 
lifetime.1 Diabetic foot ulcers (DFUs), 
venous leg ulcers (VLUs), and pressure 
ulcers/injuries comprise the major-
ity of these chronic wounds.2 In the 
United States, chronic wounds affect 

more than 6.5 million people.3 A recent 
retrospective review4 of US Medicare 
claims data determined that Medicare 
spending for wound care alone in 2014 
was about $35.3 billion as a mid-range 
costing estimate (C. Fife, written com-
munication, June 2017). Of this ex-
pense, infections accounted for $16.7 
billion, chronic ulcers for $9.4 billion, 
and surgical wounds for $6.5 billion 
in Medicare spending, which included 
only Medicare provider payments and 
excluded beneficiary deductibles and 

coinsurance (C. Fife, written commu-
nication, June 2017).5 This burden con-
tinues to grow due to increasing costs 
for health care, an aging population, 
and a steep rise in the incidence of dia-
betes and obesity worldwide.3 

Chronic wound definition and complexity. 
Chronic wounds are wounds that fail to 
progress through the normal phases of 
wound healing; the controlled sequence 
of events seen in acute wounds be-
comes stalled or “stuck” at 1 or more of 
the 4 different stages of wound healing:  
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hemostasis, inflammation, proliferation, 
and remodeling/maturation; each of 
which overlaps the others while remain-
ing distinct in terms of time after injury. 
These phases are sequentially regulated 
by the actions of chemokines, cytokines, 
growth factors, and proteases. This pro-
cess is not linear, and often wounds can 
progress both forward and backward 
through the phases, depending upon the 
intrinsic and extrinsic factors affecting 
the patient. Usually, chronic wounds are 
accompanied by a host of comorbidities, 
adding to the complexity of treatment.

Even with careful systematic assess-
ment, identifying wound etiology can 
be extremely difficult in cases of multi-
ple underlying factors, borderline diag-
nostic indicators, and mixed etiologies. 
Often, the most difficult wounds to di-
agnose and treat are those that do not 
fit into the standard chronic ulcer cat-
egories (diabetic, venous, arterial, and/
or pressure) due to a range of comorbid 
conditions such as inflammation, ma-
lignancy, and anemia. While a detailed 
discussion regarding the diagnosis and 
treatment of these atypical wounds 
such as pyoderma gangrenosum, vas-
culitis, and squamous cell carcinoma is 
outside the scope of this publication, 
holistic principles of chronic wound 
management still apply in managing 
these difficult wound types. 

Importance of adhering to holistic cycle 
of wound management. The increasing 
number of aged patients and the fre-
quency of difficult chronic wounds 
have attracted the attention not only of 
clinicians but also of health care admin-
istrators concerned with the impact of 
chronic wound treatment costs on their 
hospital budget. Reductions in acute 
care spending have shifted care for 
these complex wounds to the outpa-
tient setting.4 It is increasingly impor-
tant to establish and adhere to an ev-
idence-based holistic cycle of chronic 
wound management in order to defend 
access to and obtain reimbursement 
for good wound care. A holistic cycle 
of wound management involves a con-
sistent method of managing all chronic 
wounds, from diagnosis to follow-up, 
based on recognition of wound charac-

teristics to guide diagnosis, understand-
ing criteria for assessment, adequate 
patient and wound bed preparation, 
appropriate treatment, and proactive 
follow-up to help prevent recurrence.

Purpose statement. Considerable prog-
ress has been made in understanding the 
science of wound healing during the 
past decade, sparking volumes of pub-
lications and the development of hun-
dreds of dressing and therapy options. 
There are numerous chronic wound 
studies, but these are largely focused 
on specific wound healing products or 
technologies, specific disease states, or 
certain aspects of care, such as patient/
wound bed preparation. There is a need 
for a simplified overview of evidence-
based criteria to assist in the accurate 
diagnosis and appropriate management 
of chronic wounds in all care settings. 
The purpose of this publication is to 
provide a summary of evidence-based 
wound management guidelines that 
can be used by wound care clinicians 
in all care settings to assist in the en-
tire cycle of wound care (ie, diagnosis, 
patient and wound bed preparation, 
treatment, and follow-up) for major 
chronic wound types. It is the hope 
of the authors that readers will gain a 
greater appreciation of the components 
that make up the entire cycle of wound 
care, particularly with respect to accu-
rate diagnosis and proper follow-up. In 
addition, the authors hope the tables 
will be of practical use in managing 
chronic wounds. 

Methods
An expert panel of 11 wound heal-

ing specialists experienced in various 
care settings convened from Febru-
ary 24 to 25, 2017, in Dallas, Texas, 
to discuss best practices and develop 
an overview of current guidelines for 
managing chronic wounds. Prior to the 
meeting, a literature search for peer-
reviewed articles published through 
March 2016 was conducted utilizing 
PubMed, Ovid, and Science Direct. 
Keywords used for the search included 
“wounds,” “chronic,” “pressure ulcer,” 
“diabetic foot ulcer,” “venous leg ul-
cer,” “arterial leg ulcer,” or “surgical 

wounds” and “algorithm,” “guidelines,” 
“consensus,” or “clinical pathways.” 
Eight of the most relevant articles con-
taining treatment algorithms for differ-
ent chronic wound types and infected 
wounds as well as guidelines for wound 
bed preparation were selected by the 
sponsor. Panel members received elec-
tronic versions of these peer-reviewed 
articles plus a white paper containing 
clinical pathways for all major chronic 
wound types for review prior to the 
meeting. The meeting was moderated 
by a panel member (SG) and recorded. 

Each panelist presented current 
evidence-based guidelines regard-
ing management of a specific chronic 
wound type and case studies to illus-
trate concepts in the guidelines. Each 
presentation was followed by a round-
table discussion among all panelists 
to add details to the guidelines based 
on clinical experience and published 
evidence. Following the meeting, rec-
ommendations were summarized by a 
medical writer. After the meeting, ad-
ditional references and supplemental 
information suggested by panel mem-
bers were added to the manuscript to 
support elements in the holistic cycle 
of chronic wound management. Fol-
low-up e-mail correspondence with 
the panelists continued throughout 
the development of this publication, 
and all subject matter was approved by 
panel members.

Results
Summary of holistic wound and patient 

management cycle. A systematic, multi-
disciplinary approach is well supported 
in the literature to guide good wound 
care from the point of diagnosis to 
healing and follow-up for all types of 
chronic wounds. The general holistic 
methodology of patient and wound 
assessment, treatment of patient- and 
wound-centered concerns, and follow-
up should be consistent for all wounds 
regardless of wound type. Within this 
holistic wound management frame-
work, the literature strongly supports 
application of a systematic cycle of pa-
tient- and wound-centered strategies in 
managing all patients with wounds.6,7 
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Panel members identified major steps 
in managing chronic wounds as a basis 
for this publication. The steps identi-
fied by the panel are meant as a general 
guide for effective wound management 
from diagnosis to follow-up and are 
briefly outlined herein. However, these 
steps are not necessarily linear, and of-
ten need to be repeated if a wound is 
not progressing. 

First, wound etiology must be ac-
curately identified through a thorough 
assessment of both the patient and the 
wound. A multidisciplinary treatment 
team should be assembled to address 
patient-centered factors and under-
lying causes of the wound. Once the 
wound is accurately diagnosed, goals 
of therapy should be established with 
full agreement from the patient. A clear 
treatment plan needs to be put in place 
to treat the etiology, such as offloading 
for a DFU or compression for a VLU, 

with agreement from the patient to ad-
here to the plan of care. The treatment 
plan should consider a holistic assess-
ment of the patient, wound limitations 
(biologic, financial, contractual, etc.), 
and the patient’s goals. The wound 
should be cleansed, irrigated, and de-
brided as necessary.

After the patient and caregiver(s) 
have been educated about the treatment 
plan, the wound should be treated with 
appropriate dressings and therapies se-
lected on the basis of wound character-
istics. Patient adherence to the care plan 
should be regularly verified, along with 
wound healing progress. When the 
wound has healed, a proactive follow-
up plan should be established to help 
prevent wound recurrence. Figure 18 
summarizes this general chronological 
cycle of holistic wound care that will 
serve as a guide for organizing the con-
tent in this publication.

How to navigate this publication. This 
publication details the wound and pa-
tient management cycle (Figure 1) 
and is divided into 4 sections:

1.  Diagnosing/assessing chronic wounds
 •  Typical wound characteristics 

are listed for each major chronic 
wound type (DFUs, VLUs, arterial 
insufficiency ulcers, pressure ul-
cers/injuries, and dehisced surgical 
incisions) to help guide diagnosis. 

 •  Underlying causes and risk factors 
for major chronic wound types 
are also included because they 
need to be addressed immediately 
following diagnosis and prior to 
establishing a treatment plan.

2.  Patient and wound bed preparation
 •  Guidelines for establishing goals 

of wound treatment are discussed. 
 •  Patient-centered factors that po-

tentially need to be addressed are 
reviewed.

Figure 1. Holistic wound and patient management cycle for good chronic wound care.8
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 •  Various methods are suggested to 
help improve patient adherence to 
a wound care plan.

 •  Essential components of wound 
bed preparation for all chronic 
wound types are reviewed briefly.

3.  Chronic wound treatment
 •  Recommended criteria for wound 

assessment are listed.
 •  This section contains wound ther-

apy treatment recommendations 
based on fundamental wound 
characteristics.

 •  Critical adjunctive therapies for 
wound healing and prevention, 
including offloading and com-
pression, are discussed.

 •  Criteria for assessing the wound 
for healing progress are included.

4. Follow-up
 •  Literature-based recommenda-

tions for follow-up care after 
healing to help prevent chronic 
wound recurrence are reported. 

1. Diagnosis/Assessment
Diagnosing chronic wounds. Early and 

accurate wound diagnosis is essential in 
determining the appropriate steps for 
treatment of a chronic wound. Mak-
ing a correct diagnosis can be difficult 
due to the numerous combinations of 
patient comorbidities and etiologies 
that can lead to the development of 
a chronic wound. Nevertheless, suc-
cessful and cost-effective wound care 
cannot take place without an accurate 

diagnosis. An incorrect or delayed ini-
tial diagnosis may harm the patient and 
increase the risk of serious complica-
tions, including permanent disability 
and amputations. The panel members 
recommend a criteria-based approach, 
reinforced by laboratory and diagnos-
tic tests, to identify the major chronic 
wound types: DFUs, VLUs, arterial in-
sufficiency ulcers, pressure ulcers/inju-
ries, and dehisced surgical wounds. 

Initial assessment needs to be com-
prised of a detailed examination of 
wound characteristics, including ap-
pearance of the wound bed, peri-
wound area, and wound edges; tem-
perature and pulses; content and 
volume of exudate; wound location; 
and sensation. In addition, understand-
ing risk factors and underlying caus-
ative factors for each different chronic 
wound type is critical in validating di-
agnoses and preparing the patient and 
wound for treatment. Specific diag-
nostic and laboratory tests have been 
shown to be effective in identifying 
chronic wound etiology and causes of 
the wound that need to be addressed. 
The following are descriptions and 
typical characteristics of major chron-
ic wound types to help guide accurate 
chronic wound diagnosis. Risk factors 
and recommended diagnostic and lab-
oratory tests for each wound type are 
also listed.

Diabetic foot ulcers. A DFU is defined 
as an ulceration located below the ankle, 

most commonly on the plantar surface 
of the foot, in an ambulatory patient 
with diabetes and is associated with 
neuropathy and/or peripheral arterial 
disease of the lower limb. Diabetic foot 
ulcers are classified as neuropathic, isch-
emic, or neuroischemic. About 54% of 
DFUs are neuropathic, 10% are ischemic, 
and 34% are a combination (neuroisch-
emic).9 Differentiating between isch-
emia and neuropathy in the diagnosis is 
essential because their complications are 
different; therefore, they require different 
therapeutic strategies. Although a DFU 
may develop as a result of neuropathy 
and repetitive unrecognized trauma, the 
presence of arterial insufficiency may 
hinder wound healing.

Table 110-13 lists major contributing 
risk factors and causes of DFUs that 
should be addressed when possible. 
Typical characteristics of DFUs are de-
scribed in Table 212,14 to help guide 
accurate diagnosis. Recommended di-
agnostic and laboratory tests to iden-
tify neuropathy and/or ischemia are 
reported in Table 3.11,15-19 In addition, 
imaging that may help confirm diag-
nosis and surgical procedures to help 
prepare the patient and wound bed are 
included in Table 3.

