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Abstract
Aim: To determine the effectiveness of a hydrophobic dressing (Cutimed Sorbact®) 
against a silver dressing (Aquacel® Ag Extra) in the level of colonization of chronic 
venous leg ulcers. The secondary endpoints are health-related quality of life, level of 
pain, and time to complete healing.
Design: Open randomized controlled trial, with blinded endpoint.
Methods: Patients with chronic venous leg ulcers with signs of critical colonization will be 
randomized in a concealed sequence using computer software to receive one of the alter-
native dressings. A total of 204 participants recruited in Primary Health Care and nursing 
homes will be necessary to assure statistical power. Measures will include sociodemographic 
variables, wound-related variables (area, exudate, and time to healing), level of pain, adverse 
effects, and health-related quality of life. Smear samples will be collected from the ulcers 
and will be subject to DNA-typing technique through polymerase chain reaction to obtain 
the level of colony-forming units. Measures will be collected at baseline, 4, 8, and 12 weeks.
Discussion: Elevated levels of microorganisms prevent wound healing and favour its 
chronification. The main target when colonization is present is to reduce the bacte-
rial load to levels that promote immune system mobilization. Hydrophobic dressings 
prevent the formation of biofilm in the wound by means of physical effect, so that the 
possibility of antimicrobial resistance is significantly reduced.
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1  | INTRODUC TION

Chronic wounds of torpid evolution are currently a great challenge for 
health services worldwide. In Europe, they can eventually lead to 2–4% 
of health expenditure (Posnett, Gottrup, Lundgren, & Saal, 2009). 
Particularly, venous ulcers are estimated that would affect at least 1% 
of adult population throughout their lifetime. Studies have determined 
venous ulcer frequency around 0.2–1.1% (Graham, Harrison, Nelson, 
Lorimer, & Fisher, 2003), thought this figure can rise up to 4% in peo-
ple over 65 years old (Pugliese, 2016).

Clinical nursing has a key role in the detection, diagnosis, treat-
ment, and tracking of venous leg ulcers. It is important to identify the 
different types of wounds and their characteristics that nurses can find 
in their clinical practice, and the appropriate treatments that can be 
carried on. Furthermore, the healing of these chronic wounds depends 
on the choice of the most suitable designed dressing. Most of times, 
this decision relies on the clinical nurse's judgment about the venous 
ulcer evolution (Davies, Turton, Woolfrey, Elley, & Taylor, 2005).

1.1 | Background

More than 80% of venous leg ulcers may be colonized or infected by 
bacteria (O’Meara et al., 2014). One of the leading causes of delay in 
the healing is the presence of pathogenic bioburden. In fact, bacte-
rial biofilms (exopolysaccharides extracellular matrix which provides 
structural bacterial defence) over the wound have been associated 
with chronic wound interference recovery (Clinton & Carter, 2015; 
Gompelman, van Asten, & Peters, 2016; Hurlow et al., 2015). 
Moreover, biofilm provides a key resistance to local and systemic an-
tibiotic treatments, especially in the case of venous ulcers (Bianchi 
et al., 2016). Major representative strains are Staphylococcus aureus and 
Pseudomonas aeruginosa, while it can be also found in anaerobic mi-
croorganisms (Peptostreptococcus species and gram-negative Bacillus), 
Enterobacteria, or group A Streptococcus (Etchebarne et al., 2017).

The presence of colonization or infection in chronic wounds 
produces a direct effect in their healing and recovery when colo-
ny-forming units (CFUs) exceed 105 per tissue gram. Thus, wound 
colonization by pathogenic bacteria promotes its chronification. 
Furthermore, pathogenic bacteria can also generates intra-wound 
synergistic effects with other non-pathogenic microorganisms in-
creasing their action (Rahim et al., 2017).

This problem has been usually addressed by using local dressings, 
with the aim to reduce the total wound bacterial load. Although the 
most common therapeutic strategy is the use of silver dressings due 
to their antimicrobial effect, there is a lack of evidence about their 
effectiveness in venous ulcers (O’Meara et al., 2014). Moreover, 
there is some uncertainty over adverse effects derived from sys-
temic absorption of silver molecules, in addition to generate silver 
resistance in many bacteria strains (Maillard & Hartemann, 2013; 
Mijnendonckx, Leys, Mahillon, Silver, & Van Houdt, 2013; Percival 
et al., 2008). Additionally, these inconveniences can involve an ele-
vated cost when long-term treatments are needed.

