
Abstract. – BACKGROUND: Bed debride-
ment is important to treat chronic wounds. Effec-
tive agents should remove the necrosis but pro-
tect the granulation tissue. We evaluated the per-
formance and tolerability of a new composite
ointment containing collagenase and hyaluronic
acid for chronic venous ulcers.

PATIENTS AND METHODS: Subjects with
class 6 venous ulcers (CEAP classification) of
at least 6 months duration were prospectively
recruited. The ointment was administered daily
and follow-up visits were conducted on the
fifth, 10th, 15th and 20th days. On each visit the
necrotic area was measured with a grid. The
moisture balance, odour, viability of non-
necrotic areas and the presence of erythema
were also assessed. Primary outcome was the
percentage of subjects with complete debride-
ment, secondary outcomes the time to com-
plete healing, reduction of the lesion area, ab-
sence of necrotic tissue, presence of odor, ery-
thema, hydration, any adverse events.

RESULTS: One hundred subjects were en-
rolled in four centres. All patients achieved com-
plete debridement of the necrotic area and a sig-
nificant reduction of the total ulcer area by day
20, while other parameters improved significant-
ly over time. Only two patients experienced a
transient leg oedema.

CONCLUSIONS: The combination of collage-
nase and hyaluronic acid is safe and effective for
chronic venous ulcers.
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Introduction

Venous ulcers affect 0.3-2% of the general pop-
ulation and 2-4% of patients with chronic venous
insufficiency1-4. Among all ulcerations up to one-
third become chronic5 and may recur after treat-
ment2. Factors associated with poor healing and
recurrence are both patient-related (male sex, ad-
vanced age, increased BMI, diabetes, history of
DVT (deep venous thrombosis), non-compliance
with compression therapy)6,7 and local (i.e., the ul-
cer dimensions, oxygenation status, duration of
the ulcer)6. Peculiar histological and biochemical
modifications of the local milieu also contribute to
the ulcer tendency to persist. Alterations of the
cellular functions activate the production of cy-
tokines and matrix metalloproteinases and lead to
a status of non-resolving chronic inflammation8-10.
More interestingly, such modifications morpho-
logically organise with a “target” appearance
around the chronic ulcer11: the first inner zone ad-
jacent to the ulcer corresponds to an area of acute
purulent inflammation, the middle zone to granu-
lative-proliferative inflammation with organisation
of the purulent exudates and the outer zone to fi-
brous connective tissue with inflammatory cellular
infiltration in it11.
Although the mainstay of treatment for chron-

ic venous ulcers is still based on compressive
bandages12, it is still important to prepare the bed
wound properly to furnish the ulcer with the
highest possibility to heal. However, the simulta-
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neous presence in the ulcer bed of negative fac-
tors (the fibrinous tissue) and positive factors for
healing (granulation) renders the local treatment
more difficult. In fact, it is imperative to remove
the fibrin and dead cells but also at the same time
to stimulate the production of granulation tissue.
These tasks are opposite and cannot be achieved
easily by dressings containing only one product.
Topical preparations that combine two or more
products already exist in clinical practice (i.e., al-
ginate with an antimicrobial and hydrogel, silver
with alginate, collagen with a hydrocolloid, col-
lagenase with an antimicrobial)13,14 but are not
specific for this purpose. Therefore, we evaluated
the safety and efficacy of the combination of col-
lagenase (for the enzymatic debridement of
necrotic and fibrinous tissue) and hyaluronic acid
(HA – for stimulation of healing) in the same
ointment to treat chronic venous ulcers.