Venous leg ulcers and arterial insuf-
ficiency ulcers. Any leg ulcer, regardless 
of etiology, may have associated arte-
rial insufficiency. Identification and 
treatment of arterial disease may be 
required to heal the leg wound. Treat-
ment requires mitigating the trauma 
and treating the arterial insufficiency 
as well as treating the wound. Ruling 
out associated arterial disease in leg 
ulcers is critical for wound healing. It 
is important to be aware that arterial 
disease and venous disease commonly 
exist in the same patient, resulting in 
an ulcer of mixed etiology.20 

Venous leg ulcers.  A VLU is defined as 
an open lesion between the knee and 
ankle joint that occurs in the presence 
of venous disease.21 Venous disease is 
the most common cause of leg ulcers, 
accounting for about 60% to 80% of 
all ulcers.22

Arterial insufficiency ulcers. Arterial 
disease accounts for 5% to 10% of leg 

Table 1. Major contributing causes and risk factors of diabetic foot ulcers (DFUs)

DFU Type Major Contributing Causes Risk Factors
Neuropathic Hyperglycemia

Peripheral sensory neuropathy
Repetitive mechanical forces of gait, 
which can lead to thick callus that 
causes ulceration

Deformity
High plantar pressures
Peripheral arterial disease
Advanced age
Obesity
Hypertension
Previous amputation10

Ischemic Hyperglycemia
Ischemia from peripheral vascular 
disease
Coronary artery disease
Cerebrovascular disease11

Longer disease duration
Poor glycemic control
Peripheral vascular disease
Presence of retinopathy
Smoking

Neuroischemic Hyperglycemia
Occlusive vascular disease is main 
factor; peripheral sensory neuropa-
thy is present11

Trauma
Unsuitable shoes12

Longer disease duration
Poor glycemic control
Neuroischemic foot
Presence of retinopathy
Smoking and other evidence of athero-
sclerotic vascular disease
Absence of vibratory sensation13
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Table 2. Typical characteristics of DFUs (adapted from Chadwick et al)14 

Characteristic Sensation
Typical 
Location

Callus/
Necrosis Wound Bed Periwound

Foot/Leg 
Temperature 
and Pulses

Exudate 
Description

Neuropathic 
DFU

Sensory loss
Loss of deep 
tendon reflexes

Weight-bearing 
areas of the foot, 
such as metatarsal 
heads, the heel, 
and over the 
dorsum of clawed 
toes

Hypertrophic 
callus present 
and often thick
Dry skin
Brittle nails
Hammer toes
Fissures
Bullae
Charcot joint
Digital necrosis

Pink and 
granulating, 
surrounded by 
callus 

Often calloused 
with under-
mined or mac-
erated wound 
margins

Warm with 
bounding pulses
Sweating is 
diminished

Excessive 
exudate may 
be due to 
infection, 
cardiac failure, 
renal disease, 
lymphatic 
disease

Ischemic DFU Painful at rest 
(burning pain 
in the arch or 
distal foot)
Intermittent 
claudication

Tips of toes, nail 
edges, and be-
tween the toes and 
lateral borders of 
the foot

Digital necrosis 
common
Dry gangrene, 
particularly in 
toe

Sparse pale 
granulation 
tissue or yel-
lowish closely 
adherent 
slough12

Loss of hair on 
dorsum of foot
Pallor on eleva-
tion and depen-
dent rubor

Cool and pulse-
less12

Excessive 
exudate may 
be due to 
infection, 
cardiac failure, 
renal disease, 
lymphatic 
disease

Neuroischemic  
DFU

Degree of 
sensory loss

Margins of foot & 
toes,  especially on 
medial surface of 
first MTP joint & 
over lateral aspect 
of fifth MTP joint, 
or back of heel

Minimal callus
Prone to ne-
crosis
Dry gangrene, 
particularly in 
toe

Poor granula-
tion

Thin, shiny skin 
without hair

Cool and pulse-
less

Excessive 
exudate may 
be due to 
infection, 
cardiac failure, 
renal disease, 
lymphatic 
disease

DFU: diabetic foot ulcer; MTP: metatarsophalangeal

Table 3. Diagnostic and laboratory tests, imaging, and surgical procedures to help identify neuropathy and/or ischemia 
Diagnostic Tests
Noninvasive 
Vascular Tests

• Toe pressures and toe wave forms as first-line test to rule out distal ischemia in patients with diabetes.
• TcPO2 measurement or fluorescein angiography may provide better information on perfusion at site of ulceration.
• ABI (hand-held Doppler to confirm presence of pulses and quantify vascular supply). 
• Absent or feeble pulses with ABI < 0.9 confirm ischemia. Presence of pulses and ABI > 1 rule out significant ischemia.11

• Importantly, ABI may be inaccurate because of medial calcification in medium-sized arteries giving a falsely elevated reading.15

• Pulse-volume recording test.
•  Palpation of pulses bilaterally in the dorsalis pedis, posterior tibial, popliteal, and superficial femoral arteries to assess blood 

circulation in the lower limbs.16

• Vascular consult with duplex ultrasound and angiography if at least 1 of following is present: 
 1. ABI < 0.8 or a damped Doppler waveform
 2. TcPO2 (reflecting local arterial perfusion pressure) < 40 mm Hg
 3. Toe pressure < 45 mm Hg
 4. Ankle systolic blood pressure < 50 mm Hg

Neuropathy 
Tests

• 10 g monofilament test to test presence of sensory foot/leg temperature and pulses.
• Biothesiometry to determine the vibration perception threshold.

Lab Tests
• Screen for leukocytosis and anemia 
• Serum glucose
• Complete blood count
• Hemoglobin A1c: Goal of A1c < 6.5% or 7% for most people with diabetes 
• C-reactive protein test to track inflammatory trends
• Erythrocyte sedimentation rate
• Prealbumin test
• Comprehensive metabolic panel

Imaging
•  If able to probe to bone, x-ray and MRI should be performed (MRI is most accurate imaging modality in defining and ruling out bone and/or tis-

sue infection17,18).
• If lower extremity ischemia is strongly suspected, arteriography or other imaging study should be performed to confirm or rule out ischemia.
• CT angiography may be contraindicated in cases of large contrast load and associated renal insufficiency.
• CT to evaluate the extent of tissue infection.
• Bone scan may help confirm osteomyelitis.19 

TcPO2: transcutaneous oximetry; ABI: ankle-brachial index; MRI: magnetic resonance imaging; CT: computed tomography 
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ulcers23 and is due to a reduced arte-
rial blood supply to the lower limb. 
Unfortunately, arterial insufficiency 
ulcers are often misdiagnosed as VLUs 
and, therefore, managed inappropri-

ately. Early identification of patients at 
risk for arterial disease can make the 
difference between salvage possibilities 
and limb loss. In addition, calciphylaxis, 
eosinophilic vasculitis, hypertensive ul-

cers, pressure, pyoderma gangrenosum, 
scleroderma, and spider bites can mim-
ic arterial insufficiency ulcers.24

Table 424-27 outlines major contrib-
uting causes and risk factors of VLUs 
and arterial insufficiency ulcers. Typical 
characteristics of each type of leg ulcer 
are described in Table 528-30 to help 
guide accurate diagnosis. Recommend-
ed diagnostic and laboratory tests as well 
as imaging to confirm diagnosis and sur-
gical procedures to address underlying 
causes are listed in Table 6.29,31-33

Pressure ulcers/injuries. A pressure ul-
cer/injury is defined as a localized in-
jury to the skin and/or underlying tis-
sue usually over a bony prominence as 
a result of pressure or pressure in com-
bination with shear and/or friction. The 
unrelieved pressure can lead to ischemia, 
cell death, and tissue necrosis. The Cen-
ters for Medicare and Medicaid Services 
(CMS) currently utilizes this definition 
for quality metrics and coding. In April 
2016, the National Pressure Ulcer Advi-
sory Panel (NPUAP) proposed chang-
ing the terminology of pressure ulcer to 
pressure injury to describe pressure inju-
ries to both intact and ulcerated skin. 
Pressure injury was redefined as:

Localized damage to the skin and un-
derlying soft tissue usually over a bony 
prominence or related to a medical or 
other device. The injury can present 
as intact skin or an open ulcer and 
may be painful. The injury occurs as 
a result of intense and/or prolonged 
pressure or pressure in combination 
with shear. The tolerance of soft tis-
sue for pressure and shear may also be 
affected by microclimate, nutrition, 
perfusion, comorbidities, and condi-
tion of the soft tissue.34

Staging was redefined by the NPUAP 
as well. While the new pressure injury 
staging system has been fully adopted 
by the NPUAP and some institutions, 
it has not yet been adopted by payers 
and is still the subject of ongoing de-
bate.35 The new stages defined by the 
NPUAP versus the older staging sys-
tem still recognized by CMS are pre-
sented in Table 7.

Reassessment of the patient and 
the skin damage is critical for creat-

Table 4. Risk factors and major contributing causes of VLUs and arterial insuf-
ficiency ulcers

VLU Arterial Insufficiency Ulcer
Risk factors • Previous DVT

• Congestive heart failure
• Varicose veins
• Prior VLU
• Larger ulcer area
• Poor nutrition
•  Decreased mobility and/or ankle 

range of motion 
• Advanced age
•  Family history
•  Smoking, diabetes,25 higher BMI
•  Clinical venous disease with pres-

ence of skin changes
•  Drug use injection in the groin, legs, 

or feet26

•  Reflux in the deep veins25,27

• Peripheral vascular disease
• Coronary artery disease
•  Diabetes with poor glycemic control
• Obesity
• Smoking
• Hypertension
• Dyslipidemia
• Family history
• Advanced age
• Sedentary lifestyle24 

Major 
contributing 
causes 

•  Sustained venous hypertension
•  Incompetent valves cause ab-

normally high pressure that can 
gradually damage vessels and cause 
skin fragility

•  Minor bump or scratch can result in 
skin breakage and nonhealing ulcer

•  Atherosclerotic disease of medium 
and large arteries

•  Hypertension and reduction in arte-
rial blood supply results in tissue 
hypoxia and damage24

•  Thromboangiitis, vasculitis, pyoderma 
gangrenosum, thalassaemia, and 
sickle cell disease

VLU: venous leg ulcer; DVT: deep vein thrombosis; BMI: body mass index

Table 5. Primary characteristics of venous leg ulcers (VLUs) and arterial insuf-
ficiency ulcers
Characteristic VLU Arterial Insufficiency Ulcer
Sensation Throbbing, aching, and heavy feel-

ing in legs
Improves with elevation and rest28

Generally very painful, especially 
while exercising, at rest, or during 
night 
Improves with dependency

Typical location Lower leg (mid-calf or below) and ankle
Characteristically adjacent to or above 
the medial or lateral malleoli area29

Between or on tips of toes, outer 
ankle, or lateral foot over pressure 
points

Exposure of deep 
structures

None Often extends to underlying ten-
don, muscle, or bone

Wound 
appearance

Often covered with fibrinous layer 
mixed with granulation tissue29 
Shallow, superficial
Varying depths within ulcer
Small to large (can become huge)
May be discrete or circumferential

Base of wound typically does not 
bleed and is yellow, brown, grey, or 
black 
Characteristically deep
Punched-out, usually round, with 
well-defined, even wound margins

Periwound Hemosiderin staining
Lipodermatosclerosis in long-term 
venous insufficiency
Variable pigmentation
Venous eczema (erythema, scaling, 
weeping, itching) is common29

Skin and nails on extremity appear 
atrophic
Skin is pale, shiny, taut, and thin
Minimal to no hair growth
Extremity may turn red when 
dangled (dependent rubor) and 
pale when elevated

Foot/leg 
temperature  
and pulses

Higher temperature consistent with 
chronic venous insufficiency30

Lower limb cool or cold to touch
Little to no distinguishable pulse

Exudate and 
edema

Heavy exudate
Pitting edema often present and may 
predate ulcer (often worse toward end 
of day)29

Minimal exudate
Limited edema
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ing a patient-centered treatment strat-
egy. For instance, a patient may present 
with moisture-associated skin damage, 
but during the hospital stay of care, in-
creased immobility may contribute to 
the formation of a pressure ulcer/in-
jury in the same area. Moisture is only 
one of the risk factors that can lead to 
pressure ulcer/injury formation; major 
contributing causes and other risk fac-
tors are outlined in Table 8.36 To help 
guide accurate diagnosis, general char-
acteristics of pressure ulcers/injuries are 
described in Table 9.37,38 

The decision to order laboratory 
tests and interpretation of the results 
should be done in light of the patient’s 
overall condition and prognosis.34 The 
NPUAP advises that before ordering 
laboratory tests, the clinician should 
determine and indicate whether the 
tests would potentially change the pa-
tient’s diagnosis, management, outcome 
or quality of life, or otherwise add to 
what is already known.34 Laboratory 
tests and imaging studies that may be 
considered helpful to identify underly-
ing factors are listed in Table 10.39

Dehisced surgical wounds. Wound de-
hiscence is a surgical complication in 
which a wound breaks open along a 
surgical incision. This separation of the 
layers of a surgical wound may be partial, 
superficial, or complete with separation 
of all layers with underlying tissue and 
organs being exposed and sometimes 
protruding through the wound open-
ing. Contributing causes and risk factors 
for wound dehiscence are displayed in 
Table 11. All surgical incisions should 
be monitored closely by the patient for 
symptoms of dehiscence, as signs are 

Table 6. Recommended diagnostic tests, laboratory tests, and imaging to help identify VLUs and arterial insufficiency 
ulcers
Diagnostic Tests
• Pulse examination of the arms and legs to provide evidence of PAD.31

•  ABI is first-line noninvasive test for diagnosis of PAD,32 although ABIs may be falsely elevated because of medial calcification of medium-sized vessels. 
ABIs should include wave forms.