A novel approach to deal with the problem of chronic wound col-
onization is the use of hydrophobic dressings. It has been extensively 
addressed that when two hydrophobic molecules contact each other, 
they increase their molecular entropy by hydrophobic interactions 
to finally expelling residual water molecules (Curtis, Steinbrecher, 
Heinemann, Blanch, & Prausnitz, 2002). Thus, hydrophobic surface 
microorganisms present a high probability to join to hydrophobic 
dressings, allowing hydrophilic bacteria to rest at the wound bed to 
promote the healing. In vitro experiments have also showed that most 
pathogenic microorganisms present high hydrophobic membrane mol-
ecules (Ljungh, Yanagisawa, & Wadström, 2006).

Hydrophobic mechanism is neither based on active absorption of 
exudate nor placing chemical agents on the surface of the ulcer. In 
fact, the presence of dialkylcarbamoyl chloride (DACC)-coated dress-
ings attract hydrophobic fungus and bacteria, avoiding the formation 
of biofilm in the wound (Derbyshire, 2010). In this sense, antimicrobial 
properties of hydrophobic dressings are based on physical effects in-
stead of chemical effects. Consequently, the possibility to generate 
antimicrobial resistance is significantly reduced (Ljungh et al., 2006). 
Furthermore, it has been analysed how local antiseptic administration 
could affect to the expression of the hydrophobic bacterial membrane. 
Thus, the use of eutectic mixture of local anaesthetics (EMLA) or gly-
col-carbohydrates modified polymers (Askina®) can interfere hydro-
phobicity, whereas this property is not affected by other products 
commonly used in the care of wounds, such as povidone-iodine or 
saline solutions (Ljungh et al., 2006).

Although there are some preliminary studies which compare 
high hydrophobic dressings versus silver dressings, they have been 
carried out with reduced samples in pilot studies (Mosti, Magliaro, 
Mattaliano, Picerni, & Angelotti, 2015; Mussi & Salvioli, 2004). 
Furthermore, the study population in these studies did not include 

Impact: Current evidence about the effectiveness of dressings to minimize venous 
leg ulcers colonization is very limited. Previous studies have important methodologi-
cal flaws. This study will permit to obtain the effectiveness of hydrophobic dressings 
against silver dressings with a robust design based on conditions of routine clinical 
practice in Primary Health Care and nursing homes.
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patients in home or ambulatory care, the most frequent clinical 
settings with a high demand for this type of wounds. In addition, 
the trials carried out have evaluated the results throughout short 
follow-up periods. All these issues limit the available evidence on 
hydrophobic dressings, as it has been stated in a recent systematic 
review (Totty et al., 2017).

2  | THE STUDY

2.1 | Aim

The main aim of the study is to determine the effectiveness of a hydro-
phobic dressing (Cutimed Sorbact®) against a silver dressing (Aquacel® 
Ag Extra) in the level of colonization of chronic venous leg ulcers.

The secondary aims will be to analyse the effect of Cutimed 
Sorbact® versus Aquacel® Ag Extra on total healing, the proportion 
of wound reduction, time of recovery, level of pain during recovery, 
and health-related quality of life. In addition, the safety of Cutimed 
Sorbact® will be evaluated.

The null hypothesis is that there is no difference in the level of 
bacterial colonization at 12 weeks of follow-up in chronic ulcers 
treated with Cutimed Sorbact® versus those treated with Aquacel® 
Ag Extra.

2.2 | Methods

2.2.1 | Design

An open, randomized, controlled trial with blinded evaluators will 
be carried out.

2.2.2 | Sample

Assuming a 95% confidence level and 80% statistical power, 186 par-
ticipants would be necessary (93 for each study arm) to detect a 20% 
load bacteria reduction (Mosti et al., 2015). This sample will be in-
creased up to 204 participants to cover any possible patient dropouts.

2.2.3 | Allocation

Inclusion of participants will be randomized in a concealed se-
quence to participants, clinical nurses, and investigators. Once a 
participant meets the inclusion criteria, collaborative investigators 
will know by means of a telephone call the study group assigned 
according to the random sequence. The random sequence will be 
generated by a computerized system. Although the study groups 
are not blinded for patients and nurses, the members of the team 
who will carry out the analyses will be blinded to the allocation 
groups.

