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Foreword 
An interdisciplinary group  

of Canadian wound care  

clinicians met in Toronto,  

Ontario in June 2011, to  

review the role of proteases  

in wound healing . The goals 

were to discuss and assess  

the role of a protease activity 

point-of-care diagnostic test, 

develop a Canadian evidence-

informed consensus on use of a protease activity  

point-of-care diagnostic test and create a practice  

algorithm incorporating the protease activity point- 

of-care diagnostic test.

The advent of wound diagnostics has the potential  

to initiate a paradigm shift in wound management 

protocols. Awareness of the wound microenvironment 

could lead to earlier appropriate intervention,  

faster healing, and more cost-effective treatment. 

The consensus panel affirmed that the availability of 

a protease activity test could facilitate this paradigm 

shift by providing an evidence-based rationale for early 

selection of targeted therapies. Incorporating a protease 

activity test into wound assessment may ultimately 

lead to a change in the standard of care for managing 

stalled, complex wounds.
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Clinical challenges in wound care:  
the stalled, healable wound

Wound bed preparation is an organized approach to 

wound healing that includes holistic care of the patient 

before addressing the components of local wound care 

(Figure 1).(1) Among the challenges facing the wound 

care clinician today is the paramount need to diagnose 

and treat the cause of the wound. In addition, patient-

centred concerns, including pain, need to be acknowl-

edged and controlled before attending to local wound 

care. The local wound contains three key components 

for assessment and potential treatment: debridement 

(D), infection versus abnormally prolonged inflamma-

tion (I), and moisture balance (M). Appropriate topical 

treatment needs to be matched to the wound charac-

teristics. Despite appropriate management, wounds with 

the ability to heal may become stalled.(2) Advanced, 

active local wound care therapies are then used to 

stimulate a stalled wound edge (E) to heal.

At the local wound bed, delayed healing may be due to 

a variety of underlying defects: 

n  Deficiency of growth factors or their receptors
n  Local tissue hypoxia
n  Damaged extracellular matrix
n  �Inflammatory environment, often with high  

protease activity levels

n  �Biofilms and associated superficial critical  
colonization or deep and surrounding infection

n  �Senescent (aging) cells
n  �Non-migratory, often cliff-like, hyperproliferative  

epithelial edge

Currently, however, no point-of-care tests are available 

to assist in determining the local reason for delayed 

Figure 1. Wound bed preparation paradigm for holistic patient care. Sibbald et al, 2011.
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wound healing, and therefore, no benchmark can 

determine the appropriate targeted therapy to stimulate 

healing. Because more costly targeted therapies are 

often selected without considering clinical and biological 

criteria, they may be ineffective. As a result, instead of 

being used as early targeted therapy, active local wound 

treatments tend to be used as a last resort. A point-of-

care test, however, could demonstrate the presence 

of specific biologic factors that prevent healing and 

may allow clinicians to select the appropriate targeted 

therapy earlier, in the expectation of its effectiveness.   

 

On June 17–18, 2011, an interdisciplinary group of 

Canadian wound care clinicians met in Toronto,  

Ontario to review the role of proteases in wound healing 

with the following objectives: 

n  �Discuss and assess the role of a protease activity 

point-of-care diagnostic test

n  �Develop a Canadian evidence-informed consensus 

on use of a protease activity point-of-care  

diagnostic test

n  �Create a practice algorithm incorporating the 

protease activity point-of-care diagnostic test.

Successful wound management depends on 

the ability of the wound care clinician to identify 

and treat the underlying cause, patient-centred 

concerns and local wound factors that may  

delay healing. A prompt and accurate assessment of 

inflammatory protease activity may assist clinicians to 

accelerate healing by identifying an appropriate treat-

ment regimen confidently, precisely, and sooner.

“By providing specific information that …a 

particular intervention is suitable … the ideal 

diagnostic tool may promote more accurately 

timed and targeted care.” (3)
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Consensus on the role of protease activity  
testing in wound care

The expert panel developed several statements describ-

ing the role of proteases in delayed wound healing and 

incorporating a protease activity point-of-care diagnostic 

test into the wound bed preparation paradigm. After 

the panel meeting, the members participated in an 

independent, electronic, modified Delphi process to 

generate the following final consensus statements.  

It is important to note that at least 80% of the panel 

members had to strongly agree or somewhat agree with 

each statement.

