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Abstract

Split-thickness skin grafting (STSG) is a widely used method in reconstructive surgery,
but donor site wounds (DSWs) are often slow healing and painful. This prospective
study evaluated the performance of a composite wound dressing containing colla-
gen/oxidised regenerated cellulose in the treatment of medium-depth (0⋅4 mm) DSWs in
25 multi-morbid patients with chronic leg ulcers requiring STSG. The range of patients’
ages was 44–84 years (mean 71⋅6 years) with DSW sizes ranging between 12 and
162 cm2 (mean 78 cm2). Comorbidities included anticoagulation therapy (15 patients),
anaemia (11 patients), diabetes (6 patients) and methicillin-resistant Staphylococcus
aureus (MRSA) ulcer colonisation (6 patients). The first dressing change was performed
after 10 days. Complete reepithelialisation was observed between the 10th and 34th day
(mean 17⋅2, median 14 days). Postoperative medium to strong bleeding occurred in
only five patients (four with anticoagulation). Wound pain levels one day after harvest-
ing were only moderate (range 0–1⋅5, mean 0⋅5, median 0⋅5 on a six-item scale). No
wound infection was observed during the first dressing. The composite dressing used
allowed for the fast healing of medium-depth DSWs with minimal or no postoperative
pain and bleeding in older multi-morbid patients under anticoagulation treatment.

Introduction

In the Western world, chronic venous leg ulcers (VLUs) and
mixed arterial-venous ulcers (AVLUs) are the most common
type of chronic leg wounds (70–85% of cases) (1–4). A tan-
gential ulcer excision combined with autologous split-thickness
skin grafting (STSG) as a one-step procedure is widely accepted
as the treatment of choice if combined with long-term mainte-
nance afterwards (5–7). STSG is also considered the method
of choice for the treatment of burn wounds and other cuta-
neous injuries in plastic reconstructive surgery and derma-
tology. However, harvesting of the grafts usually results in
a large superficial, often slowly healing donor site wound

Key Messages
• donor site wound (DSW) healing time depends on wound

depth, postoperative bleeding and comorbidities
• earlier studies mostly investigated more superficial

DSWs≤ 0⋅3 mm without information regarding periop-
erative anticoagulation and comorbidities

• this prospective non-comparative study evaluates the
performance of a collagen/oxidised regenerated cellu-
lose containing composite dressing in the treatment of
medium-depth (0⋅4 mm) DSWs in multi-morbid patients
with chronic non-diabetic leg ulcers
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• the composite dressing used allowed for the fast healing
of 0⋅4-mm DSWs with minimal or no pain and bleeding
even in patients under anticoagulation

• because of longer dressing change intervals and a low
DSW morbidity, the composite dressing used has thep-
otential to reduce treatment costs

(DSW), which often causes more pain than the site receiving
the graft. STSG are categorised as thin (up to 0⋅3 mm), medium
(0⋅4–0⋅5 mm) and thick (0⋅6–0⋅7 mm) (8,9). STSGs of medium
thickness are often the best treatment option regarding mechan-
ical graft stability and DSW healing time (7,9). Healing time of
DSWs depends on their depth (10), patient age (11) and wound
infections as well as comorbidities such as diabetes (4,5).

Postoperative diffuse bleeding in DSWs is an impor-
tant complication, especially in patients receiving systemic
anticoagulation because of underlying diseases. For the treat-
ment of diffuse larger haemorrhages, biological substances pro-
moting cell aggregation, such as microfibrillar cellulose, colla-
gen, gelatin and poly-N-acetylglucosamine, are used (12–14).

Effective antimicrobial wound treatment can be achieved
using modern topical antiseptics, particularly polyhexanide and
octenidine but also nanocrystalline silver preparations. Silver
demonstrates a broad antimicrobial (15,16) and anti-fungal
(17) activity. The systemic incorporation of silver is reduced
considerably by avoiding long-term application on wound areas
larger than 10% of the body surface area (18).

Wound dressings providing a continuous moist wound envi-
ronment (MWE) are recognised as the treatment of choice as
it speeds up epithelialisation and reduces pain (5,19–22). A
broad range of wound dressings is available, providing clini-
cal advantages in DSW treatment, such as prevention of wound
infection, reduction of postoperative bleeding, leakage, pain,
shear forces, friction and frequency of dressing changes, but
no product appears to meet all of the requirements at once (5).

