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Abstract

Care of chronic and stalled wounds is hampered by the lack of diagnostic tools to help direct clinicians to specific treat-
ments or diagnose specific conditions. Studies have shown a correlation between high protease levels and nonhealing
wounds; a diagnostic protease test is under development. Seven wound care experts (two podiatrists, two vascular sur-
geons, a physician expert in hyperbaric oxygen therapy, a physical therapist with a specialty in home health, and a regis-
tered nurse) met to reach consensus on several aspects about a point-of-care protease test. They agreed that although
disease states interfere with wound healing, such states do not automatically mean that wound healing will be impaired
or that the wound becomes stalled after inception; and that patient comorbidities, patient factors, patient medications,
and the microenvironment of the wound all affect the risk of nonhealing. They also agreed that: 1) appropriate protease
activity was important in healing, 2) measuring just one individual protease would be unlikely to be representative of the
proteolytic environment of the wound, 3) no diagnostic or theranostic tests to detect high protease activity levels in a
wound is currently available, and 4) the development of a simple, widely available protease diagnostic test could dra-
matically change the provision of care, especially in outpatient settings. If subsequent research confirms that high pro-
tease activity levels delay healing, confirmation that a stalled wound has high protease activity levels could better target
protease-modulating therapies and improve outcomes. Extensive validation of a protease test will be necessary from
proof-of-concept pilot studies to controlled clinical trials to demonstrate that use of the test improves outcomes of care.
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functional results. Although wounds may have different un-
derlying etiologies such as diabetes or venous disease, they
share a common biochemical milieu.* Preclinical research

ound healing is a complex biochemical process with
four sequential, overlapping processes: hemostasis,
inflammation, granulation (proliferation), and maturation.

For acute wounds, the healing process follows an orderly
progressionthroughthesesteps.However,forcertaingroups
of wounds to which the term chronic is applied, this process
is disrupted and healing stalls, most typically in the begin-
ning inflammatory phase.? Lazarus et al® defined a chronic
woundin 1994 asonethatfailsto progressthroughanormal,
orderly, and timely sequence of repair or one that proceeds
through the repair process without restoring anatomic and

also suggests that if a wound occurs in patients with certain
comorbiditiessuchasdiabetes®orin patientstaking particu-
lar medications such as steroids,®'° it may be thought of as
immediately stalled based on the underlying pathophysiol-
ogy and biochemistry."

Treatment challenges. Stalled wounds frequently do not
respond to basic wound care (ie, debridement, offloading
or compression, moisture balance, and control of bacterial
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burden). However, after confirming and removing all ap-
parent causes of tissue damage, addressing the underlying
etiology, ruling out malignancy, and complying with rel-
evantguidelinesfor safe, effective wound management (eg,
at www.guidelines.gov), clinicians have little direction with
regard to choosing which advanced therapy to“jump start”
healing, when to initiate therapy, and when to discontinue.
Moreover,notallwoundsrespondtothesametherapies.lde-
ally,advancedtreatmentwouldbedirectedatcorrectingthe
underlying biochemical defects. However, due to lack of vi-
sual cues, these defects cannot readily be identified without
appropriatetests.Currentwoundhealingassessmentisbased
on physical tests and clinical observations, biological tests
suchasqualitativeandquantitativeculture,biochemicaltests
such as blood glucose or C-reactive protein (CRP), and other
physiologicaltestssuchaslocaloxygenperfusionassessment
ornutritional screening.These suggest factors that are likely
to impede wound healing; however, they frequently do not
identify the specific causes of delayed wound healing.™
Assessment tools. New diagnostic tests examining the
underlying biologicalabnormalities of thewoundbed could
be of potential benefit in identifying these causes, and may
support when, what, and how long to use therapies. In this
context, adiagnostictoolis atest that requireslittle ornoin-
terpretationandprovidesunambiguousinformationregard-
ingthe diagnosis ofacondition, usually withoutreferenceto
other sources. By comparison, a theranostic tool is one that
provides specificinformation in relation to the appropriate-
ness of a particular therapy or intervention. The classic ex-
ampleofadiagnostictoolisthe home-based pregnancy test
based on the detection of human chorionic gonadotrophin
in urine to confirm pregnancy. In wound care, a good ex-
ample ofatheranostic test would be the identification of be-
ta-haemolyticstreptococcifromawoundsample,indicating
the need for aggressive medical and/or surgical treatment,
even if clinical signs of infection are absent.'>'* (Currently
thisis performed usingtime-consuming culturetechniques;
arapid, simple, cost-effective diagnostic test is not yet com-
mercially available for wounds.) The World Union of Wound
Healing Societies'> has recognized that the development of
appropriate diagnostic and theranostic tools in wound care
will be an important step to advance treatment in the field.
Developing diagnostic or theranostic tools requiresade-
tailedunderstandingofthedysfunctionalwoundmicroenvi-
ronmentandhowitmightaffecthealing. Akeyconceptgain-
ing ground in this regard is dynamic reciprocity (DR), a term
first coined by Bornstein etal.'* In essence, DR describes the
interaction between cells and the extracellular matrix (ECM)
and has been applied to the processes of wound healing.
Physical and chemical healing mediators. During the
normalwound-healing process, vasculardamage causes ex-
travasation of blood components and exposure of ECM pro-
teinssuchascollagen, fibronectin,laminin,and the matricel-
lular protein thrombospondin-1.">'¢ Binding of platelets to
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Key Points

