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Abstract

Enzymatic debridement with collagenase is a technique that is commonly used in
clinical practice. This systematic review examines the effect of collagenase on all
kinds of wounds, compared to an alternative therapy, on wound healing, wound bed
characteristics, cost-effectiveness and the occurrence of adverse events. We conducted
a systematic literature search on available literature in Cochrane databases, MEDLINE,
EMBASE and CINAHL. Two investigators independently assessed the titles and
abstracts of all randomised controlled trials obtained involving collagenase of all kinds
of wounds based on inclusion criteria. Of the 1411 citations retrieved, 22 studies
reported outcomes with the use of collagenase either for wound healing or wound
debridement. Results support the use of collagenase for enzymatic debridement in
pressure ulcers, diabetic foot ulcers and in conjunction with topical antibiotics for burns.
However, studies presented a high risk of bias. Risk ratio of developing an adverse event
related to collagenase versus the alternative treatment was statistically significant (for
10 studies, RR: 1⋅79, 95% CI 1⋅24–2⋅59, I2=0%, P= 0⋅002). There is very limited data
on the effect of collagenase as an enzymatic debridement technique on wounds. More
independant research and adequate reporting of adverse events are warranted.

Introduction

Wounds are globally widespread and represent a significant
health care issue. From a patient perspective, once they chroni-
cise, wounds cause a significant burden and morbidity, notably
on quality of life, health, physical capabilities and living cost.
It is estimated that chronic and non-healing wounds in the USA
account for 2% of the population and have an estimated cost of
20–50 billion dollars annually (1). Compromised wounds also
represent a challenge for health care professionals. Over the
last decades, wound care has become more specialised with
the development of new treatment modalities and advanced
therapies (2). However, in order to achieve wound healing, the
practitioner has to address the cause of the underlying wound
pathology, address patient-centred concerns and provide local
woundcare integrating moisture balance, inflammation and
infection control and debridement (3).

Debridement is defined as the process of removing
devitalised, necrotic, non-living or infected tissue or fib-
rin, debris or foreign material from a wound (4). It is

assumed that debridement exerts a positive action on the
wound bed, enhancing granulation tissue and ultimately
favouring on wound healing (5). As this assumption
was previously primarily based on expert opinion (5,6),
there is growing evidence that suggests that debridement
improves wounds healing (7). Different debridement tech-
niques have been described and can be used (8). Different
key factors have to be taken into account when choosing

Key Messages
• there is a lack of RCTs with adequate methodological

quality; included studies had a high risk of bias
• collagenase appears beneficial for wound healing and for

its ability to remove necrotic or devitalised tissues in
pressure ulcers, diabetic foot ulcers and in burns with
topical antibiotics

• meta-analysis demonstrated that patients treated with
collagenase have an increased risk of adverse events
compared to an alternative treatment
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a debridement modality, notably patients’ preferences, wounds
aetiologies and characteristics (e.g. the level of exudate, the bac-
terial load and infection status, pain, etc.) and cost (8). Various
techniques of debridement include autolytic, biological, enzy-
matic, mechanical, sharp and surgical debridement (8).

Enzymatic debridement with collagenase is one of many
techniques of debridement that is commonly used in clinical
practice. A preliminary search of literature and prior systematic
review (9) suggest that enzymatic debridement with collage-
nase is a safe and effective technique for burns, pressure and
venous ulcers. However, the previous systematic review pub-
lished in 2009 had limitations and did not use a specific and
validated search strategy. Most notably, assessment of bias of
included studies was not performed. Considering the evolution
in the wound care industry and considering that new scientific
evidence has been published since 2009, the purpose of this
study was to review the existing literature to date on the effects
of a collagenase ointment preparation when treating wounds
with devitalised or necrotic tissue. More specifically, this sys-
tematic review assessed the effect of collagenase ointment
preparation as an enzymatic debridement technique on all kinds
of wounds, compared to placebo, standard of care or an alter-
native therapy, on wound healing, wound bed tissue character-
istics, quality of life and patient satisfaction, cost-effectiveness
and the occurrence of adverse events and complications. It is
also the first systematic review to address the outcomes of
cost-effectiveness on different wounds and its effectiveness on
diabetic foot ulcers. Considering the economic burden related
to wound care, it is advisable to evaluate the implications of
using an enzymatic debridement agent when treating wounds.