• 10 g monofilament test to rule out neuropathy.
• Toe pressure with TBIs or toe wave forms are more accurate than ABIs in patients with diabetes.
• TCOM or fluorescent angiography provides more information on tissue perfusion at the site of the wound.33

• Arterial Doppler studies to help show severity of PAD.32

Lab Tests
• CBC to check for PAD risk factors.
• CRP and ESR to measure inflammation.

Imaging
• Magnetic resonance angiogram to show location and severity of blocked blood vessel.
• CTA should be utilized with caution because of the high-contrast load and associated renal disease in patients with diabetes.
• Angiogram to show location of peripheral arterial disease and potentially treat the disease at the same setting.

Surgical Procedures
• Revascularization utilizing either endovascular procedures or traditional bypass procedures can increase tissue perfusion and promote healing.29

VLU: venous leg ulcer; PAD: peripheral artery disease; ABI: ankle-brachial index; TBI: toe-brachial index; TCOM: transcutaneous oxygen measurement; CBC: complete blood count; 
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; CTA: computed tomography angiography

Table 7. New NPUAP pressure injury staging system ver-
sus current CMS pressure ulcer staging system 

NPUAP Definition of  
Level of Injury

CMS Terminology for 
Pressure Ulcer

Stage 1  pressure injury: 
Nonblanchable erythema of intact skin

Stage I pressure ulcer

Stage 2  pressure injury: 
Partial-thickness skin loss w/ exposed dermis

Stage II pressure ulcer

Stage 3  pressure injury: 
Full-thickness skin loss

Stage III pressure ulcer

Stage 4  pressure injury: 
Full-thickness skin and tissue loss

Stage IV pressure ulcer

Unstageable  pressure injury: 
Obscured full-thickness skin and tissue loss

Unstageable pressure ulcer 

Deep tissue  pressure injury: 
Persistent nonblanchable, deep red, 
maroon, or purple discoloration

Suspected deep tissue 
injury 

Medical device-related  pressure injury  NA

Mucosal membrane pressure injury  NA

NPUAP: National Pressure Ulcer Advisory Panel; CMS: Centers for Medicare and 
Medicaid Services; NA: not available

Table 8. Risk factors and major contributing causes of 
pressure ulcers/injuries

Pressure Ulcer/Injury
Risk factors • Immobility

• Lack of sensation
• Use of vasopressors
• Stroke
• Advanced age
• Low BMI (<20)36

• Multiple traumas
•  Prolonged surgery and/or pressure from diagnostic 

or therapeutic device
• Musculoskeletal disorders/fractures
• GI bleed 
•  Unstable and/or chronic medical conditions (eg, dia-

betes, renal disease, cancer, chronic obstructive pul-
monary disease, congestive heart failure, dementia)

• History of previous pressure ulcer/injury
• Preterm neonates
• Recent surgical patient with anesthesia >3 hours
• Moisture
• Increased temperature

Major 
contributing 
causes 

• Cellular deformation
•  Impaired blood supply and tissue ischemia resulting 

from prolonged pressure, friction, or shear

BMI: body mass index; GI: gastrointestinal 



S26     WOUNDS® SEPTEMBER 2017 woundsresearch.comSupported by Acelity.

Management of Chronic Wounds

easy to identify and early identification 
is important (Table 12). 

2. Patient and Wound Bed 
Preparation

Establish goal of wound treatment. Fol-
lowing diagnosis, and in tandem with 

addressing underlying factors, the goal 
of treatment should be determined be-
fore treatment starts. This can be partic-
ularly difficult in cases where the diag-
nosis is not definitive; eg, in 10% to 15% 
of chronic wounds, a combination of 2 
or more causes exists.23 The disease enti-

ties that usually underlie leg ulcerations, 
such as venous insufficiency, peripheral 
arterial disease, and diabetes mellitus, are 
associated with significant patient mor-
bidity and mortality. Detailed knowl-
edge of the clinical picture, pathogenesis, 
relevant diagnostic tests, treatment mo-
dalities, and differential diagnosis of leg 
ulcerations is essential in planning the 
optimal treatment strategy.

Importantly, evaluating wounds in 
terms of their ability to heal facilitates 
the development of more realistic ther-
apy goals and treatment plans. Clini-
cians need to ascertain if the underlying 
cause is treatable, if the blood supply is 
adequate, and if coexisting conditions 
(ie, ability to adhere to treatment and/
or sufficient resources) or drugs do not 
prevent healing. In addition, patients 
who are elderly, demented, and/or in 
hospice care may no longer be respon-
sive to curative treatment or able to en-
dure treatment. In all cases, wound care 
decisions should be made in the best 
interest and welfare of the patient. In 
some cases, this means switching to a 
palliative treatment plan, in which re-
lieving symptoms and compassionate 
care are primary goals. 

Patient-centered factors to address. Once 
the wound type and underlying factors 
have been properly identified, patient-
centered factors need to be addressed. 
Many patient-related factors can alter 
the normal healing characteristics of the 
skin. Age is a significant factor that can-
not be changed, but many factors pres-
ent in patients with nonhealing wounds 
may be modified. 

Diabetes management. Diabetes can im-
pact wound healing for all wound types 
and requires multidisciplinary manage-
ment to control mechanical, wound, 
microbiological, vascular, metabolic, and 
educational aspects of care.12 It is essen-
tial to quickly initiate a proper treatment 
plan for patients with diabetes. Achiev-
ing good metabolic control of blood 
glucose, insulin, lipids, and blood pres-
sure is important in each stage, as is edu-
cation about proper foot care. Patients 
should be taught to regularly check for 
open wounds or pressure points on their 
feet that could develop into a wound, 

Table 9. Typical characteristics of pressure ulcers/injuries

Pressure Ulcer/Injury
Sensation • Moderate, constant pain.37 

•  Increased pain with greater severity of ulcer.38

Typical location •  Skin overlying bony prominences such as malleoli, tro-
chanters, heels, or sacrum.

Exposure of deep structures •  Exposed or directly palpable fascia, muscle, tendon, liga-
ment, cartilage, or bone in Stage IV pressure ulcer/injury.

Wound appearance •  May be covered by slough and/or eschar in wound bed.
•  May have undermining or tunneling.
•  Rolled wound edges often present.
•  Base color varies depending on ulcer stage, from red-pink 

to slough/eschar cover.

Periwound • May be indurated, erythematous, macerated, or healthy.

Foot/leg temperature and pulses • Localized areas of heat or coolness.

Exudate and edema •  Exudate volume related to size of wound.
•  Edema may be indication of Stage I pressure ulcer/injury.

Table 11. Risk factors and major 
contributing causes of dehisced 
surgical wounds
Dehisced Surgical Wound
Risk factors • Age

• Diabetes
• Obesity
•  Trauma to wound 

postoperatively
• Smoking
• Radiation exposure
•  Liver, kidney, or heart disease
•  Chronic steroid or 

immunotherapy drug use
• Emergency surgery
• Malnutrition
• Weak immune system

Major 
contributing 
causes

• Subacute infection
•  Excessive tension on wound 

edges
• Poor surgical technique
•  Poorly perfused wound edges

Table 10. Laboratory tests and imaging studies that may assist in identifying 
and addressing underlying factors/complications of pressure ulcers/injuries
Lab Tests
• Complete blood count with differential
•  Erythrocyte sedimentation rate to help identify osteomyelitis
• Hemoglobin A1c
•  Tissue culture to help diagnose osteomyelitis and guide antibiotic treatment
•  C-reactive protein test to track inflammatory trends
•  Nutritional parameters (albumin, prealbumin, transferrin, serum protein) to help identify underly-

ing causes of impaired nutrition

Imaging Studies
•  Plain films first to diagnose underlying osteomyelitis
• Bone scan may help exclude osteomyelitis
•  Magnetic resonance imaging may be helpful in evaluating suspected pelvic osteomyelitis39

Table 12. Signs and symptoms of 
surgical wound dehiscence

Dehisced Surgical Wound
Appearance • Redness

• Induration 
•  Warmth around incision line
• Suture line separation

Sensation • Fever
•  Increased, sustained local-

ized pain

Location •  Any closed incision

Exudate •  Frothy or pus-filled
•  Surgical wound entry 

points that continue to 
bleed

Temperature •  Localized warmth may 
precede dehiscence

Edema •  Edema 
•  Swelling present
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especially if they experience diabetic 
neuropathy. This includes special con-
sideration as to whether the patient can 
view the bottom of their foot with reti-
nopathy and/or with a nonmobile ankle.

Obesity and nutrition management. 
Obese patients heal more slowly from 
their wounds and are at increased risk 
of experiencing complications (eg, in-
fection, seromas, incision dehiscence, 
and anastomotic leaks) during the 
wound healing process.40,41 Patients 
who are obese should be encouraged 
to record and reduce calorie intake, eat 
nutritiously, and exercise for weight loss. 
Obesity and its inherent risks in stalled 
wound healing should be considered 
when determining cost-effective treat-
ment strategies. Because of binge diets 
and poor food choices, obese patients 
are seldom well-nourished and should 
be assessed for nutritional deficiencies 
and treated as appropriate, but not dur-
ing the time they are trying to heal. 

Optimal nutrition is a key component 
in all phases of wound healing. The lat-
est consensus is that laboratory markers, 
such as albumin, prealbumin, and total 
protein, are not reliable by themselves 
but could be used to complement re-
sults from a thorough nutrition-focused 
physical examination.42 During the 
wound healing process, adequate intake 
of calories and protein are required to 
promote anabolism, nitrogen and colla-
gen synthesis, and healing.

Nicotine use. Nicotine from tobacco 
products has a short-term effect on the 
tissue microenvironment and a long-
term effect on inflammatory and repar-
ative cell functions, leading to delayed 
healing and complications.43 Patients 
should be warned of the relationship 
between nicotine and stalled wound 
healing, and counseled on the benefits 
of smoking cessation. Nicotine patches 
should not be used while wounds are 
still healing. The risk of nicotine use in 
slowing wound healing should be con-
sidered when determining cost-effec-
tive treatment strategies.

Osteomyelitis and/or uncontrolled infec-
tion. The literature recommends bone 
biopsy with histopathology examina-
tion and tissue culture for diagnosing 

osteomyelitis.44 Effective treatment of 
osteomyelitis is complex and generally 
requires a multidisciplinary team of ra-
diologists, vascular and orthopedic sur-
geons, infectious disease specialists, and 
wound care specialists. Proper cleans-
ing and debridement, as well as closely 
monitoring pain and swelling during 
wound healing, are keys in helping to 
identify infection and avoid the occur-
rence of osteomyelitis.

Circulation. A wound that contains 
profuse fibrotic or necrotic tissue or a 
wound with a dry desiccated appear-
ance may indicate impaired vascular 
perfusion. In such cases, effective revas-
cularization surgery may be necessary 
before initiation of any wound care 
treatment.45 However, consideration of 
the likelihood of healing before surgi-
cally creating a wound is necessary in a 
patient who is not a surgical candidate, 
terminally ill, cachexic, etc. Palpation of 
peripheral pulses should be a routine 
component of the physical examina-
tion and include assessment of the fem-
oral, popliteal, and pedal pulses.14 When 
available, Doppler ultrasound, ankle-
brachial index (ABI), and Doppler 
waveform may also be used. Interest-
ingly, CMS considers the ABI (which 
requires a Doppler) to be part of the 
comprehensive routine physical exam. 