Quick Reference Guide: Consensus on the Role of Protease Activity Testing in Wound Care

Consensus statements 

Consensus Statements

Background statements 

Treat the cause and patient-centred concerns 

Provide local wound care 

High protease activity is a key factor delaying wound healing in complex, stalled, healable wounds.

Address the cause of complex stalled wounds and patient-centred concerns before considering use of the 
protease activity test.

Wound care clinicians with the knowledge and ability to direct treatment should be the individuals to order 
and interpret protease activity testing. Any appropriately trained individual may perform the test.

Assess and optimize local wound care: debridement, infection or persistent inflammation (e.g., excess 
protease activity), and moisture balance.

Clinical signs cannot accurately predict excess wound protease activity.

Use protease activity testing as part of the assessment of complex, stalled, healable wounds.

Integrate protease activity testing results into local and systemic treatment. 

Re-evaluate wound progress at regular intervals, using the protease activity test as appropriate.

No.

1

3

4

5

2

6

7

8
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Defining terms 

The expert group gave special attention to the terminol-

ogy used to describe non-healing wounds. Labelling a 

stalled, healable wound chronic can be a misleading 

descriptor, as the healing trajectory of acute wounds, 

including post-surgical wounds, may also stall. In some 

wounds, a biochemical imbalance may be present from 

the beginning. Intrinsic and extrinsic factors in patients 

with chronic disease may promote delayed healing. 

Describing non-healing (but healable wounds) as com-

plex, stalled, healable wounds encompasses all healable 

wounds that do not heal at the expected rate, regardless 

of duration, thus increasing the precision of the descrip-

tion of a non-healing wound. 

n  �Healable: A healable wound is one in which the 

cause has been corrected, the blood supply is 

adequate for healing, and no local or systemic factors 

that could prevent healing are present.

n  �Healable versus maintenance versus non- 

healable: Specifying healable excludes mainte-

nance and non-healable wounds, including palliative 

wounds.  A maintenance wound has the ability to 

heal but is not healing due to patient factors, such as 

a refusal to wear compression, or system inabilities to 

provide a needed element of care, such as a special-

ized device to redistribute pressure on the foot. A 

non-healable wound lacks systemic or local factors 

for healing, such as an adequate blood supply or a 

correctable cause.   

n  �Complex: No simple definition of a complex wound 

exists, but in practice, the term describes a wound 

with one or more complicating factors that contribute 

to the cause or prevent response to local wound 

care. In addition, comorbidities, such as co-existing 

diseases or concomitant drug therapy, may affect 

wound healing. 

n  �Stalled: A stalled wound does not follow the expect-

ed healing trajectory. The wound is either not healing 

or healing more slowly than expected. Research sug-

gests that a reduction in the wound area by weeks 2 

to 4 is a predictor of the ability to heal by week 12. 

For diabetic foot ulcers, a decrease in size of at least 

50% within 4 weeks is predictive of healing by week 

12.(4,5) For venous leg ulcers, a 20 to 40% reduction 

in size by 2 to 4 weeks has correlated to healing by 

week 12.(6) The panel commented that a wound 

requiring the clinical intervention of a wound care 

expert is often a complex or stalled wound,  

as uncomplicated wounds heal on their own in  

accordance with the initial treatment plan. 

Wound-associated mortality

The consensus group emphasized the medical signifi-

cance of wounds, as they are frequently perceived to 

be less serious than they really are. The 5-year mor-

tality rate associated with diabetic neuropathic ulcers 

or with amputation is in the same range as that for 

some common cancers, such as colorectal cancer, and 

higher than for breast and prostate malignancies.(7) It is 

therefore critical to treat wound healing as an important 

medical issue and to provide early, aggressive manage-

ment to maximize the chance of healing and reduce 

the risk of complications. The longer a stalled wound 

remains stalled, the more difficult it becomes to  

transform it into a healing wound.

1 High protease activity is a key factor delaying wound healing in complex, stalled,  

healable wounds.

It is therefore critical to treat wound healing as 

an important medical issue and to provide early, 

aggressive management to maximize the chance 

of healing and reduce the risk of complications.