Methods

Criteria for considering studies for this review

(eligibility criteria)

Types of studies

This review included all randomised controlled trials (RCTs)
evaluating enzymatic debridement by collagenase in the
management of different types of wounds. Cohort studies
(either prospective or retrospective), case–control studies,
case report and case series, animal studies and non-human
studies were excluded. Conference and communication papers
were excluded but were retrieved for appreciation of the latest
research conducted or ongoing on collagenase as a debriding
agent in wound care.

Types of participants

To be eligible for inclusion purposes, we included studies on
people of any age in any care settings with any kind of wounds
or ulcers defined by the authors of the included studies.

Types of interventions

Enzymatic debridement with collagenase (obtained from bacte-
rial source by Clostridium histolyticum) compared to standard
of care treatment, or alternative treatment, or alternative method
of debridement or placebo in people with any kind of wounds

was included. Other enzymatic formulations (other than col-
lagenase obtained from a bacterial source) were excluded as
collagenase obtained from a bacterial source is the only for-
mulation approved and used in the United States and Canada.

Types of outcomes measures

Primary outcomes. Any outcomes and definitions related to
wounds and ulcers healing and their characteristics as given by
the studies’ authors were recorded.

Secondary outcomes. Secondary outcomes related to quality of
life and patient satisfaction, reported adverse events or compli-
cation and cost-effectiveness were recorded.

Search methods for identification of studies

Electronic searches

Electronic databases (The Cochrane Central Register of Con-
trolled Trials, MEDLINE, EMBASE and CINAHL) were
searched from inception to October 27th 2016. For MEDLINE,
we used the CRD/Cochrane High Sensitivity Search Strategy
(2005 revision) (10), with a sensitivity of 99⋅53%. A similar
search strategy was used for EMBASE and CINAHL. Results
from the different databases were then combined. There were
no restrictions regarding date of publication or study setting.
Only English and French publications were included. (See
Appendix A).

Searching other resources

Other studies were searched from the bibliographies of relevant
publications identified by the strategies used. One reference
was added (11). RCTs that were not published but reported in
Clinicaltrials.gov (The US National Institutes of Health) were
also reviewed. Members of the industry (Smith and Nephew)
were contacted looking for unpublished or ongoing trials. How-
ever, no other study was identified.

Data collection and analysis

Selection of studies

Two review authors (JP and VB) independently assessed the
titles and abstracts of all studies obtained from the databases,
and full-text copies of the articles that met the inclusion criteria
were obtained. A third person was appointed if needed to ensure
that the remaining references were eligible based on inclusion
and exclusion criterias.

Data extraction and management

Data were extracted and recorded independently by two review
authors (JP and VB) using a standardised extraction sheet. The
extraction form was designed and validated by pilot-testing
on a reference study (12). The data sheet was compared, and
discrepancies were discussed between the two investigators
(JP and VB) and, if needed, were resolved by discussion and
submitted to a third person.
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Assessment of risk of bias in included studies

Assessment of risk of bias was performed accordingly using
The Cochrane Collaboration Tool (13) through a qualitative
evaluation of the risk of bias (unclear, low and high) for dif-
ferent potential sources of bias. The assessment of risk of bias
was performed within and across studies by the two authors.
Review Manager version 5.3 (RevMan, The Cochrane Collab-
oration, Oxford, UK) was used to represent the potential risk
of bias.

Measures of treatment effects, data synthesis

and subgroup analysis

The trials for every specific type of wounds and ulcers were
grouped and evaluated for the effectiveness of collagenase,
the related and significant adverse events, quality of life and
cost-effectiveness. Review Manager was used for statistical
analysis.

Quantitative synthesis using the Mantel–Haenszel method
with random effect models was used. The heterogeneity of
included studies was assessed by using the I2 index (I2 index
greater than or equal to 50% was considered indicative of
substantial statistical heterogeneity (13)). Before completing
this systematic review, different analysis and subgroup analysis
were pre-planned based on predetermined outcomes. If data
from the included studies were not sufficient to perform a
meta-analysis, a narrative synthesis was performed. Because
of infrequent reporting of statistical dispersion measures, and
because there were numerous and different outcomes reported
in each study, a qualitative analysis and narrative synthesis has
been performed. Risk ratios with confidence intervals of 95%
were predetermined and chosen for reporting the pooled effect
of adverse events.

