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Venous leg ulcers (VLUs) are a major cause of morbidity and decreased 
health-related quality of life (HRQoL).1 The prevalence of VLUs in adults 
≥ 18 years of age in the UK has been estimated at around 1 per 100 
individuals in 2017/18.2 VLUs arise from chronic venous insufficiency in 
the lower limbs, for which the main risk factors include family history, 
deep venous thrombosis, age and obesity.3 These ulcers can heal within 
weeks or take up to several months.4 Once healed, some VLUs recur and 
patients can experience a cycle of ulceration, healing and recurrence. 
Some VLUs fail to heal in a timely manner and they then become hard-
to-heal.5 Hard-to-heal ulcers, as with other hard-to-heal wounds, are 
subject to prolonged or excessive inflammation,6 persistent infections,7 
and the inability of dermal and/or epidermal cells to respond to 
reparative stimuli.8

Biofilms are one of the causes of chronic infections in hard-to-heal 
wounds, thereby contributing to delayed wound healing.9 Biofilms 
can be described as ‘aggregates of microorganisms which may be 
embedded in a protective matrix, may attach to host tissue or in-
dwelling medical devices or exist as aggregates in fluids adjacent to 

those surfaces’.10 This may explain why biofilms can exhibit enhanced 
tolerance to antimicrobial agents. Furthermore, biofilms may be present 
in up to 80% of hard-to-heal wounds.11

Physical removal and/or disruption of biofilms by surgical or conservative 
sharp debridement are the mainstay of treatment. However, this can 
be timely and challenging in the community. Furthermore, the spatial 
distribution of microbial aggregates in tissue12,13,14 also presents 
challenges in ensuring complete removal. Consequently, topical agents 
are being increasingly used for debridement. A recent systematic review 
reported that 90% of all topical wound agents tested for efficacy against 
biofilm were conducted in vitro.15 Although there are acknowledged 
limitations of in vitro models, such as the absence of a model which truly 
mimics a human wound, in vitro analysis forms an integral component 
in screening for potentially beneficial agents.

Debrichem (DEBx Medical BV, The Netherlands) is a novel, topical 
wound desiccating agent containing methanesulfonic acid, dimethyl 
sulfoxide and amorphous silica. It has a CE mark for a class IIb medical 
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device and an ISO 13485:2016 certification,16 and been shown to have 
demonstrable efficacy against in vitro biofilms.17 When applied to the 
wound bed, its desiccating effect is thought to kill pathogens and 
denature any proteins present, thereby destroying any biofilm. The 
desiccated material in the wound bed can be partially washed out 
with saline and the remaining material digested by host macrophages. 
Debrichem does not affect healthy surrounding skin due to the low 
content of water in the external epidermal layer.

In a case series of 10 patients (mean age: 74.5 years) with a hard-to-heal 
ulcer of the lower limb (mean wound bed area: 65.7 cm2; mean wound 
duration: 15.8 weeks), the use of Debrichem resulted in all the wounds 
achieving granulation in a mean of 30.4 days.18 None of the patients 
needed an additional application of Debrichem.18 Of these wounds, five 
were hard-to-heal VLUs with a mean duration of 19.2 weeks and mean 
area of 52 cm2. Use of Debrichem on these wounds resulted in 100% 
granulation in a mean of 30 days.18

More recently, 61 consecutive patients with a hard-to-heal VLU 
attending a wound care clinic in Italy between March and December 
2018 were enrolled in an observational study. Patients were excluded if 
they had any of the following:

•	 An ischaemic ulcer

•	 An unexplored fistula

•	 An abscess requiring drainage

•	 Cancer-related ulcers

•	 Systemic symptoms possibly correlated with an infection requiring 
parenteral antibiotic therapy.

Debrichem was applied to the wound bed for about 30 seconds and 
then washed with saline. Afterwards, the wound was dressed with 
wet gauze and ongoing ulcer management was left to the attending 
physician. The primary endpoint of the study was achievement of 
full granulation of the wound bed. Complete healing of the ulcer 
was a secondary endpoint. Patients were followed up for a mean of 
7.5 months or until healing, if that happened sooner. Patients’ age 
was a mean of 69.5 years, 50% were male, wound area was a mean of  
92.9 cm2 and wound duration before the start of Debrichem was a mean 
of 7.8 months. During application of Debrichem, patients’ pain score 
was a mean of 2.7 using a 0–5 visual analogue pain scale. On the day 
following the procedure their pain score was a mean of 0.0 and before 

the procedure their pain score was a mean of 1.7. Following application 
of Debrichem, all the wounds achieved full granulation in a mean of 
1.7 months and 61% of the wounds healed in a mean of 3.9 months.19 
The aim of this health economic study was to use the findings from this 
Italian observational study to assess whether Debrichem affords the 
UK’s National Health Service (NHS) a cost-effective technology with 
which to treat hard-to-heal VLUs.

Method

Study design

This was a modelling study based on a retrospective cohort analysis of 
the anonymised case records of patients with a hard-to-heal VLU.

Ethical approval

The observational study was conducted under the remit of a 
compassionate protocol and so ethics approval was not required. In 
addition, all of the patients provided informed consent.

Economic modelling

A Markov model was constructed in Excel (Microsoft Corp., US) 
depicting the management of hard-to-heal VLUs (Figure 1). The model 
considered the costs and consequences of the decision by a clinician to 
manage a VLU with Debrichem plus standard care (SC) or SC alone. The 
time horizon of the model was 12 months.

VLUs entered the model and were either managed with Debrichem 
plus SC or SC alone. They then transitioned to one of two health states 
(i.e., static ulcer (an ulcer that remains unchanged) or improved ulcer 
(followed by healed ulcer). The ulcers could either remain in their 
current health state or move to one of the other states and transition 
monthly for a total of 12 months. The model’s health states were 
mutually exclusive and so each VLU represented in the model could 
be in only one of these health states at any given time during the time 
horizon of the model.

The model was populated with a combination of transition probabilities, 
clinical outcomes, resource utilisation estimates and utilities as 
described below.
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biofilm. The desiccated material in the wound bed can 
be partially washed out with saline and the remaining 
material digested by host macrophages. Debrichem 
does not affect healthy surrounding skin due to the low 
content of water in the external epidermal layer.