   Background statements
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Proteases and normal wound healing

Proteases, enzymes that digest protein, are critical to 

wound healing. Two main categories of proteases exist: 

serine proteases (elastase, plasmin, urokinase, and 

chymase) and matrix metalloproteinases (collagenase 

and gelatinase).(8) A variety of cell types, including 

inflammatory cells, vascular endothelial cells, fibroblasts, 

and epithelial cells, normally produce proteases in an 

inactive form. They are then activated by other enzymes. 

Tissue inhibitors of metalloproteinases are normally 

present in wounds and can both prevent activation of 

inactive matrix metalloproteinases and inhibit activated 

matrix metalloproteinases.(8)

During normal wound healing, a delicate balance exists 

between activation of a protease to degrade its specific 

substrate and eventual inhibition of the same protease 

once it has served its purpose. During the normal pro-

cess of wound healing, proteases serve to: (2,8)

n  �Debride the wound 

n  �Facilitate removal of bacteria 

n  �Stimulate migration of cell types essential  
for wound healing 

n  �Activate growth factors 
n  �Remodel scar tissue. 

At the start of acute wound healing, protease activity 

rapidly increases, peaks within a few days, and then 

declines to low levels by the end of the first week as the 

healing trajectory progresses. 

Elevated protease activity and delayed 
wound healing

In non-healing wounds, however, disruption of the 

balance between protease activation and inhibition can 

result in excessive protease activity levels for an extend-

ed period of time. The presence of bacteria exacerbates 

the problem and amplifies an already hostile environ-

ment, increasing the inflammatory response with high 

levels of bacterial proteases.(9,10) This imbalance pro-

motes destruction of newly formed extracellular matrix 

proteins, growth factors, and receptors. A prolonged 

inflammatory phase and destructive wound environ-

ment delay wound healing (Figure 2).(8)  
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Figure 2. The vicious circle of inflammation, high protease activity levels, and delayed wound healing. (Cullen et al, 2009.)
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A substantial body of evidence confirms the presence  

of much higher protease activity levels in stalled, healable 

wounds than in normally healing wounds.(11–29). The 

presence of damaged tissue, foreign material, bacteria, 

and biofilms in the wound can prolong high 

protease activity levels.(2) Interventions that 

reduce high protease activity levels and correct 

the imbalance could facilitate healing.(30)
Interventions that reduce high protease 

activity levels and correct the imbalance 

could facilitate healing

Identifying wound protease activity levels 

Many, but not all, stalled healable wounds have per-

sistent inflammation and high protease activity levels 

blocking progression of normal healing to the prolifera-

tion phase. During the discussion, meeting participants 

presented cases of complex, stalled, healable wounds 

(Figure 3). The panel could not accurately identify 

wound protease activity levels by observation or find 

any clinical indicators associated with either high or low 

protease activity levels. As clinical expertise alone is 

unable to identify protease activity levels, an objective 

test is needed.   

As clinical inspection of a stalled wound rarely provides 

a definitive indication of the underlying problem and 

cannot identify the protease activity level, the rationale 

for selecting an advanced therapy is often no better 

than an educated guess. A diagnostic test could help 

determine the underlying biochemical problem early 

and guide selection of the most appropriate therapy. 

2 Clinical signs cannot accurately predict excess wound protease activity.

As clinical expertise alone is unable to identify 

protease activity levels, an objective test is needed.

Figure 3. What the eye cannot see: Clinical observation alone may not identify elevated protease activity.  
Photos courtesy of RG Sibbald. 

Pressure Ulcer Level 4 Stalled Stalled Diabetic Foot Ulcer Stalled Venous Leg Ulcer with 
Critical Colonization

Venous Ulcers and vasculitis 
(Rheumatoid Arthritis)
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Wound diagnostics 

In wound care, diagnostics can be divided into 

indicators, diagnostic markers, and theranostics, based 

on the parameter measured. 

n  �Indicators, such as wound colour, pH, and 

temperature, highlight a potential problem. 

n  �Diagnostic markers measure a biomarker, such as 

bacterial count, biofilms or virulence factors, that help 

assess or diagnose a disease state. 

n  �Theranostics measure a biomarker that suggests the 

use of a particular therapy, as the test result predicts 

the effectiveness of that therapy. For example, a 

protease activity theranostic test would indicate  

the appropriateness of a protease-modulating  

(anti-inflammatory) dressing.   