The aim of this prospective, non-comparative study was to
evaluate the efficacy of a composite wound dressing containing
a non-adherent silicone layer, a matrix made of oxidised regen-
erated cellulose (ORC), collagen and silver-ORC and finally
a hydropolymer foam, thus allowing a reduction of postop-
erative bleeding, pain and frequency of dressing changes of
medium-depth DSWs (0⋅4 mm) in multi-morbid patients under-
going grafting of VLUs and AVLUs. This particular com-
posite wound dressing was chosen to maximise the effec-
tiveness of the individual properties of each of the dressing
components for optimal wound management and accelerated
epithelialisation.

Materials and methods

Study objectives and outcome measures

The primary objective of this study was to determine the DSW
healing time defined as the duration from skin harvesting until
complete wound epithelialisation. The secondary objective of
this study was to evaluate the incidence and extent of postoper-
ative DSW bleeding and pain.

Patient recruitment

This study was designed as a non-randomised, prospective, con-
trolled, single-centre study and was performed at the Depart-
ment of Dermatology and Allergology Biederstein, Technical
University of Munich (Germany). The study was conducted in
accordance with both the Good Clinical Practice and the ethical
guidelines of the 1975 Declaration of Helsinki and the revised
version from Seoul in 2008. The study protocol was approved
by the Ethical Committee of the Medical Board of the Technical
University of Munich. All patients provided written informed
consent prior to study enrollment.

Inclusion criteria

Eligible study participants included multi-morbid patients diag-
nosed with chronic VLUs and UM and required STSG. Ulcer
size was ≥10 cm2 and involved chronic wound persistence
without improvement in healing for at least 6 months despite
appropriate conservative treatment, including compression and
negative pressure therapy. Patients with infected ulcers stages
2 and 3 according to the criteria of the European Wound Man-
agement Association [stage 2: increased signs of infection, low
or moderate exudation; stage 3: signs of local infection and
increased wound exudate, with normal CRP and leucocyte lev-
els (23)] were included. Furthermore, patients taking antico-
agulants and platelet aggregation inhibitors as well as patients
with methicillin-resistant Staphylococcus aureus (MRSA) and
Gram-negative species with extended-spectrum-beta-lactamase
(ESBL) resistance were also included in this study.

Exclusion criteria

Exclusion criteria included age under 18 years, preoperative
INR values above 3⋅0, uncontrolled diabetes (HbA1c> 10%),
ankle to brachial systolic pressure index (ABI)≤ 0⋅5, hypersen-
sitivity to silver-containing products and other dressing compo-
nents, drug abuse, excessive alcohol consumption, malignant or
autoimmune disease, chemo- and immunosuppressive therapy,
reduced compliance, decreased serum levels of factor XIII and
wound infection stages 1 and 4 (stage 1: few subtle signs of
infection, normal healing progress; stage 4: overt signs of local
infection and signs of systemic infection (23)).

Preoperative procedures

All preoperative and postoperative measurements, including
wound documentation, surgery and postoperative dressing
changes, were performed solely by one dermatosurgeon (first
author).

Upon admission, general data on patients’ clinical history
were noted, and an extensive physical examination was per-
formed. The status of venous and arterial vessels was analysed
clinically and by extensive diagnostic measures using Doppler
and colour duplex sonography. The status of venous vessels
was evaluated in accordance with the CEAP classification
(24). Peripheral artery occlusive disease (PAOD) was diag-
nosed using patient history and clinical examination, including
Doppler sonography, to determine the ABI (25). In patients
with diabetes, the transcutaneous oxygen tension (TcPO2) and
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the Toe-Brachial-Pressure Index were additionally measured
because of potential media calcinosis (25–27).

Lymphoedema was classified into four stages (0–3) accord-
ing to Földi et al. (28). The bioburden level was determined
through microbiological wound specimens using the Levine
technique (29,30).