If the patient does not have a pal-
pable pulse in any foot vessel, a formal 
ABI with pulse volume recordings (and 
toe pressures, if diabetic), transcutane-
ous oxygen tension studies, or possibly 
skin perfusion pressures (usually the best 
but least available option) should be ob-
tained.46 If ABI is < 0.7, toe-brachial in-
dex is < 0.4, transcutaneous oximetry is 
< 40 mm Hg, or skin perfusion pressure 
is < 30 mm Hg, the patient should be 
referred to a revascularization specialist. 

Incontinence. Teaching the patient 
strategies for managing incontinence 
through toileting programs, diet, pel-
vic-floor muscle training, clothing 
modification, and mobility aids can be 
effective in reducing the occurrence of 
incontinence-associated dermatitis.47,48 
Pressure ulcer/injury periwound area 
should be treated with skin barriers and 
cyanoacrylate in severe cases.48

Pain. Pain is common for patients with 
wounds. It arises from tissue damage (no-
ciceptive pain) or from dysfunction of 
the nervous system (neuropathic pain). 
However, chronic pain can result in va-
soconstriction and decreased perfusion, 
which ultimately delay wound healing.49 
Pain can be caused by the wound itself, 
interventions, or other wound pathol-
ogy. There are psychological and emo-
tional factors associated with living with 
a chronic wound that can intensify a pa-
tient’s pain perception, such as anxiety, 
stress, fear, family or cultural background, 
depression, wound malodor, or high lev-
els of exudate.50 It is important to per-
form regular pain assessments to monitor 
a patient’s pain over time. Accurate docu-
mentation of pain scores from a validated 
pain scale allow for reported pain trends 
to be tracked and addressed with appro-
priate interventions.

Anemia, exercise, psychosocial factors, 
medications, etc. There are several other 
patient-centered factors to consider, 
including anemia, lack of exercise, psy-
chosocial factors, and medications — 
all of which can delay wound healing. 
In the interest of brevity, these factors 
are not detailed in this manuscript, but 
are well-defined in the literature.51-53

Patient adherence to wound care plan. Ad-
herence to one’s plan of care is a major 
healing factor linked to outcomes. The 
World Health Organization reports the 
average patient nonadherence rate is 
50% among those living with chronic 
illnesses,54 which can include the prob-
lem of a chronic wound. Adherence re-
fers to the extent to which the patient’s 
behavior matches recommendations 
made by the prescriber55 and is meant 
to improve upon the definition of com-
pliance by emphasizing the need for the 
provider and the patient to reach an 
agreement.56 This involves consider-
ation of the patient’s potential function 
(What is ambulation potential?), life ex-
pectancy (How will the plan change the 
patient’s independence? What is the life 
expectancy?), and risk assessment (What 
risks are involved in aggressive versus 
conservative care?). According to panel 
members, patient adherence cannot be 
emphasized enough, because it has huge 
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implications in patient outcomes and 
controlling costs. 

Wound care professionals play a 
critical role in this process. Typically, 
patients would rather take on a more 
passive role if they are uncertain about 
their providers’ acceptance of their par-
ticipation. Patients will become more 
collaborative in efforts to participate 
if they are motivated by the provider56; 
likewise, a patient is more likely to ad-
here to a wound care plan if there is a 
sense of collaboration with the provid-
er as opposed to a one-sided conversa-
tion from the view of the provider.57 
Increased levels of patient participation 
can become more time-consuming for 
the provider, but it can also improve the 
appropriateness, safety, and outcome 
of care while reducing the number of 
complaints and the risk of litigation.58 
Achieving adherence from the patient 
involves multifaceted collaboration be-
tween health care providers and their 
patients in order to gain a mutual un-
derstanding of and implications associ-
ated with an agreed-upon plan of care. 

The provider’s approach needs to be 
patient-centered care to increase the 
patient’s willingness to share ideas and 

important patient-specific information, 
which providers can use to guide deci-
sion-making to address the unique chal-
lenges of that particular patient’s wound 
care process, including product selection. 
For example, a well-designed specialty 
product may initially cost more than a 
generic product, but the cost may be 
recovered through improved patient ad-
herence, more effective use of products, 
and improved healing rates. Restrictive 
formularies can limit access to the most 
appropriate treatment strategy and mag-
nify patient barriers to adherence.59 In 
this scenario, where patient adherence 
comes first, the practice of purchasing 
products based solely on “cost per item” 
may be counterproductive and can ul-
timately add to overall expenditures.60,61

A provider willing to communicate 
effectively with the patient is typically 
perceived as being more supportive by 
the patient. This simple perception of 
provider support has been shown to 
increase achievement of a positive out-
come by 100%.62 Roter et al63 studied 
the types of interventions most help-
ful in promoting patient adherence and 
determined that multifaceted interven-
tions combining cognitive, behavioral, 

and affective components were more 
effective than use of any single-focus 
intervention alone (Table 1363). 

Wound bed preparation for all chronic 
wound types. Wound bed preparation is 
the management of the wound to ac-
celerate endogenous healing or to fa-
cilitate the effectiveness of other thera-
peutic measures.6 There  is an emphasis 
on a systematic, holistic, interprofes-
sional team approach that addresses pa-
tient- and wound-centered concerns, 
which is consistent with all wound bed 
preparation approaches discussed dur-
ing the past decade.

The DIME approach, a well-estab-
lished guide to wound bed preparation, 
emphasizes the importance of optimiz-
ing Debridement, managing Infection 
and/or persistent Inflammation, and 
controlling Moisture balance before 
addressing the Edge effect for healable 
but stalled wounds.64 

Debridement. Regular debridement 
is the cornerstone for maintaining a 
healthy wound bed in most chronic 
wounds with a potential to heal. De-
briding a wound is defined as remov-
ing necrotic tissue, foreign material, 
senescent cells, and bacteria. The goal 
is to remove enough of the inhibitory 
factors so the wound can progress be-
yond the inflammatory stage toward 
healing. Clinicians may use 1 or sev-
eral methods to achieve and maintain 
a clean wound bed over the course 
of management. This usually involves 
repeated sharp debridement until the 
wound can sustain a healthy, function-
al wound bed. Table 1465-67 describes 
different methods of wound debride-
ment along with indications and con-
traindications for each method.

Infection. Microorganisms are pres-
ent in all chronic wounds. Traditionally, 
wound microbiology has been described 
in 3 phases: contamination (presence 
of organisms that are not multiplying), 
colonization (organisms multiplying 
without damaging tissue), and infection 
(multiplying organisms causing tissue 
damage and clinical signs of infection). 
The concept of “critical colonization” 
has been used to describe bacteria that 
are replicating within the wound and 

Table 13. Multifaceted interventions to help promote patient adherence to plan 
of care (adapted from Roter et al63)
Establishing Communication With the Patient
•  Initiate friendly discussion with patient to determine personal information (eg, family support 

network, job, home life, hobbies, and values) necessary to establish a plan with optimal potential 
for patient adherence

•  Establish agreement between provider and patient on the major goals of therapy and outcome
• Communicate the importance of patient participation in the plan of care

Patient Education 
• Discuss plan of care
• Reason for chosen plan of care
• Patient’s role in proper and timely execution of this plan of care
• How to report when there is a problem procuring ordered wound care supplies
•  Clear explanation of risks associated with not adhering to the agreed-upon wound healing strategy
• Overview of signs and symptoms of complications 
• Recommended processes for reporting concerns to the wound clinic team
• Having the patient review the instructions and ask questions or express concerns

Behavioral Intervention 
•  Review behaviors that work against the desired outcome and reasons for the behavior (eg, some 

patients lie on their pressure ulcers/injuries because they want to watch TV and can only see it 
when the head of the bed is up, or they cannot breathe lying down)

•  Discuss methods of leg elevation to control swelling, repositioning strategies, safe and proper 
ambulation, offloading, and nutritional support as appropriate

Affective Intervention
•  Help patients modify and/or accept their feelings related to having, treating, or requiring assis-

tance to treat their current wounds
•  Methods to reduce fear and enhance confidence to manage ordered care
•  Motivation for patients to achieve their healing potential
•  Neutralization of self-defeating attitudes to allow positive flow of energy and efforts focused on healing
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adversely affecting wound healing but 
not causing classical clinical symptoms 
of infection. However, recent consensus 
from the International Wound Infection 
Institute (IWII) authors recommended 
critical colonization be removed from the 
wound infection continuum due to lack 

of an objective definition or unanimous 
understanding of the term.68 Rather, the 
IWII proposed starting the order of the 
wound infection continuum with con-
tamination, then progressing to coloni-
zation, local infection, spreading infec-
tion, and systemic infection.

Current guidelines emphasize the 
importance of early recognition of skin 
and soft tissue infections, identifying the 
pathogen, and administering effective, 
timely treatment.69 A mild infection can 
rapidly progress to a limb-threatening 
infection if not treated appropriately. 

Table 14. Methods of debridement (adapted from Swezey65 and Baranoski and Ayello66)
Nonselective Debridement

Gradual removal of nonviable tissue that is generally not performed by a physician

Type/Description Method Considerations Indications Contraindications
Mechanical
Removal of necrotic 
tissue and debris us-
ing mechanical force 

•  Wet-to-dry dressings: 
moist gauze dressing 
placed in contact with 
necrotic tissue, allowed to 
dry, and then removed

•  Pulsed lavage: pulsating 
irrigation combined with 
suction

•  Abrasion: using gauze or 
a monofilament pad

•  Easy to perform and relatively 
fast

•  Can be painful
•  Frequent dressing changes can 

be labor-intensive
•  Can damage healthy granulation 

tissue in wound bed and at 
margins

•  Large/cavity wounds
•  Presence of extensive 

necrotic tissue, vary-
ing levels of exudate 
and bioburden

•  Nonsurgical candi-
dates

•  Clean granulating wounds
• Painful wounds
•  Friable or bleeding wounds

Selective Debridement
Removal of nonviable tissue only without affecting healthy tissues

Type/Description Method Considerations Indications Contraindications
Autolytic
Uses the body’s own 
natural healing pro-
cesses, endogenous 
enzymes, and mois-
ture to break down 
dead and devitalized 
tissue

•  Naturally performed by 
the body; usually facili-
tated through advanced 
wound dressings

•  If no improvement in 
wound bed noted within 
2 weeks, another method 
may be indicated67

•  Safest and easiest method 
•  Process takes weeks
•  Less frequent dressing changes
•  Decreased or minimal risk of 

infection
•  Performed in any setting
•  Risk of periwound maceration

•  Need for minor 
to moderate 
debridement

• Managing bioburden
• Painful wounds

•  Deep, extensive wounds
•  Presence of exposed support-

ing structures
•  Immunocompromised, 

malnourished, or neutropenic 
patients

•  Management of infected wounds 
depends on dressing type

Enzymatic
Uses chemical agents 
or exogenous en-
zymes to break down 
necrotic tissue

•  Requires prescription 
ointment that is applied 
daily with a moist second-
ary dressing

•  Decreases wound trauma
•  Safe and easy to use
•  Requires 1–2 daily dressing 

changes
•  Selective for nonviable tissue only
•  Can be costly

• Nonsurgical
•  Immunocompromised 

or neutropenic 
patients

•  Clean wounds
•  Allergy to ointment ingredients

Biological
Use of maggot larvae 
to disrupt necrotic 
tissue via their move-
ment, tissue ingestion, 
and enzyme secretion 
that degrade necrotic 
tissues and reduce 
bioburden

•  Uses medical-grade mag-
gots that can be placed 
directly in the wound and 
allowed to move about 
freely or are applied in a 
containment pouch and 
left in place for 3–4 days

•  Speeds up debridement 
•  Cost effective
•  Dressings changed every 2–3 days
•  Requires an absorbent, 

breathable dressing
•  As maggots grow in size, they 

move around more and can 
cause pain, anxiety, and distress 

•  Can be used in a 
variety of wound 
types and locations

•  Infected wounds

•  Ischemic wounds or arterial 
insufficiency

•  Wound with deep tracking and 
extensive undermining

•  Painful or bleeding wounds

Excisional Debridement
Involves the use of a sharp instrument to remove tissue at the wound margin or at the wound base until viable tissue is removed;  

usually coded based on the deepest layer of viable tissue removed

Type/Description Method Considerations Indications Contraindications
Sharp
Scalpel, scissors, and/
or curette is used to 
remove devitalized 
tissue and unhealthy 
wound edges