Assessing the patient and the wound 

During the meeting, consensus panel discussion of 

current management approaches to complex, stalled 

wounds raised several important points. If a healable 

wound is not healing, it is essential to perform a full 

assessment, including a complete history and physi-

cal examination, to ensure no hidden cause or other 

modifying factor has been overlooked. Wound healing 

cannot proceed until the cause has been identified 

and corrected. When investigating potential causes, it is 

important to identify all the associated factors that can 

impair wound healing: 

n  �Patient comorbidities, including conditions such as 

uncontrolled diabetes, active autoimmune disease, 

malnutrition, neuromuscular diseases, and cardiore-

spiratory problems

n  �Other patient factors, such as smoking or alcohol 

use, lack of adherence to the treatment plan, prob-

lems with activities of daily living, and lack of social 

or family support 

n  �Medications, including corticosteroids, immunomod-

ulating agents, chemotherapy, and radiation therapy 

n  �Wound environment, including longer duration, larger 

size, poor wound bed condition, and infection or 

inflammation 

Once these factors have been identified and addressed, 

appropriate therapy can accelerate wound healing.

 

3 Address the cause of complex stalled wounds and patient-centred concerns before considering 

use of the protease activity test.

“The development of specific diagnostic tests for 

use in wounds has the potential to revolutionize 

their treatment…and help improve standards of 

wound care (while) aiding in the cost effective 

use of limited resources.”(3)

      Treat the cause and patient-centred concerns
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Communicating wound status 

The expert panel concluded that the simplicity of a 

rapid, user-friendly, point-of-care protease activity test 

makes it suitable for use in multiple care settings.  

In many care settings, including acute-care facilities, 

long-term care centres, and home care, several  

clinicians may be involved in assessing and treating  

the wound at different times.   

The expert group emphasized the importance of fre-

quent communication between all wound care clinicians 

to ensure optimal wound care, including ordering the 

protease activity test and interpreting the results. This is 

especially true of stalled, complex wounds, which may 

require additional evaluations and changes in therapy. 

To facilitate communication about protease activity test-

ing and interpretation of the results,  

the following may be needed: 

n  �Interprofessional education about proteases in 

delayed wound healing and appropriate management 

of elevated protease activity, including  

education on topical and systemic management   

n  �Institution-specific protocols for protease activity testing

n  �Revision to the wound assessment portion of the 

patient’s chart or electronic medical record to include 

space for recording protease activity test results

n  �Structure or protocol to allow appropriate action to be 

taken based on the test results.   

Preparing the wound bed  

The expert panel agreed on the importance of next 

optimizing local wound care, using a systematic best 

practice approach to wound bed preparation. After 

debriding the wound of necrotic, contaminated, or 

infected tissue, it is important to assess the wound for 

critical colonization or infection. 

The presence of at least three of the following char-

acteristics indicates a high bacterial population in the 

superficial wound compartment:(31,32)

n  �Non-healing

n  �Exudate increasing

n  �Red, friable granulation tissue

n  �Debris or dead cells on the wound surface

n  �Smell 

Similarly, the presence of at least three of the following 

clinical findings indicates a high bacterial population in 

the deep and surrounding wound compartment:(31,32)

n  �Size increasing

n  �Temperature increasing

n  �Os: probing to exposed bone

n  �New or satellite wounds

n  �Erythema/Edema

n  �Exudate increasing

n  �Smell

The presence of increased exudate and smell, usually 

indicating the presence of gram-negative and anaerobic 

organisms, requires an additional NERDS clinical criterion 

for surface critical colonization or an additional STONEES 

criterion for deep or surrounding tissue infection.  

4

5

Wound care clinicians with the knowledge and ability to direct treatment should be the 

individuals to order and interpret protease activity testing. Any appropriately trained individual 

may perform the test.

Assess and optimize local wound care: debridement, infection or persistent inflammation  

(e.g., excess protease activity), and moisture balance.

   Provide local wound care
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Protease activity levels and bacterial population are not 

independent variables: they are interrelated. As both 

infection and inflammation may increase wound  

protease activity levels, superficial or deep wound 

infection should be treated before testing protease 

activity levels. It is also critical for the dressing choice  

to maintain the appropriate moisture balance for  

the wound.

Timing of protease activity testing  

The expert group concluded that protease activity test-

ing is an essential part of the assessment of a complex, 

stalled, healable wound to help determine the reason 

for delayed healing (Figure 4). If the wound bed is 

clean, a point-of-care protease activity test may be 

useful when the patient is evaluated on the first visit.  