In a case series of 10 patients (mean age: 74.5 years) 
with a hard-to-heal ulcer of the lower limb (mean 
wound bed area: 65.7cm2; mean wound duration: 
15.8 weeks), the use of Debrichem resulted in all the 
wounds achieving granulation in a mean of 30.4 days.18 
None of the patients needed an additional application 
of Debrichem.18 Of these wounds, five were hard-to-
heal VLUs with a mean duration of 19.2 weeks and 
mean area of 52cm2. Use of Debrichem on these wounds 
resulted in 100% granulation in a mean of 30 days.18

More recently, 61 consecutive patients with a hard-
to-heal VLU attending a wound care clinic in Italy 
between March and December 2018 were enrolled in an 
observational study. Patients were excluded if they had 
any of the following:

 ● An ischaemic ulcer 
 ● An unexplored fistula 
 ● An abscess requiring drainage 
 ● Cancer-related ulcers 
 ● Systemic symptoms possibly correlated with an 
infection requiring parenteral antibiotic therapy. 
Debrichem was applied to the wound bed for about 

30 seconds and then washed with saline. Afterwards, 
the wound was dressed with wet gauze and ongoing 
ulcer management was left to the attending physician. 
The primary endpoint of the study was achievement of 
full granulation of the wound bed. Complete healing of 
the ulcer was a secondary endpoint. Patients were 
followed up for a mean of 7.5 months or until healing, 
if that happened sooner. Patients’ age was a mean of 
69.5 years, 50% were male, wound area was a mean of 
92.9cm2 and wound duration before the start of 
Debrichem was a mean of 7.8 months. During 
application of Debrichem, patients’ pain score was a 
mean of 2.7 using a 0–5 visual analogue pain scale. On 

the day following the procedure their pain score was a 
mean of 0.0 and before the procedure their pain score 
was a mean of 1.7. Following application of Debrichem, 
all the wounds achieved full granulation in a mean of 
1.7 months and 61% of the wounds healed in a mean 
of 3.9 months.19 The aim of this health economic study 
was to use the findings from this Italian observational 
study to assess whether Debrichem affords the UK’s 
National Health Service (NHS) a cost-effective 
technology with which to treat hard-to-heal VLUs.

Method
Study design
This was a modelling study based on a retrospective 
cohort analysis of the anonymised case records of 
patients with a hard-to-heal VLU.

Ethical approval
The observational study was conducted under the remit 
of a compassionate protocol and so ethics approval was
not required. In addition, all of the patients provided 
informed consent.

Economic modelling
A Markov model was constructed in Excel (Microsoft 
Corp., US) depicting the management of hard-to-heal 
VLUs (Fig  1). The model considered the costs and 
consequences of the decision by a clinician to manage 
a VLU with Debrichem plus standard care (SC) or SC 
alone. The time horizon of the model was 12 months.

VLUs entered the model and were either managed 
with Debrichem plus SC or SC alone. They then 
transitioned to one of two health states (i.e., static ulcer 
(an ulcer that remains unchanged) or improved ulcer 
(followed by healed ulcer). The ulcers could either 
remain in their current health state or move to one of 
the other states and transition monthly for a total of 
12 months. The model’s health states were mutually 
exclusive and so each VLU represented in the model 
could be in only one of these health states at any given 

Fig 1. Markov model

Debrichem plus 
standard care
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Figure 1: Markov model
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Study population

The aforementioned Debrichem observational study in Italy had no 
comparator group.19 Therefore, this model›s population comprised 
the cohort of patients who participated in the Debrichem study and a 
matched sample of patients with a VLU obtained from the real-world 
evidence Health Improvement Network (THIN) database, who were 
managed with SC in clinical practice. (THIN is a registered trademark 
of Cegedim SA in the UK and other countries. Reference made to the 
THIN database is intended to be descriptive of the data asset licensed 
by IQVIA.)

Propensity score matching

The Debrichem-treated patients were matched with patients from 
a cohort with a VLU managed with SC2,4,20 on the basis of propensity 
scores.21,22

Propensity score matching (PSM) can be used to estimate the true 
treatment effect of an intervention and reduce group bias due to non-
randomisation or indirect comparison of different cohorts of patients 
by controlling for confounding variables.21,22 Accordingly, logistic 
regression was used to create a propensity score for each patient based 
on the following dependent variables:

•	 Patient’s age at the start of treatment

•	 Sex

•	 Wound duration

•	 Cardiovascular symptoms

•	 Musculoskeletal symptoms.

Each patient’s resulting propensity score was an estimate of the 
probability of them belonging to their respective treatment group. 
Patients in both groups were then individually matched according to 
their propensity score by subjecting them to 1:1 PSM using nearest-
neighbour matching without replacement and a caliper width of 0.2.23

The resulting analysis was able to match 57 patients from the SC cohort 
with a VLU with 57 patients in the Debrichem data set (Table I). The other 

four Debrichem-treated patients were excluded from the analysis since 
it was not possible to match them with a patient from the SC cohort. 
The PS score of the resulting 57 patients in the Debrichem data set was 
a mean of 0.41 ± 0.13 and that of the 57 patients in the SC group was 
a mean of 0.39 ± 0.12; p = 0.214. No statistically significant differences 
were found between the two matched cohorts when tested with either 
a Mann–Whitney U-test or Chi-squared test.

The anonymised data sets of the propensity score-matched cohorts 
were used to construct the Markov model.

Kaplan–Meier analysis found the healing distributions of the two 
cohorts to be significantly different (Figure 2). The monthly rates of 
wound healing, improvement, remaining static and infection over 12 
months in these cohorts were used to estimate transition probabilities 
with which to populate the model (Table II).

Healthcare resource use

Documentation in the electronic records of the SC-treated cohort 
pertaining to number of clinician visits, hospital admissions, attendance 
at accident and emergency units plus the combination of dressings, 
compression therapy and other bandages that patients received,2,4,20 
constitutes SC and reflects real-world clinical practice for VLUs in the 
UK. This information was quantified over a period of 12 months from 
the start of treatment.

Each health state in the model was populated with relevant resource 
use estimates derived from this cohort. This enabled an estimation of 
the mean quantities of healthcare resources used to manage VLUs with 
SC over 12 months.

The model assumed that Debrichem would be administered in the 
following settings:

•	 85% in a hospital outpatient clinic by a nurse specialist

•	 5% in general practice by general practitioners (GPs)

Table I: Characteristics of the patients in the PS matched cohorts

Characteristic
Debrichem plus 

standard care
Standard care

Patients, n 57 57

Wounds, n 57 57

Propensity score per group, mean 
± SD

0.41 ± 0.13 0.39 ± 0.12

Age per patient, years, mean ± SD 68.8 ± 11.9 66.5 ± 16.4

Sex: Female, % 39 39

Wound duration per VLU, months, 
mean ± SD

7.8 ± 6.2 8.2 ± 6.1

Cardiovascular symptoms, % 46 46

Musculoskeletal disorders, % 18 30

Malnourished, % 2 0

Normal body mass index, % 30 27

Overweight, % 40 40

Obese/severe obesity, % 28 33

PS – propensity score, SD – standard deviation, VLU – venous leg ulcer
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time during the time horizon of the model. 
The model was populated with a combination of 

transition probabilities, clinical outcomes, resource 
utilisation estimates and utilities as described below.

