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Abstract
The purpose of this analysis was to evaluate the use of DermaPure, a decellularised
human skin allograft, in the treatment of a variety of challenging wounds. This
retrospective observational analysis reviewed a total of 37 patients from 29 different
wound clinics across the USA. Each patient received one application of DermaPure
which was followed until complete closure. A statistical analysis was performed with
the end point being complete healing. All wounds on average, had a duration of 56 weeks
and healed in an average time of 10⋅58 weeks. Individual wound categories included
diabetic foot ulcers, which healed in 8⋅21 weeks; venous leg ulcers, which healed in
11⋅29 weeks; and surgical/traumatic wounds, which healed in 11⋅8 weeks.

Introduction

It has been estimated that in the USA, there are approximately
2.5 –4.5 million people living with chronic wounds (1). Richmond et al. stated that these ulcers last approximately for 12
months, have a high reoccurrence rate and can cause significant morbidity (1). Ulcers are classified as vascular (either
arterial, venous or mixed), diabetic or pressure ulcers, which
in the lower limb are most commonly found on the heel. Other
wound types that prove challenging in terms of facilitating closure include those caused by trauma or as a result of dehiscence
following surgery. Even with an appropriate standard of care,
these wounds do not always heal as expected. They may remain
open and in a stalled state for extended time periods, putting
additional pressure on clinical and financial resources within
health care settings. Chronic wounds can be defined as wounds
that fail to proceed through the normal phases of wound healing in an orderly and timely fashion. Factors associated with
delayed healing include persistent inflammation, infection or
the possible presence of a biofilm that could be resistant to
many forms of treatment. The presence of senescent fibroblasts
that fail to respond to normal wound-healing stimuli could also
contribute to delayed healing. From a physiological standpoint,
chronic wounds have an excessive level of proinflammatory

cytokines, proteases, reactive oxygen species (ROS), senescent
cells, persistent infection and a deficiency of stem cells (2). The
increase of ROS production causes damage to the extracellular
matrix (ECM) proteins and also causes cell damage. This process unfortunately leads to enhanced stimulation of proteases
and proinflammatory cytokines (3). Higher levels of proteases,
compared to their inhibitors, lead to the destruction of the ECM,
preventing the wound to transition to the proliferative phase and
attracting more inflammatory cells (4). High levels of senescent cell populations with impaired proliferative capacities lead

This was a multicentred retrospective observational analysis of DermaPure, a decellularised allograft. The product was used on different wounds (a total of 37 patients)
with only one application. DermaPure was compared to
similar products with published studies. It was found that
DermaPure had a quicker rate of closure. DermaPure was
also used on wounds, such as necrotising fasciitis and
traumatic wounds, that had no published similar
studies. Complete wound closure was achieved.
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to unresponsiveness to typical wound-healing signals, directly
correlating with failure of the wound to heal (5).
Even with site-specific optimal standards of care, many
wounds do not heal and require the use of advanced wound
care therapies (6). Currently, there is a large number of such
products consisting of wound dressings and a growing segment of biological wound matrices, with the majority of these
being acellular in composition (2). Some of these decellularised therapies include dehydrated amniotic/chorionic membrane, porcine intestine, porcine bladder and dermal/epidermal
allografts. These decellularised therapies leave in situ many
constituents of dermal ECM, which can perform a number of
key functions that will direct the healing process. For example,
they can function as a substrate into which cells can migrate
to promote/initiate angiogenesis and tissue regeneration (7). As
an integral component of the residual scaffold, the ECM plays
a significant role in regeneration through a dynamic interaction
with the body’s host cells and growth factors (8). ECM elasticity and porosity play key roles in regulating dynamic interactions between cells and matrix components as well as mediating
the binding or release of sequestered growth factors. Consequently, ECM characteristics significantly influence infiltration
and cellular positioning within matrices, as well as the proliferation, differentiation and secretion profiles of resident cells
(9). The ECM also contains functional components such as glycosaminoglycans, glycoproteins and proteoglycans, which are
key to replacing a defective/injured ECM (10).
One type of decellularised therapy is a human dermal allograft, which is harvested from screened donors and prepared
using a proprietary process to decellularise the dermis while
maintaining the natural structures of the ECM (11). Prospective
studies have shown that decelluarised human dermal allografts
help heal stalled diabetic foot ulcers and other types of chronic
wounds in a timely manner (11 – 16). Most recently, Walters
et al. completed a 16-week prospective multicentre assessment
of an acellular dermal matrix on diabetic foot ulcers (DFUs), in
which they attained 67⋅9% closure of all wounds treated (17).
DermaPure, decelluarised human dermal skin allograft

DermaPure (Tissue Regenix, San Antonio, TX) is a unique
and architecturally distinct decellularised human skin allograft
harvested from screened tissue donors. Once harvested, it is
minimally processed according to current FDA guidelines.
The end result is a dermal scaffold, the porosity of which
is optimised for guided cell infiltration (Figure 1). Using a
proprietary dCell® process, the tissue is preserved and found
to be 99% free of any donor DNA. This is an important
attribute associated with a product of this kind. The minimal
DNA content sets DermaPure apart and minimises any possible
risk of disease transmission associated with residual DNA that
remains in the tissue (18). Much higher levels exist with other
technologies that exist in this category of skin substitutes.
The first study of DermaPure in the treatment of chronic
wounds was performed by Greaves in 2013 (19). A total of 22
patients were enrolled who had minimal or absent response to
standard of care of their chronic wounds after 3 months. Half
of these patients had ulcers for longer than 1 year with an average wound age of 4.76 years. The ulcers treated were venous,

Figure 1 DermaPure imaging on a FEI Quanta 400 (ESEM). Tracts consistent with vascular channels were found, highlighted by organization
of collagen around the tract. Vessel sizes reminiscent of capillaries in the
papillary dermis and larger venules/arterioles in the reticular dermis.

diabetic or of mixed aetiology and were all on the lower limb.
All patients had hydro-surgical debridement of their wound
with Versajet◊ followed by a single application of DermaPure.
Negative pressure wound therapy was then applied for 1 week.
Prior to application, all patients had non-invasive vascular testing and a 1 week course of oral antibiotics. A full-thickness skin
biopsy at the wound margin was taken at the time of surgery, and
wound biopsies were also obtained at 3 and 6 weeks. Patients
were then followed up weekly for 6 weeks, and final observations were made at 4 and 6 months. The primary outcome measure was wound surface area reduction. The authors also evaluated changes in vascularity, collagen levels and fibronectin. Primary outcomes showed wound reduction of 49⋅51% at 6 weeks,
80% after 4 months and 87% after 6 months. It was also shown
that at week 6, there was an increase in haemoglobin flux, which
is consistent with an increase in angiogenesis and restoration
of vascular channels. Biopsies at week 3 showed that the graft
was colonised by host fibroblasts, lymphocytes and neutrophils.
These are significant observations because they show how the
graft becomes an integral part of the host.
A prospective study on acute wounds using DermaPure was
published in 2015 (20). The hypothesis of this study was that
there were structural and biochemical variations of biomaterials
that may induce differential scar formation after injury. Within
this study, 50 healthy subjects had four biopsies of their inner
arm, with each site allowed to heal in a different manner: site 1
was allowed to heal by secondary intention; Integra® (Plainsboro, NJ) was applied to site 2; DermaPure was applied to site
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3; and site 4 had an autograft which was the biopsy intact tissue which was placed in the defect. Subjects were divided into
five groups, with a biopsy performed at day 7, 14, 21 or 28. The
histological results showed that the ECM-like DermaPure promotes stable focal adhesions facilitating tissue formation, while
softer matrices encouraged transient adhesions and increased
cell motility. In turn, cells exert contractile forces on ECM,
which modulate matrix components over time. As a result,
structural and biomechanical similarities between DermaPure
and autografts may contribute to reduced fibrosis noted in the
appropriately stained biopsies. The authors also contended that
DermaPure resembled the angiogenic properties of an autograft. The authors concluded that DermaPure might stimulate
more of a regenerative process than a reparative process.
A similar study was performed evaluating angiogenesis and
the acute wound (21). This study mirrored the previous study,
with the only minor difference being one less biopsy at day
42. Skin microcirculation was evaluated by analyzing the levels of haemoglobin flux and oxyhaemoglobin concentrations
through non-invasive measures. Biopsy samples were evaluated for endothelial marker CD31, and these samples were
also evaluated for gene expressions of PROK2, HIF2A, HIF3A
and MT6-MMP. The former markers are genes associated
with angiogenesis. The results demonstrated that both DermaPure and the autograft had organised vascular channels at
the graft/host interface at Day 21, while the test comparator
with the softer matrix did not. An increased expression of the
pro-angiogenic PROK2 and MT6-MMP and CD31 was also
seen in the DermaPure group, with maximum expression of
CD31 at week 3. Both haemoglobin flux and oxyhaemoglobin
concentrations were also elevated at week 3 in the DermaPure
group compared to all the other groups, coinciding with the
re-establishment of the vascular channels at week 3.
The hierarchy of laboratory, clinical and histological evidence leads to the conclusion that DermaPure may offer a very
promising addition to the armamentarium of products designed
to promote wound healing. The uniqueness of structure, biomechanical properties and biologically derived human components has been shown to address deficiencies of repair in both
acute and chronic wounds. To further add to the consistency of
this growing evidence base, an opportunity arose to conduct a
retrospective, observational analysis of the clinical use of this
dermal regeneration template in a large number of wound clinics across the USA.

a weekly basis for 20 weeks or until closure. The graft was
applied and secured with a non-adherent dressing over it. Common components of standardised care across all sites included
debridement, infection control, off-loading if a plantar DFU
was present and compression if the wound was a VLU. Complete healing/closure was defined as 100% epithelisation.