To ensure accurate interpretation of the test results, in 

conjunction with administering the test, the clinician 

should follow a protocol for wound cleansing and 

debridement. As the test results can be used to guide 

therapy, results must be recorded in the assessment 

portion of the patient’s chart or electronic medical 

record to facilitate communication between the  

clinicians managing the wound. On later visits,  

repeating the test can provide evidence confirming  

the therapeutic choice or identifying a need to  

modify therapy. 

6 Use protease activity testing as part of the assessment of complex, stalled, healable wounds.

Figure 4. The updated wound bed preparation paradigm (1) incorporates the use of a point-of-care protease activity test to identify 
elevated protease activity levels. Testing may be useful in selecting appropriate therapy, monitoring the effect of treatment, and 
indicating whether therapy needs to be modified. See Figure 5 for a summary of local and systemic wound treatment approaches.
from Sibbald et al, 2000, 2003, 2006, 2007, WHO 2010, 2011.
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Selecting wounds for testing 

The panel identified clinical situations in which  

management of several categories of healable wounds 

could benefit from protease activity testing, including 

the following:

n  �Wounds in patients with underlying comorbidities, 

such as diabetes mellitus, peripheral arterial disease, 

or venous stasis

n  �Any wounds identified as stalled after the cause of 

the wound has been addressed

n  �Dehisced surgical wounds, to prevent complications 

that may result in readmission

n  �Pressure ulcers in at-risk patient populations, such as 

the elderly or diabetic patients 

n  �Wounds in which skin grafting, tissue-engineered 

products, or scaffolds will be used, as matrix  

degradation is likely to occur in an environment  

with high protease activity. 

n  �Wounds in which negative-pressure wound therapy 

will be initiated.

The consensus panel also identified wounds in which 

testing for protease activity would be inappropriate, 

including the following: 

n  �Skin tears, unless healing has stalled 

n  �Maintenance wounds

n  �Non-healable wounds, including palliative wounds.

The panel members questioned, however, whether 

treating elevated protease activity levels could convert a 

maintenance wound into a healable wound by decreas-

ing surface protease activity. Research is needed to 

demonstrate the validity of the test in different wound 

types in clinical practice. 

Identifying benefits of protease activity 
testing 

By determining wound protease activity levels, testing 

can provide clinical evidence of wound biochemistry, 

leading to rational use of targeted therapies, eliminating 

guesswork, potentially speeding wound healing, and 

allowing faster patient discharge. From a healthcare 

economic perspective, appropriate use of a protease 

activity test could help reduce inappropriate use of 

healthcare system resources. The expert panel  

concluded a protease activity test should be considered 

part of a comprehensive care plan that optimizes both 

wound healing and cost-effective outcomes.   

Correcting an inflammatory wound 
environment  

The three components of local wound care are debride-

ment, management of infection and inflammation, 

and moisture balance. After adequate debridement, 

persistent inflammation or infection may be associated 

with high protease activity levels. It is then necessary to 

determine if abnormal inflammation is associated with 

bacterial tissue damage and whether the focus of the 

inflammation or infection is superficial, requiring  

topical treatment, or in the deep compartment or  

surrounding tissue, requiring systemic treatment. 

7 Integrate protease activity testing results into local and systemic treatment.

The three components of local wound care are 

debridement, management of infection and 

inflammation, and moisture balance. Persistent 

inflammation or infection may be associated  

with high protease activity levels.
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n  Superficial compartment: 

    • �High protease activity test results indicate the 

need for protease-modulating (anti-inflammatory) 

therapy to correct an abnormally prolonged 

inflammatory wound environment. Therapy often 

includes a protease-modulating (anti-inflammatory) 

matrix dressing. 

    • �If evidence of bacterial damage is present, a topical 

antimicrobial agent, such as silver, iodine, or honey, 

may also be needed, with appropriate moisture 

balance dressings. 

    • �Bacterial damage can exist without protease activity 

elevation. 

    • �If fewer than three NERDS criteria are present and 

the protease activity test is negative, only moisture 

balance dressings are required. 
n  �Deep compartment and surrounding tissue: The 

deep wound compartment and surrounding tissue 

of a non-healing wound (wound base and margin) 

comprise a compartment similar in shape to a soup 

bowl. The four possible outcomes have different 

therapeutic options: 

    • �Negative (low) superficial protease activity test and 

no evidence of systemic inflammation indicate 

absence of infection or inflammation. No systemic 

treatment is required. 