e Several studies have shown a relationship between
high wound fluid protease levels and nonhealing.

e A panel of seven wound experts met to discuss a
variety of statements related to the potential role of a
simple protease diagnostic test on clinical practice.

e The panel agreed that such a test could change care,
especially in outpatient settings.

e Studies to determine whether high protease levels are
the cause or the result of nonhealing are needed to
determine the potential role of protease-modulating
treatments on chronic wound outcomes.

exposed collagenviatheintegrinfamilyinitiatesanintracel-
lular cascade, resulting in activation and degranulation that
releasesavarietyof cytokinesand otherchemical mediators,
as well as creating fibrin clots. The fibrin clot, along with
bound fibronectin, serves as a repository for growth factors,
proteases, and protease inhibitors, as well as a matrix that
harbors cellular attachment points.'®’” Immediately follow-
inghemostasis, inresponseto platelet-derived chemokines,
neutrophilsinfiltrate the wound to begin the removal of cel-
lular debris and bacteria, in addition to signaling initiation
of other immune responses. This response includes the at-
traction of monocytes whose binding to the ECM proteins
induces differentiation into macrophagesand upregulation
of growth factors, including transforming growth factor
(TGF-a) and platelet-derived growth factor (PDGF-B).'6181

Beforetheformation of newgranulationtissueandblood
vessels can proceed, the wound microenvironment must be
sufficientlycleanand organizedtofacilitatefibroblastmigra-
tion and interaction via signals sent from the existing fibrin
matrix.In addition, keratinocyte migration and proliferation
followingrelease of theirattachmenttothe basementmem-
brane is necessary — a course facilitated by matrix metal-
loproteases (MMPs).2° It is important to understand at this
point MMPs are beneficial. However, it is also clear from sev-
eral prospective clinicalandin vitro studies that pre-existing
disease states (eg, peripheral vascular disease?' or repeated
ischemia-reperfusion??) interfere with the normal process of
thewound-healing eventsjustdescribed ordirectly contrib-
ute to the formation of a wound in an internal rather than
external mechanism of injury.® These factors buttress the
theoreticalconceptthatcertainwoundscanbecharacterized
ashealing-impairedin some fashion, and have the potential
toeventuallybecomechronic.Forexample,inarecentreview
basedonseveraloninvitrostudies,Mooreetal*conjectured
thatinchronicwounds,lymphocytefunction-associated an-
tigen-1 (LFA-1) and very late anitigen-4 levels (VLA-4) are
elevated in neutrophils, macrophages, T lymphocytes, and
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mast cells; intercellular adhesion molecule (ICAM-1) levels
are raised in endothelial cells; inflammatory mediators are
expressed at higher than normal concentrations; a pattern
emerges of disordered growth factors in which receptor ex-
pression is downregulated and proteolytic degradation of
growth factorsadvanced; and higher levels of proteases de-
stroy the ECM, aided by opposing lower concentrations of
tissue inhibitor of metalloproteases (TIMPs). Likewise, in a
recent review of many clinical and in vitro studies, Schultz
and Wysoki®*?” have proposed that in patients with diabe-
tes, potential abnormalities in ECM metabolism, including
elevated expressions of MMPs 2 and 9 and TIMPs 1 and 2, as
well as glycation of several ECM proteins (primarily collagen
and fibronectin, which results in poor adhesion to cells), are
factors that predispose wounds to healing difficulties.