Patients and Methods

The study started after the approval released by
the Romanian Health Ministry (nr. 12 din
28.12.2009, amended and approved 23938/
09.04.10 and 30127/19.05.10) and by the local
Ethics Committees of the four centres participating
in the trial (Spitalul Clinic Dermato, Venerice “Prof.
Dott. Scarlat Ionghin”, Bucuresti – Romania; Spi-
talul Clinic Municipal, Targu Mures, Romania;
Clinica de Dermatologie, Spitalul Clinic Judetean
Craiova, Craiova, Romania; Spitalul Universitar
Elias, Bucuresti, Romania – International Clinical
Trial Registration: ISRCTN12579869). The investi-
gator explained the nature, purpose and risks of the
study and provided the patient with a copy of the
information sheets in Romanian language approved
by the local Ethics Committee. The written in-
formed consent was, therefore, obtained before the
patient entered the study.
Inclusion criteria consisted of subjects be-

tween 18 and 80 years of age with class 6 chron-
ic venous ulcers (CEAP classification), of at least
6 months of duration, total lesion area between 2
and 45 cm2 and necrosis area greater than 35% of
the total. Excluded from the study were venous
leg ulcers with dry black eschars, exposed bones,
tendons or fascia, subjects with Ankle Brachial
Pressure Index (ABPI) lower than 0.8 (measured
by Doppler sonography) or peripheral arterial
disease, subjects using occlusive wound dress-
ings (elastocompressive bandages were allowed),
local antibiotics, hydrogels, hydrocolloids, deter-

gents, with known hypersensitivity to collage-
nase or HA, immunocompromised subjects or af-
fected by severe systemic conditions, severe obe-
sity (Body Mass Index > 35). The enrolment was
conducted at four clinical sites in Romania.

Experimental Protocol
Bionect Start® (Fidia Farmaceutici S.p.A.,

Abano Terme, Italy) is a topical ointment based
on hyaluronic acid sodium salt by fermentation
(0.2% w/w), and bacterial collagenase obtained
from non-pathogenic Vibrio alginolitycus (> 2.0
nkat/g). A layer of about 2 mm thickness was ap-
plied on the wound bed once a day. Prior to ap-
plication the wound was cleansed of debris by
gently rubbing with a gauze pad saturated with
normal saline solution. Dry wounds had to be
moistened with physiological saline (0.9% NaCl)
prior to treatment. The treatment was covered us-
ing a non-occlusive dressing to assure the contact
with the wound surface, followed by application
of a firm compression bandage or a graduated
elastic medical compression stocking to the leg
with the venous ulcer. Treatment continued until
complete wound debridement or for a maximum
period of 20 days if complete wound debride-
ment was not reached before. Wounds were diag-
nosed as completely healed when the normal re-
epithelization process was complete and covered
all affected areas. Follow-up visits were conduct-
ed on the 5th, 10th, 15th and 20th day after the start
of the treatment. During each visit the necrotic
area was measured with a grid while odour,
wound bed moisture, viability of non-necrotic ar-
eas and the presence of erythema or redness were
assessed clinically. Laboratory determinations for
haematology and blood chemistry were also
recorded at baseline visit and at the final visit.

Outcomes
Primary outcome of the study was the number

of subjects with complete debridement at the end
of the treatment. The debridement was evaluated
creating a 5-points scale that divided into classes
the percentage of necrotic area. The percentage
of necrotic area was calculated dividing the
necrotic area expressed in cm2 by the total ulcer
area expressed in cm2 and the result reported as a
percentage15. The 5-points scale was: 1 = 0%
necrotic area, 2 = 1%-25% necrotic area, 3 =
26%-50%, 4 = 51%-75%, 5 = 76%-100%. Pa-
tients with successful debridement were consid-
ered those of class 1 or 2 (0-25% necrotic area
out of the total area).
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Time of visit (days)

0 5 10 15 20

Scale of debridement 1 0 4 (4%) 15 (15%) 29 (29%) 100 (100%)
2 0 26 (26%) 50 (50%) 66 (66%) 0
3 11 (11%) 51 (51%) 35 (35%) 5 (5%) 0
4 47 (47%) 17 (17%) 0 0 0
5 42 (42%) 2 (2%) 0 0 0

Total area (cm2) 11 (3-41) 9 (0-38) 8 (0-32) 7 ( 0-32) 6 (0-32)
Necrotic area (cm2) 7 (2-27) 3 (0-17) 2 (0-8) 1 (0-4) 0
Percentage of necrotic area (%) 70 (35-96) 31 (0-81) 19 (0-49) 9 (0-39) 0

Table I. Descriptive statistics of ulcer areas over time and results obtained after classifying patients according to the 5-points
scale of debridement.