Materials and methods

Average time healed

Design

The current study reports a retrospective observational analysis of 37 patients who received a single application of DermaPure for treatment of their wounds that had resisted attempts
to achieve closure. The wound types reviewed included DFUs
(n = 14), venous leg ulcers (VLU, n = 7), surgical/traumatic
wounds (N = 12) and other (n = 4). The primary endpoint was
the complete closure of the wound. Secondary outcome measures evaluated wound healing by level of chronicity and wound
size. All patients reviewed had wounds > 1 cm2 in size and a
wound duration of >30 days. Wound size was measured on

Statistical analyses

Descriptive statistics were prepared using SAS version 9.4
(SAS Institute, Inc., Cary, NC) and R Version 3.12 (R Core
Team (2014) R: a language and environment for statistical
computing, R Foundation for Statistical Computing, Vienna,
Austria). Average time to heal in weeks was determined for
each wound type along with wound age, duration at application
(<1 year old versus 1 year old) and wound size at application
(<5 sq. cm versus 5 sq. cm). Further stratification was performed for wound age and size at application for each wound
type. The proportion of wounds completely healed at week 12
was also examined by wound size quartile. Multivariate logistic
regression was used to evaluate the association between the proportion of healed wounds after 12 weeks with wound size and
age duration at the time of initial application. Overall healing
rates with 95% confidence intervals were examined using the
Kaplan–Meier method. Patients who did not heal by 24 weeks
were considered unhealed. The time to heal by each different
wound type was also analysed.
Results

There were a total of 29 centres that treated a total of 37
patients. Patient characteristics are presented in Table 1. A
high proportion of patients (51⋅4%, n = 19) had wounds located
on their foot, with wounds on the leg being the second most
common location (27⋅0% n = 10). The most common wound
type was DFUs (37⋅8%, n = 14), followed by VLUs (18⋅9%,
n = 7), with the remaining wounds being either traumatic or
surgical. The average wound size at application for all wounds
was 12.88 cm2 (SD = 18⋅68 cm), and the average wound age at
application was 55⋅8 weeks (SD = 27⋅89 weeks). The average
time to heal for all wounds was 10⋅58 weeks (SD = 6⋅76 weeks).
Complete healing for DFUs was 52% at 4 weeks, 73% at 8
weeks and 85% at 12 weeks. Complete healing for VLUs was
49% at 4 weeks, 70% at 8 weeks and 81% at 12 weeks.

DFUs had the lowest average time to heal (8⋅21 weeks), while
traumatic wounds had the highest (20 weeks). VLUs had an
average time to heal of 11⋅29 weeks, whilst surgical wounds
healed within 15⋅67 weeks (Table 2). The majority of wounds
were less than 1 year old, with an average age of approximately
32 weeks. Wounds that were less than 1 year old at application had a lower average time to heal compared to wounds that
were 1 year old or older at application (10⋅08 weeks versus
13⋅30 weeks, respectively). Wounds that were less than 5 sq. cm
at application had a lower average time to heal compared to
wounds that were greater or equal to 5 sq. cm at application
(8⋅14 weeks versus 12⋅77 weeks, respectively). Regardless of
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Table 1 Patient characteristics (n = 37).

Table 2 Average time to heal in weeks

Wound location (%)

Group

Foot
Leg
Arm
Breast
Chest
Elbow
Lip
Sacral
Shoulder
Toe
Wound type (%)
DFU
VLU
Surgical
Trauma
Other
Wound size at application
(cm2) [mean (sd)]
Wound age at application
(weeks) [mean (sd)]
Weeks to heel [mean (sd)]

19 (51⋅4%)
10 (27⋅0%)
1 (2⋅7%)
1 (2⋅7%)
1 (2⋅7%)
1 (2⋅7%)
1 (2⋅7%)
1 (2⋅7%)
1 (2⋅7%)
1 (2.7%)

wound duration, DFUs healed in the shortest period of time. Of
the wounds that were less than five sq. cm at application, VLUs
had the lowest average time to heal (6⋅00 weeks), while surgical
wounds had the highest average time to heal (12⋅00 weeks). In
contrast, of the wounds that were at least 5 sq. cm at application, DFUs had the lowest average time to heal (10⋅00 weeks),
while surgical wounds had the highest average time to heal
(16⋅40 weeks).
Proportion healed

The average proportion of wounds healed by 4 weeks was
49⋅58% (SD = 31⋅79%). The proportion of wounds healed
by 12 weeks was examined by size quartile: 93⋅67% of
the first size quartile (0⋅02 – 2⋅4 cm), 100% for the second
size quartile (2⋅55 –6⋅33 cm), 82⋅33% for the third size quartile (7.36 – 10 cm) and 82⋅38% for the fourth size quartile
(12⋅88 – 72 cm).
Logistic regression

The binary response of being healed by week 12 was modelled
by wound size and wound age at application (Table 3). Only
wound size at application was found to be statistically significant (P = 0⋅0490). For every centimetre increase in wound size,
the odds of being healed by 12 weeks significantly reduced
by 5⋅1% (OR = 0⋅949). For every month’s increase in wound
duration at application, the odds of being healed by 12 weeks
reduced by 2⋅4% (OR = 0⋅976). This finding was not statistically significant at the α= 0⋅05 level (P = 0⋅1459).
Kaplan–Meier

The proportion of patients who remained unhealed was plotted
over time in weeks (Figure 1). Patients who did not heal

Standard deviation

10⋅58 weeks
8⋅21 weeks
11⋅29 weeks
15⋅67 weeks
10⋅08 weeks
13⋅30 weeks
8⋅14 weeks
12⋅77 weeks

6⋅76 weeks
3⋅89 weeks
4⋅15 weeks
8⋅55 weeks
6⋅07 weeks
8⋅08 weeks
5⋅93 weeks
6⋅70 weeks

All
DFUs
VLUs
Surgical wounds
Wounds < 1 year old
Wounds 1 year old
Wound size < 5 cm
Wound size 5 cm

Group
14 (37⋅8%)
7 (18⋅9%)
6 (16⋅2%)
6 (16⋅2%)
4 (10⋅8%)
12⋅88 (18⋅68)/DFU 13.23/VLU
14/Surg. and Traumatic 12⋅25
55⋅88 (27⋅89)/DFU 36⋅6 /VLU
40⋅23/Surg. and Traumatic 11
10⋅58 (6⋅76)

Average time healed

Subgroup

Average time
healed

Standard
deviation

Stratified by wound age at application
Wounds < 1 year
old
Wounds ≥ 1 year
old

DFUs
8⋅00 weeks
VLUs
10⋅25 weeks
Surgical wounds 9⋅33 weeks
DFUs
9⋅00 weeks

4⋅24 weeks
2⋅99 weeks
3⋅79 weeks
2⋅65 weeks

VLUs
12⋅67 weeks
Surgical wounds 22⋅00 weeks

5⋅77 weeks
6⋅93 weeks

Stratified by wound size at application
Wound
size < 5 sq. cm
Wound
size 5 sq. cm

DFUs

6⋅88 weeks

VLUs
Surgical wounds
DFUs
VLUs
Surgical wounds

3⋅44 weeks

6⋅00 weeks Only one patient
12⋅00 weeks Only one patient
10⋅00 weeks
4⋅00 weeks
12⋅17 weeks
3⋅76 weeks
16⋅40 weeks
9⋅34 weeks

DFU, diabetic foot ulcers; VLU, venous leg ulcers.
Table 3 Logistic regression results
Outcome: healed by 12 weeks
Odds ratio
Wound size at application
Wound age at application

0⋅949
0⋅976

95% CI
(0⋅902, 1⋅000)
(0⋅944, 1⋅009)

0⋅0490
0⋅1459

by 24 weeks were considered unhealed. Of the 37 patients,
36 were healed by 24 weeks. The median healing time was
10⋅5 weeks [95% CI: (6 weeks, 13 weeks)]. This proportion was
also plotted over time in weeks by wound type (Figure 2). All
patients with DFUs and VLUs healed by 24 weeks, whereas
one patient with surgical/trauma wounds did not heal by 24
weeks. Patients with necrotising fasciitis had the lowest median
heal time (4⋅5 weeks), followed by DFUs (7⋅5 weeks), VLUs
(11 weeks), surgical wounds (15 weeks) and trauma wounds
(17⋅5 weeks) (Figure 3).
Discussion

This retrospective review of the efficacy associated with the
use of a human-derived novel dermal regeneration template
targeted the most common yet challenging wound types
(Figure 4). The majority of patients had long standing DFUs
>24 weeks, which met the universally accepted definition of
hard-to-heal wounds. According to Sheehan, DFUs with >50%
healing within 4 weeks have a greater chance to heal (22). Our
data showed that 52% of patients achieved 100% healing at 4
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Figure 2 Proportion of wounds completely healed at week 12 by size
quartile.

Figure 3 Overall healing rate.

weeks. Previous retrospective studies with a similar graft type,
for example, Williams and Holewinski, reported their results
for 16 patients with DFUs and achieved an average healing
time of 10⋅96 weeks; unfortunately, there was no average ulcer
duration listed (18), which makes a direct comparison difficult.
Martin et al. reviewed 17 consecutive patients with DFUs of a
mean wound size of 4⋅5 cm2 who received a single application
of an acellular human dermis. The average wound duration
was 29⋅8 weeks. The average time to healing was 8⋅9 weeks
(23). In a larger retrospective study, Winters et al. reviewed
the outcomes of 100 DFUs (13). The average wound age was
20⋅4 weeks, and the average time to complete healing was
13⋅8 weeks. There have been two randomised controlled trials

Figure 4 Healing rate by wound type.