Proteases. One recurring theme from a review of the lit-
erature?®3jsthe persistence of excessive proteasesinstalled
wounds,althoughnopublisheddataexistonthepercentage
of wounds having elevated levels. Neutrophils —ie, phago-
cytes recruited to the site of injury in the early stages of the
inflammatory phase — often have been observed in exces-
sively large numbers in stalled wounds; therefore, the high
contentofproteases producedandstoredinthemcouldbea
factor contributing to chronicity under such circumstances.
However, whether high protease levels (including serine-
containing,metallo-and,cysteine-containing,aspartic-based
proteases,andmyeloperoxidases)underthesecircumstances
aredirectagentsin causing damage to cellularcommunica-
tionfactorsortissues,orwhethertheyrepresentabiochemi-
calsignalthatunderlyingpathologicalconditionsarecausing
dysfunctions in normal wound healing mechanismes, is cur-
rently unknown for a given wound and will likely be a focus
of future research.

Elastase. Several investigations have probed concentra-
tions of elastase, the serine protease in neutrophils that de-
grades several ECM proteins, cytokines, growth factors, and
cell surface receptors.?#3437 Work in the mid-1990s based
on in vitro and clinical research®**” suggested that in many
stalledwounds,thedegradationofpproteinssuchasfibronec-
tin by elastase is common and is caused by elevated levels
of elastase and cleavage of the proteinase inhibitors alpha
1-antitrypsinandalpha2-macroglobulin.Otherprospective
clinicalcomparativeand noncomparative investigations3*
duringthesametime period revealed otherelastase-related
proteasesin both acute and stalled woundsincluding tissue
plasminogen activator, urokinase, and proteinase-3. More
recent prospective clinical comparative and noncompara-
tive research***also has confirmed that neutrophil elastase
degrades plasminogen in leg ulcers® and is significantly el-
evated in stalled wounds. Furthermore, the process ofaging
inhealthyhumansubjectsisassociated with upregulation of
this serine protease in acute wound healing.

Theseassociationssuggesttheseproteasessignalwound
deterioration. Because they are upregulated in both acute
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healthy wounds and chronic venous ulcers,* they appear to
be related to the tissue response to wounding. What is not
known with any certainty is why the downregulation of pro-
teases fails to occur in some wounds, a factor in the conver-
sionofanacutetostalledwound.®*Regardless,theseproteases
clearlysignaltissuedamage.Althoughprospectivequasi-ex-
perimental and longitudinal clinical studies333*37-434>35 have
shown a strong correlation of elevated protease activity in
stalled, nonhealing chronic wounds, it has yet to be estab-
lished what proportion of these wounds have elevated pro-
tease activity and how these might be identified, hence the
need for testing.

MMPs. MMPs are a family of at least 20 mammalian, neu-
tralpH,zinc-dependentendopeptidasesthathavethe capa-
bility to degrade the majority of ECM proteins. Neutrophils
containlargeamountsof MMP-9.%” Several prospective com-
parative/noncomparative, quasi-experimental and longitu-
dinal clinical studies*'*2*¢52 also have demonstrated higher
quantities of these MMPs in stalled wounds compared to
healing or surgical wounds, sometimes as much as 10-fold
or even 25-fold (most studies have measured levels of acti-
vated MMPs, but some have measured both activated and
total levels). The level of neutrophil collagenase MMP-8%
alsohasbeenfoundtobesignificantly higherinstalled com-
pared to healing acute wounds. In addition, it is interesting
to note that levels of this enzyme are higher than MMP-1 or
MMP-13in both acute and stalled wounds.?4%5'3 These lat-
terfindings mightberelated,in part, tothefactthatcollagen
isthelargestcomponentofthestructural protein family,and
therefore require higher levels of collagenase in the normal
first phase of healing. Other MMPs also have demonstrated
elevated levels in stalled wounds, such as MMP-3, MMP-10,
and MMP-11.%

In a prospective analysis of traumatic extremity combat
wounds, Utz et al** observed that impaired wound heal-
ing was significantly (P <.001) associated with MMP-2 and
MMP-7.Theauthorshypothesized thatthe presence of these
MMPs, as well as MMP-3, could effectively predict the out-
come of traumatic war wounds. The prospective case series
results of Ladwig et al*® were framed in terms of ratios of
MMPs to TIMPs with the mean MMP-9/TIMP-1 ratio in flu-
ids decreasing significantly (P <.05) as the ulcers healed. In
addition, the mean MMP-9/TIMP-1 ratio was significantly
lowerforwoundfluidscollectedatbaselinefromwoundsthat
ultimately healed well compared with wounds that healed
poorly. The implication, as the authors propose, is that it is
the ratio of specific MMPs to TIMPs that provides the best
healing prognostic. Other clinical case series and compara-
tive longitudinal clinical studies suggest thathigherlevels of
myeloperoxidasearepresentinstalledwounds,***butmuch
moreresearchwillberequired todetermine whethermyelo-
peroxidase levels can be used in a diagnostic fashion.