Study population
The aforementioned Debrichem observational study in 
Italy had no comparator group.19 Therefore, this 
model’s population comprised the cohort of patients 
who participated in the Debrichem study and a 
matched sample of patients with a VLU obtained from 
the real-world evidence Health Improvement Network 
(THIN) database, who were managed with SC in 
clinical practice. (THIN is a registered trademark of 
Cegedim SA in the UK and other countries. Reference 
made to the THIN database is intended to be descriptive 
of the data asset licensed by IQVIA.)

Propensity score matching
The Debrichem-treated patients were matched with 
patients from a cohort with a VLU managed with 
SC2,4,20 on the basis of propensity scores.21,22 

Propensity score matching (PSM) can be used to 
estimate the true treatment effect of an intervention 
and reduce group bias due to non-randomisation or 
indirect comparison of different cohorts of patients by 
controlling for confounding variables.21,22 Accordingly, 
logistic regression was used to create a propensity  
score for each patient based on the following dependent 
variables:

 ● Patient’s age at the start of treatment
 ● Sex
 ● Wound duration
 ● Cardiovascular symptoms
 ● Musculoskeletal symptoms.
Each patient’s resulting propensity score was an 

estimate of the probability of them belonging to their 
respective treatment group. Patients in both groups 
were then individually matched according to their 
propensity score by subjecting them to 1:1 PSM using 
nearest-neighbour matching without replacement and 
a caliper width of 0.2.23

The resulting analysis was able to match 57 patients 
from the SC cohort with a VLU with 57 patients in the 
Debrichem data set (Table 1). The other four 
Debrichem-treated patients were excluded from the 
analysis since it was not possible to match them with a 
patient from the SC cohort. The PS score of the resulting 
57 patients in the Debrichem data set was a mean of 
0.41±0.13 and that of the 57 patients in the SC group 
was a mean of 0.39±0.12; p=0.214. No statistically 
significant differences were found between the two 
matched cohorts when tested with either a  
Mann–Whitney U-test or Chi-squared test. 

The anonymised data sets of the propensity 
score-matched cohorts were used to construct the 
Markov model. 

Kaplan–Meier analysis found the healing distributions 
of the two cohorts to be significantly different (Fig 2). 

The monthly rates of wound healing, improvement, 
remaining static and infection over 12 months in these 
cohorts were used to estimate transition probabilities 
with which to populate the model (Table 2). 

Table 1. Characteristics of the patients in the PS matched cohorts

Characteristic Debrichem plus 
standard care

Standard 
care

Patients, n 57 57

Wounds, n 57 57

Propensity score per group, mean±SD 0.41±0.13 0.39±0.12

Age per patient, years, mean±SD 68.8±11.9 66.5±16.4

Sex: Female, % 39 39

Wound duration per VLU, months, mean±SD 7.8±6.2 8.2±6.1

Cardiovascular symptoms, % 46 46

Musculoskeletal disorders, % 18 30

Malnourished, % 2 0

Normal body mass index, % 30 27

Overweight, % 40 40

Obese/severe obesity, % 28 33

PS—propensity score; SD—standard deviation; VLU—venous leg ulcer

Fig 2. Kaplan–Meier time-to-healing analysis. The healing distribution 
between the two groups was significantly different (log rank (Mantel–Cox): 
p=0.003)
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•	 5% in general practice by practice nurses

•	 5% in the community by district nurses.

The model also assumed that 97% of patients treated with SC would 
undergo a mean of five mechanical debridements and cleansing, and 
3% would undergo a mean of one conservative sharp debridement.

Utilities

Utility scores express patient preferences for specific health states, 
which can be used to estimate a patient’s HRQoL in terms of the 
number of quality-adjusted life years (QALYs) gained by an intervention 
or service. HRQoL was not recorded in the Debrichem observational 
study nor in routine clinical practice. Hence, published utility scores 
for VLUs (0.64 for a static VLU, 0.73 for an improving VLU and 1.00 for a 
healed VLU),24 obtained from the general public across the UK (some of 
whom had a VLU) using standard gamble methodology, were assigned 
to each health state in the model. This enabled patients' HRQoL in terms 
of the number of QALYs at 12 months from the start of treatment to be 
estimated.

Unit costs

NHS unit resource costs at 2019/2020 prices (Table III)25,26 were applied 
to the resources in the health states in the model to estimate the total 

healthcare cost of managing a VLU with Debrichem plus SC or SC alone 

over 12 months.

Table III: Unit costs at 2019/2020 prices25,26

Resource Unit cost, £

Practice nurse visit 21.00

District nurse visit 49.00

Healthcare assistant visit 30.00

General practitioner visit 76.99

Hospital outpatient visit 101.05

Hospital admission 3 375.06

Accident and emergency attendance 166.70

Model outputs

The primary measure of effectiveness was patients’ HRQoL in terms of 

the number of QALYs at 12 months from the time patients entered the 

model. The secondary measure of effectiveness was the probability of 

healing by 12 months from the time patients entered the model.

The expected NHS cost of patient management over 12 months from 

the time patients entered the model was estimated at 2019/2020 prices.

Table II: Monthly transition probabilities in the Markov model

Month Treatment Static wound Improved wound Healed wound Infected wound

0 Debrichem plus standard care 1.00 0.00 0.00 0.00

1 Debrichem plus standard care 0.37 0.60 0.02 0.02

2 Debrichem plus standard care 0.11 0.67 0.23 0.00

3 Debrichem plus standard care 0.07 0.56 0.37 0.00

4 Debrichem plus standard care 0.04 0.47 0.49 0.00

5 Debrichem plus standard care 0.05 0.39 0.56 0.00

6 Debrichem plus standard care 0.00 0.44 0.56 0.00

7 Debrichem plus standard care 0.00 0.44 0.56 0.00

8 Debrichem plus standard care 0.00 0.44 0.56 0.00

9 Debrichem plus standard care 0.00 0.39 0.61 0.00

10 Debrichem plus standard care 0.00 0.39 0.61 0.00

11 Debrichem plus standard care 0.00 0.39 0.61 0.00

12 Debrichem plus standard care 0.00 0.39 0.61 0.00

0 Standard care 1.00 0.00 0.00 0.00

1 Standard care 0.67 0.11 0.05 0.18

2 Standard care 0.75 0.11 0.11 0.04

3 Standard care 0.72 0.09 0.18 0.02

4 Standard care 0.68 0.11 0.18 0.04

5 Standard care 0.70 0.07 0.21 0.02

6 Standard care 0.61 0.09 0.26 0.04

7 Standard care 0.65 0.09 0.26 0.00

8 Standard care 0.63 0.07 0.28 0.02

9 Standard care 0.63 0.07 0.28 0.02

10 Standard care 0.65 0.04 0.32 0.00

11 Standard care 0.65 0.00 0.35 0.00

12 Standard care 0.65 0.00 0.35 0.00
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Cost-effectiveness analysis

The potential cost-effectiveness of including Debrichem in a SC protocol 
compared with SC alone was calculated as ‘the difference between 
the expected costs of the two treatment strategies ÷ the difference 
in the number of QALYs between the two treatment strategies’, and 
expressed as the incremental cost per QALY gained. If one of the 
strategies generated more QALYs for less cost, it was considered to be 
the dominant intervention.