Ulcer and DSW size were determined pre- and intraopera-
tively by placing a sterile transparent film with an integrated
metric grid (OpSite® Flexigrid, Smith and Nephew, London,
UK) on top of the wound and tracing the outlines with a per-
manent marker. The wound area was determined by counting
the number of squares (1 cm2, 1∕4 cm2) on the grid within the
traced area (31,32).

Prophylactic perioperative antibiotic treatment (cefuroxime
3× 500 mg/day p. o., or in cases of penicillin allergy clin-
damycine 4× 300 mg/day p.o.) was given to all patients for
3 days, starting 1 hour before surgery. Anticoagulation was not
interrupted or changed perioperatively.

Surgical procedures

All donor sites had not previously been harvested for skin
grafts. For graft harvesting, the donor area, which was always
the ipsilateral proximal anterolateral thigh, was disinfected
with an octenidine dihydrochloride/phenoxyethanol solution
(Octenisept®, Schülke, Norderstedt, Germany), marked with
a sterile permanent skin marker and infiltrated with a mod-
ified tumescent local anaesthetic solution (0⋅15% prilocaine
with epinephrine 1:200⋅000; 0⋅5 ml/cm2 donor area) until
the area assumed a plane state. After anaesthesia set in, the
donor site was lubricated with a fusidic acid ointment for
better gliding of the dermatome while harvesting. Fusidic
acid ointment has been used by the first author for more than
25 years because of its additional bacteriostatic effect on the
Staphylococcus species as well as a very low risk of resis-
tance and contact sensitisation (33). The skin was stretched,
and an STSG of 0⋅4 mm thickness was harvested with a
battery-powered dermatome (ACCULAN® 3Ti dermatome,
Aesculap, Tuttlingen, Germany). To achieve a standardisa-
tion of the harvesting procedure, the same dermatosurgeon
harvested all skin grafts using the same dermatome in all
patients. The downward pressure and angle of approach
between the dermatome and donor skin as well as the veloc-
ity of harvesting were maintained the same in each patient.
The same physician also stretched the convex donor sur-
face in all cases. Immediately after harvesting, DSWs were
covered with saline-soaked gauze pads for 10–15 minutes,
followed by a non-adhesive, soft, silicone-coated polyamide
mesh (Mepitel®, Mölnlycke, Germany). A biodegradable,
freeze-dried, ORC/collagen/silver-ORC dressing (Promogran
Prisma®, Systagenix, Gatwick, UK) moisturised with isotonic
saline solution served as the second layer. The third dressing
layer was an absorbing hydropolymer foam with a 2-cm adhe-
sive border (Tielle®Adhesive dressing, Systagenix, Gatwick,
UK), (Figure 1). Then, two layers of cotton gauze pads were
placed in an overlapping manner onto the composite dress-
ing and fixated with retention tape (Fixomull®stretch, BSN
Medical, Hamburg, Germany). Finally, long-stretch bandaging
was performed for 4 hours.

Figure 1 Arrangement of the first three dressing layers. The hydropoly-
mer foam at the top was covered with cotton gauze pads and fixated with
retention tape (not shown). Dressings were applied to cover the entire
surface of the donor site wound (DSW), with Promogran Prisma over-
lapping the wound by 1 cm and Tielle® foam area by 1–2 cm onto the
surrounding skin. In case of DSW size >80 cm2, Tielle® 18 cm× 18 cm
was used in an overlapping manner in order to cover the entire wound
area.

Postoperative procedures

Because of the grafted ulcers, patients were asked to take strict
bed rest for one day. Patients were monitored daily and dis-
charged 7–10 days after grafting. Adequate analgesia was pro-
vided to avoid postoperative pain. For an objective evaluation
of postoperative pain in the donor area as well as in the grafted
area, both a six-item scoring scale ranging from 0 to 5 as well as
a visual scale with faces ranging from a smiling face (no pain)
to a tearful face (severe pain) were used daily.

Estimation of the degree of postoperative bleeding was
assessed as follows: ‘little’: no visible blood absorption
through the fixating tape, ‘medium’: partial blood absorption
through the fixating tape, ‘strong’: extensive blood absorption
through the fixating tape and/or leakage of blood from the
dressing. The absorptive capacity of the composite dressing
was tested prior to the study using a 0⋅1% eosine solution.
Using both a 18 cm× 18 cm Tielle (contains 10 g hydropolymer
foam) and 123-cm2 Promogran Prisma dressing, about 40 ml
of liquid were fully absorbed without leakage after the fixating
tape was applied.