Ingeneral, cells regulate protease levels in acute wounds
through genetic expression augmented by production of
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counterbalancing serine protease inhibitors in the liver (eg,
alphat-antitrypsin; AAT),”® protease inhibitors linked with
wound healing (eg, plasminogen activator inhibitor type-1;
PAI-1),5” and TIMPs in proliferating keratinocytes spindle-
shaped, fibroblast-like,and plump,macrophage-likestromal
cells, as well as by endothelial cells.’® However, this homeo-
stasisis severely disrupted in some stalled wounds. Prospec-
tive quasi-experimental clinical studies*®>3 suggest that the
releaseofproteasesbylargenumbersofinvadingneutrophils
overwhelm existing proteaseinhibitorsinthe local area.The
inability to produce enough protease inhibitors, excessive
activation of latent proteases, and breakdown of protease
inhibitors by bacterial proteases present in wounds associ-
ated with high bioburden arelikely responsible forimpaired
wound healing in some cases. However, when the immune
system is responding to a high biobacterial burden, larger-
than-normal release of proteases may initially be an appro-
priate response. It is possible that when physiological and
oxidative stress is factored in, a quasi-equilibrium process
can develop in which continual production of granulation
tissueandits simultaneousdegradationresultsinnonewtis-
suebeingproduced.Alternatively,newtissuemayfailtogrow
becausethebiochemicalmechanismsinvolvedinitscreation
have become dysfunctional. Thus, excessive protease activ-
ity could be one of many causes of impaired wound healing.
However, local or systemic existing diseases or conditions
(eg,venousrefluxdisease, highglucoselevelsassociatedwith
diabetes mellitus, pressure, orischemia) are often the prima-
rycausethatresultsindisruptionoftherelevanthomeostatic
processes involved in normal wound healing, including the
elevation of proteases. It is also likely that in some chronic
woundstissueisdamaged by mechanismsotherthanexces-
sive levels of proteases.

To further understanding of the observed correlations,
many questions must still be answered. Specifically, future
studiesmustexploreunderwhatcircumstancesproteaselev-
elsareraised —ie, if they are the result of underlying patho-
logical conditions that should be addressed (if they can be)
oriftheyareaprimarycause of nonhealingandlevelsshould
be lowered. Although systemic glucocorticoid use impairs
wound healing, a 3-month prospective study found topical
application beneficial.>® Per in vitro study,®® one mechanism
by which this might occur is reduction of MMP activity. Pro-
spective, quasi-experimental clinical studies®%?have docu-
mented the use of doxycycline, an MMP inhibitor, to lower
excessive MMP levels. Additionally, a review and an in vitro
study design®*%4suggest that dressings containing oxidized
regenerated cellulose also may have the potential to lower
proteaseactivitylevelsaswellasoxygen-freeradicalsand ex-
cessive levels of metallicions while minimizing the degrada-
tion of growth factors.

Withtheknowledgethatexcessiveproteaseactivitylevels
eithercanbedirectlyharmfultowoundhealingorsignalma-
jor dysfunction in the wound healing process, and because
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the possibility that approaches to bring them back into bal-
ancemightfacilitatethehealingprocess,amethodisneeded
toeasilyidentifywoundsthathavelargeproteaseimbalances.
A point-of-care (POC) diagnostic protease test to measure
inflammatory proteasesiscurrentlyunderdevelopment.Be-
causeavariety ofadvancedtreatmentsareavailablethatcan
potentiallyaddressexisting protease activityimbalanceand
perhapsfacilitatehealing,theseadvancedtreatments might
be more cost-effectiveif they can be used in a timely fashion
and on appropriate wounds. In addition, discontinuing or
notinitiatingtreatmentsthatmightnotbe usefulundersuch
circumstances could save costs.

To address how a POC test that measures inflammatory
proteases should be employed, a group of wound care ex-
perts (the Protease Diagnostic Consensus Panel) gatheredin
Miami, FL on May 14, 2011 to reach consensus on a num-
ber of issues regarding use of such a tool. The format of the
discussion followed a series of questions that were posed to
thepanelforseveral topicswiththediscussionmoderated by
Robert Snyder, DPM.

The goal of this paper is to present the issues discussed
and the consensus reached on each topic, which builds on
theinternational consensus meeting held in February 2011
regarding therole of POC protease testsin clinical practice."