(RCTs) and two pilot studies of acellular human dermis for
DFUs (12,17,24,25).
There have been only two multicentre RCTs evaluating technologies similar to the one described in this article. In 2009,
Reyelman and coworkers published results from a 12 week
prospective multicentred study where 47 patients received a
single application of an acellular human dermis (12). The average ulcer duration was 23⋅3 weeks, with an average ulcer size
of 3⋅6cm2, and 70% of the ulcers were healed at 12 weeks.
Winters et al. conducted a similar study examining two different products comprised of acellular human dermis compared to
conventional standard of care (17). The 12-week endpoints of
healing for both acellular human dermis products were 65% and
56⋅3%, respectively. When comparing all retrospective trials
conducted using an acellular dermis, DermaPure healed similar challenging ulcers statistically faster. Reviewing all the data,
both retrospective and prospective, ulcers treated with DermaPure were present for a longer duration (33⋅7 weeks) and were
larger in size (13⋅24cm2), yet healed 8⋅21 weeks faster.
In a retrospective study of DFUs and VLUs using a cryopreserved human dermis, a healing rate of 67% was reported with
an average of 3⋅23 applications (26). In this study, the average baseline wound size was 6⋅2 cm2 in the DFU group and
11⋅8 cm2 in the VLU group, with an average wound duration of
18⋅7 weeks. Desman published a study looking at DFUs, VLUs
and surgical/traumatic wounds treated with a similar acellular
human allograft (27). The study had a total of 36 patients with 7
DFUs, 18 VLUs and 11 surgical/traumatic wounds. There were,
on average, 3⋅3 applications of the matrix, with an average time
to closure of 11⋅2 weeks for DFUs, 8⋅2 weeks for VLUs and
9⋅6 weeks for traumatic wounds, with an overall closure rate
of 9⋅2 weeks for all wounds. The endpoints are nearly identical to the current analysis with some exceptions. At 20 weeks,
the total wounds healed in the Desman study were 58%, while
the current analysis had 100% healing. The Desman study also
used, on average, more than one application. When compared
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to all the previously described studies, DermaPure healed all
wounds with one application and had nearly 100% healing by
20 weeks for wounds that were larger and were of a longer duration. When comparing DermaPure to the two other studies that
included VLUs, the healing rate at 20 weeks was better, and
while time to heal was similar, the other studies required more
than one application to heal.
The replacement of areas of skin destruction represents a
formidable challenge to the attending health care professional.
Solutions were developed in the form of Dermal Regeneration
Templates (DRTs), with the clinical goal of providing early
wound coverage and neodermis formation, minimising the need
for autograft dermis. Other advantages of such an approach
include simplicity and reliability of technique and pliability and
expected superiority of the cosmetic appearance of the resulting scars. Skin substitutes comprise of a range of heterogeneous
biomaterials designed to accelerate wound healing through the
process of guided cell attraction to the scaffold element of the
template, which culminates in the provision of ECM, which
facilitates the process of wound closure. Skin substitute characteristics include biocompatibility, porosity and elasticity that
strongly influence cellular behaviour during the healing process and may induce differential scar formation after cutaneous
injury (20).
A more practical and physiological approach would be to
develop scaffold-based solutions from decellularised human
cadaveric skin that has comparable biomechanical properties to
the injured tissue. Cells would intuitively be primed to do what
they do in situ, hence restoring normality to an abnormal situation. This would result in the restoration of skin architecture
with successful scar outcomes. DermaPure is a bioengineered
skin substitute that mimics native skin in terms of structure and
rapidly integrates with surrounding tissue to actively stimulate
cell migration, angiogenesis and epithelialisation (28). Through
a patented, gentle decellularisation process, a graft is produced
that consists of much less immunogenic ECM, which allows
it to serve as an initial permanent implant that can be repopulated with the recipient’s cells. During the healing process,
fibrosis is an ill-defined term to describe ECM deposition from
normal wound healing to pathological scarring (20). The whole
wound healing process results in a differential development of
fibrotic tissue, which will have a major impact on aesthetic outcomes. Recent findings have shown that the use of DermaPure
in human wounds resulted in reduced dermal fibrosis compared
to equivalent injuries treated with a bovine-derived matrix and
those healed by secondary intention (20). Differences in matrix
composition, architecture and cellular content between biomaterials may account for this variability. Therapies to ameliorate
the fibrotic response to injury remain elusive. An exciting property associated with the use of DermaPure is that it could be
used to create a shift in the processes associated with scarring
to a more regenerative form of healing. This raises the exciting
thought that the future direction of tissue-based products will
not just be focused on dermal regeneration but also on the concept of dermal refinement, in which restoration of normal skin
architecture with minimal scarring is the primary goal.
Living cell-based skin substitutes have been studied in RCTs
for the treatment of DFUs and VLUs (29 – 32). The healing
rates, wound age, wound size and number of applications in all

of the living cell-based trials were significantly different than
the current retrospective analysis. Clinicians have to determine
the most efficacious way of healing an ulcer while being fiscally
conscious. Redekop performed a cost-effectiveness study in
2003 (33). Within this study, he compared the 12-month cost
of an advanced wound care skin products to the standard of
care for DFUs. The conclusion was that the higher cost of
the advanced wound care product was offset by the decrease
in amputations and serious infections. Although the cost of
DermaPure might be higher than the traditional standard of
care, DermaPure was the most cost effective of all the advanced
wound care products because it usually only requires a single
application to heal.
Limitations

There are some limitations within the paper. Although statistical
analysis was performed, being a retrospective cohort study, it
is still considered level 2 evidence. There were numerous trial
sites, but each site allowed the clinician to perform what they
considered to be standard of care. There were no inclusion or
exclusion criteria in this analysis. Patient’s comorbidities along
with critical lab values were not included in this analysis.
Conclusion

A single application of DermaPure results in the complete
healing of stalled DFUs in approximately 2 months, VLUs
in < 3 months, surgical wounds < 4 months and traumatic
wounds < 5 months. A comparison of DermaPure to other
prospective trials of acellular human dermis used to treat
DFUs showed that DermaPure healed more effectively with
fewer applications. No prospective trials on the treatment of
VLUs with acellular human dermis exist. Comparisons to two
retrospective trials reveal that DermaPure is more effective
at healing with fewer applications. DermaPure heals chronic
wounds in both an efficient and timely manner and also has the
added economic benefit of being cost effective.
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Abstract: Oxygen must be tightly governed in all phases of wound healing to produce viable granulation tissue. This idea of tight regulation
has yet to be disputed; however, the role of oxygen at the cellular and
molecular levels still is not fully understood as it pertains to its place
in healing wounds. In an attempt to better understand the dynamics
of oxygen on living tissue and its potential role as a therapy in wound
healing, a substantial literature review of the role of oxygen in wound
healing was performed and the following key points were extrapolated: 1) During energy metabolism, oxygen is needed for mitochondrial
cytochrome oxidase as it produces high-energy phosphates that are
needed for many cellular functions, 2) oxygen is also involved in the
hydroxylation of proline and lysine into procollagen, which leads to
collagen maturation, 3) in angiogenesis, hypoxia is required to start
the process of wound healing, but it has been shown that if oxygen
is administered it can accelerate and sustain vessel growth, 4) the
antimicrobial action of oxygen occurs when nicotinamide adenine dinucleotide phosphate (NADPH)-linked oxygenase acts as a catalyst
for the production of reactive oxygen species (ROS), a superoxide
ion which kills bacteria, and 5) the level of evidence is moderate for
the use of hyperbaric oxygen therapy (HBOT) for diabetic foot ulcers,
crush injuries, and soft-tissue infections. The authors hypothesized
that HBOT would be beneficial to arterial insufficiency wounds and
other ailments, but at this time further study is needed before HBOT
would be indicated.
Key words: components of wound healing, hyperbaric oxygen therapy,
HBOT

xygen is a significant factor in wound healing. In general, living
tissue needs oxygen and nutrients to thrive, and with wounds,
it is needed to regenerate healthy tissue. In normal wound healing, the wound either requires conditions of hypoxia or normal levels of
oxygen (ie, normoxia). These different conditions occur in all phases of
wound healing. A wound is dependent on both the supply of oxygen to
the wound tissue, which is determined by the pulmonary gas exchange,
and the blood hemoglobin level. The cardiac output of the patient, the
perfusion rate, and the amount of capillaries around the wound along
with the consumption rate of parenchymal and stromal cells determine
these levels.1 This paper will discuss the role of oxygen in healthy wound
healing.The discussion will examine how oxygen is produced, consumed,
Vol. 28, No. 8 August 2016
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and used in the various stages of wound healing at
both a molecular level and a cellular level. Finally, there
will a brief discussion on the use of oxygen as therapy.