Results

Literature search

A total of 1411 records were extracted, of which 57 were
selected after removing duplicates. About 35 studies were
excluded because they did not fulfil the eligibility criterias
based on the full-text review. Eight studies were excluded on the
basis of a foreign language but were also impossible to retrieve.
A total of 22 references were included in this systematic review
corresponding to a total of 1038 wounds in 927 participants (see
Figure 1).

Description of included articles

All included studies were of the English language. A total
of 14 studies were from the United States (12,14–26), and 8
were from Europe (11,27–33) (two from Germany, two from
Italy, two from Spain, one from the Netherlands and one from
Turkey) (see Table 1). Publications years were from 1969 to
2016. Three articles were published between 1969 and 1975
(14–16), three articles were from 1994 and 1998 (17,18,27),
seven were from 2000 to 2005 (20,28–33), and finally, nine
were from 2010 to 2016 (11,12,19,21–26). Of the 21 articles

Figure 1 Flowchart of study selection process.

retrieved, three were subsequent articles (22,23,26) of previ-
ously published articles. When combined, the 18 original stud-
ies accounted for 1038 wounds. As every article included is
about collagenase produced from a bacterial source, 12 used
collagenase under the commercial name of Santyl (Smith and
Nephew and Health Point Therapeutics, Fort Worth, TX), three
used Iruxol Mono (Knoll Pharmaceutical, Madrid, Spain), three
were with Novuxol, and three used an unspecified tradename.
Each product of collagenase was made with an ointment with
a concentration of 250 N-units per gram, with the exception of
the first published study (14), which reported using a concentra-
tion of 0⋅5% of collagenase. Three articles were retrieved for the
treatment of diabetic foot ulcers, eight related to pressure ulcers,
three related to burns, one related to pilonidal sinus disease, one
related to venous leg ulcers and five related to a combination
of wounds and ulcers. All studies reviewed were composed of
adults (18 years and older), with the exception of two studies
about partial thickness burns in children (19), and in children
and adults (18) and one study about pilonidal sinus disease that
was composed of a population that was 17–34 years old (33).

Qualitatively, 13 RCTs and 2 cost-effectiveness analyses
(23,24) reported superior results to the alternative treatment
with favourable outcomes and support collagenase use in
wound care, particularly with diabetic foot ulcers, pressure
ulcers, burns and postoperative pilonidal sinus disease. Four
articles reported similar results and favourable results with the
alternative treatment [one for venous leg ulcers (28), one for
burns (19), two for pressure ulcers (29,32)]. One article reported
good results with collagenase but inferior results in compari-
son with papain-urea as another enzymatic debriding agent in
pressure ulcers (20).

Funding of articles was clearly mentioned in the full text of
14 out of 21 articles. Of those 14, 13 were mentioned to have
been supported by sponsorship or funding from the industry.
All three articles regarding diabetic foot ulcers were written by
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the same group of authors funded by the industry. Five out of
seven articles were written by two groups of authors (12,21,26),
also funded by the industry.

Risk of bias assessment

According to the Cochrane Risk of bias assessment tool, the
majority of the included references had a large risk of bias (See
Figure 2). This is explained by numerous unblinded studies,
with selection bias, information bias and confounding. Both
reviewers independently assessed each study. Results were
compared, and if a difference occurred, discussion led to con-
sensus between the two authors.

Primary outcomes

Multiple and different outcomes related to our predefined pri-
mary outcomes were retrieved. The majority of references (11
of 19) had an outcome related to wound healing [wound size
(10 of 11), time to wound healing (5 of 11) and proportion of
healed wounds (5 of 11)]. A total of 14 out of 19 references had
an outcome related to wound bed characteristics [either time
to clean bed (4 of 14), proportion of patients or wounds com-
pletely debrided (2 of 14), wound bed appearance (7 of 14),
wound bed tissue proportions (3 of 14), proportion of patients
with decreased necrotic area (1 of 14)]. Also, one study had an
intermediate outcome related to wound healing in burns with
the need for subsequent graft.