2.2.4 | Participants

Inclusion criteria
The study will be developed in adult patients who are attended in 
health centres or nursing homes belonging to the District of Primary 
Health Care of Málaga (Spain), who present a chronic venous vas-
cular ulcer located in their lower limbs with signs of critical colo-
nization, according to the criteria of Lazareth and Moore (Lazareth 
et al., 2007; Moore, 2013). These criteria imply the presence of at 
least three of the following: (a) Severe pain during dressing change; 
(b) Perilesional oedema; (c) Local oedema; (d) Unpleasant smell; and 
(e) Abundant pus.

In case of fulfilling the mentioned criteria, an exudate sample will 
be collected from the wound by the primary healthcare nurse. Ulcer 
infection would be assumed in case of a level of microorganisms per 
tissue gram or microbial counting over 105 CFUs per microlitre (μL) 
(Pugliese, 2016).

Exclusion criteria
The exclusion criteria will be: people younger than 18 years old, ve-
nous ulcer that does not meet Lazareth and Moore criteria, arterial 
ulcers, participants with diabetes and without pedis pulse, people 
who are immunosuppressed, patient with rheumatoid arthritis in 
the acute phase, patients with dermatitis prior to the appearance of 
the ulcer, and patients with neuropathy or lack of sensitivity of any 
aetiology.

2.2.5 | Data collection

Patients will be recruited by clinical nurses in health centres and 
nursing homes belonging to the District of Primary Health Care 
of Málaga (Spain). Following obtaining the patients’ informed con-
sent, sociodemographic variables (age, gender), wound location 
and characteristics, and current treatment will be collected at 
baseline, together with the endpoints by the nurse who usually 
give care to the patient. This will reinforce the patient adherence 
to the study.

Primary endpoint
Level of colonization: it will be evaluated by quantitative real-time 
polymerase chain reaction (qPCR) identification technique and 
quantified in CFUs and in nanograms (ng) of bacterial deoxyribonu-
cleic acid (DNA) per μl of vascular ulcer exudate.

Two samples per wound (to have a reserve sample in case of pos-
sible contamination) will be collected by cotton swab directly from 
the wound bed. The samples will be collected before cleaning the 
wound to obtain a reliable microorganisms’ concentration. Swab tip 
will be rotated in a 1 cm2 wound surrounding area for 5 s. Next, cot-
ton swabs will be placed in a sterile container at 4 ºC (Pugliese, 2016) 
until the process of qPCR.

Then, to determinate the total microorganisms’ quantity, 
samples will be subjected to a thermal shock, which consists in 
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freezing them at −80ºC for 5 min, followed by heating samples 
at 95ºC for additional 5 min. With this procedure, gram-positive 
and gram-negative bacteria will be efficiently lysed. After spin 
centrifugation, DNA strands will be extracted for the following 
steps. The total DNA quantity of the isolated DNA will be mea-
sured using NanoDropTM spectrophotometer. Microorganisms 
will be quantitative determined by qPCR (referred to number of 
DNA copies amplified by this technique) (Rhoads, Wolcott, Sun, 
& Dowd, 2012).

Fast EvaGreen® qPCR Master Mix (2X) kit will be used for qPCR 
amplification reactions, including specific primers usually present in 
vascular ulcers (Table 1; Etchebarne et al., 2017). Serial dilution will 
be performed from purified genomic DNA to generate a concentra-
tion calibration curve to compare data obtained from samples. From 
there, it will be possible to detect not only the presence of microbial 
species but also the quantitative determination of variation in these 
stains in samples of the same patient, as well as comparing treat-
ments. Results will be standardized to CFUs per μL of exudate.

Secondary outcome measures
Wound size will be evaluated by planimetry using PictZar® 7.6.1 
software (Wendelken et al., 2011). Photos will be taken from af-
fected area completely in parallel with respect to the ulcer and the 
photo will have to include a calibrated rule of 3 cm (standardized pro-
cedure according to PictZar® planimetry). The characteristics and 
clinical evolution of the wound will be evaluated using the Resvech 
2.0 scale (Restrepo-Medrano & Verdú Soriano, 2011).

Healing time will be measured by the number of days until com-
plete healing. This outcome will be complied if re-epithelialization of 
the skin is confirmed in two consecutive visits across 2 weeks. Pain 
will be measured using the Numerical Rating Scale (NRS).