Sensitivity analysis

Probabilistic sensitivity analysis was undertaken to evaluate uncertainty 
within the model. This involved 10 000 iterations of the model by 
simultaneously varying the different inputs. To estimate the random 
values of the inputs, the standard error was assumed to be 10% around 
the mean values, and relevant distributions were assigned to the 
deterministic values (beta distributions for probabilities and utilities, 
and gamma distributions for resource use and costs), enabling the 
distribution of costs and QALYs to be estimated. This analysis enabled an 
estimation of the probability of Debrichem plus SC being cost-effective 
compared with SC alone at different cost per QALY thresholds.

Deterministic sensitivity analyses were performed to assess the effect of 
independently varying the values of individual parameters within the 
model by 20% above and below the base case values, and varying the 
utility scores simultaneously by up to 10% above and below the base 
case values.

Budget impact analysis

The number of people ≥ 18 years of age across all 135 English Clinical 
Commissioning Groups (CCGs) was estimated to be a mean of 338 
000 adults per CCG.27 Comparable estimates for the 14 Scottish Health 
Boards and seven Welsh Health Boards were a mean of 387 000 and  
360 000 adults, respectively.28,29 The average of all the catchment areas 
was 340 000 adults.

An estimated 1.1% of adults ≥ 18 years of age were assumed to have a 
VLU.2 Hence, the number of VLUs per catchment area of 340 000 adults 
was estimated to be 3 740 ulcers. If the probability of a VLU being hard-
to-heal is 0.63,2 the number of hard-to-heal VLUs per catchment area of 
340 000 adults is an estimated 2 356 ulcers.

The budget impact analysis assumed that 2 356 hard-to-heal VLUs 
would be eligible to be managed with Debrichem plus SC. Hence, an 
analysis was undertaken to assess the resource implications and budget 
impact to an average CCG/Health Board over 12 months by treating 
varying percentages of 2 356 hard-to-heal VLUs with Debrichem plus 
SC and SC alone.

Results

Clinical outcomes and healthcare costs

Outputs from the model indicated that the probability of healing among 
the Debrichem-treated patients was 0.61 by 12 months, compared 
with 0.35 among the SC-treated patients (Table IV). Hence, treatment 
of hard-to-heal VLUs with Debrichem plus SC instead of SC alone was 
expected to increase the probability of healing by 12 months by up 
to 75%. Additionally, patients treated with Debrichem experienced a 

better HRQoL of 0.1 QALY per patient compared with those treated with 
SC alone (Table IV). Nevertheless, the time to healing was comparable 
in both groups.

Table IV: Health outcomes and costs

Debrichem plus 
standard care

Standard 
care

Time to 100% granulation per VLU, 
months, mean ± SD

1.6 ± 1.4 N/A

Healed at 12 months, probability 0.61 0.35

Improved at 12 months, probability 0.39 0.04

Static at 12 months, probability 0 0.61

Time to healing, months, mean 
± SD

5.5 ± 2.7 6.0 ± 3.5

Wound infected, probability 0.01 0.32

Number of QALYs per patient at  
12 months, mean

0.84 0.74

Cost per patient at 12 months, £, 
mean

3128 7195

VLU – venous leg ulcer, SD – standard deviation, QALY – quality-adjusted life year

The cost of VLU management over the 12 months was estimated to 
be £3 128 per Debrichem-treated patient compared with £7 195 per 
patient managed with SC (Table IV). The primary cost driver was district 
nurse visits, which accounted for up to 28% of the cost of managing 
VLUs in both groups. The secondary cost driver in both groups was 
healthcare assistant visits, which accounted for a further 17–18% of the 
cost of wound management. The cost of Debrichem accounted for 17% 
of the total NHS cost of wound management (Table V).

Table V: Mean costs of healthcare resource use per VLU

Resource
Debrichem plus 

standard care
Standard 

care

£ (%) £ (%)

District nurse visits 840 (27) 2 016 (28)

Healthcare assistant visits 534 (17) 1 291 (18)

Hospital admissions 110 (4) 1 195 (17)

General Practitioner visits 366 (12) 769 (11)

Wound care products 274 (9) 543 (8)

Prescribed medication 90 (3) 384 (5)

Hospital outpatient visits 142 (5) 476 (7)

Practice nurse visits 91 (3) 246 (3)

Other costs 144 (5) 197 (3)

Accident and emergency attendances 5 (< 1) 78 (1)

Debrichem 532 (17) 0 (0)

Total 3 128 (100) 7 195 (100)

VLU – venous leg ulcer

Cost-effectiveness analysis

Outputs from the model showed that use of Debrichem plus SC, instead 
of SC alone, was expected to lead to a cost decrease of £4 067 over 12 
months and a corresponding increase of 0.10 QALYs (Table VI). Hence, 
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including Debrichem into a SC protocol could potentially afford the 

NHS a dominant treatment, since it improves outcomes for less cost.

Sensitivity analyses

Probabilistic sensitivity analysis highlighted the distribution in the 

incremental costs and QALYs at 12 months between the two treatment 

strategies (Figure 3). The graph indicates that the majority of samples 

are located in the bottom right-hand (dominant) quadrant. Outputs 

from the analysis showed that at a cost-effectiveness threshold of  

£20 000 per QALY, up to 96% of a cohort is expected to be treated cost-

effectively with Debrichem plus SC, compared with SC alone.

Deterministic sensitivity analyses in the form of a tornado diagram 
(Figure 4) showed that Debrichem’s cost-effectiveness was potentially 
sensitive to changes in:

•	 Probability of healing

•	 Number of district nurse visits

•	 Number of hospital admissions

•	 Utility scores

•	 Unit cost of Debrichem.