Collagenase versus Placebo (inactive ointment)

Four RCTs have compared a collagenase preparation to a
placebo. The first RCT (14) to have compared collagenase, then
in 1969, also made a comparison of a collagenase 0.05% for-
mula to collagenase 0.05% and neomycin formula to a placebo
or inactive ointment in a trial of 47 inpatient and outpatient
subjects with either decubitus or vascular (venous and arterial)
ulcers, which totalled 62 wounds. Overall, collagenase and col-
lagenase with neomycin resulted in complete debridement in
58 out of 62 wounds treated, and the placebo ointment had
complete debridement achieved in 1 out of 15 wounds. Authors
conclude that the topical preparation of collagenase effectively
debride chronic dermal and decubitus ulcers. Another small
study (15) of 20 subjects published in 1973 examined the
intervention of a collagenase formulation in conjunction with
polymyxin powder versus placebo ointment for the treatment
of dermal and decubitus ulcers. Wound size and ‘pus, odour,
necrosis and inflammation’ were significantly more decreased
in the collagenase group (P< 0⋅01 and P< 0⋅07, respectively).
In 1975, a small RCT (16) of 11 subjects with chronic diseases
in poor physical condition (47–90 years of age) compared col-
lagenase to placebo in 28 different wounds (mostly pressure
decubitus ulcers, with one individual with venous leg ulcers).
Improvement was present in 14 of 17 ulcers treated with colla-
genase, while none of the ulcers treated with placebo showed
improvement. Another small double-blind RCT (27) (n= 30)
looked at the treatment of multiple ulcer types in outpatient
patients with collagenase (Iruxol Mono) compared to a placebo
ointment base. Wound size reduction (measured), debridement
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Figure 2 Risk of bias graph: review author’s
judgement about each risk of bias item pre-
sented as percentages across all included stud-
ies.

and epithelialisation (5-point scale) were significantly greater
in the Iruxol group (P< 0⋅01 for each outcome). However, the
composition of the groups differs in terms of wounds charac-
teristics, and systemic antibiotics were received in the placebo
group (6 of 15).

Collagenase versus Alternative debridement agent or
technique

More recently, an RCT (11) enrolled 90 subjects with chronic
lower limb ulcers that persisted for at least 4 months, divided
into three different groups comparing, respectively, collage-
nase formulation obtained from Clostridium histolyticum to
collagenase formulation from Vibrio alginolyticus containing
hyaluronic acid 0⋅2% w/w and to classical mechanical debride-
ment and wet-to-dry dressings. After 4 weeks, the debride-
ment percentage was statistically significant greater in the Vib-
rio group compared to the other groups, but this was not after
8 weeks. Wound size reductions were also statistically sig-
nificantly greater with both collagenase formulations than the
mechanical and wet-to-dry group.

Only one RCT (33) was found for the treatment of sacrococ-
cygeal pilonidal sinus disease treated with collagenase. A total
of 40 individuals ageing from 17 to 34 years were enrolled in an
open-label trial comparing excision and marsupialisation (par-
tial closure technique) with collagenase to excision and mar-
supialisation and saline dressing. The wound-healing period
was statistically significantly shorter in the collagenase group,
21⋅9± 1⋅3 days, compared to the control group, 28⋅1± 1⋅3 days
(P= 0⋅0001). Follow-up dimensions of the wounds were men-
tioned by the authors favouring the collagenase group, but base-
line wounds were not mentioned, and it is unclear if the investi-
gator was blind for measuring. Authors concluded that collage-
nase with marsupialisation substantially shortened the duration
of wound healing.

In 2005, an RCT (28) compared collagenase (Iruxol N) to a
method of autolytic debridement (TenderWet24) with outpatient
participants with venous leg ulcers (n= 42), in conjunction
with compression bandaging. It is the only RCT that we have
found exclusively for venous leg ulcers. Baseline characteristics
between groups were not presented. Both therapies were judged
to be comparable treatments as they could not be differentiated
by statistical means.

More recently, a group of authors concluded a small RCT
(21,22) of 27 institutionalised adults with pressure ulcers

comparing collagenase (Santyl) to an autolytic agent hydrogel
(Solosite). The first phase of their study (21) was to demon-
strate efficacy at debriding ulcers up to 42 days. The collagenase
group showed statistical significance in achieving full debride-
ment by day 42 (P= 0⋅003). Wound size decrease was also
statistically significant in the collagenase group (P< 0⋅009).
However, baseline characteristics such as wound stage of pres-
sure ulcers were not mentioned.