Health-related quality of life will be measured by means of the 
Charing Cross Venous Ulcer Questionnaire (CCVUQ) (González de la 
Torre, Quintana-Lorenzo, Perdomo-Pérez, & Verdú, 2017; González-
Consuegra & Verdú, 2010). Adverse events related to the treatment 
will be collected both by nurses and patients. Follow-up will be 
carried out at 4, 8, and 12 weeks, except the quality of life, which 
will be only evaluated at baseline and 12 weeks. Adherence to the 
treatment will be checked with the nurse and with the evaluation of 
consumed dressings.

2.2.6 | Intervention

Following the obtention of the baseline data, the nurse who usu-
ally gives care to the patient will proceed to cure the venous ulcer 
using a standardized procedure. They will wash the area with sa-
line solution and evaluate if mechanical debridement is necessary. 
Following, they will apply Cutimed Sorbact® dressing (intervention) 
or Aquacel® Ag Extra (control) dressings in the wound. Finally, they 
will cover the wound with a secondary gauze dressing and a dou-
ble compression bandage. Patient's appointments will not extend 
beyond 72 hr, although depending on the level of exudate and the 
status of the wound, the nurse may decide to shorten this interval.

Dropout criteria are as follows: (a) Local or systemic clinical de-
terioration that indicates that continuation at the study is not appro-
priate; (b) Lack of patient's concordance; (c) Withdrawal of patient 
consent; and (d) Complete healing before week 12. The data collec-
tion period comprehends from May 2012 to December 2020.

2.2.7 | Data analysis

Data analysis will include descriptive statistics and exploratory 
analysis to determine the normality of the distributions and to check 
the range of data values. Bivariant analysis will be performed by chi-
square test, Student t test, Mann–Whitney U, Wilcoxon W, ANOVA, 
and Kruskal–Wallis test, depending on the normality of the distribu-
tions, type of variable analysed, and their homoscedasticity, which 
will be tested by the Levene's test. Intra-group analysis will be per-
formed by general linear models, with the corresponding corrections 
in multiple comparisons by Bonferroni test. To test the null hypothe-
sis (inter-group analysis), lineal generalized models will be developed 
in repeated measures, taking on consideration CFUs number as de-
pendent variable as well as control or experimental designation group 
as a factor. Even if basal differences are significative, they will be 
attached as adjustment factor, following Mallinckrodt and Lipkovich 
recommendations (Mallinckrodt, Lipkovich, & Lipkovich, 2016). 
Sphericity will be tested using Mauchly test, Greenhouse-Geisser 
test, or Huynh-Feldt test in case of no setting.

All analyses will be performed by an intention-to-treat approach. 
To this purpose, missing data will be calculated by multiple imputa-
tion methods.

All the analyses will be performed in a blinded way.

TA B L E  1   Pathogen list usually founded and detected in 
vascular ulcers (Majewski et al., 1995) in addition to multi-resistant 
pathogens (Moore et al., 2010)

Microorganism Feature

Staphylococcus aureus Commonly 
found on 
vascular ulcers

Corynebacterium striatum

Pseudomonas aeruginosa

Helcococcus kunzii

Proteus mirabilis

Finegoldia magna

Escherichia coli

Staphylococcus aureus methicillin/oxacillin 
resistant

Multi-resistant 
pathogen 
described on 
vascular ulcers

Acinetobacter baumannii MDR (Imipenem 
resistant)

Klebsiella pneumoniae producing BLEE

Enterococcus vancomycin resistant

Enterobacteria producing carbapenem

Pseudomonas aeruginosa MDR producing BLEE 
or carbapenem, or piperacillin resistant
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2.2.8 | Ethical considerations

The study has been approved by the Ethics and Research 
Committee of Malaga. The study will meet the requirements of 
Helsinki Statement and later revisions and the principles of good 
clinical practices. Informed consent will be demanded to the par-
ticipants in accordance with current law in Spain by using an ap-
plication form and an information sheet designed for this purpose. 
Due to the characteristics of the target study population, it is 
possible to find patients with presence of cognitive impairment. 
In those cases, informed consent will be requested from their 
caregivers.

The Ethics and Research Committee of Malaga will be reported 
in advance on any modification in the eligibility criteria, outcomes, 
or analyses. All the monitoring procedure of adverse effects will be 
driven by the regulation referred to MEDDEV 2.7/3 Guide Review 
3 “Clinical investigations: Serious adverse event reporting under 
Directives 90/385/EEC and 93/42/EEC” and by the ISO regulation 
number 14155:2012. All the participants potential harms will be cov-
ered by an insurance policy issued for the trial. This trial is registered 
at Clinical Trials (NCT03667937).