Oxygen at the Molecular Level
In the aerobic metabolism of glucose, cells use
oxygen as the final electron acceptor to generate adenosine triphosphate (ATP), which fuels the majority
of cellular processes during wound healing.2 Healing
tissue requires an increased energy demand.3 This additional energy is generated from the oxidative metabolism which in turn increases the oxygen demand
of the healing tissue.4 Thus, the ATP that is generated
from this process helps supply the power for tissue repair. During the inflammatory phase of wound healing,
platelets and disintegrating cells can contribute ATP.5
This extracellular ATP can act as a signalling mechanism for many aspects of wound healing such as the
immune response, inflammation, epithelial cells, and
angiogenesis.6 When ATP is released during an injury
to the skin, it acts as an early signal in an epidermal-like
growth factor which, downstream, signals epidermal
growth.7 Another signalling function of ATP is that it is
released from the cells in the injured tissue, thereby activating NADPH oxidasis, which is required to produce
the redox signals in wound healing.8 The first discussion of the killing of bacteria by an oxidase occurred
in 1978.9 When the phagocytosis of bacteria occurs,
the immune system increases oxygen consumption
through NADPH oxidase (NOX) that in turn generates
metabolites.10 These metabolites catalyse the production of a reactive oxygen species (ROS) by cells that
then stimulate a high demand for oxygen or “respiratory burst.”11 The majority of the oxygen consumed by
neutrophils occurs during this respiratory burst.12 Nicotinamide adenine dinucleotide phosphate oxidase is
vital in the survival of macrophages, and it also enables
phagocytosis of dead cells.13

Redox Signalling
Initially, free radicals were thought to be destructive
to normal tissue, and it also was thought that these free
radicals should be bound to antioxidants to stop their
destructive nature.14 Low level free radicals were then
later recognized as possibly serving as signalling messengers.15 Inflammation after an injury occurs as a site
for significant production of ROS due to the amount of
phagocytosis occurring. As wound healing progresses,
things like cell proliferation and migration are present
248

due to redox signalling of ROS.16 Production of hydrogen peroxide also occurs during wound healing.8 When
hydrogen peroxide is decomposed, it generates oxy- gen
as an end product.17 Redox signals are generated, and
decreased tissue oxygen and tissue hypoxia will limit the
signalling of redox; thus disabling the func- tion of
several growth factors such as platelet-derived growth
factor (PDGF), vascular endothelial growth fac- tor
(VEGF), and also limit some molecular mechanisms
such as leukocyte recruitment.15

Oxygen and Wound Healing Phases
Nearly every step in the wound healing process requires oxygen.18 Even though acute hypoxia stimulates
wound healing, oxygen recovery (tissue oxygenation)
is required, because chronic hypoxia will impair the
healing.1
During the inflammatory phase, the most significant
cellular processes occur when oxygen is involved in
the oxidative phosphorylation in the mitochondria
which results in the production of ATP.19 The ROS have
more roles than just the oxidative killing of bacteria;
after hemostasis, hypoxia occurs and activates the initial steps of wound healing by boosting ROS activity.
Hypoxia also activates platelets and endothelium by
inducing cytokines released from platelets, monocytes,
and growth factors.20 This usually occurs at low concentrations. Hypoxia-induced factor (HIF) results in a
transcription HIF, which binds to hypoxia response elements in gene promoter regions.
These regions upregulate glucose metabolism, control vessel tone, and angiogenesis.21 Hypoxia-induced
factor regulates oxygen hemostasis in the wound, and
ROS stimulates cytokine and chemokine-receptor activation as well as other functions necessary for wound
repair.The main effect of these mediators is the recruitment and activation of neutrophils and macrophages
to the wound site and the activation of fibroblasts.22
Once the cytokines and chemokines are secreted, they
activate the oxygen-dependent complement cascade.
At this time, a set of growth factors are released that
stimulate and attract the major components of wound
healing such as wound leukocytes and fibroblasts. Hydrogen peroxide has been shown to be a mediator of
these interactions. In an experiment by Niethammer
and colleagues,23 a Zebra fish larval tail fin had a mechanically created wound induced. This was done to
prove hydrogen peroxide arrives first to a new wound
site from the epithelial cells of the tail fin. Eventually
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the hydrogen peroxide recruits leukocytes and fibroblasts in this study of inflammatory and regenerative
chemical response to wounds.23
Once the skin and vasculature is disrupted, there is
an increased amount of oxygen consumption which in
turn creates a hypoxic event.19 Reactive oxygen species activity is initiated by hypoxia, which causes platelets and monocytes to release transforming growth factor beta (TGF-β),VEGF, and tumor necrosis factor alpha
(TNF-α).24 Neutrophils and monocytes produce ROS as
described in this respiratory burst, consequently inducing neutrophil chemotaxis.24 Certain antibiotics, such
as aminoglycosides, have been shown to work synergistically with oxygen.25 Oxygen is known to have a
preventive effect against anaerobic wound infections.26
A prospective study of 300 patients with a colorec- tal
resection was randomized into 2 groups.27 The first
group of 148 patients received 80% oxygen supplementation intraoperatively and 80% postoperatively for
6 hours, while the other group of 143 patients received
30% supplementation intraoperatively and 30% oxygenation postsurgically for 6 hours.The latter group (30%
oxygen) had a greater rate of infection in contrast to
the group receiving 80% oxygen. In conclusion, it was
demonstrated that patients receiving higher concentra-

tions of oxygen resulted in lower rates of postcolon or
postrectal surgery infections.27
In the proliferative phase, hypoxia has been shown to
increase keratinocyte motility. This was shown in vitro
producing proteins that are involved in cell motility.28
Human keratinocytes in patients more than 60 years
of age have been shown to have slower motility than people half their age.29 It has been hypothesized that matrix
metalloproteinases (MMPs) 1 and 9 are required in keratinocyte migration on type I and type IV collagen, respectively.These MMPs in young keratinocytes are induced by
hypoxia yet not induced in older keratinocytes.30
Transforming growth factor beta one (TGF-β1) is the
growth factor responsible for the transcription of the
procollagen gene, which has been proven to increase
the migration of young cultured human fibroblasts.31 Siddiqui et al32 have also demonstrated that acute hypoxia
increases fibroblast proliferation, collagen synthesis, and
expression of TGF-β1 messenger RNA (mRNA). Oxygen
is needed in the later steps of collagen synthesis for proline and lysine hydroxylation and cross-linking.33 For
fibroblasts to lay collagen down properly, oxygen tensions are needed to be between 30-40 mm Hg because
the production of collagen is proportional to the oxygen tension.34 Oxygen is needed for lysine and proline
hydroxylation, which is the
step required for collagen to
be released from cells.35 In
order for collagen to form a
triple helix, oxygen must be
present.Without oxygen, the
pro-alpha peptide chains fail
to form the triple helix.36
Hypoxia stimulates angiogenesis but cannot sustain the process.37 The most
influential growth factor for
angiogenesis is VEGF.38 In vitro studies have proven the
expression of VEGF increases in both states of hypoxia
and hyperoxia.39 Angiogenesis will proceed and can
only
be maintained when
12
15
18
21
there is sufficient oxygen
Days After Injury
and VEGF will be released
at higher oxygen tensions.40
Figure 1. Schematic review of the phases of wound healing over time with oxygen availEpidermal keratinocytes
ability. Reproduced with permission.65
differentiate, proliferate, and
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migrate on the wound surface to start the reepithelization of a wound. Wound injury causes stress pathways
to be activated which then cause the oxygen-dependent release of certain cytokines and chemokines, such
as keratinocyte growth factor (KGF), epidermal growth
factor (EGF), PDGF, insulin-like growth factor (IGF), and
tumor necrosis factor (TNF) superfamily.41 The TNF is
the main cytokine that seems to stimulate epidermal
cells at the wound edges and hair follicles in an autocrine manner, which is an oxygen-dependent process.42
In turn, cells develop a process in which structures are
developed for adhesion to the extracellular matrix and
developing actin filaments for cell migration.43 There
has to be a significant cell migration accompanied with
oxygen-dependent cell proliferation for large wounds
to close. Cytokines and chemokines that are most
likely released from keratinocyte stem cells stimulate
the proliferation of keratinocytes in a process called a
“proliferative burst.”44 This process has a high amount
of metabolic activity since there are different steps that
require oxygen and ROS.
The last step or phase of wound healing is remodeling which can last up to 2 years. Gradually, the provisional collagen, which is mostly type III, is replaced with
type I collagen produced strictly in oxygen- dependent
fibroblasts. The wound then gains tensile strength, and
the collagen fibers contract so the wound shrinks.45 The
most prominent mediators of this col- lagen process are
MMPs and tissue inhibitors of metal- loproteinases
(TIMPs), which are released by macro- phages,
keratinocytes, endothelial cells, and fibroblasts, which
are all dependent on oxygen.46

Oxygen Sensing
Throughout the phases of wound healing there is a
control of oxygen maintained in a narrow range. This
point of normoxia is important because it is used to
prevent abnormal periods of hypoxia or hyperoxia
which can create damage to cell membranes.5 This
point of normoxia is the state of oxygenation where
the cell or tissue does not report hypoxia nor does it
report hyperoxia which would be oxygen toxicity.47 If
there were a change, the cells or tissue would react by
switching on either a hypoxic or hyperoxic response.
Depending on the organ of the body, the normoxic set
point would be different due to the amount of oxygen
required.48 Hypoxia sensing and response is implicated
in ischemic disease conditions, but is required for development where there is a changing state of oxygen250

Figure 2. A schematic representation of the oxygen-dependent regulation of hypoxia-inducible factor 1-alpha
(HIF-α). Reproduced with permission.65

ation sending a signal to continue the wound-healing
process. This sensing is either considered HIF-dependent or HIF-independent.21
Intermittent hypoxia, a periodic exposure to hypoxia, is interrupted by a return to normoxia where
less hypoxic periods occur in many circumstances.49
This intermittent hypoxia is mostly found in obstructive sleep apnea, but in a study by Khayat et al,50 the
authors have shown patients with this condition commonly have nonhealing wounds. Even though hyperoxia may induce some positive effects, if this occurs
for a period of time exceeding the normoxic set point
it can be a risk factor.51 In areas where the wound has
pockets of hypoxia, the goal is to reestablish normoxia
in the areas of hypoxia without exposing the wound to
high levels of oxygen which might cause oxygen toxicity.52 Wound healing might be delayed in extreme hyperoxia which can cause growth arrest and cell death
by mitochondria apoptosis.53 The normoxic set point
can be tuned when the cells are exposed to modest
changes of oxygen and there is a physiological change
that can possibly be an adaptive process.54