The second phase of the study (22) recruited only the wounds
that were completely debrided at day 42 in each group (Collage-
nase 11 out of the initial 13 from phase 1; Hydrogel 4 out of the
initial 14 from phase 1) and were followed until wound healing
or up to 84 days in total. For phase 2, each group received either
collagenase or hydrogel on a daily basis, even though no devi-
talised tissue was present in the wounds. The authors reported
that by day 84, wounds were closed in a proportion of 9 of 13 in
the collagenase group and 3 of 14 in the hydrogel group. Weekly
reduction rates in wound sizes were greater in the collagenase
group (P= 0⋅009). Authors reported statistical significance in
favour of collagenase for closure rates in pressure ulcers that
were initially free of necrotic tissues.

Two RCTs (12,26) have examined the role of collagenase
for the treatment of diabetic foot ulcers (DFU). First, in 2014,
48 neuropathic diabetic patients (both types) with foot ulcers
(ranging from 0⋅5 to 10cm2 in area) were randomised in a
12-week open-label trial (26) to receive either collagenase
(Santyl) or saline-moistened gauze and selective sharp debride-
ment for DFU for a treatment period of 4 weeks, with an addi-
tional follow-up phase of 8 weeks. In the follow-up phase, both
groups were treated with a soft silicone contact layer covered
by foam dressing. Patients in the collagenase group could also
received sharp surgical debridement if judged necessary by the
investigator. No significant differences were present between
the two groups after 4 weeks for wound assessment tool scores.
Authors presented a percentage change in DFU area corre-
sponding to: the end of the treatment phase, −44⋅9% for col-
lagenase, +0⋅8% for saline-moistened gauze, and the end of
follow-up, −53⋅8% for collagenase, +8⋅1% for saline moist-
ened gauze, with statistically significant differences (P= 0⋅016
and P= 0⋅012). Although both groups received appropriate
offloading, adherence to offloading was not reported or con-
trolled.

The second RCT (12), in 2014, included 55 neuropathic dia-
betic patients (both types) with foot ulcers (ranging from 0⋅5
to 10 cm2 in area) who were also randomised in a 12-week
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open-label trial to receive either collagenase (Santyl) or the
‘investigator-selected treatment’ in the control group with
five different therapies [silver dressing (n= 12), silver sulfadi-
azine cream (n= 5), wet-to-dry gauze (n= 5), alginate dressing
(n= 4), hydrogel (n= 1)]. The treatment phase was of 6 weeks
with serial sharp debridement in both groups and was followed
by a follow-up phase of another 6 weeks, totalling 12 weeks.
There was no statistical differences between the two groups
for the wound size reduction (in percentage from baseline), but
authors reported a significant change in wound size reduction
from baseline with collagenase and serial sharp debridement
at 6 and 12 weeks (comparing to baseline). Authors concluded
that collagenase in conjunction with serial sharp debridement
appeared to provide a benefit over standard care alone.

Collagenase versus Hydrocolloid dressings

Two small RCTs have compared collagenase (either Novuxol
(31) or Iruxol Mono (29)) to hydrocolloid dressings (either
respectively Duoderm, Convatec, München, Germany (31) or
Varihesive, Convatec, Barcelona, Spain (29)) in patients with
pressure ulcers. The first one (31) included female inpatient par-
ticipants with grade IV pressure ulcers on the heels following
orthopaedic surgery, and the second one was with both-gender
outpatient participants with grade III pressure ulcers. One study
favoured collagenase for the proportion of participants with
complete closure (Collagenase 11 of 12, Duoderm 7 of 11,
P< 0⋅005) and time to closure (Collagenase 6–12 weeks, mean
value of 10 weeks; Duoderm 11–16 weeks, mean value of 14
weeks, P< 0⋅005). However, complete closure was based on
the assumption that assignment to either arm of the therapy
was terminated (considered a failure and considered not hav-
ing closed) if new necrotic tissue was present in the wound,
as judged by an investigator. The other RCT (29) that evalu-
ated both therapies in pressure ulcers could not detect statistical
significance, but results showed a trend to greater wound size
reduction at 12 weeks favouring the collagenase group (Colla-
genase – 9⋅1± 12⋅7 cm2, Varihesive – 6⋅2± 9⋅8 cm2).