Consensus Process

The internationally recognized panel of wound care ex-
pertscomprised sevenmembers:two podiatrists, twovascu-
lar surgeons, a physician expert in hyperbaric oxygen thera-
py, a physical therapist with a specialty in home health, and
aregisterednurse.Thepanelwasprovidedrelevantliterature
in preparation for the consensus meeting. Using a pre-spec-
ified agenda that contained several topics and subtopics re-
lating to the role of protease tests, the moderator presented
one topic at a time for the panel’s consideration. Following
initial discussion, a consensus statement for each topic was
proposed by the moderator. (For the purposes of this article,
theliterature supporting the panel’s consensus statementis
noted.) If the consensus was not unanimous, further discus-
sion ensued to refine the statement(s) until consensus was
unanimous.Topics that took the most time to reach consen-
sus were: 1) what constitutes a chronic wound, 2) which fac-
tors make awound hard to heal,and 3) how should protease
imbalances be managed.

Concept of the Protease Test
Based on unpublished data from Sibbald et al, the panel
agreedwoundetiologiesandpatient-centeredconcernsmust
be assessed by performing a complete history and physical
examination before considering the use of a protease test.
Some of the test’s keys attributes should'
+ Be clinically relevant
« Beable to measure asingle protease (or a set of prote-
ases) and present a single result

DECEMBER 2011 OSTOMY WOUND MANAGEMENT 39



Venn diagram describing non-healing wounds

Acute Wound ’ ’
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Chronic Wounds
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Figure 1. Stalled wounds can form from acute wounds
in patients having certain comorbidities or long-stand-
ing wounds in a healthy patient in which the local wound
biochemistry is abnormal. In this context, long-standing
could mean a wound age of 1 month to several years.
Although healthy and sick are relative terms, a sick pa-
tient would have one or more significant comorbidities,
while a healthy patient would not have any significant
comorbidities.

« Clearly indicate the need for (or inappropriateness of)
a specific therapy

 Be appropriate for use by clinicians with different skill
sets, as well as community nurses or possibly the pa-
tient/caregiver

« Be quick, easy to use, and easy to interpret

- Be used at the point of care

« Have the potential to supportenhancing the standard
of care by aiding the clinician in selecting the most
cost-effective type of treatment, treatment duration,
and reasonable stopping points

« Beaccurate,reliable,sensitivetochange,providerepro-
ducible results in normal use, be unaffected by other
substancespresentinthetestsample,andbeeasilycor-
related with reference test methods

« Becost-effective (ie,decreased cost of failure to heal by
way of decreasinginappropriate therapies; thiswillen-
couragecostappropriate/effective versusthe mostex-
pensive therapy).

Protease Science

Definition of a stalled or chronic wound. The consensus
panel agreed that defining a stalled or chronic wound is chal-
lengingbutproposedthefollowingasanoperationaldefinition:
A stalled or chronicwound isa wound in which the severity of a
singlecomorbidityormultiplesystemiccomorbiditiesinterfere
with the normal healing process. Chronicity is not necessarily
dependent onthe time since the wound was first formed.'"6568

Although disease states interfere with wound healing,
such states do not automatically mean wound healing will
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beimpaired orthatthe woundbecomesstalled afterincep-
tion.However,anacutewoundcanbecomestalledbecause
a patient has certain comorbidities or the local wound bio-
chemistryisabnormalin an otherwise healthy patient (see
Figure 1). Many diabetic foot ulcers heal within a reason-
able period of time, which means that having diabetes is
notsufficientbyitselftocreatewound-healingimpairment;
rather, such factors as blood glucose control, HbA1clevels,
and duration of diabetes are likely to determine the like-
lihood of wound-healing problems.®7' Operationally, this
hasbeentranslatedtowhetheradiabeticfootulcerachieves
a 50% reduction in percent area reduction within 4 weeks.
Wounds that do not meet this target are likely to have an
unsatisfactorywoundhealingtrajectoryandmaybestalled
wounds.”>”3 Nevertheless, in individual patients who have
comorbidities that can be translated to pathological pro-
cesses at the cellular level, it can be difficult to ascertain
whether a cutaneous injury can be considered an acute
wound that will heal relatively quickly or stall.

The term chronic implies a long duration and may not
include acute wounds that have healing problems or en-
compass wounds that have healing problems immediately
after formation. Alternate terms that have been used in the
literatureinclude delayed, stalled, hard-to-heal, recalcitrant,
difficult,complex,orfailtorespond,’althoughnoneofthese
terms individually convey additional useful information.
Thus,whilethetermstalledwoundisretained here, the panel
redefined it in broader terms.

Factors that impair wound healing. The consensus panel
discussedthatmanyfactorscanmakethewoundhardtoheal
when consideredinthe context of proteases.The factorscan
be divided into four categories: patient comorbidities, pa-
tientfactors, patientmedications,and wound microenviron-
ment (see Table 1).