Oxygen Therapy
This review would be incomplete without a brief
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discussion of the use of oxygen in the treatment of
wounds. Hyperbaric oxygen therapy (HBOT) is usually administered in a single patient or multipatient
chamber that delivers 100% oxygen at 2 atmospheres
of pressure. Hyperbaric oxygen therapy has proven
to raise tissue oxygen 10 to 20 fold above room air.55
One theory as to why HBOT might work is the synergy with PDGF since PDGF requires oxygen-derived
hydrogen peroxide for functioning.56 Another oxygen
therapy is topical oxygen. This therapy utilizes either
a chamber or a plastic bag to create a closed environment to deliver 100% oxygen converted from room
air.57 It is hypothesized that 100% oxygen applied locally to a wound increases VEGF expression, which
may induce angiogenesis.58 The evidence for clinical
use of HBOT is moderate at best. In a review from the
Cochrane Library Database, Kranke et al59 presented
12 randomized trials that included participants with
foot ulcers/wounds and diabetes. Short-term (up to
6 weeks) HBOT was found to be effective in improving healing but there were no significant findings that
the wounds were completely healed after 1 year. For
chronic wounds in patients with decreased blood supply or pressure ulcers, no evidence could confirm or
deny any effects of HBOT.59 Another study by Fedorko60
consisted of a randomized, placebo-controlled study
for patients with both types I and II diabetes, diabetic
wounds, or lower extremity injuries. Hyperbaric oxygen therapy did not offer any additional advantages in
wound care nor did the therapy support a reduction in
lower limb amputations or wound size in patients with
diabetic foot ulcers over a 12-week period.

to a superoxide ion which kills bacteria.64
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Abstract:
With the advent of evidence based medicine, some physicians have decided to change their practice patterns.
At our facility including both residents and students, an evidence-based algorithm for treating diabetic foot
ulcers has been developed incorporating published data. Patients are initially assessed and are assigned to
a low, moderate, or high risk category. Basic wound care principles are followed (off-loading , moist wound
environment, debridement, and control of infection). Vascular assessment is made and if ankle-brachial
indices are <0.8, an appropriate vascular referral is made. In the low risk patient, wounds are assessed and
measured. If there are minimal changes after 2 weeks, therapy is changed. After 4 weeks, if the ulcer has
not decreased more than 50%, a living skin equivalent, such as a single layered dermal equivalent is used.
For the moderate to high risk patients, a living skin equivalent is used initially. Expeditious and complete
wound healing is the definitive goal in treating DFUs. The longer the ulcer is open, the greater the chance
for infection and amputation. Using an evidence based approach helps determine which patients are best
suited for Advanced Therapies (Living Skin Equivalents), thereby allowing the clinician to facilitate improved
outcomes in healing chronic ulcers in patients with diabetes.
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ntroduction

Data reported as recently as 2007 by
the Centers for Disease Control (CDC), has
estimated that nearly 7.8% of the US population
or about 23.6 million Americans are diabetic,
with the population growing at alarming rates
leading to severe impacts on American society1.
According to the CDC National Diabetes Fact
Sheet, there were a reported 1.5 million new
cases of diabetes in 2006 among individuals
20 years or greater, and diabetes was the 7th
leading cause of death listed on 2006 US death
certificates1. It has been further estimated that
by the year 2025 nearly 300 million people
worldwide will be diagnosed with diabetes2,
showing that the population of diabetic persons
is expected to greatly increase over the next

15 years. Among this population, the lifetime
incidence of developing a diabetic foot ulcer
(DFU) has been estimated to be as high as
15%3.
Despite the numerous available treatments,
these ulcerations commonly become chronic
wounds. This presents a huge burden to patients
with diabetes as well as to the healthcare
system, with costs estimated at nearly $13,200
per ulcer-related episode4.
Hospitalization for ulcer care as the reason
for hospital admission is $3000 a day and amputations at over $50,000 not considering the
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The most cost effective way to minimize
complications is to attain wound closure as expeditiously as possible. Therefore, as the population of diabetic persons continues to rise in the
future, finding a method to quickly and adequately close and/or prevent ulcerations will be of the
utmost importance.
Based on the 1999 American Diabetes Association5 consensus statement on DFU care,
it is generally believed that foot ulcerations in
patients with diabetes become chronic wounds
due to the numerous co-morbidities compared to
the average patient. Co-morbidities commonly
encountered in the diabetic patient include
abnormal biomechanics, vascular and/or arterial
compromise, diminished protective sensation,
renal disease, and altered nutritional status.
These factors not only put the diabetic patient at
risk for the development of ulcerations, but also
impede the effectiveness of treatments.
Typically, conventional care techniques for
the treatment of DFUs have focused on four
major concepts: debridement of necrotic or devitalized tissue, controlling infection, offloading,
and maintaining a moist wound environment.
Although there may be variations as to the exact
means employed, these concepts have been
the basis of several published DFU treatment
guidelines. In 2003, Sheehan and colleagues
noted that an ulcer that fails to reduce in size by
at least 50% at the 4 week mark has less than a
10% chance of closing by 12 weeks with good
conventional care.6
The authors of this study therefore felt that
achieving at least a 50% reduction in wound size
in 4 weeks time could strongly predict whether a
wound will go on to closure. In 2006, the Wound
Healing Society published evidence-based
treatment guidelines supporting the re-evaluation
of wound treatment for chronic wounds that have
shown less than 50% reduction in area after 4
weeks of treatment with standard care methods
alone.7 This was based on data collected in a
prospective multicenter study of 203 patients
with DFU’s, which suggested that the four week
mark is a good point to evaluate wound healing.
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It is at this juncture, the failure of a wound to
reduce in size by 50% in 4 weeks, that Boulton
et al suggested the use of additional advanced
wound care products8. Such products include
Pre-market approval (PMA) approved products,
negative pressure, hyperbaric oxygen (HBO)
and pulsed radio frequency therapies. Such
advanced therapies could therefore be considered to achieve wound closure in a timely
manner, and thus prevent any further morbidity
so commonly associated with chronic DFUs.

A

ims

With the advent of Evidence-Based
Medicine (EBM) and the importance that this
evidence has in directing patient care, many
physicians have begun to take a step back and
revaluate their practice patterns. Therefore, the
aim of this work is to provide a reference and
guidance (algorithm) to what the data indicate
regarding timeliness and treatment options,
realizing that no two patients are the same and
all care should be individualized to the patient

M

ethods

Utilizing the evidence that has been
published, our algorithm (Figure 1) has been
developed and is currently being used for the
treatment of numerous DFUs. The systematic
approach begins with initial patient assessment
in which patients are classified, based on clinical
criteria, as being either low risk or moderate to
high risk DFU patients. Low risk DFU patients
are generally patients who develop new foot
ulcerations, without a previous history of ulcerations, show no evidence infection being
present, and who have documented palpable
pedal pulses. Patients that fall into the moderate
to high risk category tend to be patients with
wounds probing to bone, ulcerations greater
than 30 days duration, or patients with additional co-morbidities including renal disease, a
previous history of ulceration or amputation, an
elevated HbA1c, and decreased albumin/prealbumin levels.
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Anyone with one or a combination of these
factors is someone who may be at a higher
risk for experiencing a non-healing ulceration

and therefore, may have a greater chance of
developing a serious complication.

Figure 1: Evidence Based Approach Algorithm to treating DFUs

After the initial patient assessment, a
complete medical history and exam along with
a comprehensive lower extremity exam is
performed. The lower extremity exam includes
a visual assessment of the lower extremity,
vascular assessment with a Doppler probe, and
a neurological exam, including 10-G monofilament assessment, vibratory sensation, proprioception, and reflex testing. , The orthopedic
exam includes testing of muscle strength, gait
analysis, range of motion of the foot and ankle,
as well as visual inspection for any structural de-

formities, such as bunions or hammertoes. From
this history and physical assessment, patients
can be assigned a risk category which will direct
what treatment path to follow. Basic wound
care principles are followed for both groups and
include debridement of necrotic and devitalized tissue, infection control, offloading of the
ulceration, and maintenance of a moist wound
environment. Throughout the treatment, vascular
assessment is made and monitored. For any
patient with an ankle brachial index (ABI) measurement of less than 0.8, an
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appropriate vascular referral is made. Infection
is also closely monitored and patients are
assessed at each visit for signs of cellulitis or
osteomyelitis. Controlling infection is extremely
important as several studies have found infection
to be strongly correlated with increased risk
of amputation9. In fact, a large cohort study
conducted by Lavery and colleagues (2006)
found that an infected DFU increased the
risk of hospitalization by nearly 56 times and
amputation by nearly 155 times.10 Interestingly,
all independent risk factors for infection identified
in the study mirror the at-risk comorbidities or
patient history (ulcer probing to bone, ulcer
history of greater than 30 days, peripheral
vascular disease, recurrent ulcer and traumatic
etiology) that place our Veterans in a moderate
to high risk category. One thing that also needs
to be considered is that many of our patients
present with multiple risk factors that multiply
their risk for complications. Signs or symptoms
of infection that most commonly present with
DFUs include: increased redness, increased
warmth, swelling, purulent exudate, increased
pain or tenderness, and constitutional symptoms
(nausea, vomiting, fever, chills). With the
development of these symptoms, wound cultures
are taken and confirmed infections are treated
with appropriate measures.
For low risk patients, the algorithm specifies
that wounds are measured and progress is
assessed weekly. Wounds are treated appropriately following conventional wound care guidelines, and, if at 2 weeks the ulcer is increasing
in size or showing no change, an alternate form
of therapy may be considered. As long as the
wound continues to show weekly progress,
the current form of treatment is continued. At
4 weeks, if the wound does not show at least
50% reduction in ulcer area, an advanced form
of therapy, such as a living skin equivalent
(LSE; i.e. Dermagraft® or Apligraf®), is recommended due to the stagnant nature of the
wound. Again, as long as the wound shows
at least 50% reduction in area in 4 weeks, the
wound is measured or assessed weekly and the
current modality of treatment is continued. For
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moderate to high risk patients, the algorithm
outlines that in these patients an advanced form
of therapy, such as an LSE, should be used
initially as long as infection is controlled and
appropriate vascular status is present. While
these moderate to high risk patients are often
excluded from Food and Drug Administration
(FDA) clinical trials, we have seen good success
with a human fibroblast derived dermal substitute
(i.e. Dermagraft®) at closing ulcers and reducing
complications.
The typical requirement for FDA approval
is to demonstrate a 12-week closure mark significantly faster than conventional wound care.
The LSEs have demonstrated faster closure
when used weekly per FDA approvals to treat
DFUs. They have also proven to reduce the
complications such as infection and amputation.
Negative pressure and pulsed radio frequency
are not approved under the PMA process
because they are not intended to provide direct
closure. There is also reported clinical experience in using the human fibroblast-derived
dermal substitute in combination with both
therapies to promote closure in patients with
exposed bone and deep wounds.11,12 Collagenbased products and extracellular matrix products
are considered alternative dressings because
they provide collagen to the wound. While they
can be beneficial to some patients they have
not demonstrated faster closure than wet-dry
dressings in FDA approved trials.