Collagenase versus other enzymatic formulations

Two studies examined the comparison of collagenase and other
enzymatic formulations for the treatment of pressure ulcers
(20,32). The first one (20) compared daily collagenase (Santyl)
to daily papain-urea (Accuzyme), favouring papain-urea for
removing necrotic tissue more rapidly than collagenase (part
of the article was missing, and statistical data was not avail-
able). The second one (32) compared a twice-a-day application
of collagenase (Novuxol) to a twice-a-day application of fib-
rinolysin/DNAse. No evidence was noted between the two for-
mulations for debridement of pressure ulcers, while both helped
to reduce necrotic areas.

Collagenase in conjunction with topical antibiotics versus
Silver sulfadiazine in burns

Three RCTs (17–19) for the treatment of partial thickness burns
in children and adults have examined the difference between
collagenase (Santyl) in conjunction with a topical antibiotic

versus silver sulfadiazine. Two of these, one with adults (17)
and one with children and adults (18) (aged 5–60 years) have
compared both treatments in the same patients having two
non-adjacents partial thickness burns. Both had similar out-
comes, with the same active topical antibiotic (polymyxin B
sulphate/bacitracin spray or powder): time to clean debrided
wound and time to healing. Only one study demonstrated signif-
icantly faster time to achieve a clean wound bed (for the study
with adults: median values for collagenase (BID) of 6 versus
12 days for silver sulfadiazine (BID), P= 0⋅0012; for the study
with children and adults: median values for collagenase (QD or
BID) of 7 versus 9 days for silver sulfadiazine (QD), NS) and
healing [for the study with adults: median values for collage-
nase (BID) of 10 versus 15 days for silver sulfadiazine (BID),
P= 0⋅0007; for the study with children and adults: median val-
ues for collagenase (QD or BID) of 15 versus 18 days for silver
sulfadiazine (QD), NS]. The third RCT (19) compared collage-
nase (Santyl) in conjunction of polymyxin (QD) to silver sul-
fadiazine (QD) in 100 children with partial thickness burns. As
the primary outcome was the need for subsequent graft, which
required up to 10 days of follow-up, because of the short period
of follow-up, there were no differences in outcome between col-
lagenase with polymyxin and silver sulfadiazine.

Collagenase QD versus Collagenase q48h

The frequency of administration of collagenase (Iruxol Mono)
have been studied prospectively throughout one RCT (30) with
stage III pressure ulcers of hospitalised and institutionalised
patients aged 55 years or over. Authors concluded that once
granulation tissue covers 11–30% of the ulcer bed, a daily or
every 2 days application regimen is equivalent (this was based
on the assumption of an equivalence analysis with confidence
intervals of 90% and based on 86 patients out of the initial 92
randomised).

Secondary outcomes

Quality of life

No references were related to an outcome of quality of life.

Cost-effectiveness

Two references were found related to cost-effectiveness favour-
ing collagenase over an alternative treatment. Two articles
based on small RCTs treating pressure ulcers (23) (n= 27)
and diabetic foot ulcers(24) (n= 55) were pharmaco-economic
studies, funded by the industry and having one author who
worked on both studies. The first one (23) compared the
use of daily collagenase (Santyl) to the daily use of hydro-
gel (Solosite) on pressure ulcers of institutionalised adults for
cost-effectiveness at 1 year based on a Markov model. Mul-
tiple assumptions composed that pharmaco-economic study.
Notably, a selective inclusion of wounds that were already
debrided from phase 1 (21) were chosen for phase 2 (22). Out of
13, 11 were included for the new collagenase group, and 4 out
of 14 were included for the new hydrogel group. The outcome
of phase 2 was time to achieve closure. Authors reported that
collagenase was superior to hydrogel for wound healing and
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Figure 3 Forest plot of comparison: 1 collagenase daily versus other product, outcome: 1⋅6 adverse events.

was more cost-effective on the basis that wounds were closed
in a proportion of 9 of 13 when using collagenase and 3 of 14
when using hydrogel. The reader should note that a proportion
of excluded wounds may have led to wound healing in the sec-
ond phase but were excluded by the authors, although included
for efficacy analysis. The other pharmaco-economic study (24)
compared daily use of collagenase (Santyl) with alternative
standard treatment defined by ‘the investigator-selected sup-
portive care’ that could be composed of serial sharp debride-
ment, the use of an hydrogel and the use of silver dressings.
Again, a cost-effective Markov model was used to estimate
cost-effectiveness at 1 year. Few assumptions also composed
the model, notably the fact of using only one or two tube(s)
of collagenase for the 12-week period for the purpose of the
estimated cost of care of an year.