Figure 5. Summary of the possible combinations of infection and inflammation in the a) superficial and b) deep wound  
compartments and suggested therapeutic interventions. Note: Protease activity testing can identify elevated superficial protease 
activity levels, whereas identification of deep inflammation is based on the wound history, diagnosis, and clinical criteria. Elevated 
superficial protease activity levels may or may not be associated with deep inflammation, just as superficial bacterial damage 
with critical colonization may exist with or without deep or surrounding infection. (Adapted from Sibbald RG 2011. Modified from 
Sibbald et al, 2000, 2003, 2006, 2007, WHO 2010, 2011.)

Differentiation of Superficial & Deep Infection/Inflammation – Treatment Guide

•  Non-healing
•  Exudate 
•  Red, friable 
•  Debris
•  Smell

•  Size is bigger
•  Temperature 
•  Os (probes, exposed) 
•  New breakdown
•  Exudate 
•  Erythema, Edema
•  Smell

Superficial:
NERDS criteria

Any 3 treat topically using 
antimicrobial dressing

Deep:
STONEES criteria

Any 3 need physician 
to consider systemic 
antibiotics

Protease activity test Protease activity test

HIGH PROTEASES

Protease-modulating
dressing

Anti-microbial dressing Systemic 
anti-inflammatory,

anti-microbial agentProtease-modulating
dressing

Systemic 
anti-inflammatory

agent
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    • �The presence of three or more STONEES criteria 

indicates deep and surrounding tissue infection, 

requiring a systemic antimicrobial agent. 

    • �Evidence of deep inflammation, in conditions such 

as vasculitis or pyoderma gangrenosum, requires 

intralesional steroid or systemic anti-inflammatory 

therapy.

    • �The presence of deep inflammation and infec-

tion indicates the need for systemic antimicrobial 

agents, especially agents with anti-inflammatory 

properties, such as doxycycline and other tetra-

cyclines, cotrimoxazole (sulfamethoxazole and 

trimethoprim), metronidazole, clindamycin, and 

erythromycins.  

Using test results to improve wound care

Protease activity testing results may provide objective 

clinical evidence supporting the use of advanced  

therapies early in the wound healing process to 

return the wound to a healing trajectory. The panel 

recommended that clinicians consider using a protease 

activity test, incorporating the results into the treatment 

plan, and monitoring protease activity levels by repeat-

ing the test at appropriate times. This approach could 

help the wound clinician improve patient care by:

n  �Quickly identifying wounds with a developing or 

existing healing problem, thus preventing  

complications and speeding healing

n  �Rapidly determining the effectiveness of a treatment 

strategy to reduce protease activity levels    

n  �Potentially reducing the frequency of dressing 

changes, visits, and total wound care clinician and 

nursing time  

n  �Targeting therapy to wound biochemistry and  

avoiding guesswork in selecting advanced therapy, 

thus reducing use of ineffective therapies and the 

time to heal the wound. 

Research suggests that a reduction in wound sur-

face area by 2 to 4 weeks is a good predictor of the 

ability to heal by week 12. Wounds that do not show 

these levels of healing within this time frame trigger 

the need to re-evaluate the care regimen. Treatments 

to rebalance a stalled, healable wound environment 

can include protease-modulating (anti-inflammatory) 

therapies. In general, protease-modulating (anti-inflam-

matory) dressings, such as collagen/oxidized regener-

ated cellulose (ORC), are used for short courses of 2 

to 4 weeks followed by a full assessment of treatment 

effectiveness (Figure 6). 

A change in protease biochemistry is a precursor to  

 clinical change in the wound. Based on this, the con-

sensus panel suggested that it may be logical to retest a 

wound for protease activity in 2 to 4 weeks. The panel 

also agreed that it is appropriate to repeat the test if 

wound healing does not proceed at the expected rate. 

In this situation, both the patient and the wound should 

be reassessed, searching for a previously overlooked 

cause or other contributing local or systemic factors that 

need to be addressed. Thorough wound re-evaluation 

may be necessary when healing is not progressing.