R

esults

Within our clinic, we have noticed that
by employing this evidence based algorithm,
we have been able to significantly reduce our
closure time of chronic DFUs. By expediting the
rate of closure, we have been able to reduce
the infection rate, decrease the level of hospitalizations due to complications of chronicity, and
reduce the overall number of clinic visits in our
diabetic patient population.
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C

onclusion

Expeditious and complete wound
healing is the definitive goal in the treatment
of DFUs. The longer a wound remains open,
the greater the risk of complications, such as
infection and subsequent amputation. Using
an evidence-based approach helps determine
which patients and when those patients are best
suited for advanced therapies such as LSEs.
This therefore allows the clinician to facilitate

improved outcomes in healing chronic ulcers in
patients with diabetes. By following this algorithm
it is possible to increase closure rate of DFU’s,
decrease complications associated with chronic
ulcers, as well as prevent future amputations
which often are the result of longstanding DFUs.
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based algorithm for the treatment of venous ulcerations and the development of a guideline to systemically treat venous leg ulcerations (VLUs)
that may improve outcomes, restore function of the affected limb, and
reduce health care costs. Methods. The Cochrane Database and PubMed
search engine were utilized to accumulate literature concerning venous
ulcerations and their treatment. The most relevant literature was reviewed
to develop an algorithm to guide treatment of VLUs. Results. An algorithm
was established outlining the use of compression therapy in VLUs present
for < 4 weeks. If a wound is present after 4 weeks of therapy and has not
reduced in size by ≥ 40%, bilayered living skin equivalents may be indicated. Conclusion. An algorithm was established to guide the treatment of
venous ulcerations. By utilizing a systematic approach in treating VLUs,
clinical outcomes may be improved.
Key words: evidence-based algorithm, venous leg ulcers, chronic
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he treatment of chronic venous disease (CVD) and its complications
can be frustrating. Chronic venous disease can be defined as an abnormally functioning venous system caused by venous valvular incompetence with or without associated venous outflow obstruction. Venous leg
ulcers (VLUs) are defined as an area of discontinuity of epidermis and dermis
on the lower leg, persisting for 4 weeks or more.1 The occurrence of venous
leg ulcer is strongly associated with venous disease (eg, varicose veins and
deep vein thrombosis) contributing to sustained venous hypertension; arterial
disease is present (alone or in combination with venous disease) in approximately 20% of cases.2 The etiology of VLUs includes inflammatory processes
resulting in leukocyte activation, endothelial damage, platelet aggregation, and
intracellular edema. Other factors contributing to VLUs include immobility,
obesity,trauma, vasculitis, older age, diabetes, and neoplasia.3 Outflow obstruction, valvular obstruction, and venous hypertension contribute to venous ulceration risk.Arterial and ischemic ulcerations generally occur on the anterior
tibia, lateral leg, and distal toes, all areas which are susceptible to trauma.The
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inability to heal these wounds stems from vascular congestion and artherosclerotic changes, particularly in the
feet and toes.4 The accepted statistics indicate that VLUs
require an average of 24 weeks to heal; approximately
15% never heal; and recurrence is found once or multiple
times in 15%-71% of cases.5,6 In reported populations of
venous ulcers, 15%-71% are found to be recurrent lesions.7
Healed ulcerations possibly can have a 5-year recurrence
rate as high as 40%.8
Venous leg ulcers are a common chronic recurring condition and a major cause of morbidity and disability. Epidemiological evidence suggests that approximately 1% of
the United States (US) adult population, or about 3 million
Americans, have VLUs.9,10 The prevalence of VLUs increases
with age, with rates of about 8% in patients > 80 years.11 Approximately 1.7% of persons > 60 years develop a new VLU
within 2 years.12
Venous leg ulcer outcomes are optimized when patients receive multidisciplinary care and evidence-based
wound management.13,14 Dermatology, geriatrics, podiatry,
and surgery are just a few specialties that may be utilized
to improve outcomes.15 Adherence to multidisciplinary
guidelines was associated with 6.5-fold and 2.5-fold increases in the likelihood of healing among US and British
patients with VLUs, respectively.16 Significant decreases in
healing time and costs were also associated with guideline
adherence.Among veterans with VLUs, those who receive
guideline-concordant wound care are 2.5 times more likely
to achieve wound healing than are those who receive nonconcordant care.17
Several comprehensive clinical guidelines for the diagnosis and management of VLUs have been developed
in recent years, but the widespread implementation of
evidence-based VLU management has not been achieved.
Common barriers to the adoption of VLU consensus guidelines include misdiagnosis, under-recognition of VLUs,
inadequate training, absence of structured care delivery
plans, and lack of coordination among providers.18,19 The
costs of VLUs include direct costs associated with medical
resource utilization, indirect costs related to loss of productivity, and patient impact.19 In 2006, Khan and Davies20
stated that the direct treatment costs of VLUs in the US are
about $1 billion annually, and that the average lifetime cost
of VLUs for 1 patient exceeds $400,000.In 2011,O’Donnell
and Balk21 wrote “the management of VLUs consumes considerable resources in health care systems and accounts
for up to 1% of health care budgets in some industrialized
countries.”The indirect costs of VLUs are primarily due to
time lost from work because of illness or disability. Since

the treatment of VLUs often involves multiple office visits
for debridement, dressing changes, and other procedures,
and VLU may be associated with significant loss of productivity and ability to engage in leisure activities, these costs
are likely to be substantial.
Gelfand et al22 conducted a large cohort study examining 56,488 venous ulcerations. A venous ulceration was
defined in the study as a chronic wound of the lower
extremity in the gaiter area. These wounds were less
than 2 cm in depth and did not involve tendon, ligament, or bone and were less than 150 cm2. The study
concluded that change in wound area at 4 weeks was
a strong indicator of healing at 12 weeks or 24 weeks.
When examining full thickness ulcerations however, van
Rijswijk23 found that > 30% reduction in ulcer area at 2
weeks of treatment was a predictor of both treatment
outcome and time required for healing.The depth of the
ulceration is an important consideration as full thickness
wounds take longer to heal.24 When comparing partial
thickness venous ulcerations and full thickness ulcerations, full thickness wounds take approximately twice
as long to heal.24
An additional factor in predicting healing time and potential is ulcer duration. Margolis et al25 evaluated 260 patients
over a 2-year period with chronic venous ulcerations.The patients received weekly multilayered compressive dressings.
The study found that those wounds that were < 5cm2 and
those ulcerations present for < 6 months were more likely
to heal by week 24.The multilayered compressive dressings
healed 85% and 88% of these wounds, respectively.25
Comorbid illnesses are common in patients with VLUs
and may contribute to delayed wound healing and an increased risk of VLU recurrence.26,27 Performing a comprehensive clinical history and physical examination is critical
to the identification of underlying comorbidities and provides important information regarding the etiology of VLUs.
Management decisions in patients with chronic VLUs are
often influenced by comorbidities. Factors such as obesity,
malnutrition, intravenous drug use, and coexisting medical
conditions may affect prognosis and suitability for invasive
and noninvasive interventions. When VLUs fail to respond
to treatment or heal in a timely manner, clinicians should
consider further diagnostic investigations and referral to
specialists to identify occult etiologies and ensure underlying comorbidities are being adequately addressed through a
multidisciplinary approach.
The purpose of this review is to establish an evidencebased algorithm for treating venous ulcerations by utilizing
a systematic review of the Cochrane Database.
Vol. 25, No. 9 September 2013
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Figure 2. Venous leg ulcer treatment algorithm.

Methods
The algorithm is based on information obtained from
multiple sources including the Cochrane Database of Systematic Reviews, the Clinical-Etiology-Anatomy-Pathophysiology (CEAP) classification system, and large VLU cohort
studies. In reviewing literature for this algorithm, the Cochrane Database and PubMed were searched. Specific key
words included in the search were“VLU algorithm,”“history
of venous ulcers,”“treatment of venous ulcers,”“factors affecting VLUs,”“CEAP classification,” and “VLU dressings.” Literature from 1990 to present were included.Cochrane Database revealed 27 publications and the most relevant articles
were reviewed.The opinions of clinicians knowledgable in
the treatment of VLUs and the most common treatment modalities were used to determine relevance of the modalities
chosen. Minimal and low randomized control trials were excluded from the review.
The Cochrane Database of Systematic Reviews is an independent and collaborative source of information about the
effects of health care interventions, prepared by > 28,000
independent contributors working in > 100 countries.