•  Sometimes the wound 
is unburdened and not 
fully debrided to a bloody 
base

•  May use other adjunctive 
methods (eg, hydrosurgi-
cal, ultrasound, or laser 
debridement)

• Rapid results
• Can be performed at bedside
•  Uses special equipment and 

materials
•  Provider must be licensed
•  Usually requires local anesthetic
• Risk of bleeding

•  Wounds of varying 
size, depth, location, 
and amounts of 
devitalized tissue

•  Wounds with 
unhealthy wound 
edges

• Infected wounds

•  Malignant wounds
•  Bleeding/clotting abnormalities
•  Ischemic wounds
•  Caution with hand or facial 

wounds and immunocompro-
mised patients

Surgical
Scalpel, scissors, and/
or curette is used 
to remove devital-
ized tissue in the 
operating room under 
anesthesia

•  May use other adjunctive 
methods (eg, hydrosurgi-
cal, ultrasound, or laser 
debridement)

•  Urgent need for debridement
• Rapid results
• Most invasive method
• More costly
•  Higher risks associated with 

surgery

•  Infected or unstable 
wounds

•  Large, heavily necrotic 
wounds

•  Nonsurgical candidate
•  Bleeding/clotting abnormalities
•  Ischemic or malignant wounds
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Table 15. Criteria for infection by wound type (adapted from Cutting and White74)

Diabetic Foot 
Ulcers

Venous Leg 
Ulcers

Arterial 
Insufficiency 
Ulcers

Pressure Ulcers/
Injuries

Surgical Wounds 
Primarily Closed

Surgical Wounds 
Healing by Secondary 
Intention

•  Fever and other 
systemic signs

• Heat 
• Swelling
• Erythema
• Lymphangitis
• Malodor 
• Osteomyelitis
• Pain
•  Crepitus with cel-

lulitis
• Cellulitis
•  Sinus tract forma-

tion
• Probing to bone

• Discoloration
 -  Dull brick-red 

(beta-haemolyt-
ic streptococci)

 -  Blue-green 
(Pseudomonas 
aeruginosa)

•  Increased serous 
exudate

• Delayed healing
•  Change in the 

nature of pain
• Cellulitis

• Turgor
• Heat
•  Erythema or bluish 

purple peri-ulcer 
soft tissues

• Increased exudate
• Malodor
•  Graft rejection
•  Pain 
•  Palpable crepitus 

from gas in soft 
tissues

• Discoloration
• Erythema
•  Increase in exudate 

volume
•  Increase in slough or 

eschar
•   Increase in wound 

size
•  Tunneling and/or 

undermining
• Abnormal smell
• Delayed healing
•  Pain/tenderness 

(change in nature of 
pain)

• Edema

• Discoloration
• Abscess
•  Discharge (serous 

exudate with inflam-
mation, seropurulent, 
hemopurulent, pus)

• Abnormal smell
• Delayed healing
•  Unexpected pain/

tenderness
• Cellulitis
•  Bridging of the epi-

thelium or soft tissue
• Wound breakdown

• Discoloration
• Heat
• Abscess/pus
•  Discharge (serous exudate 

with inflammation, seropu-
rulent, hemopurulent, pus)

•  Abnormal smell
•  Friable granulation tissue 

that bleeds easily
• Delayed healing
•  Unexpected pain/tenderness
• Edema
• Cellulitis
•  Bridging of epithelium or 

soft tissue
•  Wound breakdown
•  Pocketing at the wound 

base

Figure 2. Infected wound versus noninfectious, chronically inflamed wound.

Always Caused by 
Microorganisms

Cellulitis Response to Various Local 
and Systemic Factors

InflammationInfection

Little to No Benefit from 
Infection Management

Pain

Induration

Delayed Healing

Persistent or 
Increasing 

Exudate

Suboptimal 
Granulation 

Tissue (Spongy or 
Friable)

Table 16. Criteria for regular wound assessment
• Surface area size and depth
• Presence of sinus tracts or probing to bone
• Tunneling and undermining
• Exposed structures
• Type and amount of granulation tissue
• Amount of fibrotic or dysvascular tissue

• Type and color of slough and/or devitalized tissue
• Amount and type of exudate
• Wound edge description; areas of nonviable tissue surrounding wound
• Periwound area description
• Epithelial tissue description
• Signs of infection (erythema, edema, odor, or increased warmth)
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The severity of the infection can range 
from superficial cellulitis to a deep ab-
scess or necrotizing fasciitis with system-
ic toxicity. Bacteria can delay healing in 
a chronic wound through superficial or 
deep tissue damage. 

Biofilm. It is well established that bio-
films are prevalent in chronic wounds,70 
and they are likely a major contributor 
to diseases characterized by an underly-
ing bacterial infection and chronic in-
flammation.71,72 Biofilm is a structured 
community of microbial cells enclosed in 
a polymeric matrix and adherent to natu-
ral or artificial surfaces or to themselves. 
Bacteria have a natural tendency to exist 
in a biofilm phenotype versus a plank-
tonic state by virtue of the matrix of fi-
bers that surround bacterial cells, encour-
aging adherence to surfaces and other 
cells. Biofilms appear to stimulate inflam-
mation, which increases vascular perme-
ability, production of wound exudate, and 
accumulation of fibrin slough.73 Slough 
may indicate the presence of biofilm in 
a wound; however, such a link between 
slough and biofilm in chronic wounds 
has yet to be fully defined. 

Clinical signs of infection. Classic signs 
of wound infection are pain, localized 
erythema, induration, edema, warmth, 
fever, foul odor, and purulent drain-
age. Often overlooked, however, are the 
subtle secondary signs and symptoms of 
chronic wound infections that occur at 
least as often as classic signs. Second-
ary signs include pocketing at the base 
of the wound, increased serous drain-
age, discoloration of granulation tissue, 
friable/bleeding granulation tissue, and 
increased wound breakdown. It is im-
portant to note that many patients may 
not exhibit these signs, especially the 
elderly, who may experience confu-
sion, apathy, and anorexia. In addition, 
there are no specific clinical signs that 
clearly point to biofilm involvement in 
a wound that can impair healing.

Obvious signs, such as purulent dis-
charge and spreading erythema, are 
generally recognized as diagnostic signs 
of infection. However, these charac-
teristics are often not present in early 
stages when diagnosis is important for 
treatment. Subtle signs that may indi-

cate the onset of infection have been 
proposed by Cutting and White74 (Ta-
ble 15). This identification of signs and 
symptoms of infection based on wound 
type may provide a more accurate set of 
clinical criteria.

Specific types of infections (ie, cel-
lulitis and osteomyelitis) comprise their 
own set of challenges. A patient with 
diabetes or conditions that compromise 
function of the immune system are 
particularly at risk of developing cellu-
litis. The diagnosis of osteomyelitis is an 
important aspect of chronic wound as-
sessment, and DFUs are the most likely 
to develop underlying osteomyelitis. 
Prolonged ulcer duration and increased 
size also contribute to the likelihood 
that the ulcer will be complicated by 
osteomyelitis.52 

Inflammation. Chronic inflammation, 
whether in response to local or sys-
temic factors, has the ability to rapidly 
degrade growth factors and extracel-
lular matrix, which can stall wound 
healing. It can be difficult to differen-
tiate between an infected wound and 
a noninfected wound with persistent 
inflammation (Figure 2). Inflamma-
tion may occur secondary to infection, 
tumors, physical trauma, or other local 
or diffuse conditions, whereas infection 
is always caused by microorganisms. 
Noninfectious, chronically inflamed 
wounds typically do not benefit from 
anti-infection therapy, whereas they do 
benefit from therapies that help reduce 
matrix metalloproteinase levels. Non-
infectious, persistent inflammation can 
be treated with topical and/or systemic 
anti-inflammatory drugs. Use of topi-
cal growth factor therapy in an inflam-
matory wound environment has shown 
limited effect.75 Cellular- and tissue-
based grafts, including epidermal skin 
grafts, are also more likely to fail when 
there are excessive protease levels in the 
wound bed. 

Moisture balance. Maintaining optimal 
moisture balance in the wound bed is 
known to significantly improve heal-
ing. Moisture control involves manage-
ment of exudate. While a moist, versus 
dry, wound bed is known to positively 
affect wound healing, excess exudate 

may cause maceration, which can stall 
wound healing. Chronic wound fluid 
contains substances that are harmful 
to cell proliferation,76 and maintain-
ing contact between a chronic wound 
and its exudate is likely to stall wound 
healing. Therefore, excess exudate must 
be managed to minimize the negative 
biochemical factors. A wide range of 
dressings and therapies are available to 
help manage moisture levels in wounds.

Wound edge. A rolled or “cliff-like” 
appearance of the edge of a wound 
may be the most sensitive indica-
tor of a poorly prepared wound bed.8 
It is when the epidermal margins of 
a wound fail to migrate across a firm 
and level granulation base, in contrast 
to the tapered edges and peripheral rim 
of new purple epithelium of a healing 
wound. The edge of the wound will not 
reepithelialize unless the wound bed is 
well prepared.8 Therefore, all other as-
pects of wound bed preparation need 
to be revisited to ensure wound healing 
is optimized. There are numerous rea-
sons epidermal margins fail to migrate, 
including hypoxia, infection, shear, ten-
sion, desiccation, dressing trauma, hy-
perkeratosis, and callus at the wound 
margin, as well as a wound bed that is 
fibrinous, lacking adhesion proteins, or 
highly proteolytic.77 

3. Treatment 
Criteria-guided chronic wound treatment

After patient-centered concerns and 
underlying pathologies have been ad-
dressed and the wound bed has been 
adequately prepared, a treatment plan 
can be determined based on wound- 
and patient-specific criteria. 

Wound assessment criteria. Several 
wound-specific assessment criteria have 
been established in the literature to help 
guide treatment decisions (Table 16). 

Wound therapy treatment based on fun-
damental wound characteristics. The tissue 
present at the base of the wound can 
provide key information regarding vas-
cularity and the possible presence of in-
fection. Ideally, a healthy, well-perfused 
wound demonstrates a red granular bed 
that bleeds well with debridement.45 
Once these criteria are assessed, wound 
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Table 17. Wound therapy interventions based on fundamental wound characteristics 

B/Y/R/C Black Yellow Red

Closed Wound 
or Skin At 
Risk

Wound  
appearance Dry Wet 100% slough

Mixed  
yellow-red

Deep red 
granular

Shallow 
red-pink Hypergranular

Early signs of 
injury or redness 
with no open skin

Wound bed 
description

Dry black 
eschar; may 
be thick, thin, 
raised, or 
flush at skin 
level; edges 
may be 
adherent or 
slightly lifted

Black, brown, 
or gray soft 
adherent 
eschar; may 
be boggy, 
mushy, or 
fluctuant; 
may have 
heavy biobur-
den/infection 

Stringy, loose, or 
adherent slough 
that may be yel-
low, white, gray, 
or tan; may 
have moderate 
to heavy biobur-
den/infection 

Granular or 
hypergranular 
tissue with 
slough present 
to wound that 
may be yellow, 
white, gray, 
tan; may have 
light to heavy 
bioburden/ 
infection 

Granulation  
tissue present 

Partial thickness 
with shallow 
pink ulcer; full 
thickness with 
shallow red 
granulation

Friable red, soft, 
shiny, edema-
tous granular 
tissue

Blanchable or 
nonblanchable 
redness, closed 
blisters (serum- 
or blood-filled); 
closed purple 
bruise, unusual 
discoloration, 
yellow callus; 
cellulitis with no 
wound

Depth Unknown Unknown Full thick-
ness, may 
have exposed 
structures; 
exposed bone 
may indicate 
osteomyelitis

Full thickness, 
may have 
exposed 
structures; 
exposed bone 
may indicate 
osteomyelitis

Full thickness; 
may have 
exposed struc-
tures

Partial or full 
thickness; may 
have exposed 
structures

Superficial at/
above skin 
level; usually full-
thickness wound

None; skin should 
be closed

Exudate None to 
minimal

Minimal to 
heavy

Minimal to 
heavy

Minimal to 
heavy

Minimal to 
heavy

Minimal to 
moderate

Scant to minimal None; may have 
MASD or very dry 
skin

Goal of 
therapy

Protect; 
minimize 
bioburden; 
keep dry; 
consider
debride-
menta

Protect; 
minimize bio-
burden; man-
age exudate; 
consider 
debridementa

Protect; mini-
mize bioburden; 
manage exu-
date; fill dead 
space; consider 
debridementa