  

8 Re-evaluate wound progress at regular intervals, using the protease activity test as appropriate. 

“The simpler the diagnostic system, the more  

likely it will be widely used. …diagnostic tools  

need to be moved into the clinic or the patient’s 

home to ensure optimal care is provided for 

patients with wounds.” (3) 
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Conclusion
The advent of wound diagnostics has the potential to 

initiate a paradigm shift in wound management proto-

cols. Awareness of the wound microenvironment could 

lead to earlier appropriate intervention, faster healing, 

and more cost-effective treatment. The consensus 

panel affirmed that the availability of a protease activity 

test could facilitate this paradigm shift by providing an 

evidence-based rationale for early selection of targeted 

therapies. Incorporating a protease activity test into 

wound assessment may ultimately lead to a change 

in the standard of care for managing stalled, complex 

wounds.

Figure 6. Theoretical protease activity testing algorithm for stalled wounds. (RJ Snyder 2011.) This protease activity testing algorithm 

represents a theoretical model for clinical practice and may be used on the first patient encounter or at any point in the treatment 

regimen.

Snyder: Theoretical Algorithm For Testing Stalled Wounds
W

ee
k 

1
W

ee
k 

2 
- 

4

IF
 W

OUN



D

 S
TA

LLS


W
ee

k 
5+

REEVALUATE

Sequential 
Therapy Based 

on Clinical Picture
No Retest  
Required

REEVALUATE

Test for  
Elevated  
Proteases

Rebalance  
Wound 

Environment
Retest in 2-4

Weeks

Sequential  
Therapy

+

+ -

-

-+

Rebalance  
Wound 

Environment
Retest in 2-4

Weeks



16     
Role of a Point-of-Care Protease Activity Diagnostic Test in Canadian Clinical Practice     Supported by an unrestricted educational grant from Systagenix.

References

 1. �Sibbald RG, Goodman L, Woo KY, Krasner DL, Smart H, Tariq G, et al. 
Special considerations in wound bed preparation 2011: an update©. Adv 
Skin Wound Care 2011;24:415-36.

 2. �Nwomeh BC, Liang HX, Diegelmann RF, et al. Dynamics of matrix 
metalloproteinases MMP-1 and MMP-8 in acute open dermal wounds. 
Wound Repair Regen 1998;6:127-34.

 3. �World Union of Wound Healing Societies (WUWHS). Principles of best 
practice: Diagnostics and wounds. A consensus document. London: 
MEP Ltd, 2008.

 4. �Sheehan P, Jones P, Caselli D, et al. Percentage change in wound  
area of diabetic foot ulcers over a 4 week period is a robust  
predictor of complete healing in a 12 week prospective trial.  
Diabetes care 2003;26:1879-82.

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

 6. �Flanagan M. Improving accuracy of wound measurement in clinical 
practice. Ostomy Wound Manage 2003:49:28-40.

 7. �Armstrong DG, Wrobel J, Robbins JM. Guest editorial: Are diabetes-
related wounds and amputations worse than cancer? Int Wound J 
2007;4:286-7.  

 8. �Gibson D, Cullen B, Legerstee R, et al. MMPs Made Easy. Wounds 
International 2009;1: Available from http://www.woundsinternational.
com/

 9. �Davies CE, Wilson MJ, Hill KE, et al. Use of molecular techniques to study 
microbial diversity in the skin: chronic wounds re-evaluated. Wound Rep 
Regen 2001:9:332-40.

10. �Schmidtchen A, Holst E, Tapper H, Bjorck L. Elastase producing 
Pseudomonas aeruginosa degrade plasma proteins and extracellular 
products of human skin and fibroblasts, and inhibit fibroblast growth. 
Microb Pathog 2003;34:47-55.

11. �Wysocki AB, Staiano-Coico L, Grinnell F. Wound fluid from chronic 
leg ulcers contains elevated levels of metalloproteinases MMP-2 and 
MMP-9. J Invest Dermatol 1993;101:64-8. 

12. �Weckroth M, Vaheri A, Lauharanta J, Sorsa T, Konttinen YT. Matrix 
metalloproteinases, gelatinase and collagenase in chronic leg ulcers. J 
Invest Dermatol 1996;106:1119-24. 

13. �Yager DR, Zhang LY, Liang HX, et al. Wound fluids from human pressure 
ulcers contain elevated matrix metalloproteinase levels and activity 
compared to surgical wound fluids. J Invest Dermatol 1996;107:743-8.