Importance of proteases to healing. The panel agreed
thatappropriate protease activity was importantin healing.
Under normal phases of healing, several different proteases
areinvolved in degrading ECM-based wound debris, as well
as in digesting bacteria. In addition, certain MMPs are nec-
essary to allow keratinocytes to migrate by releasing them
from basement membranes, and through ECM degradation
proteases play a role in ensuring that increased cell density,
changesincellshape,andchangesintensionoccursogranu-
lation tissue can form.'®In simple terms, protease activity is
anessential partofwoundhealing."'*Thepanelagreedthat
whenproteasehomeostasisisdisrupted,leadingtoexcessive-
ly high activity levels of proteases, wound healing can stall.

Point-of-care wound testing: Are proteases a good place
to start? Consensus also was reached that a simple protease
test would be extremely useful in clinical practice. Although
cliniciansoftensuspectthatmanynonhealing,stalledwounds
have gross imbalances of protease activity in opposition to
inhibitors, it cannot be known for certain unless the levels of
key biochemical entities are measured. In the words of one
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Need for Advanced Technologies/
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Figure 2. Typical pathway of care for patient presenting

with a wound at first visit.

panel member,”One cannot manage what one cannot mea-
sure!” The results of such biological chaos mean the wound
bedcannotbeproperlypreparedandthatmoistwoundheal-
ingaloneisunlikelytobesuccessful,soaneedtoaddressthis
underlying problem remains. Furthermore, the use of some
expensiveadvancedtherapies,suchasbioengineeredhuman
skin equivalents (HSE) or negative pressure wound therapy
(NPWT) mightbeinappropriate becausetheyare morelikely
tofail. Thisconsensus panel,aswellas previousinternational
consensus panels,’"?agreed that simple tests based on key
enzymatic markers — ie, proteases —would be good choic-
es.Mooreetal**endorsedtheconceptmorethan4yearsago.
However, italsomustberememberedthatatestof proteases
as a general marker of inflammation does not constitute a
specific diagnosis of the cause of wound healing failure or
delay;rather,highactivitylevelsof proteasesareresponsesto
an underlying stimulus that must be specifically identified.

What proteases should be measured? The panel gen-
erally agreed that because proteases have overlapping
functions, measuringjustoneindividual protease would
be unlikely to provide a good overview, and therefore
might not be representative of the proteolytic environ-
ment of the wound. Measuring the key proteases known
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Figure 3. Theoretical algorithm for testing stalled wounds.

to be present and in excess in stalled wounds would be
the correct approach and would give the clinician more
valuable information.

Products that Modulate Proteases: Utilizing
Test Results

Available treatments/therapies/modalities. The panel
agreed that a variety of treatments are available that could
be used to reduce excess protease activity (see Table 2)."

Management of protease imbalance.The panel’s con-
sensusonmanaging proteaseimbalanceistofirstassess
wound bioburden and prepare the wound bed through
appropriate standard measures such as cleansing and
debridement. If bioburden is high or an infection is
present, topical antimicrobials and systemic antibiotics,
respectively, should be used, because bacteria have pro-
teases that may contribute to impaired wound healing.
Specific therapies, such as MMP inhibition or use of oxi-
dizedregeneratedcellulosedressings,alsocanbeutilized
to bring protease activity levels into balance.™®

Some wounds may need protease modulation: which
ones? The panel agreed that no diagnostic or theranostic
tests currently are available to detect high protease activity
levelsinawound.Panelists likened the situation to a process
of trial and error or intuition in selection of and response
tomore advanced therapies such as NPWT, more absorptive
dressings,oroxidizedregeneratedcellulosedressingstocon-
firm that a protease imbalance exists. The difficulty in estab-
lishing whether high activity levels of proteases are interfer-
ing with wound healing based on mere clinical observation
andtheabsence of visual cues already has been discussedin
themostrecentinternational consensus document.' More-
over, if the clinician is unaware of the issue of proteases and
healing, healingastalledwoundislikelyto presentverychal-
lenging problems. Finally, the ability to detect and possibly
reduce high levels of proteases if they are found does not
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Table 1. Some factors that might be implicated in impaired wound healing

Patient comorbidities Patient factors
Diabetes™ 7"

Autoimmune diseases’™®"®
Hemodialysis®"882
Obesity76,77,81
Malnutrition”6.82.83
Malabsorption (nutrients)8
Weight-bearing (on

Old age (=80-85 years of
age)’s77.%

Poor or no insurance®?