Protect; mini-
mize biobur-
den; manage 
exudate; fill 
dead space; 
consider de-
bridementa

Protect; mini-
mize bioburden; 
fill dead space; 
manage exu-
date; promote 
granulation

Protect; 
minimize biobur-
den; manage 
moisture bal-
ance; promote 
granulation or 
epithelialization

Minimize bio-
burden; reduce 
wound trauma; 
manage exu-
date; consider 
debridementa

Frequent assess-
ment; prevent 
further injury; pro-
tect area; medical 
consult for pre-
scription topical 
treatments

Suggested 
primary 
dressingb

•  Povidone-
iodine paint 
(unless 
contra-

   indicated)78

•  Hydrogelc
•  Cadexomer 

iodine
•  Hypertonic 

saline gel
•  Antiseptic 

solution-
moistened 
gauze 
dressing

•  Hypertonic 
saline-im-
pregnated 
gauze

•  Calcium 
alginatec

•  Hydrofiberc

•  Hydrogelc
•  Manuka 

honey-based 
dressing

•  Antiseptic 
solution-moist-
ened gauze 
dressing

•  Hypertonic 
saline gel

•  Hypertonic 
saline-impreg-
nated gauze

•  Calcium algi-
natec

•  Hydrofiberc

•  NPWT with 
instillationc

•  Hydrogelc
•  Manuka 

honey-
based 
dressing

•  Antiseptic 
dye-impreg-
nated foam

•  Calcium 
alginatec

•  Hydrofiberc

•  NPWT with 
or without 
instillationc

•  Hydrogelc
•  Manuka 

honey-based 
dressing

•  Antiseptic dye-
impregnated 
foam

•  Calcium algi-
natec

•  Hydrofiberc

•  Collagenc

•  NPWT with or 
without instil-
lationc

•  Transparent 
film

•  Acrylic dressing
•  Hydrocolloid
•  Hydrophillic 

zinc paste
•  Hydrogelc
•  Manuka honey-

based dressing
•  Antiseptic dye-

impregnated 
foam

•  Calcium algi-
natec

•  Hydrofiberc

•  Collagenc

•  Antiseptic dye-
impregnated 
foam

•  Calcium algi-
nate with silver

•  Consider medi-
cal consult for 
prescription 
topical treat-
ments

•  Lotion
•  Protective bar-

rier cream
•  Antifungal bar-

rier cream
•  Offloading de-

vice or support 
surface

•  Liquid skin 
protectant

•  Hydrocolloid
•  Multilayer soft 

silicone foam

Suggested 
secondary 
dressingb

•  Open to air 
if surgical 
adhesive 
present

•  May cover 
with gauze 
dressing

•  Avoid 
occlusive 
dressings

•  Gauze
•  Bulky gauze 

pad
•  Foam
•  Super 

absorbent 
dressing

•  Gauze
•  Bulky gauze 

pad
•  Foam
•  Super absor-

bent dressing

•  Gauze
•  Bulky gauze 

pad
•  Foam
•  Super 

absorbent 
dressing

•  Gauze
•  Bulky gauze 

pad
•  Foam
•  Super absor-

bent dressing

•  Some primary 
dressings do 
not need 
secondary 
dressings

•  Hydrocolloid
• Gauze
•  Nonadherent 

gauze pad
•  Bulky gauze pad
•  Foam
•  Super absor-

bent dressing

•  Foam
•  Gauze
•  Tube secure-

ment device 
(if caused by 
tube)

NA

a  Debridement methods include enzymatic and biodebridement, which require a prescription, conservative sharp excisional or surgical sharp excisional, and a trained registered nurse 
(RN), advanced practice nurse, physician’s assistant, or medical doctor to perform. (Ability for RNs to perform debridement varies by state regulations, institutional policy, and advanced 
certification and training.) 

b  In order from lowest to highest exudate management.
c  Consider silver (Ag) version of product if wound is infected. Silver is indicated in wounds that are prone to infection, occur in patients prone to infection, and/or actively infected (and also 

receiving systemic antibiotic treatment). Use precaution with dry wounds; dressings may need moisture for activation/release of silver and moistening may be necessary.

MASD: moisture-associated skin damage; NPWT: negative pressure wound therapy; NA: not available
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healing interventions can be chosen. 
The practitioner should thoroughly 
explain the plan of care to the patient 
and caregiver(s) and emphasize the im-
portance of adherence. 

The goals of choosing an appropri-
ate dressing are to decrease healing time, 
provide cost-effective care, and improve 
patient quality of life. With thousands 
of wound dressings and therapies avail-
able, the dressing selection process can 
be challenging for clinicians. In addition, 
chronic wounds are frequently dynamic 
in presentation. Panel members stressed 
the importance of basing wound treat-
ment decisions on the fundamental 
characteristics of each wound. They ac-
knowledged that dressing and therapy 
options for chronic wounds are often 
limited by numerous factors, including 
the care setting, distributor agreements, 
economic and reimbursement restric-
tions, and patient noncompliance. De-
spite these limitations, panel members 

produced a general checklist of treat-
ment strategies for chronic wounds, 
based on understood evidence of wound 
characteristics (Table 1778). Table 18 
further classifies primary and secondary 
dressing types according to the level of 
exudate management required.

Critical adjunctive therapies for wound 
healing and prevention

Compression. Compression therapy 
via bandaging is the cornerstone of 
managing VLUs in the absence of sig-
nificant arterial disease.79 The degree 
of compression, if any, is limited in pa-
tients who have mixed-etiology ulcers. 
There is strong evidence that compres-
sion bandaging facilitates faster healing 
of VLUs compared with no compres-
sion.80 For effective compression, it is 
important to achieve the appropriate 
sub-bandage pressure using the correct 
techniques and appropriate materials. 
However, evidence suggests some com-

pression is better than no compression 
in the management of VLUs and the 
swollen extremity.81 Multilayer elastic 
systems may be superior versus non-
elastic systems, and high compression 
is better than low compression in im-
proving VLU healing rates.80

Compression is contraindicated 
in decompensated chronic conges-
tive heart failure, but once therapy is 
started and the patient does not have 
pulmonary edema, compression can 
be safely used.81,82 In patients with pe-
ripheral vascular disease, compression 
can be used if the appropriate com-
pression bandage is selected and care 
is utilized. Removal of edema fluid 
in an ischemic extremity increases 
blood flow to the entire limb, includ-
ing the toes.83-85 Careful compression 
can be used in patients with an ABI as 
low as 0.5. Table 1977,86 lists recom-
mended pressures for achieving effec-
tive compression.

Table 18. Primary and secondary wound care dressing selection based on exudate level 
Appropriate for:

Dry wounds Minimal exudate Moderate exudate Heavy exudate 

Primary dressings

Hydrocolloid X X

Hydrogel (neutral, silver, iodine, or hypertonic saline-based) X X

Manuka honey-based hydrocolloid X X

Manuka honey-based gel X X

Transparent film or acrylic dressing X

Hydrophilic zinc paste dressing X X

Antiseptic dye-impregnated foam X X

Negative pressure wound therapy X X X

Manuka honey-based dressing X X

Antiseptic solution-moistened gauze dressing X

Hypertonic saline-impregnated gauze X X

Calcium alginate X X

Hydrofiber dressing X X

Collagen X X

Collagen/oxidized regenerated cellulose X X

Secondary dressings

Hydrophilic zinc paste X X

Hydrocolloids X

Nonadherent gauze pad X X

Gauze X X X X

Bulky gauze pad X X X X

Foam X X X X

Super absorbent dressing X X
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Offloading. The present tenet for 
treating and preventing DFUs is the 
redistribution of pressure, particularly 
in cases of neuropathy. Reducing re-
petitive trauma is essential to promote 
proper healing of plantar foot ulcers. 
There are several available methods of 
offloading but the current gold stan-
dard is total contact cast,87 which has 
proven effective in treating the major-
ity of noninfected, nonischemic plan-
tar DFUs; healing rates range from 
72% to 100% over an average course 
of 5 to 7 weeks.88-90 Examination of 
the tissue surrounding the wound 
can determine the effectiveness of a 
wound offloading protocol. Presence 
of thick, hyperkeratotic tissue around 
the wound may indicate inadequate 
pressure offloading. 
Assessing the wound for healing progress

Key areas of assessment. Measuring the 
size of the wound at the start of treat-
ment is viewed as best practice to en-
able accurate assessment of the impact 
of a clinician’s intervention.92 Adjusting 
the wound care plan is recommended 
if there has been < 50% change in 
wound size in 4 weeks, or if the wound 
has stalled or not changed in a 2-week 
time period.67,93 Wound-specific as-
sessment criteria in Table 16 are in-
dices of wound healing that are most 
appropriate to monitor outcomes in 
clinical practice. An updated classifica-
tion system based on 3 major factors 
— wound, ischemia, and foot infection 
grades — has been proposed to analyze 
a patient’s lower extremity amputation 
risk and evaluate the effectiveness of a 
particular clinical management strategy 
over time.94 There are several wound 
signs and symptoms (Table 2094,95) that 
may indicate a need for referral to a 
specialist and/or emergency room visit.

4. Follow-up to Help Prevent 
Recurrence

The health of people with chronic 
wounds is typically compromised, which 
creates a high risk of wound recurrence. 
Upon healing any wound, the clinician 
needs to ask the question: What will cause 
the wound to recur and is there anything 
I can do to prevent it? Table 2196-99 in-

Table 19. Recommendations for applying effective compression77,86

ABI Bandage Sub-bandage pressure (mm Hg)
≥0.8 4-layer 35-40

0.7 2-layer 17-25

0.6 2-layer 17-25

<0.5 Only with medical supervision —

ABI: ankle-brachial index

Table 20. Wound signs and symptoms that may indicate need for referral to 
specialist and/or ER
•  Severe (grade 4) foot infection (local infection with erythema with signs of 2 or more of the following: 

temp >38°C or <36°C; HR>90 BPM; RR>20/min or PaCO2<32 mm Hg; SBC>12 000 or <4000 cc/mm)95

•  Grade 3 ischemia (ABI ≤0.39; ASP <50 mm Hg; TP, TcPO2<30 mm Hg)94 
•  Inability to comply with treatment
•  Significant change over 24–48 hours
•  Severe change in wound pain 
•  Foreign body not previously identified 
•  Deteriorating flap or graft
•  Worsening foul smell from the wound
•  Change in color and temp of extremity 
•  Exposed organ not previously exposed
•  Fever, chills, or flu-like symptoms
•  Wound bed discoloration from usual color to black
•  New or worsening redness around the wound 

ER: emergency room; temp: temperature; HR: heart rate; BPM: beats per minute; RR: resting rate; PaCO2: partial 
pressures of carbon dioxide; SBC: straw blood cell; ABI: ankle-brachial index; ASP: ankle systolic pressure; TP: total 
protein; TcPO2: transcutaneous oximetry

Table 21. Recommendations for follow-up care to help prevent chronic wound 
recurrence

Diabetic Foot Ulcer Pressure Ulcer/Injury
•  Control diabetes.
•  Encourage the use of suitable footwear, 

including specialty footwear if needed.
•  Ongoing podiatry to remove excess callus 

and provide nail care.
•  Educate the patient to promote healthy foot 

care and footwear habits.
•  Regular assessment: 

•  Identify critically ischemic foot.
•  Detect and manage deformities, callus, 

skin cracks, and discoloration.
•  Simple sensory test such as monofilament 

sensory test under the great toe (inability to 
detect ≥10 g indicates risk of foot ulceration).

•  Examine dorsalis pedis and posterior 
tibial pulses.

•  Assess ankle reflex.
•  Look for active lesions (ie, hidden between 

toes) and treat immediately.

• Reposition patient according to risk.
•  Use position-assist devices (eg, wedges to offload 

and hold patient in desired position); lying right on 
the patient’s side increases risk of ulcers on the hip. 

•  Restrict chair sitting to <2 hours for at-risk patients.
•  Teach patients how to lift themselves (if able) 

every few minutes to relieve pressure and 
emphasize the importance of this technique in 
preventing another ulcer.

•  Consider use of pressure redistribution cushion/mat-
tress for patients who cannot move on their own.