The scale of debridement represents the percentage of necrotic area classified in a five-point scale. 1 = 0% necrotic area, 2 = <
25% of necrotic area, 3 = 26%-50%, 4 = 51%-74%, 5 = 75%-100%.

Secondary outcomes were the reduction of the
total ulcer area, necrotic area, percentage of
necrotic area, odour (absent, minimal, tolerable,
intense, repulsive), moisture balance (very poor;
poor; satisfactory; good; very good), tissue via-
bility (very poor; poor; satisfactory; good; very
good), presence of erythema or redness (absent,
minimal, moderate, abundant)15. Furthermore,
the easiness of application, pain during the
change of dressing, and any undesired systemic
or local effects were also evaluated and record-
ed. The pain was initially scored with a Visual
Analogic Scale (VAS, 0-10) and then reported in
classes as absent (VAS = 0), minimal (VAS = 1-
3), bearable (VAS = 4-6), intense (VAS7-9), un-
bearable (VAS = 10).

Sample Size Estimation
The sample size was calculated using the NC-

SS 2007 Statistical & Power Analysis Software
(Kaysville, UT, USA). For the calculation we
adopted the reduction of necrotic area of the ul-
cer as a gold-standard parameter. Considering the
initial necrotic area as 100% value, a reduction of
70% at the end of the treatment, a non-Gaussian
distribution of the area and an alpha value of
0.05, we obtained a power of 99% with a sample
size of 55 subjects. As patients were followed in
Clinics it was anticipated a drop-out rate of 30%.
Therefore, the minimum number of patients re-
cruited in the study was 55+17 = 72 patients.

Statistical Analysis
The database was constructed with Excel (Mi-

crosoft Corporation, Redmond, WA, USA) and
the statistical analysis performed using the Statis-

tical Package for the Social Sciences Windows
version 15.0 (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics for quantitative variables were
the mean and standard deviation (mean ± SD) for
parametric variables or median and range (mini-
mum and maximum) for non-parametric vari-
ables. Normality assumptions were demonstrated
with the Kolmogorov/Smirnov testing. Descrip-
tive statistics for qualitative variables was per-
formed with occurrences and described with rela-
tive frequencies.
The evolutions of the ulcer areas over time

have been analysed using the Friedman test. Or-
dinal variables were compared with the Chi-
square test (Fisher’s exact test if occurrences in
cells were inferior to 5). All results were consid-
ered significant if p < 0.05.

Results

Between February and November 2010 one
hundred patients were recruited and followed-up
for the study. Fifty-three were males (53%),
mean age was 66 ± 10 years, height 170 ± 10 cm,
weight 80 ± 15 kg, Body Mass Index 28 ± 4
kg/m2, ABPI 0.84 (range 0.80-1.00). The ulcer
was already present for 240 days (range 180-730)
before the start of the treatment.
Patients with a successful debridement (class 1

and 2) significantly increased during the treat-
ment (Fisher’s exact test, p < 0.001) and consti-
tuted two thirds of our series by the 10th day of
applications (Table I). The descriptive statistics
for ulcer areas are presented in Table I, their
graphic evolution over time in Figures 1 and 2.
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The total ulcer area significantly decreased from
the 10th day of application onwards compared to
baseline pre-treatment levels (p = 0.004), the
necrotic area and the necrotic percentage from
the 5th day (Friedman test, p < 0.001). The
necrotic component of the ulcer decreased at a
higher rate compared to the total area (Figure 2).
A significant improvement was observed

over time for qualitative parameters of the ul-

cer such as odour, erythema, tissue viability
and moisture balance (Table II). A significant
progressive shift towards better classes was
found during the treatment compared to base-
line levels: odour (Fisher’s exact test, p <
0.001), erythema (Fisher’s exact test, p <
0.001), tissue viability (Fisher’s exact test, p <
0.001), moisture balance (Fisher’s exact test, p
< 0.001) (Table II).
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Figure 1. Box plots representing the evolution of total and
necrotic areas during the treatment. Boxes represent the
95% Confidence Intervals, the black line the median value,
whiskers the minimum and maximum values.