Venous Leg Ulcer Treatment Algorithm
Over the years,clinicians have been faced with numerous
244
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treatments for VLUs. Some
current products and treatments have minimal to no
evidence to show that they
are effective.The goal of the
algorithm is to treat VLUs
with the best evidence
to close them sooner and
more cost effectively. The
VLU treatment algorithm is
shown in Figure 1.
The CEAP classification
system was originally developed in 1994 by an international ad hoc committee of the American Venous
Forum and adopted worldwide to facilitate meaningful communication about
CVD, and to serve as a basis for scientific analysis
of CVD and treatment options.28 As shown in the algorithm, the management
of a patient with a suspected VLU begins with a comprehensive medical history and
detailed physical examination.The medical history should
include documentation of previous manifestations of CVD
and previous and current ulcers.Preceding episodes of malignancy, vasculitis, collagen-vascular diseases, and dermal
manifestations of systemic diseases should be identified.
Suspected chronic VLUs that increase in size after debridement, or are excessively painful, should be reevaluated for
possible underlying etiologies.
An important goal of the physical examination is to document or exclude the presence of CVD. Physical examination should include evaluation of ulcers, venous dilatation,
edema, skin pigmentation, and venous refill time.A detailed
history should be performed, especially if there is a healed
or active ulcer. If there is a current venous ulcer, a physical
exam with descriptive terms is important.The exam should
be done with the patient both supine and standing.
Venous dilatation should be described and examined by
both visualization and palpation. Description of a dilated
vein can range from telangiectases to reticular veins to varicose veins.
Edema indicates the disease has progressed and is functionally advanced. The extent of the edema should be described and the limbs should be circumferentially measured.
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Skin pigmentation changes, such as venous eczema and
lipodermatosclerosis,are important signs of severe chronic
disease. Any and all pigmentation changes should be described.
Venous ulceration is the sign of the most advanced
disease. The location and the measurement of the ulcer
should be well described,along with any healed ulcers that
have scarring.
Venous refill time provides an overall measurement of venous reflux.Venous leg ulcers may exist in the presence of
mixed arterial/venous pathology, and treatment of only the
elevated venous pressure will be unsuccessful when significant arterial disease is present. Gross arterial disease should
be ruled out by establishing that pedal pulses are present on
physical examination and/or that the ankle brachial index
(ABI) is > 0.8. If concurrent arterial disease is present, this
should be evaluated and addressed.When present, patients
should not have traditional compressive dressings.The complexity of the diagnostic work-up is influenced by the severity of the clinical problem and the degree of disability.
An international consensus conference was held in 1994 at
the American Venous Forum to develop a new classification
system of CVD. The CEAP classification was developed and
implemented,29,30 and is broken down into 4 components:
Clinical classification.There are 7 clinical classes from
0 to 6, with 0 indicating no disease; 1 indicating signs of telangiectasia or reticular veins; 2 indicating varicose veins; 3
indicating edema without skin changes; 4 indicating skin
changes associated with venous disease; 5 indicating skin
changes with healed ulcers; and 6 indicating skin changes
with active ulceration.
Etiologic classification.The type of dysfunction is classified as either congenital, primary, or secondary. Congenital dysfunctions are noted at birth, but don’t manifest until
later in life. Primary dysfunction is of an unknown cause,
while secondary dysfunction is an acquired condition such
as deep vein thrombosis.
Anatomic classification. Anatomic sites of venous disease are either superficial, deep, and/or perforating. One
system or all systems simultaneously can be involved in the
same time.
Pathophysiologic classification.Signs or systems of CVD
result from reflux, obstruction, or both. This classification
system is very detailed and can be used to direct treatment
for surgical vs conservative treatment.The one fault of the
system is that there is no classification for other concurrent
conditions that might affect the severity or treatment of
CVD. Important considerations for other diseases, such as
diabetes and lymphedema, need to be taken into account

An important goal of the physical examination is to
document or exclude the presence of chronic veThe exam should be done with the patient both supine and standing, and include an assessment for
venous dilatation, edema, skin pigmentation, venous ulceration, and venous refill time.
because they might affect the treatment and healing times.
The diagnostic tests useful in CVD have been classified
into 3 levels: I = office testing (eg, history, physical examination, and continuous-wave ([handheld] Doppler studies); II = vascular laboratory (eg, duplex scanning, plethysmography, and venous pressure); and III = phlebography
(eg, ascending and descending phlebography and varicography). All patients should undergo level I diagnostic
studies, in which the minimal degree of objective testing
is achieved by the continuous-wave Doppler examination.
Level II diagnostic investigations are done for patients with
the simplest and most straightforward problems, and level
III diagnostic studies are reserved for difficult cases and
preoperative planning, especially for patients undergoing
deep venous reconstruction.
Baseline clinical features of VLUs can help identify patients who are likely to respond to conservative treatment
and those who may require more aggressive interventions.
Margolis et al31 analyzed a dataset of more than 20,000 patients with VLUs treated with lower limb compression therapy to determine the accuracy of several prognostic models.
Initial measures of wound size and duration accurately identified patients who were likely to heal by the 24th week of
care. For example, a wound < 10 cm2 and < 12 months old
at the first visit has a 29% chance of not healing by the 24th
week of care, while a wound > 10 cm2 and > 12 months old
has a 78% chance of not healing. These criteria may help
wound care providers decide when to consider using conservative treatments only, or in addition to, adjuvant therapies early in the course of VLU treatment.

Treatment
The treatment options can be broken down to 5 categories: compression, local wound care, surgical intervention,
medical treatment, and advanced technology. Basic wound
care principles also need to be followed, such as proper
wound environment, control of clinical signs of infection,
and debridement. In a recent review of the impact of debridement on healing of VLUs, ulcer surface area reduction
was greater in visits after debridement.32 Attention should
Vol. 25, No. 9 September 2013
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be paid to removal of all necrotic tissue, densely adherent
slough and exudates, and reshaping of the ulcer margins.

Compression Therapy
The cornerstones of the VLU management algorithm are
wound debridement; management of exudate; and wound
moisture, infection control, and management of concurrent systemic conditions. Lower limb compression is the
standard of care for patients with VLUs without concurrent
arterial disease and provides the basis for the initial treatment recommendation in the VLU algorithm. In 2009, the
Cochrane Database reported an extensive evaluation of the
clinical effectiveness of compression bandage or stocking
systems in the treatment of VLU.33The analysis was designed
to determine if the application of compression bandages or
stockings aid VLU healing,and if so,which compression bandage or stocking is the most effective.A total of 39 randomized clinical trials that evaluated any type of compression
bandage system or compression hosiery were included in
the analysis.The evidence strongly suggests that VLUs heal
more rapidly with compression than without,and that multicomponent compression achieves better healing outcomes
than single-component systems. When competing systems
comprising 2 components were compared, there was some
evidence suggesting those including an elastic component
may be more effective than those composed mainly of inelastic constituents; a similar finding was noted for alternative 3-component systems.33
A substantial proportion of patients with VLUs are not
helped by compression bandaging, or are unwilling or unable to wear it.Other patients with VLUs may be unsuitable
candidates for compression bandaging due to concurrent
arterial disease. Intermittent pneumatic compression (IPC)
is an alternative method of delivering compression that utilizes an air pump to periodically inflate/deflate bladders incorporated into sleeves applied to affected limbs. Multiple
techniques for providing IPC are available using single or
multiple chambers/bladders, different types of pumps and
compression cycles, and variations in inflation and deflation times.
Clinical evidence of the effectiveness of IPC in increasing healing rates in patients with VLUs was extensively reviewed by Nelson et al34 and reported in the Cochrane Database.A total of 7 randomized controlled trials including 367
patients were included in the analysis. Compared with no
compression,IPC was associated with a 2.27-fold increase in
the likelihood of VLU healing.Trials of IPC and compression
vs compression alone provided inconsistent results,with no
differences in healing rates reported in some trials,and mod246
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est benefits of combination treatment reported in others.
Rapid IPC was associated with greater VLU healing rates and
shorter time to complete VLU healing than slow IPC. No significant differences in pain scores were observed between
patients receiving IPC and those treated with Unna’s boot.

Dressings
Wound dressings are usually applied beneath the compression to aid healing, enhance comfort, prevent adherence of the bandage to the ulcer, and control exudate. A
wide variety of dressing products and types are available
including hydrocolloids,foams, alginates,hydrogels, and others.A Cochrane review of 42 randomized controlled studies
with a total of more than 1000 patients found no evidence
that any one dressing type was better than others in terms
of number of ulcers healed.35 Furthermore, the more expensive hydrocolloid dressings were not shown to provide
healing benefits over the lower-cost simple nonadherent
dressings.Without clear evidence to support the use of one
dressing over another, the choice of dressings for VLUs can
be guided by cost,ease of application,and patient and physician preferences.
Studies have shown that modern dressings, particularly
if the wound is < 4 weeks old, do not provide a significant
improvement in healing rates of chronic venous ulcerations.36 Chaby et al36 concluded that only a weak level of
evidence existed for clinic efficacy of products such as hyaluronic acid, hydrogels, and silver-impregnated products
when compared to saline or paraffin gauze.Statistical significance in wound healing did not occur in venous ulceration
healing until week 6 in a literature review by Kerstein et
al.37 Impregnated gauze, hydrocolloid dressings, and human
skin constructs were evaluated, and it was concluded that
advanced products may not be cost-effective in early treatment. Cambal et al38 conducted a small study of 20 patients
with chronic venous ulcerations with compressive sclerotherapy and maggot debridement therapy. In these patients,
95% showed a significant clinical improvement. A review
conducted by Simms and Ennen39 determined that no dressing was superior to another, and compression is the necessary gold standard of treatment.