14. �Trengove NJ, Stacey MC, Macauley S, Bennett N, Gibson J, Burslem 
F, Murphy G, Schultz G. Analysis of the acute and chronic wound 
environments: the role of proteases and their inhibitors. Wound Rep 
Regen 1999;7:442-52. 

15. �Ladwig GP, Robson MC, Liu R, et al. Ratios of activated matrix 
metalloproteinase-9 to tissue inhibitor of matrix metalloproteinase-1 in 
wound fluids are inversely correlated with healing of pressure ulcers. 
Wound Repair Regen 2002;10:26-37. 

16. �Norgauer J, Hildenbrand Y, Idzko M, et al. Elevated expression of 
extracellular matrix metalloproteinase inducer (CD147) and membrane-
type matrix metalloproteinases in venous leg ulcers. Br J Dermatol 
2002;147:1180-6. 

17. �Pirilä E, Korpi JT, Korkiamäki T, et al. Collagenase-2 (MMP-8) and  
matrilysin-2 (MMP-26) expression in human wounds of different 
etiologies. Wound Repair Regen 2007;15:47-57. 

18. �Muller M, Trocme C, Lardy B, et al. Matrix metalloproteinases and  
diabetic foot ulcers: the ratio of MMP-1 to TIMP-1 is a predictor of 
wound healing. Diabet Med 2008;25:419-26. 

19. �Rayment EA, Upton Z, Shooter GK. Increased matrix metalloproteinase-9 
(MMP-9) activity observed in chronic wound fluid is related to the 
clinical severity of the ulcer. Br J Dermatol 2008;158:951-61.

20. �Liu Y, Min D, Bolton T, et al. Increased matrix metalloproteinase-9 
predicts poor wound healing in diabetic foot ulcers. Diabetes Care 
2009;32:117-9. 

21. �Beidler SK, Douillet CD, Berndt DF, et al. Multiplexed analysis of matrix 
metalloproteinases in leg ulcer tissue of patients with chronic venous 
insufficiency before and after compression therapy. Wound Repair Regen 
2008;16:642-8.

22. �Lobmann R, Ambrosch A, Schultz G, et al. Expression of matrix 
metalloproteinases and their inhibitors in the wounds of diabetic and 
non-diabetic patients. Diabetologia 2002;45:1011-6.

23. �Grinnell F, Zhu M. Fibronectin degradation in chronic wounds 
depends on relative levels of elastase, a1 proteinase inhibitor and a2 
macroglobulin. J Invest Dermatol 1996;106:335-41.

24. �Grinnell F, Zhu M. Identification of neutrophil elastase as the proteinase 
in burn wound fluid responsible for degradation of fibronectin. J Invest 
Dermatol 1994;103:155-61. 

25. �Chen SM, Ward SI, Oluyinka O, et al. Ability of chronic wound fluids to 
degrade peptide growth factors is associated with increased levels of 
elastase activity and diminished levels of proteinase inhibitors. Wound 
Repair Regen 1997;5:23-32. 

26. �Wlaschek M, Pees D, Achterberg V, Meyer-Ingold W, Scharfetter-
Kochanek K. Protease inhibitors protect growth factor activity in chronic 
wounds. Br J Dermatol 1997;137:646-7. 

27. �Clark R, Cullen B, McCulloch E, et al. A novel biomaterial that protects 
endogenous growth factors from proteolytic degradation. Wound Repair 
Regen 2001;9:406. 

28. �Alper JC, Tibbetts LL, Sarazan AA. The in vitro response of fibroblasts 
to the fluid that accumulates under a vapour-permeable membrane. J 
Invest Dermatol 1985;84:513-5.

29. �Bucalo B, Eaglstein WH, Falanga V. Inhibition of cell proliferation by 
chronic wound fluid. Wound Repair Regen 1993;1:181-6. 

30. �Smeets R, Ulrich DM, Unglaub F, et al. Effect of oxidised regenerated 
cellulose/collagen matrix on proteases in wound exudates of patients 
with chronic venous ulceration. Int Wound J 2008:5:195-203.

31. �Sibbald RG, Woo K, Ayello E. Increased bacterial burden and infection: 
NERDS and STONEES. Adv Skin Wound Care 2006;19:447–61.

32. �Woo KY, Sibbald RG. A cross-sectional validation study of using NERDS 
and STONEES to assess bacterial burden. Ostomy Wound Manage 
2009;55:40–8.