Notwithstanding these findings, Debrichem remained a dominant 
treatment even when the value of these parameters were changed 

Table VI: Cost-effectiveness analysis

Intervention
NHS cost per patient 

over 12 months, £
QALYs per patient at 

12 months, n
NHS cost-difference, 

£
QALY 

difference
Incremental cost per QALY 

gained, £

Standard care 7 195 0.74

Debrichem plus standard care 3 128 0.84 –4067 0.1 –40,670

NHS – National Health Service, QALY – quality-adjusted life year
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Fig 3. Scatterplot of the incremental cost-effectiveness of Debrichem plus standard care compared with standard care 
alone following 10,000 iterations of the model. QALY—quality-adjusted life year
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Fig 4. Tornado analysis showing the influence of increasing or decreasing key variables by up to 20% on the incremental 
cost per QALY gained with the use of Debrichem. QALY—quality-adjusted life year
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58,900 fewer healthcare assistant visits)

 ● >90% reduction in hospital admissions (ie. 750 fewer 
hospital admissions)

 ● >90% reduction in accident and emergency 
attendances (ie. 1100 fewer attendances at accident 
and emergency units)

 ● 57% reduction in the total NHS wound management 
costs of £9.58 million.
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by 20% above and below the base case values and utility scores by up 
to 10%. Consequently, the use of Debrichem plus SC in the treatment 
of VLUs remained a cost-effective technology since its relative cost-
effectiveness remained <£20 000 per QALY. Furthermore, changing 
the distribution of clinicians who administer Debrichem had negligible 
effect on the cost per patient and therefore had minimal impact on the 
debriding agent’s cost-effectiveness (Table VII). A two-way sensitivity 
analysis found that as long as the 12-month healing rate among patients 
treated with Debrichem plus SC remained higher than that among SC-
treated patients, then the incremental cost per QALY gained with this 
technology would be < £20 000 per QALY (Table VIII).

When the PS-matched cohort of 57 Debrichem-treated patients in the 
model was expanded to include all 61 Debrichem-treated patients, 
the probability of healing and number of QALYs per patient remained 
unchanged at 0.61 and 0.84, respectively. The mean cost per patient at 
12 months increased marginally from £3 128 to £3 159. However, this 

had minimal impact on Debrichem’s cost-effectiveness, which remained 
a dominant intervention.

Budget impact of Debrichem

The budget impact analysis (Table IX) indicated that treating 2 356 hard-
to-heal VLUs with Debrichem plus SC instead of SC alone in an average 
CCG/health board over 12 months would potentially lead to:

•	 75% improvement in healing (i.e. 620 more healed patients)

•	 59% reduction in total number of nursing and healthcare assistant 
visits (i.e. 16 500 fewer practice nurse visits, 56 500 fewer district 
nurse visits and 58 900 fewer healthcare assistant visits)

•	 > 90% reduction in hospital admissions (i.e. 750 fewer hospital 
admissions)

•	 > 90% reduction in accident and emergency attendances (i.e. 1 100 
fewer attendances at accident and emergency units)

•	 57% reduction in the total NHS wound management costs of £9.58 
million.

Table VII: Sensitivity of changing the distribution of clinicians who administer Debrichem

Scenario Practice nurses, % District nurses, % GPs, % Hospital outpatient nurses, % Total cost of wound care per patient, £

1 0 0 0 100 3 136

2 (base case) 5 5 5 85 3 128

3 10 10 5 75 3 122

4 0 0 100 0 3 122

5 20 20 10 50 3 107

6 30 30 5 35 3 095

7 0 100 0 0 3 084

8 100 0 0 0 3 056

GP – General practitioner

Table VIII: Two-way sensitivity analysis showing the range in the incremental cost per quality-adjusted life year (QALY) gained using Debrichem plus standard care 
compared with standard care alone for simultaneous changes in the probability of healing in both groups. Combination of healing rates in the unshaded areas favour 
Debrichem plus standard care at the £20 000 cost per QALY threshold

Probability of being healed with Debrichem plus standard care at 12 months

0.35 0.40 0.45 0.50 0.55 0.60

Probability of being healed with 
standard care at 12 months

0.25 Dominant Dominant Dominant Dominant Dominant Dominant

0.30 Dominant Dominant Dominant Dominant Dominant Dominant

0.35 Dominant Dominant Dominant Dominant Dominant Dominant

0.40 £15 851 Dominant Dominant Dominant Dominant Dominant

0.45 -£17 625 £33 846 Dominant Dominant Dominant Dominant

0.50 -£25 422 -£16 134 £21 514 Dominant Dominant Dominant

0.55 -£28 752 -£24 765 -£17 721 £9 874 Dominant Dominant

0.60 -£30 273 -£27 777 -£24 409 -£17 624 £1 670 Dominant

Table IX: Budget impact of treating 2 356 non-healing VLUs with Debrichem plus standard care and standard care alone

Percentage of patients treated with Debrichem plus standard care compared with standard care alone

100:0 80:20 60:40 40:60 20:80 0:100

Healed patients, n 1 447 1 323 1 199 1 075 951 827

Nurse and healthcare assistant visits, n 91 892 118 281 114 671 171 060 197 450 223 839

Hospital outpatient visits, n 2 356 4 241 6 126 8 011 9 896 11 781

Hospital admissions, n 71 221 372 523 674 825

Accident and Emergency attendances, n 71 292 514 735 957 1 178

Total NHS cost of VLU management (£ million) 7.37 9.29 11.20 13.12 15.04 16.95

NHS – National Health Service, VLU – venous leg ulcer
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Discussion

Debridement includes any method that removes cell debris, dead 
fibrinous material, metabolic waste, exudate and infected or 
contaminated material.30 These methods include surgical, sharp, 
enzymatic, mechanical, autolytic, chemical and biosurgical (larvae/
maggots) techniques. The principal component of Debrichem is 
methanesulfonic acid, a hygroscopic molecule which readily absorbs 
water from its surroundings.31 When in close proximity to cell 
membranes which are affected by hydration, this agent can desiccate 
the membrane›s lipid bilayers, thereby damaging the viability of its 
cells.31 Hence, desiccation offers an alternative treatment option in the 
management of wounds with biofilm-driven infections.31 Conventional 
wound care already incorporates various weak acidic formulations as 
a treatment.31,32 Furthermore, honey-based formulations also possess 
hygroscopic properties resulting in dehydration.33 There is also evidence 
to suggest that weak acids can eradicate biofilm through penetration of 
the matrix and cell membrane, which may be a similar mechanism to 
that of methanesulfonic acid.34

A systematic review concluded that there was limited evidence to 
suggest that actively debriding a VLU has a clinically significant impact 
on healing.30 The low number of studies (only 10 randomised controlled 
studies) and study participants, and lack of meta-analysis, precluded 
any strong conclusions of benefit.30 Notwithstanding this, the Italian 
observational study found that 61% of hard-to-heal VLUs with a mean 
duration of 7.8 months healed in a mean of 3.9 months following the 
application of Debrichem.19 Furthermore, all the ulcers granulated in a 
mean of 1.7 months.19 However, the extent to which Debrichem may 
offer the UK’s NHS a cost-effective intervention was unknown.