2.2.9 | Validity and reliability

According to ISO 14971 regulation, several procedures have been 
set to manage potential risk due to the use of the study products. 
Scientific literature has been extensively reviewed about risks of 
Cutimed Sorbact® dressings, with no adverse effects reported to 
date (Totty et al., 2017).

A key strength of this study is that it will be performed under 
routine clinical conditions, in multiple centres, both in Primary 
Health Care and nursing homes. This feature will give a strong ex-
ternal validity. In addition, the use of planimetry software PictZar® 
ensures objectivity to evaluate the wound area.

The trial will be supervised by an independent monitoring com-
mittee integrated by external members belonging to the District of 
Primary Health Care of Málaga and IBIMA. This committee will carry 
out audits each 6 months. On the other hand, some potential con-
founding variables will be recorded such as antibiotic and/or anal-
gesic therapy, nutritional status, and level of dependence (Barthel 
index). Moreover, this trial will comply with a rigorous procedure to 
report adverse events, to avoid the usual lack of reporting adverse 
events in venous leg ulcer research (Jull & Biggs, 2019).

3  | DISCUSSION

The prevalence of venous leg ulcers tends to raise due to its asso-
ciation with ageing. In Western countries chronic venous conditions 
consume up to 2% of healthcare budget (Davies, 2019). The impact 
of venous leg ulcers on quality of life affects multiple dimensions 
such as difficulties with activities of daily living, social isolation, 

pain, or disability (Joaquim, Silva, Garcia-Caro, Cruz-Quintana, & 
Pereira, 2018). Multiple approaches are available using local dress-
ings to treat venous leg ulcers combined with other interventions 
(O’Meara et al., 2014). Bacterial colonization or infection is one of 
the complications that hinder an adequate healing, since wound bed 
microorganisms increase their resistance by using a biofilm (Maillard 
& Hartemann, 2013; Mijnendonckx et al., 2013).

This trial attempts to evaluate a physical-based approach in-
stead of the current chemical one based on silver dressings. The use 
dressings that mimic biofilm conditions, try to produce a bacterial 
migration into the dressing. Thus, no chemical intervention in the 
wound bed is carried out, avoiding possible side effects (Ljungh 
et al., 2006). It is important to note that either high levels or no pres-
ence of microorganisms do not help to wound healing and favour 
its chronification. Consequently, the main aim of these dressings is 
not to eliminate the bacterial load, but to reduce it to limited levels 
to activate the immune system at the wound site, providing growth 
factors that facilitate wound healing (Ojalvo et al., 2017).

If the results of this trial show higher effectiveness of Cutimed 
Sorbact®, in terms of reduced colonization, without adverse events, 
it is presumable that this turns into shorter healing times, with a sub-
stantial reduction in the use of health staff time. Additionally, the 
study will be able to evaluate the impact on health-related quality in 
aspects such as pain, exudate, odour, mobility, and activities of daily 
living, or personal relationships (Phillips et al., 2018).

The final expected results of this study could have many advan-
tages on nurse's clinical practice. Due to the approach of avoiding 
chemical wound treatment, the use of broad-range antibiotics may 
be reduced significantly. As a consequence, this approach could lead 
to a decrease in the emergence of most common multi-resistant 
microorganisms in hospital services. Besides, physical-based dress-
ing approach would imply an important change on nurse research 
in wounds, leaving out the use of chemical molecules in interven-
tion strategies (Moeini, Pedram, Makvandi, Malinconico, & Gomez 
d’Ayala, 2020).

3.1 | Limitations

This study does not include patients with venous ulcers and com-
promised distal arterial blood circulation, or lack of sensitivity of any 
aetiology in their lower limbs. Further studies should be carried out 
in people with these clinical features to evaluate the effectiveness of 
Cutimed Sorbact® against Aquacel® Ag Extra. Likewise, those patients 
with rheumatoid arthritis in an acute exacerbation phase, or those with 
local dermatitis prior to the existence of the ulcer will not be included.

4 | CONCLUSIONS

New approaches are required to improve venous ulcers treat-
ment to avoid antimicrobial resistance and limit the use of chem-
ical agents. One of these new approaches would be the use of 
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hydrophobic dressings. A large sample and routine conditions of 
clinical practice will give this study a strong external validity and 
generalizability.
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