The first DSW dressing was left intact for 10 days. At dress-
ing replacement, a bacterial swab of each wound was performed
immediately after removing the wound dressing to avoid con-
tamination. In case of heavy exudation and/or blood leakage
through the dressing within the first 10 days, only the outer
absorbent dressing layer (cotton gauze pads and retention tape)
was changed, while the three-component dressing (including
Tielle) beneath was left in place. Early removal of all layers was
avoided in order to prevent potential damage to the regenerating
tissue (Figures 2 and 3).

Extent of epithelialisation at dressing change was determined
according to the macroscopic wound appearance. Each layer
of the dressing was gently lifted, and a direct visual inspec-
tion of the wound was performed. Documentation was com-
pleted by digital photographs. Wounds were considered to have
been completely (100%) reepithelialised when there were no
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Figure 2 Reepithelialisation of a typical donor site wound (DSW) (patient
11) at first dressing change 10 days after surgery. Removal of the partially
adherent dressing may artificially damage the regenerating epithelium,
causing acute bleeding (circles).

macroscopically denuded areas with wound exudate or bleed-
ing (Figures 2 and 3).

After being discharged from the hospital, all patients were
followed-up in our outpatient clinic once a week during the first
5 postoperative weeks and then 6 months after surgery.

After 1 week of complete epithelialisation of the DSWs,
patients were asked to apply either a silicone gel or a panthenol
ointment to the affected area daily for at least 6 months.

Results

A total of 25 patients with leg ulcers (11 male and 14 female;
13 patients with AVLUs, 12 patients with VLUs) were enrolled
and grafted with medium thick STSGs (0⋅4 mm) (Table 1; a
complete list of patient data is provided in the Appendix).
DSWs were covered with the composite dressing in accordance
with the study protocol. All patients completed the study. There
were no patients who discontinued treatment prematurely, and
there were no severe adverse events or dropouts recorded.
The dressing was not removed completely before the 10th
postoperative day in any of the cases.

Patients’ ages ranged from 44 to 84 years (median 76 years,
mean 71⋅6 years), with ulcer size ranging from 12 to 180 cm2

(median 77 cm2, mean 77⋅1 cm2) and DSW size ranging from
12 to 162 cm2 (median 66 cm2, mean 78 cm2). A total of 15
patients were treated with anticoagulants and/or platelet aggre-
gation inhibitors, 6 patients suffered from diabetes mellitus, 11
patients had anaemia with Hb< 10 g/dl and 6 patients showed
MRSA colonisation of the ulcers.

Complete DSW epithelialisation was observed between
the 10th and 34th postoperative day (median 14 days, mean
17⋅2 days).

Postoperative medium to strong bleeding at the DSWs
occurred in five patients (two taking phenprocoumon, one
ASA and one phenprocoumon plus ASA) within the first 2
postoperative days. The amount of bleeding in only two of
these patients [No 2 (phenprocoumon) and 14 (ASA)] required
a superficial dressing change. The other three patients did not
require a dressing change as the dressings were only slightly
blood stained.

Figure 3 (A) Donor site wound (DSW) (112 cm2) of patient 8 (a
72-year-old male, arterial-venous ulcer (AVLU), acetylsalicylic acid (ASA),
methicillin-resistant Staphylococcus aureus (MRSA), nicotine abuse,
hypertension). Immediately after removal of the first dressing (10 postop-
erative day), small denuded areas (circles) are seen. (b) DSW (112 cm2) of
patient 8 (a 72-year-old male, AVLU, ASA, MRSA, nicotine abuse, hyper-
tension). Complete homogenous reepithelialisation of DSW on postop-
erative day 12 after removal of the second dressing is seen.

Postoperative DSW pain levels were only moderate. Subjec-
tive pain evaluation by means of a six-item scale resulted in a
mean value of 0⋅5 (range 0–1⋅5, median 0⋅5) on the first postop-
erative day. Patients received ibuprofen (up to 3× 400 mg/day)
or metamizole (up to 3× 500 mg/day) as needed, primarily
because of pain in the grafted areas. No further analgesia was
needed in any of the cases.