No social/family support®:

Problems with activities of
daily living (ADL)%

Smokin9803,98,99,1003

wound)83.85.86a Use of alcohol'®?
Hepatitis® Poor hygiene'®®
Peripheral arterial disease Lack of adherence or com-
(PAD)g88:89a pliance with prescribed
Vasculitis® treatments’®
Chronic obstructive pulmo-
nary disease (COPD)®¢2

Sleep apnea®®

Sickle cell disease®

Neuromuscular diseases
and deformities, including
idiopathic neuropathy?®3°4

Medications Microenvironment
Steroids®1°
Methotrexate'®®
Hydroxyurea'¢a
Chemo/modulatory

Senescent cells'®®

Wound bioburden/infection
(in particular biofilms, bac-
terial types, and virulence

drugs'%®” factors)09110a
Radiation (eg, cancer High cytokine levels®"
therapy)'®” Abnormal enzyme and sub-

strate levels?®:28

Necrosis (ie, hecrotic
tissue)8ea

Hypoxia76,803,88,983

Reactive oxygen species
(ROS; excessively high
levels)?*28

Presence of immunohisto-
chemical markers?®28

Nitric oxide (NO) levels'?

Growth factors and receptor
sites (abnormal concentra-
tions or dysfunction)?2°

2Includes a formal analytical procedure that evaluated risk factors for impaired wound healing or clinical study with outcomes suggestive of a factor that

could be implicated in wound healing

automatically mean that the wound will heal. Rather, it
is hoped the additional data gathered will assist in deter-
mining what kinds of chronic wounds might benefit from
specific advanced therapeutics once it is learned that: 1)
high protease levels delay healing, and 2) high levels of
proteases are present.

The consensus of the panel was that the development of
asimple, widelyavailable proteasediagnostictestcould dra-
matically change the current standard of care.

When to Start and Stop Treatment

Current pathway of care and optimal time for protease
testing.Thegeneralapproachagreed uponbytheconsensus
panelisthatwhenapatientfirst presents withawound, both
patientand wound assessmentoccurs (see Figure 2). During
this process (see dashed boxes, Figure 2), a wound may be
recognized as chronic or stalled, and therefore the determi-
nation of protease activity becomes important. For certain
kindsof wounds,atestcould betakenasabaseline measure-
ment (ie, before treatment), to establishwhetherthe proteo-
lytic environment is in balance.

Diagnostic Protease Tools to Change Practice:
Clinical and Economic Impact

Factors governing use. The consensus panel suggested
that timing of when to use a POC protease test depends on
severalfactors.Generally, whenawounddoesnothaveasat-
isfactory wound healing trajectory, a protease test would be
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appropriatetoruleinorruleoutexcessive proteaseactivity."
Based on clinical findings, for some wounds this could be 4
weeks after theinitial visit, but for other wounds animmedi-
ate test could be warranted — for example, when it already
has been established that the wound is not healing despite
best care or if the patient is at high risk for complications. If
aproteasetestisperformedandthefindingsare positiveand
aproteasemodulatingtherapyisinstituted,2weekscouldbe
allowedtoelapse beforeretestingand evaluationin orderto
givethetherapytimetowork (see Figure 3).The panel decid-
edthatretestingevery2weekswithadjustmentoftreatment
isappropriate until itis established that the wound environ-
mentisinbalancewithregardto proteaseactivity levels.This
initial recommendation may be modified by the acquisition
of further data.

Setting.Thepaneldiscussedseveralsettingsandgrouped
themasacute carefacilities, outpatient clinics, home care, or
long-term care facilities.

Acute care facilities. A protease test may be appropriate
in this setting in the chronically ill patient or patient who
isimmunocompromised and whose wound is nonhealing
and/or noninfected. The test would be administered after
cleansing the wound. The panel agreed that, in general,
such patients have been admitted for reasons unrelated to
the wound — for example, an elderly patient admitted for
pneumoniawhoalsohasapressureulceronadmissionthat
developed in a nursing home. The panel also agreed pro-
tease testing would be limited in this setting, it would be
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Table 2. Commonly used treatments to remove devitalized tissue and/or reduce wound exudate levels'

Treatment

Cleansing
Irrigation, jet lavage, etc.

Debridement

Protease modulatorst263113.114

Action/potential direct or indirect effect on protease levels

Removes surface debris and protease-containing wound fluid

Removes necrotic tissue and bacterial load

Protease-modulating biomaterials that bind to and inactivate proteases

(MMPs and elastase)

Anti-inflammatories
Steroids®%.115
Doxycycling80¢!

proteins

Antimicrobial dressings'6"""

Protease inhibitor

Upregulates anti-inflammatory proteins, downregulates pro-inflammatory

Silver-impregnated dressings may reduce host/bacterial protease produc-

tion; may reduce MMP activity

Dressings/devices that absorb/remove
wound exudate'®°

essentialforthephysicianand nursestounderstoodthena-
ture of the proteasetest,and thatappropriate action based
on the result would be taken.