Figure 2. Trends of the percentage of necrotic area (black
line) and total ulcer area (red line) during the treatment.
Boxes represent the 95% Confidence Intervals, the black
line the median value, whiskers the minimum and maximum
values.

Time of visit (days)

Class 0 5 10 15 20

Odour 1 27 (27%) 52 (52%) 78 (78%) 100 (100%) 100
2 20 (20%) 28 (28%) 20 (20%) 0 0
3 29 (29%) 20 (20%) 2 (2%) 0 0
4 24 (24%) 0 0 0 0

Erythema 1 21 (21%) 31 (31%) 44 (44%) 61 (61%) 95 (95%)
2 10 (10%) 50 (50%) 52 (52%) 39 (39%) 5 (5%)
3 38 (38%) 18 (18%) 4 (4%) 0 0
4 31 (31%) 1 (1%) 0 0 0

Tissue viability 1 1 (1%) 0 0 0 0
2 12 (12%) 3 (3%) 0 0 0
3 62 (62%) 71 (71%) 57 (57%) 39 (39%) 32 (32%)
4 24 (24%) 24 (24%) 33 (33%) 57 (57%) 54 (54%)
5 1 (1%) 2 (2%) 11 (11%) 4 (4%) 14 (14%)

Moisture balance 1 1 (1%) 0 0 0 0
2 12 (12%) 4 (4%) 0 0 0
3 58 (58%) 68 (68%) 48 (48%) 31 (31%) 31 (31%)
4 28 (28%) 27 (27%) 46 (46%) 65 (65%) 56 (56%)
5 1 (1%) 1 (1%) 6 (6%) 4 (4%) 13 (13%)

Table II. Description of the ulcer qualitative parameters evaluated (see text for an explanation of the classes adopted).



All researchers involved in the application of
the dressing found that this was easy to apply
throughout the study. Thirteen patients (13%)
complained of minimal pain during the dressing
removal and new application (VAS = 1-3) while
87% of them referred no pain (VAS = 0). Consid-
ering adverse effects, only two patients (2%) ex-
perienced a monolateral mild oedema of the leg
for 5 and 12 days during the treatment. Oedemas
spontaneously resolved without discontinuation
of the local application.

Discussion

Wound bed preparation continues to be an es-
sential component of chronic wound manage-
ment. By addressing the relationship between
necrotic tissues, exudates, bacteria and cellular
dysfunction an optimal wound healing environ-
ment can be achieved16. Enzymatic debridement
is only one of the available methods to remove
necrotic tissues but is frequently used in the
long-term care due to immediate availability, eas-
iness to administer and safety17. Furthermore, it
also harbours the theoretical advantage of furnish
to the local tissues small peptides of collagen
from the digestion of necrotic materials that act
as chemoattractive substances promoting cell
proliferation and movement. Collagenase is the
best characterized of all of the enzymatic debrid-
ing agents. It specifically digests all triple helical
collagen and does not degrade other proteins
lacking of the triple helix conformation18. This is
a unique feature of bacterial collagenase since
none of the other available proteases can digest
collagen19,20. It has been used for over 25 years
and presented a large number of clinical advan-
tages including the selective removal of dead tis-
sue, is a painless ointment, and causes minimal
amount of blood loss. This type of debridement
is appropriate for the use in long-term care facili-
ties or at home19,20.
Although debridement is an important part of

wound care, information to guide evidence-based
decisions is limited in the literature where studies
are based on small series and involve heteroge-
neous patients with predictable bias21. According
to this trials, collagenase achieved an average
healing time of 18-24 days on partial thickness
burns13,22, longer in chronic ulcers (9-15
weeks)22. Considering pressure sores, complete
wound debridement was obtained mainly by day
42 of treatment23. Therefore, we originated the

hypothesis to combine the enzymatic debride-
ment with a product able to stimulate the tissue
regeneration in order to improve the literature re-
sults. Our previous experience with the HA sug-
gested that this product could be the ideal candi-
date to be combined with the collagenase24,25.
HA was first isolated in 1934 from the bovine