Only two patients (No 14, 18) developed clinical signs of
DSW infection (stage 1–2) after the first dressing change.
However, no patient required treatment with antibiotics.

No maceration of the wound surrounding was observed in
any patient.

In order to estimate the influence of comorbidities in heal-
ing of DSWs, all 25 patients were divided into four groups
(A–D) in accordance to patient comorbidities (anticoagulation,
diabetes, anaemia, MRSA).

Group A: patients with anticoagulant/platelet

aggregation inhibitor medication

A total of 15 patients aged 62–84 years (mean 77⋅1 years,
median 80 years) were included in this group. Anticoagula-
tion included phenprocoumon (eight patients), acetylsalicylic
acid (ASA) (five patients), phenprocoumon and ASA (one
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patient) and enoxaparin (one patient). Perioperative INR val-
ues of the phenprocoumon patients ranged between 1⋅9 and
2⋅9 (mean 2⋅3, median 2⋅5). MRSA at the ulcer site was con-
firmed in three patients. Six patients were diagnosed to be
anaemic with haemoglobin levels below 10 g/dl; four patients
suffered from diabetes mellitus, and three patients were smok-
ers. DSW sizes ranged from 16 cm to 162 cm2 (mean 73⋅2 cm2,
median 64 cm2). Complete epithelialisation was observed
between the 10th and 34th postoperative day (mean 18⋅6 days,
median 15 days). Strong postoperative bleeding occurred in two
patients (No 2, 14) within the first 2 days, making superficial
dressing change necessary.

Group B: patients with diabetes mellitus

A total of six patients aged 61–82 years (median 73⋅5 years)
were included in this group. Four of six patients had additional
anticoagulant therapy with phenprocoumon (three patients) and
ASA (one patient). One patient was confirmed with MRSA at
the ulcer site, and one patient was a smoker. DSW sizes ranged
from 28 to 84 cm2 (median 61⋅5 cm2). Complete epithelialisa-
tion was observed between the 10th and 17th postoperative day
(median 14 days).

Group C: patients with anaemia

A total of 11 patients aged 51–84 years (median 75⋅5 years)
were included in this group. Seven patients had additional anti-
coagulant therapy with phenprocoumon (four patients), ASA
(two patients) and enoxaparin (one patient). MRSA at the ulcer
site was confirmed in four patients. The size of the DSWs
ranged from 16 to 162 cm2 (median 118 cm2). Complete epithe-
lialisation was observed between the 10th and 34th postopera-
tive day (median 16⋅5 days).

Group D: patients with MRSA at the ulcer site

A total of six patients aged 72–84 years (median 76 years) were
included in this group. Three patients had additional anticoagu-
lant therapy with phenprocoumon (one patient) and ASA (two
patients). Four of six patients were diagnosed as anaemic. DSW
sizes ranged from 48 to 162 cm2 (median 115⋅5 cm2). Com-
plete reepithelialisation was observed between the 12th and
34th postoperative day (median 17⋅5 days). MRSA at DSWs
was postoperatively confirmed in three patients (No 14, 15, 18)
at the second and third dressing change. In two of these patients
(No 14, 18), epithelialisation was delayed [34 days (No 14) and
26 days (No 18)].

Discussion

In the present study, the duration of healing, occurrence of post-
operative wound bleeding and pain intensity of medium depth
(0⋅4 mm) DSWs were evaluated in 25 multi-morbid patients
with simultaneously grafted chronic leg ulcers. The major-
ity of patients received anticoagulants or platelet aggregation
inhibitors perioperatively. The combination of three dressing
components resulted in a non-adherent, hemostyptic antiseptic
dressing with a high fluid absorptive capacity while at the same

time providing a moist healing environment and minimising
shear and friction force. Application of a non-adherent silicone
film as first layer was necessary because the cellulose-collagen
matrix tends to dry out, and the dressing thus could partially
adhere to the healing wound and damage the new epithelium
during the first dressing change.