•  Utilize heel protection devices.
•  Use heel offloading devices (boots), as pillows 

collapse under the weight of the leg.
•  Prevent and treat incontinence-associated 

dermatitis.
•  Increase intake of protein and calories.
•  Use multilayer silicone foam dressings to pre-

vent pressure and shear.

Arterial Insufficiency Ulcer Venous Leg Ulcer
•  Assure adequate blood flow to the extremity.
•  Early referral to a vascular interventionist 

specializing in peripheral vascular disease (ie, 
vascular surgery, interventional cardiology, or 
radiology). Aggressive management of patients 
with peripheral arterial occlusive disease: 
evaluate for medical treatment with antiplatelet 
drugs, beta blockers, statin therapy, and 
angiotensin-converting enzyme inhibitors.

•  Regular lower extremity protection and 
assessment (prevention of trauma to legs 
and feet).

•  Diabetes control.
•  Encourage increased exercise.
•  Smoking cessation.
•  Self-care education.96

•  Reduce pressure in the venous system of the 
lower limbs.

•  Control obesity (via nutritional education and 
support).

•  Long-term application of below-the-knee gradu-
ated compression stockings.97

•  Exercise, regular leg elevation, and lifestyle 
modifications such as weight loss and diet 
modification.98 

•  Conservative hemodynamic correction may be 
very effective with fewer adverse effects than 
venous stripping.99

•  Surgical ablation of superficial and/or perforat-
ing veins.

•  Blocking any incompetent veins by injecting 
solutions.
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cludes literature-based recommendations 
for follow-up care after healing to help 
prevent chronic wound recurrence.

Conclusion
A holistic methodology of patient 

and wound assessment, treatment of 
patient- and wound-centered con-
cerns, and follow-up should be adhered 
to for all chronic wounds, regardless of 
wound type. Early and accurate wound 
diagnosis is the first key step in de-
termining the appropriate subsequent 
steps for treatment of a chronic wound. 
Yet making a correct diagnosis can be 
difficult due to potential involvement 
of numerous patient comorbidities and 
etiologies. A thorough assessment of es-
tablished patient- and wound-centered 
criteria reinforced by laboratory and 
diagnostic testing typically leads to an 
accurate diagnosis. 

Once the chronic wound type and 
underlying factors have been identi-
fied, patient-centered factors need to 
be addressed. Patient-centered factors 
including nutrition, diabetes manage-
ment, obesity management, nicotine 
use, uncontrolled infection, circulation, 
incontinence, pain, anemia, medica-
tions, and psychosocial factors can all 
impede healing and need to be ad-
dressed for successful treatment. In ad-
dition, a realistic goal of wound treat-
ment centered around the healability 
of the wound should be determined 
prior to the start of treatment. Chronic 
wound bed preparation prior to dress-
ing or therapy application is a well-
established, evidence-based principle 
of wound care. It involves appropriate 
debridement, managing infection and 
persistent inflammation, moisture bal-
ance, and optimizing the wound edge.

After patient-centered concerns and 
underlying pathologies have been ad-
dressed and the wound bed has been 
adequately prepared, a treatment plan 
can be determined based on wound-
specific criteria. Patient adherence to 
the plan of care is strongly linked to 
outcomes, and wound care profession-
als play a critical role in this process. 
A care plan to achieve wound man-
agement goals should be agreed upon 

between the wound care provider 
and patient; the plan should be practi-
cal, considering the patient’s potential 
function, care setting, life expectancy, 
and risk assessment. A patient is more 
likely to adhere to the plan of care if 
the provider is willing to put in extra 
time and effort for 2-way communica-
tion with the patient.

Wound treatment decisions must be 
based on the fundamental characteristics 
of each wound. Even while dressings 
or therapies are applied to the wound, 
ongoing attention to underlying factors 
(offloading of DFUs and compression 
with VLUs) may have a greater effect on 
wound healing than the dressing itself. 
Once treatment has started, wound as-
sessment should be performed regu-
larly to determine wound healing prog-
ress. Adjusting the care plan should be 
considered if there is < 50% change in 
wound size in 4 weeks or the wound 
has stalled or not changed in a 2-week 
time period. Once a chronic wound has 
healed, there is often a high likelihood 
of recurrence. Long-term proactive fol-
low-up to address risks that could lead 
to recurrence is a critical final compo-
nent in the holistic wound and patient 
management cycle. n  

Acknowledgements
The authors thank Ricardo Martinez 

and Karen Beach (Acelity, San Antonio, 
TX) for their assistance with manu-
script preparation.

References
1. Gottrup F. A specialized wound-healing center concept: 

importance of a multidisciplinary department structure 
and surgical treatment facilities in the treatment of chronic 
wounds. Am J Surg. 2004;187(5A):38S–43S.

2. Mustoe T. Understanding chronic wounds: a unifying hy-
pothesis on their pathogenesis and implications for therapy. 
Am J Surg. 2004;187(5A):65S–70S.

3. Sen CK, Gordillo GM, Roy S, et al. Human skin wounds: 
a major and snowballing threat to public health and the 
economy. Wound Repair Regen. 2009;17(6):763–771.

4. Fife CE, Schaum KD. Now available: wound care-related 
quality measures. Adv Skin Wound Care. 2014;27(9):391–395.

5. Fife CE, Carter MJ, Walker D, Thomson B. Wound care 
outcomes and associated cost among patients treated in 
US outpatient wound centers: data from the US Wound 
Registry. Wounds. 2012;24(1):10–17.

6. Schultz GS, Sibbald RG, Falanga V, et al. Wound bed 
preparation: a systematic approach to wound management. 
Wound Repair Regen. 2003;11(Suppl 1):S1–S28.

7. Harries RL, Bosanquet DC, Harding KG. Wound 
bed preparation: TIME for an update. Int Wound J. 
2016;13(Suppl 3):8–14.

8. Schultz G, Dowsett C. Technology update: wound bed 
preparation revisited. Wounds Int. 2012;3(1):25–29.

9. Pecoraro RE, Reiber GE, Burgess EM. Pathways to dia-
betic limb amputation. Basis for prevention. Diabetes Care. 
1990;13(5):513–521.

10. Oyibo SO, Jude EB, Voyatzoglou D, Boulton AJM. Clini-
cal characteristics of patients with diabetic foot problems: 
changing patterns of foot ulcer presentation. Practical Dia-
betes Int. 2002;19:10–12.

11. Pendsey SP. Understanding diabetic foot. Int J Diabetes Dev 
Ctries. 2010;30(2):75–79.

12. Edmonds ME, Foster AV. Diabetic foot ulcers. BMJ. 
2006;332(7538):407–410.

13. Parisi MC, Moura Neto A, Menezes FH, et al. Baseline 
characteristics and risk factors for ulcer, amputation and 
severe neuropathy in diabetic foot at risk: the BRAZUPA 
study. Diabetol Metab Syndr. 2016;8:25.

14. Chadwick P, Edmonds M, McCardle J, Armstrong D. Best 
practice guidelines: wound management in diabetic foot 
ulcers. Wounds Int. 2013;1–23.

15. Potier L, Abi Khalil C, Mohammedi K, Roussel R. Use 
and utility of ankle brachial index in patients with diabetes 
[published online ahead of print November 20, 2010]. Eur 
J Vasc Endovasc Surg. 2011;41(1):110–116.

16. Alexiadou K, Doupis J. Management of diabetic foot ul-
cers [published online ahead of print April 20, 2012]. Dia-
betes Ther. 2012;3(1):4.

17. Tan PL, Teh J. MRI of the diabetic foot: differentiation of 
infection from neuropathic change [published online ahead 
of print May 10, 2006]. Br J Radiol. 2007;80(959):939–948.

18. Lipsky BA, Berendt AR, Deery HG, et al; Infectious 
Diseases Society of America. Diagnosis and treatment of 
diabetic foot infections [published online ahead of print 
September 10, 2004]. Clin Infect Dis. 2004;39(7):885–910.

19. Senneville E, Gaworowska D, Topolinski H, et al. Outcome 
of patients with diabetes with negative percutaneous bone 
biopsy performed for suspicion of osteomyelitis of the 
foot. Diabet Med. 2012;29(1):56–61.

20. Adeyi A, Muzerengi S, Gupta I. Leg ulcers in older people: 
a review of management. Br J Med Pract. 2009;2(3):21–28.

21. Vasudevan B. Venous leg ulcers: pathophysiology and clas-
sification. Indian Dermatol Online J. 2014;5(3):366–370.

22. O’Meara S, Al-Kurdi D, Ologun Y, Ovington LG, Martyn-St 
James M, Richardson R. Antibiotics and antiseptics for venous 
leg ulcers. Cochrane Database Syst Rev. 2014;(1):CD003557. 
doi: 10.1002/14651858.CD003557.pub5.

23. Casey G. Causes and management of leg and foot ulcers. 
Nurs Stand. 2004;18(45):57, 58, 60, 62 passim.

24. Hess CT. Arterial ulcer checklist. Adv Skin Wound Care. 
2010;23(9):432.

25. Parker CN, Finlayson KJ, Shuter P, Edwards HE. Risk fac-
tors for delayed healing in venous leg ulcers: a review of 
the literature. Int J Clin Pract. 2015;69(9):1029–1030.

26. Pieper B, Templin TN, Kirsner RS, Birk TJ. Impact of injec-
tion drug use on distribution and severity of chronic venous 
disorders. Wound Repair Regen. 2009;17(4):485–491.

27. Robertson L, Lee AJ, Gallagher K, et al. Risk factors for 
chronic ulceration in patients with varicose veins: a case 
control study. J Vasc Surg. 2009;49(6):1490–1498.

28. Newton H. Leg ulcers: differences between venous and 
arterial. Wound Essentials. 2011;6(1):20–28.

29 Grey JE, Harding KG, Enoch S. Venous and arterial leg 
ulcers. BMJ. 2006;332(7537):347–350.

30. Kelechi TJ, Haight BK, Herman J, Michel Y, Brothers T, 
Edlund B. Skin temperature and chronic venous insuffi-
ciency. J Wound Ostomy Continence Nurs. 2003;30(1):17–24.

31. Beckman JA, Creager MA. The history and physical ex-
amination. In: Creager MA, Beckman JA, Loscalzo J, eds. 
Vascular Medicine: A Companion to Braunwald’s Heart Disease. 
2nd ed. Philadelphia, PA: Elsevier Saunders; 2013:139–147.

32. Weir GR, Smart H, Van Marle J, Cronje FJ. Arterial disease 
ulcers, part 1: clinical diagnosis and investigation. Adv Skin 
Wound Care. 2014;27(9):421–428.

33. Iabichella ML, Melillo E, Mosti G. A review of microvas-
cular measurements in wound healing. Int J Low Extrem 
Wounds. 2006;5(3):181–199.

34. Edsberg LE, Black JM, Goldberg M, McNichol L, Moore 
L, Sieggreen M. Revised National Pressure Ulcer Advi-
sory Panel pressure injury staging system: revised pressure 
injury staging system. J Wound Ostomy Continence Nurs. 
2016;43(6):585–597.

35. Schank JE. The NPUAP Meeting – This was No Con-
sensus Conference. J Am Coll Clin Wound Spec. 2016;7(1–
3):19–24.



S36     WOUNDS® SEPTEMBER 2017 woundsresearch.comSupported by Acelity.

Management of Chronic Wounds

36. Sibbald RG, Goodman L, Norton L, Krasner DL, Ayello 
EA. Prevention and treatment of pressure ulcers. Skin 
Therapy Lett. 2012;17(8):4–7.

37. Quirino J, Conceicao de Gouveia Santos VL, Petry Qued-
nau TJ, Ferreira Martins AP, Lima P, Maria Almeida MR. 
Pain in pressure ulcers. Wounds. 2003;15(12):381–389.

38. Gunes UY. A descriptive study of pressure ulcer pain. Os-
tomy Wound Manage. 2008;54(2):56–61.

39. Lopez de Heredia L, Hauptfleisch J, Hughes R, Graham A, 
Meagher TM. Magnetic resonance imaging of pressure sores 
in spinal cord injured patients: accuracy in predicting osteo-
myelitis. Top Spinal Cord Inj Rehabil. 2012;18(2):146–148.

40. Alexander JW, Solomkin JS, Edwards MJ. Updated recom-
mendations for control of surgical site infections. Ann Surg. 
2011;253(6):1082–1093.

41. Benoist S, Panis Y, Alves A, Valleur P. Impact of obesity on 
surgical outcomes after colorectal resection. Am J Surg. 
2000;179(4):275–281.