The annual cost to the NHS of managing VLUs was estimated to be £3.20 
billion in 2017/2018.2 An estimated 87% of this cost (£2.78 billion) was 
attributable to hard-to-heal VLUs.2 Furthermore, the NHS cost (uprated to 
2020/2021 prices) of managing hard-to-heal wounds in clinical practice 
that had undergone a mix of mechanical and sharp debridement as 
well as larval debridement was £1 374 per wound at one month and  
£2 384 per wound at three months.35 Due to the ever-increasing demand 
for healthcare and limited finance with which to fund it, healthcare 
managers require cost-effectiveness evidence to inform their decision-
making. This assists them in deciding how to allocate resources and 
which agents should be granted market access. Hence, the choice of 
both debriding method and debriding agent should be based on the 
best available evidence, incorporating both cost and effectiveness data. 
Furthermore, any treatment that can facilitate the healing of a hard-
to-heal ulcer can potentially reduce the health economic burden of 
wounds.

Against this background, this study estimated the relative cost-
effectiveness of using Debrichem to treat hard-to-heal VLUs by 
adopting a Markov modelling approach. Markov modelling was 
considered the most representative way to simulate patients’ transition 
between different health states over a 12-month period. Patients in 
the Debrichem observational study were followed up for a mean of 7.5 
months or to healing, if that occurred sooner. Patients in the SC cohort 
were followed up for 12 months. Hence, it was decided to model VLU 
management over a time horizon of 12 months rather than 7.5 months, 
since that would allow sufficient time to better reflect a patient’s 

journey in the real world. The beyond-study modelling was based on 
the assumption that Debrichem-treated patients who had not healed 
by 7.5 months remained unhealed.

The resulting model was based on an indirect comparison of the 57 
patients who participated in the Debrichem observational study with 
57 propensity score-matched patients extracted from a cohort of 
patients with a VLU who were managed in clinical practice in the UK2,4 
(since there was no comparator group in the observational study), in 
combination with published utilities derived from individuals with 
potentially differing characteristics to the modelled population.24 The 
ensuing analysis indicated that use of Debrichem in combination with 
SC could potentially afford the NHS a cost-effective intervention for 
hard-to-heal VLUs, since it improved outcomes for less cost.

The small sample sizes may have increased uncertainty around the 
transition probabilities in the model. Furthermore, the inherent 
variation in patient characteristics and clinical management between 
the observational study and the SC cohort would have also created 
some uncertainties and limitations. In particular, patients who 
participated in the observational study were managed by specialist 
clinicians at a wound care centre, whereas the SC-treated patients were 
largely managed in the community by non-specialist nurses. Moreover, 
the observational study used a range of inclusion and exclusion criteria 
which would have resulted in a more homogenous population than 
in our SC cohort of patients who were managed in clinical practice. 
Consequently, the model may not necessarily reflect clinical outcomes 
associated with managing a large cohort of patients with a hard-to-
heal VLU in clinical practice in the UK. Accordingly, the results should 
be viewed with some caution until more data become available, which 
can then be used to update the model, particularly the findings from 
a randomised controlled trial (RCT) assessing healing rates between 
Debrichem in addition to SC compared with SC alone. Nevertheless, 
sensitivity analysis showed that as long as the 12-month healing rate 
associated with the use of Debrichem plus SC exceeded that of SC 
alone, then including this desiccating agent into a SC protocol is likely 
to afford the NHS a cost-effective intervention, since the expected 
cost-effectiveness would be < £20 000 per QALY. Moreover, the budget 
impact analysis indicated that use of Debrichem in combination with SC 
has the potential to improve the healing rate of hard-to-heal VLUs while 
reducing costs and releasing healthcare resources for alternative use.

Since the study period was limited to 12 months, an estimation of the 
budget impact of Debrichem over a longer period would be subject to 
much uncertainty and be beyond the remit of this study. Nevertheless, 
at a time when the incidence of VLUs is rising,2,36,37 and the health 
economic burden of wounds on CCGs and health boards is predicted 
to increase,37 this analysis would suggest that including Debrichem 
into a SC protocol for hard-to-heal VLUs would potentially facilitate a 
decrease in the annual prevalence of these wounds for no additional 
cost and thereby contribute to reducing the health economic burden 
of wounds. Notwithstanding this, if the time horizon of the model was 
extended beyond 12 months, Debrichem would become more cost-
effective because there were more unhealed wounds in the SC group 
at 12 months.

A search of Medline found very few published cost-effectiveness studies 
on the use of debriding agents in the UK. In one such study, no difference 
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between debriding sloughy or necrotic leg ulcers with larval therapy 
and hydrogel was found.38 To the authors› knowledge, the present 
study is the first to show a debriding agent affording a cost-effective 
intervention to the NHS for use in the management of VLUs. However, it 
has been previously reported that a hydro-responsive wound dressing 
affords the NHS a cost-effective treatment for debriding both acute 
and hard-to-heal wounds.35 Because the economic analysis was based 
on the results of a single observational study in hard-to-heal VLUs, it 
precludes generalisation of our findings to patients with other wound 
types. Nevertheless, the model structure should be generalisable to 
other countries that encompass similar patient pathways for hard-to-
heal VLUs. Additionally, the clinical effectiveness of Debrichem would 
be expected to be similar in comparable cohorts of patients in other 
countries, if the patient pathways and standard of care were consistent 
across the countries. However, it cannot be implied that this study’s 
estimate of Debrichem’s cost-effectiveness would be transferable to 
other countries if those countries used different treatment pathways 
or reimbursement mechanisms to those in the UK, or if they had a 
privately funded healthcare system. The provision of wound care is 
heterogeneous between different settings and different management 
systems, and this variation can impact on Debrichem’s level of 
cost-effectiveness.

Limitations

The study is subject to several other limitations. Patients in the 
Debrichem evaluation were indirectly compared with a cohort of 
SC-treated patients. They were matched according to their age, sex, 
wound duration and several comorbidities using propensity scores. 
While no statistically significant differences were found between the 
matched cohorts, the possibility that undetected significant differences 
existed cannot be excluded. In particular, it was not possible to match 
or compare wound sizes or wound bed information since this was 
not routinely documented in the records of the SC-treated patients. 
The analysis included all the NHS costs and outcomes associated with 
wound management over the study period. However, it did not consider 
the potential impact of those wounds that either remained unhealed 
or recurred beyond the study period. The analysis only considered NHS 
resource use and associated costs for the ‘average patient’, and excluded 
patients living in a care home, and direct costs incurred by patients and 
indirect costs incurred by society as a result of employed patients taking 
time off work. There were insufficient data to assess the relative cost-
effectiveness of using Debrichem in particular subgroups or to stratify 
the analysis according to ulcer size. Similarly, the analysis was unable to 
consider the impact of other factors that may affect the results, such as 
the severity of underlying venous disease.