Outpatientclinic.Severalmembersofthepanelsuggested
aprotease test might be of benefitin awound care or outpa-
tientclinicinchoosinganadvanceddressing orbefore use of
split-thickness skin grafts, NPWT, or human skin equivalents
in which it is important to verify not only absence of infec-
tion before proceeding,'?' butalso that the wound microen-
vironmentis balanced with regard toinflammation and pro-
teaseactivity levels.In otherwords,aPOCtest could serve as
an objective quality check of the wound bed.'*> Another use
might be to use the test before any major change of care (ie,
the use of another advanced therapy).

Home care. The panel agreed that, at present, the test as
contemplated would be performed by a healthcare profes-
sional (ie, a nurse) under the direction and orders of a physi-
cian. If a protease test POC is as easy to use as a home preg-
nancy test, the panel also agreed that, at some pointin time,
withappropriateeducation,andunderphysiciansorders,the
patient or a family member conceivably could be taught to
perform the test and report results.

Long-term care. Long-term care facilities, such as long-
term acute care, skilled nursing, assisted living, inpatient
rehabilitation, and independentliving could reap the ben-
efits of a POC protease test. The panel agreed that skilled
nursing is very cost-sensitive; therefore, decisions to stop
expensive long-term treatments that are no longer work-
ing (ie, advanced wound dressings) based on POC prote-
asetestswouldbeofdirectbenefitto patientsbecausethey
reduce unnecessary care and of economic benefitbecause
theywouldreduce costs, riskof complications,and number
of physician visits.
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May reduce protease activity by removing proteases in wounds

Economic impact. The panel unanimously agreed that
thecost of treating wounds thatfail to heal isenormous. Any
testthat canindicate that a particular treatmentis appropri-
ate orinappropriate will not only save money, butalso could
enablethewoundtohealfasterwithattendantquality-of-life
improvements for the patient, as well as lower the risk of fur-
ther complications.

Diagnostic Protease Tools to Change Practice:
Adoption and Validation

Ultimately, to be widely accepted and used outside of
the laboratory as a POC test, a protease test must be Clini-
cal Laboratory Improvement Amendments- (CLIA) waived
—ie, asimple laboratory examination or procedure cleared
by the Food and Drug Administration (FDA) for home use;
employs simple and accurate methodologies that make the
likelihood of erroneous results negligible; or poses no rea-
sonable risk of harm to the patient if the test is performed
incorrectly.'

The panel discussed the fact that validation of a test in
various settings could start by using a survey in one clinical
centerto gain proof-of-concept experience, followed by the
development of a registry in which the outcomes of thou-
sandsoftestedwoundsassociatedwithtestingcouldbesub-
ject to more robust inquiry vis-a-vis time to healing, hospi-
talization, amputation, and other associated comorbidities.

Level of Evidence

Thelevel of evidence of studies and their descriptions to sup-
port the consensus points in this document are shown in Table
3,1 3,26,27,29,32-34,36,38-56,58,59,62-64,66,69-73,79-81,86,87,89,91,99,101,106,108,111,113,114,118,119,121
available online with this article at www.o-wm.com. Evi-
dence-based medicine classification followed Table 1 of the

DECEMBER 20117 OSTOMY WOUND MANAGEMENT 43



review by Carter."** References to reviews, commentaries,
workshops, and clinical practice guidelines are notincluded
in Table 3.

Conclusion

The panel was unanimous that wound care lacks specific
diagnostic or theranostic tests that can be utilized to direct
specific therapies. Many chronic wounds become stalled or
stuckin theinflammatory phase of healing despite good ba-
sic wound care and lack of objective clinical signs. This lack
of clinical objectivity mayresultinincreased timeto healing,
risk for increased complications, and subsequent resource
utilization.Thisincreased ambiguity, complexity,and subse-
quent morbidity carries both patient-specificand economic
considerations. A POC protease test used judiciously could
mitigate such risks, improve the economics of wound care,
andimprove the patient’s quality of life by identifying those
wounds in which protease levels are elevated.

APOC protease test thatis as easy to use as a home preg-
nancy test holds the potential for a significant changein the
carepathwaybecauselessguessworkwouldbeinvolved.The
panel suggests that next phases at that point would involve
proof-of-concept trials and registry development, followed
by trials to determine diagnostic parameters under con-
trolled conditions in various settings and wounds of differ-
ent etiologies.

Thepanelunanimouslyagreedthatsuccessfuladoptionof
aPOCdiagnostictestthatmeasuresinflammatory proteases
would be a revolutionary step toward improving the treat-
ment of stalled wounds and personalizing wound healing. n
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