Adverse events

Adverse events were reported in 15 out of 19 articles. Because
of two references (21,22) based on a single RCT and because of
an RCT comparing adverse events between different posology
of collagenase (30), we excluded two references. A total of
17 references were included for analysis purposes. Adverse
events related to collagenase were seen in 11 of 17 RCTs
(10 have values and relationships to adverse events made by
authors). Adverse events linked to the study of the medication
of collagenase (intervention group) were present for a total of
62 cases, and 31 cases were included in the control group.
Risk ratio of developing an adverse event related to collagenase
versus the alternative treatment was statistically significant (for
10 studies, RR: 1⋅79, 95% CI 1⋅24–2⋅59, I2 = 0%, P= 0⋅002)
(see Figure 3). Subgroup analysis for burns revealed that the risk
ratio of developing an adverse event related to collagenase in
conjunction with a topical antibiotic versus silver sulfadiazine
was statistically significant (for three studies, RR: 2⋅47, 95% CI
1⋅04–5⋅90, I2 = 21%, P= 0⋅04) (See Appendix B).

Subgroup analysis for significant adverse events related to
collagenase or the alternative treatment was also performed.
Cellulitis at the site of the wound was found to be the only sig-
nificant adverse event that may be related. We found three RCTs
with detailed data (18,19,22) and one RCT that mentioned that
‘infection was small in both groups’ but not disclosed (24). A

subgroup analysis performed showed no statistical significance
for the risk ratio of developing cellulitis with the concomitant
use of collagenase and or collagenase with topical antibiotics
versus an alternative treatment (for three studies, RR:1⋅52, 95%
CI 0⋅39–5⋅98, I2 = 44%).

Discussion

Clinical significance

Altogether, data reviewed in this systematic review supports the
use of topical collagenase ointment as an enzymatic debriding
agent for pressure ulcers, diabetic foot ulcers and burns. One
RCT also reported the use of collagenase with an excision
and marsupialisation procedure of pilonidal sinus disease had
a faster healing time than excision and marsupialisation alone.
Two studies used collagenase on leg ulcers and support the use
of this product for debridement.

Numerous studies had a high risk of bias. Two studies of
cost-effectiveness favouring collagenase over the alternative
treatment in diabetic foot ulcers and in pressure ulcers also
had a high risk of bias, and each were based on small RCT
results with high risk of bias and funded by the industry. The
one regarding diabetic foot ulcers compared collagenase to
the ‘investigator-selected treatment’, did not control potential
confounders such as adherence to offloading, included wounds
that should have not been included as stated by their protocol
and made extrapolations of cost-effectiveness for a year based
on many assumptions. The one regarding pressure ulcers based
their cost-effectiveness model only on participants who entered
phase 2 of their RCT, excluding participants of phase 1 who
could have progressed to a healed wound. Authors stated to
have used an intention-to-treat analysis, but it would have been
appropriate if authors did not voluntarily exclude participants
of phase 1 from phase 2. The other concerns with this phase 2
is that authors used collagenase and hydrogel daily in wounds
that were free of necrotic tissue, although it is not a common
practice to use hydrogel on a daily basis for wounds free of
necrotic tissues. Moreover, concerning funding of articles, the
majority of included studies (13 of 21) have been supported by
sponsorship from the industry. Seven articles did not disclose
any information about funding.
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Compared to the alternative treatment, the use of collage-
nase as a debriding agent is associated with an increased risk of
related adverse events (RR: 1⋅79, 95% CI 1⋅24–2⋅59, I2 = 0%,
P= 0⋅002). When treating burns and compared to silver sul-
fadiazine, the use of collagenase with topical antibiotics as a
debriding agent is also associated with an increased risk of
related adverse events (RR: 2⋅47, 95% CI 1⋅04–5⋅90, I2 = 21%,
P= 0⋅04). Low heterogeneity was present in both cases. In addi-
tion, we would like to emphasise that pain at the wound site and
cellulitis were the predominant adverse events.