vitreous humour but was subsequently found also
in soft connective tissues, synovial fluids, umbili-
cal cords and rooster combs. It is one of the main
extra cellular matrix (ECM) components and
consists of a non-sulphated, linear glycosamino-
glycan with repeated units of glucuronic acid and
N-acetyl-glucosamine26-30. The physiological
functions derive from its structural role in the
ECM and from the ability to interact with cell
surface receptors. HA is a hydrophilic molecule
which binds a large amount of water and forms a
viscous hydrated gels even at low concentra-
tions31. While the peculiar hygroscopic and rheo-
logical properties allow for a good hydration of
the ECM and tissue elasticity, the cell-cell and
cell-substrate adhesions consent the HA to inter-
act with the cellular microenvironment leading to
cellular proliferations, migrations and ECM de-
position. Because of its porous and hydrated or-
ganisation, HA allows the rapid diffusion of wa-
ter-soluble molecules and migration of cells dur-
ing the wound repair process31. For all these rea-
sons, the main role of HA in tissue repair
processes consists in facilitating the entry of a
large number of cells into the injured area and in
orientating the deposition of ECM fibrous com-
ponents26-30. Furthermore, HA seems to protect
directly the granulation tissue from oxygen-free
radicals that impair the wound healing, possibly
acting as a molecular scavenger32,33.
Although sporadic reports have already de-

scribed the positive effects of HA on chronic
venous ulcers, these studies had a low sample
size (n = 10)34 or compared HA vs.
dextranomer35. Only recently two multicentric
randomised controlled trials (RCTs) compared
HA vs. placebo for the treatment of chronic ve-
nous leg ulcers36,37. HA achieved a 27%-40% re-
duction of the total area of the ulcer (viable +
non-viable component) at the 15th day of treat-
ment compared to placebo where the reduction
was lower (6%-29%)36,37. In our study Bionect
Start® had a similar effect on the total area of
the ulcer where the reduction corresponded at
the 15th day of treatment to 36% of the initial
surface (4/11 cm2). However, the greatest differ-
ence between Bionect Start® and published re-
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sults of HA alone involves the non-viable por-
tion of the ulcer. While HA alone showed a de-
crease from 41% at day 1 of treatment to 31% at
day 1536, Bionect Start® decreased the non-vi-
able area from an initial 70% at day 0 to 9% at
day 15. It is possible that the greater decrease of
the non-viable area observed in our study de-
rives from the presence of collagenase, not pre-
sent in the two RCTs36,37, This could have in-
creased the local beneficial effects of HA on
wound healing by digesting the necrotic part.
Few limitations need to be acknowledged by

the reader. First, the study is an observational
longitudinal without a comparison arm to evalu-
ate the real effects of the combination of the
two products (collagenase and HA) over each
alone. As this was a preliminary pilot study for
the evaluation of safety and potential efficacy of
the Bionect Start®, it needs now to be followed
by further randomised trials possibly comparing
HA + collagenase vs. HA vs. collagenase vs.
placebo (four-arm trial). Such studies should al-
so include elastocompressive bandages in all
their arms otherwise these could bias the results
of one product over the others. A second limita-
tion involved the lack of any histological and
especially immunohistochemical evaluation of
the regenerative activity of HA + collagenase.
Again, this could be a point for future research-
es especially compared to HA or collagenase
alone. Finally, the lack of a long-term follow-up
does not allow us to present any data on long-
term recurrences.

Conclusions

Bionect Start®, a new ointment formulation of
collagenase with HA, was shown to be an effec-
tive debriding agent for the treatment of chronic
venous ulcers. During the study all patients
reached a complete debridement with a signifi-
cant reduction of the total and necrotic lesion ar-
eas. Furthermore, all the other parameters associ-
ated with the ulcer (odour, erythema, tissue via-
bility and moisture balance) showed a significant
improvement over time. The safety of the device
appeared globally satisfactory and no sensitivity
reactions were reported.
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