42. Bharadwaj S, Ginoya S, Tandon P, et al. Malnutrition: labo-
ratory markers vs nutritional assessment [published online 
ahead of print May 11, 2016]. Gastroenterol Rep (Oxf). 
2016;4(4):272–280.

43. Sorensen LT. Wound healing and infection in surgery. 
The clinical impact of smoking and smoking cessa-
tion: a systematic review and meta-analysis. Arch Surg. 
2012;147(4):373–383.

44. Fritz JM, McDonald JR. Osteomyelitis: approach to di-
agnosis and treatment. Phys Sportsmed. 2008;36(1):ni-
hpa116823. doi: 10.3810/psm.2008.12.11.

45. Doupis J, Veves A. Classification, diagnosis, and treatment 
of diabetic foot ulcers. Wounds. 2008;20(5):117–126.

46. Lo T, Sample R, Moore P, Gold P. Prediction of wound 
healing outcome using skin perfusion pressure and trans-
cutaneous oximetry: a single-center experience in 100 
patients. Wounds. 2009;21(11):310–316.

47. Leung FW, Schnelle JF. Urinary and fecal incontinence 
in nursing home residents. Gastroenterol Clin North Am. 
2008;37(3):697–707.

48. Beeckman D, Campbell J, Campbell K, et al. Best prac-
tice principles: incontinence-associated dermatitis: moving 
prevention forward. Wounds Int. 2015;1–21.

49. World Union of Wound Healing Societies. Principles of 
best practice: wound infection in clinical practice. An in-
ternational consensus. London, UK: MEP Ltd, 2008.

50. Vuolo JC. Wound-related pain: key sources and triggers. Br 
J Nurs. 2009;18(15):S20, S22–S25.

51. Guo S, DiPietro LA. Factors affecting wound healing. J 
Dent Res. 2010;89(3):219–229.

52. Krasner DL. Chronic Wound Care: The Essentials. 1st ed. 
Malvern, PA: HMP Communications LLC; 2014.

53. de Leon J, Bohn GA, DiDomenico L, et al. Wound care 
centers: critical thinking and treatment strategies for 
wounds. Wounds. 2016;28(10):S1–S23.

54. Chisholm-Burns MA, Spivey CA. The ‘cost’ of medication 
nonadherence: consequences we cannot afford to accept. J 
Am Pharm Assoc (2003). 2012;52(6):823–826.

55. National Co-ordinating Centre for NHS Service Delivery 
and Organisation R & D. Concordance, adherence and 
compliance in medicine taking: report for the National 
Co-ordinating Centre for NHS Service Delivery and Or-
ganisation R & D (NCCSDO). December 2005. http://
www.netscc.ac.uk/hsdr/files/project/SDO_FR_08-
1412-076_V01.pdf. 

56. Hurlow J, Hensley L. Achieving patient adherence in the 
wound care clinic. Today’s Wound Clinic. 2015;9(9):14, 16, 17, 32.

57. Parks CD, Joireman J, Van Lange PA. Cooperation, trust, 
and antagonism: how public goods are promoted. Psychol 
Sci Public Interest. 2013;14(3):119–165.

58. Coulter A. After Bristol: putting patients at the centre. 
Qual Saf Health Care. 2002;11(2):186–188.

59. Braithwaite S, Shirkhorshidian I, Jones K, Johnsrud M. The 
role of medication adherence in the U.S. healthcare system. 
Washington, D.C.: Avalere Health; 2013, 1–22. http://static.
correofarmaceutico.com/docs/2013/06/24/adher.pdf. 

60. Hurd T, Zuiliani N, Posnett J. Evaluation of the impact 
of restructuring wound management practices in a com-
munity care provider in Niagara, Canada. Int Wound J. 
2008;5(2):296–304.

61. Seigfried RJ, Corbo T, Saltzberg MT, Reitz J, Bennett DA. 
Deciding which drugs get onto the formulary: a value-
based approach [published online ahead of print May 15, 
2013]. Value Health. 2013;16(5):901–906.

62. Bennett WL, Wang NY, Gudzune KA, et al. Satisfaction 
with primary care provider involvement is associated with 
greater weight loss: results from the practice-based POW-
ER trial [published online ahead of print May 27, 2015]. 
Patient Educ Couns. 2015;98(9):1099–1105.

63. Roter DL, Hall JA, Merisca R, Nordstrom B, Cretin 
D, Svarstad B. Effectiveness of interventions to im-
prove patient compliance: a meta-analysis. Med Care. 
1998;36(8):1138–1161.

64. Sibbald RG, Orsted H, Schultz GS, Coutts P, Keast D; 
International Wound Bed Preparation Advisory Board; 
Canadian Chronic Wound Advisory Board. Preparing the 
wound bed 2003: focus on infection and inflammation. 
Ostomy Wound Manage. 2003;49(11):24–51.

65. Swezey L. Methods of wound debridement. 2015. http://
www.woundsource.com/blog/methods-wound-debridement.  

66. Baranoski S, Ayello EA. Wound Care Essentials: Practice Prin-
ciples. 4th ed. Philadelphia, PA: Wolters Kluwer; 2015.

67. Wound OaCNS. Methods of Wound Debridement: Best Prac-
tice for Clinicians. Mt. Laurel, NJ: Wound, Ostomy and Con-
tinence Nurses Society; 2015. http://c.ymcdn.com/sites/
www.wocn.org/resource/resmgr/Publications/Methods_
of_Wound_Debridement.pdf?hhSearchTerms=%22debri
dement%22. 

68. Swanson T, Angel D, Sussman G. International Wound 
Infection Institute. Wound infection in clinical practice: 
principles of best practice. Wounds Int. 2016;3–30. http://
www.woundinfection-institute.com/wp-content/up-
loads/2017/03/IWII-Wound-infection-in-clinical-prac-
tice.pdf. 

69. Stevens DL, Bisno AL, Chambers HF, et al. Infectious Dis-
eases Society of America. Practice guidelines for the diag-
nosis and management of skin and soft tissue infections: 
2014 update by the Infectious Diseases Society of America. 
Clin Infect Dis. 2014;59(2):e10–e52.

70. Malone M, Bjarnsholt T, McBain AJ, et al. The preva-
lence of biofilms in chronic wounds: a systematic re-
view and meta-analysis of published data. J Wound Care. 
2017;26(1):20–25.

71. James GA, Swogger E, Wolcott R, et al. Biofilms in chronic 
wounds [published online ahead of print December 13, 
2007]. Wound Repair Regen. 2008;16(1):37–44.

72. Davis SC, Ricotti C, Cazzaniga A, Welsh E, Eaglstein WH, 
Mertz PM. Microscopic and physiologic evidence for bio-
film-associated wound colonization in vivo. Wound Repair 
Regen. 2008;16(1):23–29.

73. Wolcott R. Disrupting the biofilm matrix improves wound 
healing outcomes. J Wound Care. 2015;24(8):366–371.

74. Cutting KF, White R. Defined and refined: criteria for 
identifying wound infection revisited. Br J Community 
Nurs. 2004;9(3):S6–S15.

75. Falanga V, Eaglstein WH. The “trap” hypothesis of venous 
ulceration. Lancet. 1993;341(8851):1006–1008.

76. Ennis WJ, Meneses P. Wound healing at the local level: 
the stunned wound. Ostomy Wound Manage. 2000;46(1A 
Suppl):39S–48S.

77. Moffatt C, Morison MJ, Pina E; European Wound Man-
agement Association. Wound bed preparation for ve-
nous leg ulcers. Position Document: Wound Bed Preparation 
in Practice. European Wound Management Association. 
2004;12–17. http://www.woundsinternational.com/me-
dia/issues/87/files/content_49.pdf. 

78. Sood A, Granick MS, Tomaselli NL. Wound dressings and 
comparative effectiveness data. Adv Wound Care (New Ro-
chelle). 2014;3(8):511–529.

79. Fletcher A, Cullum N, Sheldon TA. A systematic review 

of compression treatment for venous leg ulcers. BMJ. 
1997;315(7108):576–580.

80. Cullum N, Nelson EA, Fletcher AW, Sheldon TA. Com-
pression for venous leg ulcers. Cochrane Database Syst Rev. 
2001;(3):CD000265.

81. Treadwell T, Fowler E, Jensen BB. Management of edema. 
In: Sussman C, Bates-Jensen BM, eds. Wound Care: A Col-
laborative Practice Manual for Health Professionals. 4th ed. Phila-
delphia, PA: Lippincott Williams & Wilkins; 2012:chap 19.

82. Williams RJ, Wertheim D, Melhuish J, Harding KG. 
How compression therapy works. J Wound Care. 
1999;8(6):297–298.

83. Top S, Arveschoug AK, Fogh K. Do short-stretch bandages 
affect distal blood pressure in patients with mixed aetiol-
ogy leg ulcers? J Wound Care. 2009;18(10):439–442.

84. Sakurai T, Terui N. Effects of sympathetically induced va-
somotion on tissue-capillary fluid exchange [published 
online ahead of print May 26, 2006]. Am J Physiol Heart 
Circ Physiol. 2006;291(4):H1761–H1767.

85. Vowden K, Vowden P, Partsch H, Treadwell T. 3M CO-
BAN 2 compression made easy. Wounds Int. 2011;2(1):1–6.

86. Thomas S. Compression bandaging in the treatment of 
venous leg ulcers. World Wide Wounds. 1997;1.1.

87. American Diabetes Association. Consensus Development 
Conference on Diabetic Foot Wound Care: 7-8 April 
1999, Boston, Massachusetts. American Diabetes Associa-
tion. Diabetes Care. 1999;22(8):1354–1360.

88. Mueller MJ, Diamond JE, Sinacore DR, et al. Total contact 
casting in treatment of diabetic plantar ulcers. Controlled 
clinical trial. Diabetes Care. 1989;12(6):384–388.

89. Armstrong DG, Lavery LA, Bushman TR. Peak foot 
pressures influence the healing time of diabetic foot ul-
cers treated with total contact casts. J Rehabil Res Dev. 
1998;35(1):1–5.

90. Walker SC, Helm PA, Pullium G. Total contact cast-
ing and chronic diabetic neuropathic foot ulcerations: 
healing rates by wound location. Arch Phys Med Rehabil. 
1987;68(4):217–221.

91. Amin N, Doupis J. Diabetic foot disease: from the evalua-
tion of the “foot at risk” to the novel diabetic ulcer treat-
ment modalities. World J Diabetes. 2016;7(7):153–164.

92. Dowsett C, Protz K, Drouard M, Harding KG. Triangle of 
wound assessment made easy. Wounds Int. 2015;1–6.

93. Snyder RJ, Cardinal M, Dauphinée DM, Stavosky J. A 
post-hoc analysis of reduction in diabetic foot ulcer size 
at 4 weeks as a predictor of healing by 12 weeks. Ostomy 
Wound Manage. 2010;56(3):44–50.

94. Mills JL, Sr., Conte MS, Armstrong DG, et al; Society for 
Vascular Surgery Lower Extremity Guidelines Commit-
tee. The Society for Vascular Surgery Lower Extremity 
Threatened Limb Classification System: risk stratification 
based on wound, ischemia, and foot infection (WIfI) [pub-
lished online ahead of print October 12, 2013]. J Vasc Surg. 
2014;59(1):220–234.

95. Lavery LA, Armstrong DG, Murdoch DP, Peters EJ, Lipsky 
BA. Validation of the Infectious Diseases Society of Amer-
ica’s diabetic foot infection classification system [published 
online ahead of print January 17, 2007]. Clin Infect Dis. 
2007;44(4):562–565.

96. The Wound Healing Society. Chronic Wound Care 
Guidelines: Abridged Version. Wound Healing Society. 2009. 
http://woundheal.org/Documents/final_pocket_guide_
treatment.aspx. 

97. Shenoy MM. Prevention of venous leg ulcer recurrence. 
Indian Dermatol Online J. 2014;5(3):386–389.

98. Finlayson K, Edwards H, Courtney M. Factors associated 
with recurrence of venous leg ulcers: a survey and ret-
rospective chart review [published online ahead of print 
January 30, 2009]. Int J Nurs Stud. 2009;46(8):1071–1078.

99. Bellmunt-Montoya S, Escribano JM, Dilme J, Mar-
tinez-Zapata MJ. CHIVA method for the treatment 
of chronic venous insufficiency. Cochrane Database 
Syst Rev. 2013;CD009648. doi: 10.1002/14651858.
CD009648.pub2.