Complete epithelialisation was observed after an average of
17⋅2 days (median 14 days), which is remarkable in spite of the
depth of the DSW and the unfavourable comorbidities of the
patients in our study. For a majority of patients, pain is their
most important concern. In this study, patients reported very
low pain levels at the donor site. Already, on the first postop-
erative day, 10 patients reported no pain (0), and another 10
patients reported pain levels between 0 and 1 on a six-item
scale. Only 5 of 25 patients developed medium (3) and strong
(2) postoperative bleeding within the first 2 postoperative days.
The two heavier bleedings required only one superficial dress-
ing change of the upper layers (gauze pads and retention tape).
The first complete dressing change was performed without
exception on the 10th postoperative day according to the study
protocol.

The incidence of positive bacterial cultures was very low.
None of the 25 treated patients showed a DSW contamination
or infection within the first 10 days before the first dressing
change. MRSA in the DSWs was found in three, and E. coli in
one, patient only at the second and third dressing change. Two
of the three MRSA patients showed delayed epithelialisation.

The positive experiences obtained using our composite
wound dressing system are of particular value when compared
to studies in the literature (Table 2). In almost all of these
studies, very superficial DSWs (0⋅15–0⋅32 mm) were treated,
and even then, some studies report reepithelialisation periods of
significantly more than 30 days. In some studies, wound depth
and postoperative pain intensity are not indicated. In most
studies, no information regarding perioperative anticoagulation
and comorbidities of patients is given.

Healing time of DSWs is largely dependent on the wound
depth (10) and extent of postoperative bleeding. In this con-
text, there is a considerable anatomical difference between a
0.- mm and a 0⋅4-mm deep wound (and all the more between
a 0⋅15–0⋅2 mm and a 0⋅4-mm deep one). The dermal vascular
plexus consists of a superficial and a deep glomerulus, which
are connected with each other by relatively straight vertical
vessel sections. The very fine superficial vascular plexus with
all its partly non-muscular capillaries lies directly under the
epidermis in the dermal papillae at a depth of 0⋅1–0⋅3 mm. This
is also the length of the epidermal rete ridges that, depending on
the body region, have a length of approximately 0⋅1–0⋅3 mm
(34). A 0⋅15–0⋅3-mm deep acute wound shows only very small
bleeding foci, which, as a rule, soon cease spontaneously if
there is no anticoagulation. When a 0⋅4-mm deep wound is
generated, connecting vessels with larger lumens are separated
under the fine capillary plexus, which leads to substantially
heavier bleedings of the wound surface, especially under
accompanying medication with anticoagulants and platelet
aggregation inhibitors. Skin ageing in older patients leads to a
severe decrease of epidermal and dermal thickness as well as
the vascular plexuses and adnexal structures (35). Therefore,
in elderly patients, even the harvesting of STSGs of medium
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thickness can reach deeper dermal layers, thus causing stronger
bleeding and delayed healing of the DSWs. Davidson et al.
(11) also observed a slower DSW epithelialisation rate in
patients older than 50 years compared to patients younger than
50 years (Table 2).

After the harvesting of only epidermal grafts with an epider-
mal graft-harvesting device, the mean DSW healing time was
5⋅5 days (36). After acute superficial epidermo-dermal injury,
epithelial stem cells from the wound margins, the hair folli-
cles as well as sebaceous and sweat gland appendages migrate
into the denuded area (37,38). Therefore, DSWs located on the
scalp show the fastest epithelialisation rates because of the high
density of hair follicles and accompanying glands and thus the
highest concentration of stem cells (39).

Fast-healing rates of superficial DSWs outside the scalp
region were observed after application of cultured epidermal
allografts (CEA). In a small, self-conducted, prospective clin-
ical trial with eight patients, half of each DSW area (0⋅3 mm
thickness) was covered with Biobrane® (Smith and Nephew,
London, UK) and the other half with allogeneic cryopreserved
keratinocytes. In the Biobrane-covered areas, complete epithe-
lialisation was observed after a mean of 13⋅4 days and in the
wounds covered with CEA after a mean of 7⋅5 days (Table 2)
(40,41). CEA were also used by Phillips et al. in the treatment
of superficial DSWs in nine patients (42). Half of the DSW
area was treated with CEA, while the other half was covered
with a non-adherent dressing. The DSW areas treated with
CEA healed in a mean of 8⋅4 days, while the areas treated
with non-adherent dressings in the control healed in a mean of
15⋅3 days.