The analysis was unable to incorporate any intangible benefits that 
patients may have experienced following Debrichem, irrespective 
of whether their wound healed. Also, the analysis was unable to 
consider the level of a clinician’s skills in administering Debrichem 
or the suitability of patients to receive Debrichem, or to discern the 
challenges clinicians may have in the community in using Debrichem. 
The Debrichem arm of the model was populated with estimates from a 
cohort of patients with VLUs in Italy who may not be representative of 
patients with VLUs in England. Additionally, there may be a selection 
bias as patients in the Debrichem observational study were not 

randomised to treatment but selected by their managing clinicians in 
accordance with a study protocol. The absence of a control group may 
have potentially compromised the internal validity of the observational 
study. However, patients entered the observational study with a wound 
of a mean duration of 7.8 months. After administration of Debrichem 
every wound achieved 100% granulation in a mean of 1.7 months 
and 61% healed in a mean of 3.9 months. Therefore, it seems highly 
probable that this effect was achieved by the application of Debrichem 
to the wound rather than due to a systematic error in the study design. 
The possibility that the cost-effectiveness analysis may not have 
identified all the confounding variables that could influence the effects 
of Debrichem cannot be excluded.

Conclusion

Within the study’s limitations, the addition of Debrichem to SC 
potentially affords a clinically effective and cost-effective treatment to 
the NHS for managing hard-to-heal VLUs.

References 
1.	 White JV, Ryjewski C. Chronic venous insufficiency. Perspect Vasc Surg Endovasc Ther. 

2005;17(4):319-27. https://doi.org/10.1177/153100350501700406.
2.	 Guest JF, Fuller GW, Vowden P. Cohort study evaluating the burden of wounds to 

the UK’s National Health Service in 2017/2018: update from 2012/2013. BMJ Open. 
2020;10:e045253. https://doi.org/10.1136/bmjopen-2020-045253.

3.	 Bergan JJ, Schmid-Schönbein GW, Smith PD, et al. Chronic venous disease. N Engl J 
Med. 2006;355(5):488-98. https://doi.org/10.1056/NEJMra055289.

4.	 Guest JF, Fuller GW, Vowden P. Venous leg ulcer management in clinical practice in the 
UK: costs and outcomes. Int Wound J. 2018;15(1):29-37. https://doi.org/10.1111/
iwj.12814.

5.	 Troxler M, Vowden K, Vowden P. Integrating adjunctive therapy into practice: the 
importance of recognising ‘hard-to-heal’ wounds. Worldwide Wounds 2006. Available 
from: https://tinyurl.com/2r8zm5tp. Accessed 27 Apr 2022.

6.	 Frykberg RG, Banks J. Challenges in the treatment of chronic wounds. Adv Wound Care. 
2015;4(9):560-82. https://doi.org/10.1089/wound.2015.0635.

7.	 McCosker L, Tulleners R, Cheng Q, et al. Chronic wounds in Australia: a systematic 
review of key epidemiological and clinical parameters. Int Wound J. 2019;16(1):84-95. 
https://doi.org/10.1111/iwj.12996.

8.	 Demidova-Rice TN, Hamblin MR, Herman IM. Acute and impaired wound healing: 
pathophysiology and current methods for drug delivery, part 1: normal and 
chronic wounds: biology, causes, and approaches to care. Adv Skin Wound Care. 
2012;25(7):304-14. https://doi.org/10.1097/01.ASW.0000416006.55218.d0.

9.	 Metcalf D, Bowler P. Biofilm delays wound healing: a review of the evidence. Burns 
Trauma. 2013;1(1):5-12. https://doi.org/10.4103/2321-3868.113329.

10.	 Cornforth DM, Dees JL, Ibberson CB, et al. Pseudomonas aeruginosa transcriptome 
during human infection. Proc Natl Acad Sci U S A. 2018;115(22):E5125-34. https://doi.
org/10.1073/pnas.1717525115.

11.	 Malone M, Bjarnsholt T, McBain AJ, et al. The prevalence of biofilms in chronic wounds: 
a systematic review and meta-analysis of published data. J Wound Care. 2017;26(1):20-
25. https://doi.org/10.12968/jowc.2017.26.1.20.

12.	 Fazli M, Bjarnsholt T, Kirketerp-Møller K, et al. Nonrandom distribution of Pseudomonas 
aeruginosa and Staphylococcus aureus in chronic wounds. J Clin Microbiol. 
2009;47(12):40840-9. https://doi.org/10.1128/JCM.01395-09.

13.	 Kirketerp-Møller K, Jensen PØ, Fazli M, et al. Distribution, organization, and ecology 
of bacteria in chronic wounds. J Clin Microbiol. 2008;46(8):2717-22. https://doi.
org/10.1128/JCM.00501-08.

14.	 Price LB, Liu CM, Frankel YM, et al. Macroscale spatial variation in chronic wound 
microbiota: a cross-sectional study. Wound Repair Regen. 2011;19(1):80-88. https://
doi.org/10.1111/j.1524-475X.2010.00628.x.

15.	 Schwarzer S, James GA, Goeres D et al. The efficacy of topical agents used in wounds 
for managing chronic biofilm infections: a systematic review. J Infect. 2020;80(3):261-
70. https://doi.org/10.1016/j.jinf.2019.12.017. 

16.	 Press Release. DEBx Medical receives CE mark clearance and ISO 13485 certification 
for Debrichem®. 2021. Available from: https://tinyurl.com/ycksw8e6. Accessed 27 
Apr 2022.

17.	 Schwarzer S, Radzieta M, Jensen SO, Malone M. Efficacy of a topical wound agent 
methanesulfonic acid and dimethylsulfoxide on in vitro biofilms. Int J Mol Sci. 
2021;22(17):9471. https://doi.org/10.3390/ijms22179471.