Literature comparison and findings

A previous narrative systematic review (9) published in 2009
revealed that collagenase was an effective and selective method
of debridement for pressure ulcers, leg ulcers and burns. Based
on their review of 12 studies (10 RCTs and 2 comparison
cohort studies), the authors reported that the enzymatic prod-
uct was safe to use in the paediatric, adult and geriatric pop-
ulation. However, they stated that adverse events were noted
mild and transient and that collagenase could produce a tran-
sient stinging sensation. No meta-analysis was conducted. At
that time, no RCTs were available on diabetic foot ulcers or
cost-effectiveness studies, and they did not report the RCT on
pilonidal sinus disease. Besides, our systematic review included
all studies from 2009 (except for the two cohort studies) and
reviewed 12 new studies published since then. Our results are
similar in terms of treatment efficacy but differ in terms of
innocuity.

At this time, different wound care organisations and associ-
ations support the use of enzymatic debridement for pressure,
diabetic and venous leg ulcers (34–36). However, these rec-
ommendations are based on key articles mainly supported by
the industry and on articles at high risk of bias. The Interna-
tional Working Group on the Diabetic Foot, however, does not
recommend the use of collagenase for DFU because of limited
evidence(37,38).

Also, the monograph of Santyl, the only FDA-approved col-
lagenase preparation in America, describes how collagenase
may cause irritation or erythema of the wound and a theoret-
ical risk of increased bacteraemia in debilitated patients. Data
reviewed suggest, however, an increased risk of adverse events
with the use of collagenase ointment.

Limitations and strengths

This systematic review included all RCTs published in English
or French related to a validated search strategy and questioned
four databases. We included 22 articles; of those, 19 were
RCTs, 2 cost-effectiveness studies related to RCTs and 1 erra-
tum reference. Exclusions were few, but still, it is questionable
if our results would have been different if foreign language arti-
cles were translated and included. Two independent reviewers
proceeded to selection, exclusion and extraction, and differ-
ences were resolved by discussion. There was no need of a third
reviewer.

One of the important concerns regarding the results of this
systematic review is the fact that the methodological quality of
included randomised controlled trials was judged with a high

risk of bias. The second important concern is about the funding
of the included studies. Most of the included articles have been
funded by the industry, and notably, the authors of these studies
are employees of the industry. Moreover, nine articles were
written by three different teams composed of these authors. This
corresponds to almost half of the RCTs on collagenase. Even
though we presented results with statistical analysis for adverse
events, we were not able to complete a meta-analysis for our
primary outcomes. The main reasons were because the studies
did not have similar or comparative outcomes either for wound
healing, wound appearance, wound characteristics, and necrotic
or devitalised tissues in wounds. For this reason, we have tried
to complete a narrative and qualitative synthesis of the data in
an unbiased way.

Finally, we have only included RCTS in this systematic
review, essentially for comparison and analysis purposes, espe-
cially for performing a meta-analysis. Eight references of lan-
guages other than English and French were excluded. If these
studies and cohort studies were included, it could have led to
different results.

Conclusion

This systematic review concludes that there is a lack of RCTs
with adequate methodological quality regarding collagenase as
an enzymatic debridement agent. Included studies had a high
risk of bias with numerous and different outcomes. However,
altogether, data reviewed support the use of collagenase for
pressure ulcers and DFU and collagenase in conjunction with
topical antibiotics in burns when enzymatic debridement is
judged necessary in selected cases. Collagenase appears bene-
ficial for wound healing and for its ability to remove necrotic or
devitalised tissues. Even though studies have partially included
chronic leg ulcers or venous leg ulcers, it is unclear if collage-
nase would be beneficial for that indication based on included
studies. Collagenase appears of interest postoperatively of an
excision and marsupialisation procedure for pilonidal sinus dis-
ease. Because of the variety and dissimilarity of the many out-
comes of included studies, outcomes could not be combined,
and quantitative result analysis could not be achieved.

Moreover, patients treated with collagenase have an
increased risk of adverse events compared to an alterna-
tive treatment. Pain and cellulitis are predominant potential
adverse events in burns, even in conjunction with topical antibi-
otics. Cellulitis, in any kind of wounds, is the most significant
adverse events that we observed. In conclusion, we strongly
recommend further study with larger groups, randomised
controlled trials with better methodological quality and better
reporting of adverse events and also independent funding in
order to assess the cost-effectiveness of enzymatic debridement
in wound care.
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