Local haemostasis is the first step in the successful treat-
ment of an acutely generated wound like DSWs. For decades,
ORC has been widely used as local hemostyptic (12–14,43,44).
Within 24–48 hours, a gelatinous coagulum consisting of cellu-
losic acid and haemoglobin is generated through clot formation
and is completely resorbed or broken down after 1–6 weeks.
Besides its local haemostatic effect, OCR has bactericidal prop-
erties that inhibit the growth of a wide range of Gram-positive
and Gram-negative organisms (45). Microfibrillar collagen is
another fully resorbable haemostatic agent (12–14). Further-
more, ORC/collagen dressings induce the production of higher
levels of several growth factors in acute and chronic wounds,
leading to accelerated wound healing (46).

Experiences with DSW treatment with an ORC dressing have
been reported by Uysal et al. (47). However, no information
about DSW size or underlying diseases and anticoagulation sta-
tus is provided. Moreover, the information about the thickness
of the harvested split skin grafts and thus the indicated wound
depth of the DSW of 0⋅015 μm appears implausible. Supposing
the authors meant 0⋅015 inches (approximately 0⋅4 mm, com-
parable with the study presented here), the observed complete
epithelialisation in the ORC group within a mean of only
5⋅4 days appears surprisingly fast. Patients reported a minimal
periodic pain on the ORC-covered area and only few minimal
bleedings.

Dornseifer et al. (48) compared a polyurethane dressing
with a carboxymethylcellulose hydrocolloid polymer in a
prospective randomised control trial (RCT) including 50
patients with 0⋅3 mm DSWs. The primary outcome was the
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reepithelialisation rate 10 days postoperatively. Secondary out-
come variables were pain, cost and scarring. Complete reepithe-
lialisation on the 10th postoperative day was observed in 86⋅4%
of the donor sites treated with the perforated polyurethane foil,
compared to 54⋅5% of the carboxymethylcellulose-treated
sites. However, there was no further evaluation of the incom-
pletely epithelialised wounds. Pain at the donor site was mild
in both groups during the postoperative period, that is, 90% of
the six-item pain scale values were less than or equal to 1. The
study, however, includes no information about accompanying
diseases or anticoagulation status.

Infection is a major risk in DSW treatment as shown by
Brölmann et al. (49) who compared different wound dress-
ings (alginates, semipermeable films, gauze dressings, hydro-
colloids, hydrofibers and silicone dressings) in a 14-centre RCT
with 288 adult patients with DSWs larger than 10 cm2. The
standardised graft thickness was 0⋅3 mm in all patients. Patients
with diabetes and nicotine abusers were included, but there was
no reference on the perioperative anticoagulant status. The time
to complete reepithelialisation with hydrocolloid dressings was
7 days shorter than with any other dressing (median 16 versus
23 days), and infection rates in patients treated with gauze was
twice as high as in those who had other dressings.

Regarding the small number of patients in this
non-comparative study, statistical analysis was limited to fre-
quencies, mean and median values. Given the non-comparative
nature of this study, larger, randomised controlled clinical
studies should be performed in the future.

This study demonstrates that the ORC/collagen/Ag-ORC
containing composite dressing allows for the rapid epitheliali-
sation of medium-depth (0⋅4 mm) DSWs in older multi-morbid
patients with chronic lower leg ulcers while reducing post-
operative complications such as bleeding and pain. Although
the costs for a single dressing are higher (about 45⋅00 Euro
for a DSW measuring 120 cm2) compared to standard basic
hydrocolloid and foam dressings, rapid healing as well as a
decrease of postoperative morbidity and frequency of dress-
ing changes consequently reduce the overall treatment costs.
All of these benefits led to implementation of this composite
dressing in our daily clinical practice. To avoid early damage of
the new epithelium, we adjusted the wound management plan
so that the first complete DSW dressing change is now per-
formed between the 10th and 14th postoperative day depending
on dressing appearance.

Supporting Information

The following supporting information is available for this
article:

Appendix. Clinical data of study patients.
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