18.	 Cogo A, Quint BJ, Bignozzi CA. Restarting the healing process of chronic wounds using 
a novel desiccant: a prospective case series. Wounds. 2021;33(1):1-8.

https://doi.org/10.1177/153100350501700406
https://doi.org/10.1136/bmjopen-2020-045253
https://doi.org/10.1056/NEJMra055289
https://doi.org/10.1111/iwj.12814
https://doi.org/10.1111/iwj.12814
https://tinyurl.com/2r8zm5tp
https://doi.org/10.1089/wound.2015.0635
https://doi.org/10.1111/iwj.12996
https://doi.org/10.1097/01.ASW.0000416006.55218.d0
https://doi.org/10.4103/2321-3868.113329
https://doi.org/10.1073/pnas.1717525115
https://doi.org/10.1073/pnas.1717525115
https://doi.org/10.12968/jowc.2017.26.1.20
https://doi.org/10.1128/JCM.01395-09
https://doi.org/10.1128/JCM.00501-08
https://doi.org/10.1128/JCM.00501-08
https://doi.org/10.1111/j.1524-475X.2010.00628.x
https://doi.org/10.1111/j.1524-475X.2010.00628.x
https://doi.org/10.1016/j.jinf.2019.12.017
https://tinyurl.com/ycksw8e6
https://doi.org/10.3390/ijms22179471


48

Research: Cost-effectiveness of Debrichem in managing hard-to-heal venous leg ulcers in the UK

2022 Volume 15 No 2Wound Healing Southern Africa

19.	 Cogo A, Bignozzi CA, Quint B, editors. The clinical efficacy of a novel desiccant agent, 
Debrichem, in the treatment of chronic skin wounds: a case series of 61 VLU patients. 
World Union of World Healing Societies (WUWHS), Abu Dhabi, 1–5 March 2022.

20.	 Guest JF, Ayoub N, McIlwraith T, et al. Health economic burden that different wound 
types impose on the UK’s National Health Service. Int Wound J. 2017;14(2):322-330. 
https://doi.org/10.1111/iwj.12603.

21.	 Rosenbaum PR, Rubin DB. The central role of the propensity score in observational 
studies for causal effects. Biometrika. 1983;70(1):41-55. https://doi.org/10.1093/
biomet/70.1.41.

22.	 Rosenbaum PR, Rubin DB. Reducing bias in observational studies using subclassification 
on the propensity score. J Am Stat Assoc. 1984;79(387):516-24. https://doi.org/10.1
080/01621459.1984.10478078.

23.	 Austin PC. Optimal caliper widths for propensity‐score matching when estimating 
differences in means and differences in proportions in observational studies. Pharm 
Stat. 2011;10(2):150-61. https://doi.org/10.1002/pst.433.

24.	 Clegg JP, Guest JF. Modelling the cost-utility of bio electric stimulation therapy 
compared to standard care in the treatment of elderly patients with chronic non-
healing wounds in the UK. Curr Med Res Opin. 2007;23(4):871-83. https://doi.
org/10.1185/030079906X167705.

25.	 Department of Health. National Schedule of NHS costs 2019/20. Available from: 
https://tinyurl.com/4x9raxzz. Accessed 27 Apr 2022.

26.	 Curtis L, Burns A; University of Kent, Personal Social Services Research Unit, 
Canterbury. Unit costs of health and social care 2020. Available from: https://tinyurl.
com/4mfpjydv. Accessed 27 Apr 2022.

27.	 NHS Digital. Patients registered at a GP practice metadata April 2019–March 2020. 
Available from: https://tinyurl.com/464ahucw.

28.	 Public Health Scotland. GP workforce & practice populations. Available from: https://
tinyurl.com/yak7yd6s. Accessed 27 Apr 2022.

29.	 StatsWales. Population estimates by local health boards and age. Available from: 
https://tinyurl.com/bddxv844. Accessed 27 Apr 2022.

30.	 Gethin G, Cowman S, Kolbach DN. Debridement for venous leg ulcers. Cochrane 
Database Syst Rev. 2015;(9):CD008599. https://doi.org/10.1002/14651858.
CD008599.pub2.

31.	 Scherber CM, Schottel JL, Aksan A. Membrane phase behavior of Escherichia coli 
during desiccation, rehydration, and growth recovery. Biochim Biophys Acta. 
2009;1788(11):2427-35. https://doi.org/10.1016/j.bbamem.2009.08.011.

32.	 Bjarnsholt T, Alhede M, Jensen PØ, et al. Antibiofilm properties of acetic acid. Adv 
Wound Care. 2015;4(7):363-72. https://doi.org/10.1089/wound.2014.0554.

33.	 Halstead FD, Webber MA, Oppenheim BA. Use of an engineered honey to eradicate 
preformed biofilms of important wound pathogens: an in vitro study. J Wound Care. 
2017;26(8):442-50. https://doi.org/10.12968/jowc.2017.26.8.442.

34.	 Kundukad B, Udayakumar G, Grela E, et al. Weak acids as an alternative anti-microbial 
therapy. Biofilm. 2020;2:100019. https://doi.org/10.1016/j.bioflm.2020.100019.

35.	 Guest JF. Potential cost-effectiveness of a hydro-responsive wound dressing in 
debriding acute and chronic wounds. Presented at Wounds UK, Harrogate, 13–15 
November 2017.

36.	 Guest JF, Ayoub N, McIlwraith T, et al. Health economic burden that wounds impose 
on the National Health Service in the UK. BMJ Open. 2015;5(12):e009283. https://doi.
org/10.1136/bmjopen-2015-009283.

37.	 Guest JF, Vowden K, Vowden P. The health economic burden that acute and chronic 
wounds impose on an average clinical commissioning group/health board in the UK. J 
Wound Care. 2017;26(6):292-303. https://doi.org/10.12968/jowc.2017.26.6.292.

38.	 Soares MO, Iglesias CP, Bland JM, et al.; VenUS II team. Cost effectiveness analysis of 
larval therapy for leg ulcers. BMJ. 2009;338:b825. https://doi.org/10.1136/bmj.
b825.

https://doi.org/10.1111/iwj.12603
https://doi.org/10.1093/biomet/70.1.41
https://doi.org/10.1093/biomet/70.1.41
https://doi.org/10.1080/01621459.1984.10478078
https://doi.org/10.1080/01621459.1984.10478078
https://doi.org/10.1002/pst.433
https://doi.org/10.1185/030079906X167705
https://doi.org/10.1185/030079906X167705
https://tinyurl.com/4x9raxzz
https://tinyurl.com/4mfpjydv
https://tinyurl.com/4mfpjydv
https://tinyurl.com/464ahucw
https://tinyurl.com/yak7yd6s
https://tinyurl.com/yak7yd6s
https://tinyurl.com/bddxv844
https://doi.org/10.1002/14651858.CD008599.pub2
https://doi.org/10.1002/14651858.CD008599.pub2
https://doi.org/10.1016/j.bbamem.2009.08.011
https://doi.org/10.1089/wound.2014.0554
https://doi.org/10.12968/jowc.2017.26.8.442
https://doi.org/10.1016/j.bioflm.2020.100019
https://doi.org/10.1136/bmjopen-2015-009283
https://doi.org/10.1136/bmjopen-2015-009283
https://doi.org/10.12968/jowc.2017.26.6.292
https://doi.org/10.1136/bmj.b825
https://doi.org/10.1136/bmj.b825