Systemic Therapy
The use of systemic agents should be considered in patients with chronic or recurrent VLUs and in those with negative prognostic factors. Systemic agents may be used alone
or in combination with compression and other mechanical
modalities. Despite a number of studies designed to examine the efficacy and safety of adjunctive systemic therapy
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in patients with VLUs, and possibly as monotherapy, the
cost-effectiveness of this approach has not been established.
Pentoxifylline is an inhibitor of platelet aggregation which
reduces blood viscosity and, in turn, improves microcirculation.The Cochrane Database reported an extensive review
of randomized trials comparing pentoxifylline with placebo
or other therapy in the presence or absence of compression
in patients withVLU.40The authors found that pentoxifylline
is more effective than placebo in terms of complete ulcer
healing or significant improvement (RR, 1.70). Pentoxifylline plus compression proved more effective than placebo
plus compression (RR, 1.56), and pentoxifylline in the absence of compression was more effective than placebo or
no treatment (RR 2.25). More adverse effects were reported
in patients receiving pentoxifylline (RR 1.56) and most of
the reported adverse effects were gastrointestinal. 40
Like pentoxifylline therapy, aspirin (300 mg per day)
combined with compression therapy has been shown to
decrease ulcer healing time and reduce ulcer size compared
with compression therapy alone.41 The therapeutic role of
aspirin in VLUs is supported by observed increases in levels
of fibrinogen, coagulation factor VIII, von Willebrand factor,
and plasminogen activator inhibitor-1 in patients with VLUs
compared with healthy controls.42 The addition of aspirin
therapy to compression bandages may be useful in the treatment of VLUs as long as there are no contraindications to
its use.
Bacterial colonization and superimposed bacterial infections are common in VLUs and contribute to poor wound
healing. However, a recent Cochrane Review of 22 randomized control trials of systemic and topical antibiotics and antiseptics for VLU treatment found no evidence that routine
use of oral antibiotics improves healing rates.43 Oral antibiotics may be indicated in patients with VLUs and suspected
cellulitis. Suspected osteomyelitis warrants an evaluation for
arterial disease and consideration of intravenous antibiotics
to treat the underlying infection.Only topical cadexomer iodine showed promising results. 43
Oxygen is essential to wound healing.Local tissue hypoxia,caused by disrupted or compromised vasculature,is a key
factor that limits wound healing.44 Clinical use of oxygen to
promote wound healing began in the 1960s with the administration of systemic full body hyperbaric oxygen therapy
(HBOT) to treat wounds.45 Today, HBOT is usually administered in single- or multiplace chambers utilizing pressures of
2,500 mb and higher.There has been only 1 study on VLUs
that indicated a significant reduction in wound area at 6
weeks following the administration of HBOT.46The problem
with HBOT is the possible complications such as damage to

the ears,sinuses,and lungs from the effects of pressure,temporary worsening of short-sightedness, claustrophobia, and
oxygen poisoning.Although serious adverse events are rare,
HBOT cannot be regarded as an entirely benign intervention. Furthermore, as an adjunct to standard therapy HBOT
may be associated with increased costs,and any cost/benefit
advantage should be carefully considered.47

Treatment Response
The“4-week” Model. The initial healing rate of VLUs
and the percentage change in the ulcer area after treatment initiation have been shown to predict ulcer healing.48 The use of a valid surrogate marker for complete
VLU healing may allow for the identification of patients
who are not likely to heal by standard methods early in
the course of treatment, thereby allowing for expedited
referral to specialty centers or the earlier initiation of advanced wound healing therapies.
TheVLU treatment algorithm recommends > 40% wound
closure after 4 weeks of conventional therapy as a surrogate
marker for the identification of patients who are likely to
achieve complete wound closure with continued conservative treatment. Patients with < 40% closure at 4 weeks are
unlikely to achieve complete wound healing and may benefit from alternative or advanced interventions.49
The algorithm recommendation is based on an analysis
of wound characteristics and healing rates in 29,189 patients with 56,488 VLUs.49The median wound size was 189
mm2 and the median wound duration was 3 months. By
the 12th week of care, 45.2% of patients had healed.Those
that healed had smaller wounds at baseline and wounds of
shorter duration as compared with those that did not heal
(all P values < 0.001).The continuous surrogates percent
change in wound area, log healing rate, and log area ratio
at weeks 2, 4, and 6 were shown to discriminate between
a wound that healed by 12 weeks of care and one that did
not. The 4-week surrogate maximized accuracy and minimized the time to surrogate endpoint. Dichotomization
of the surrogate markers at week 4 demonstrated that a
wound’s healing status at 24 weeks can be correctly classified at a rate of 66%-69% depending on the marker utilized.
These surrogates were further validated by demonstrating
that established risk factors for not healing, such as wound
size and wound duration, are also important risk factors for
not achieving the surrogate endpoint.
Skin autografts, allografts, and xenografts.A Cochrane
Review was conducted to assess the effect of various skin
grafts for treating VLUs.50The types of skin grafts examined
in this review included autografts (from the patient’s own
Vol. 25, No. 9 September 2013
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skin), fresh or frozen allografts (from other human sources),
and xenografts (from pigs).
The review found that the randomized controlled trials
were of generally poor methodological quality, characterized by flaws including lack of reported inclusion criteria,
unclear descriptions of randomization methods,lack of baseline comparability,and lack of blinded outcome assessments.
The authors concluded there was not enough evidence to
recommend any of these types of grafts for the treatment
of VLUs. It was recommended that further research be conducted to improve methods for identifying patients amenable to treatment with skin grafts and to assess whether skin
grafts increase healing for VLU patients.
Bilayered and single-layered bioengineered cellular
technologies.The Cochran Review of skin grafting for VLUs
also examined the available evidence for bioengineered cellular technologies.50 These advanced technologies feature
living human cells and differ from traditional skin grafts in
that they do not engraft or persist long-term, but instead delivery a cascade of growth factors and cytokines that stimulate healing in the recipient.
The single layer technology (Dermagraft, Shire Regenerative Medicine, Inc, San Diego, CA) contains only the dermal
component and is comprised of human fibroblasts seeded
onto a vicryl mesh. The Cochrane Review analyzed data
from 2 single-layer technology VLU trials which employed
different dosage regimes (1 piece, 4 pieces, and 12 pieces)
and found there was no evidence of benefit associated with
any of these dosage protocols.
The bilayered living cellular construct (Apligraf,Organogenesis, Inc, Canton, MA) contains 2 layers of living human
cells—an epidermal layer of differentiated keratinocytes and
a dermal layer of fibroblasts in a collagen matrix.The safety
and efficacy of this bilayered living cellular product in treating VLUs was evaluated in a large prospective randomized
controlled trial where patients were eligible to receive up
to 5 applications.51The results showed a significantly higher
proportion of ulcers healed in the Apligraf treatment group,
and also reported a shorter time to complete healing. Based
on these findings, the authors of the Cochrane Review concluded that applying a bilayered living cellular construct
with compression increases the chance of healing a venous
ulcer compared to compression alone. Based on these Cochrane conclusions, the algorithm recommends applying
bilayered living cellular constructs to VLUs that failed to reduce in size > 40% following 4 weeks of conventional care.
Surgical therapy. Direct surgical intervention may be
helpful in patients with VLUs not responding to conservative management, but is generally performed to decrease
248

WOUNDS® www.woundsresearch.com

the likelihood of VLU recurrence. In patients with first-time
VLUs, healing rates with surgery are comparable to those
achieved with conservative treatment. The benefits of surgical treatment may outweigh those of conservative treatment in patients with recurrent VLUs. Other factors favoring
surgical intervention include medial ulceration, older age,
and larger VLU size.Direct surgical intervention on the deep
venous system is generally reserved for patients who do not
respond to treatment of the superficial system or are not
candidates for superficial venous intervention.
Surgical correction of superficial venous reflux does
not increase healing rates in patients with VLUs receiving compression therapy. In 500 patients with open or recently healed VLUs and superficial venous reflux, healing
rates at 3 years were 89% for the compression group and
93% for the compression plus surgery group (P = 0.73).52
Rates of ulcer recurrence at 4 years were 56% for the compression group and 31% for the compression plus surgery
group (P < 0.01). Patients receiving compression plus surgery experienced significantly longer absolute (100 weeks
vs 85 weeks, P = 0.013) and proportional (78% vs 71%,
P = 0.007) ulcer-free time up to 3 years compared to those
receiving compression alone. These findings support the
role of surgery and compression therapy in patients with
chronic wounds. Surgical correction of superficial venous
reflux in addition to compression bandaging reduces the recurrence of VLUs at 4 years and results in a greater proportion of ulcer-free time.
Maintenance therapy. Appropriate maintenance therapy
following healing of VLUs may help prevent the occurrence
of new VLUs and reduce the incidence of ulcer recurrence.
Well-designed randomized controlled trials of maintenance
strategies following VLU healing are rare. Maintenance treatment with compressive stockings and appropriate skin
care should be considered in all patients with healed VLUs.
The identification of patients who are likely to benefit from
posthealing VLU surgery is difficult. It is unclear which type
of compression stocking may be most suitable for maintenance therapy, and the choice may be based on cost issues
and patient and provider preferences.Further studies,including economic evaluations,are needed to help determine the
optimal maintenance strategies in patients with VLUs.
Functional restoration. Patients with VLUs experience
significant functional impairment including loss of mobility,
decreased work capacity,limitations in leisure activities, and
challenges with activities of daily living. In addition to ulcer
healing and prevention of recurrence, functional restoration, defined as a return to pre-VLU levels of activity, may be
an appropriate endpoint in VLU clinical trials and a useful
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6.

The venous leg ulcer treatment algorithm recommends
> 40% wound closure after 4 weeks of conventional
therapy as a surrogate marker for the identification of
patients who are likely to achieve complete wound closure with continued conservative treatment.
Patients with < 40% closure at 4 weeks are unlikely
to achieve complete wound healing and may benefit
from alternative or advanced interventions.49
marker of VLU treatment success. From the patient’s perspective, pain relief and restoration of functional capacity
may be the most important outcomes of VLU treatment.Providers should monitor changes in functional capacity during
VLU treatment and consider lack of functional restoration as
a possible marker of inadequate treatment.

7.
8.

9.

10.

11.

Conclusion
This paper describes an evidence-based algorithm for the
treatment of VLUs. The algorithm is based on current and
unbiased analysis of randomized clinical trials. Widespread
implementation of the VLU treatment algorithm has the potential to improve outcomes, restore function, and reduce
costs associated with VLU.
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