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Objective: To assess the cost-effectiveness of a polyacrylate (PA)-based hydrogel compared 

to an amorphous hydrogel in wound bed preparation for venous leg ulcers.

Method: A cost-effectiveness analysis was undertaken alongside a multicenter, randomized 

controlled trial performed in France. A total of 75 patients with venous leg ulcers extensively 

covered with fibrin and necrotic tissue were randomized to a PA-containing hydrogel or an 

amorphous hydrogel. Wounds were treated for 14 days and costs were estimated from the 

 German payer’s perspective. Medical costs included study treatment, wound treatment  supply, 

and labor time. The clinical benefit was expressed as the number of patients with wounds .50% 

covered with granulation tissue within 14 days. The incremental cost-effectiveness ratio (ICER) 

was expressed as the additional cost spent with .50% granulation tissue per day per patient 

within 14 days of leg ulcer care.

Results: Because of individual pricing of wound dressings in hospitals, cost data were derived 

from the outpatient sector. A total of 33 patients were treated using the PA-based hydrogel and 

37 patients using the amorphous hydrogel. The estimated total direct costs per patient and per 

14 days of therapy were €306 for both treatment groups. However, with the PA-based hydrogel, 

2.5 additional days with wounds covered .50% with granulation tissues were gained within 

14 days of leg ulcer care compared to the comparator. The ICER was €0 per additional day 

spent with .50% granulation tissue.

Conclusion: Although there were a greater number of dressing changes in the PA-based hydro-

gel treatment, the total treatment cost for 14 days of leg ulcer care was the same for both the 

PA-based-hydrogel and amorphous-hydrogel treatment modalities. The cost benefit favored the 

PA-based hydrogel because of its greater clinical efficiency in producing a viable wound bed.

Keywords: cost-effectiveness analysis, hydrogel, venous leg ulcers, wound bed preparation, 

granulation tissue

Introduction
Venous leg ulcers pose a major clinical and economic challenge to health care systems 

and patients. A significant reduction in the quality of life – in particular, pain, mal-

odor, and discharge from the wound – and feelings of depression are cited by patients 

as having a strong negative impact on their lives.1 The ulceration rate, either open 

or healed, was estimated to be approximately 1% in the adult population in Western 

countries,2–4 while the costs were estimated to account for approximately 2% of the 

total health care budget.5,6 The major cost drivers are hospitalization and nursing cost 

in the outpatient sector.7,8

The underlying pathogenesis of venous leg ulcers causes stagnating wounds with 

an accumulation of devitalized tissue; thus, debridement is proposed as an integral 
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part of wound bed preparation necessary to reduce the 

necrotic burden and achieve healthy granulation tissue.9 

The debridement method should be selected according to 

the general patient condition, wound status, skills of the 

clinician, and availability of resources to avoid increased 

patient suffering and unnecessary care costs. In a recent 

randomized controlled trial,10 we demonstrated superior 

debriding efficacy of a proteinase-modulating polyacrylate 

(PA)-based  hydrogel11 compared to an amorphous hydrogel 

without known  proteinase-modulating activity in the treat-

ment of venous leg ulcers that were covered by .70% fibrin 

and necrotic tissue. A minimum of 70% of fibrin and necrotic 

tissue was defined as inclusion criterion because we were 

particularly interested in identifying the therapy efficiency 

in terms of its debriding capacity. Within 14 days of autolytic 

wound debridement, compared to the amorphous hydrogel, 

the PA-based hydrogel significantly decreased the proportion 

of slough and necrotic tissue, and increased the proportion 

of granulation  tissue. However, the clinical efficacy of the 

PA-based hydrogel was offset by a greater number of dressing 

changes compared to the amorphous hydrogel.

We performed a cost-effectiveness analysis to evaluate 

whether the clinical efficacy of the PA-based hydrogel was 

associated with cost-effectiveness.

Materials and methods
This economic analysis was undertaken alongside an open, 

observer-blinded, prospective, randomized, and two-arm 

parallel-group study performed between March 2008 and 

June 2010.10 The 21 participating centers consisted of French 

hospitals, clinics, and private practices. The study protocol 

had been approved by the Ethics Committee of the Besançon 

Teaching Hospital, France (CPP Est II).

Health economic approach from  
the German payer’s perspective
A two-state Markov state-transition model was used to 

compare the cost and outcomes of the PA-based hydrogel 

with those of the amorphous hydrogel for debridement of 

venous leg ulcers. This model has been shown to be suitable 

for combining clinical study outcomes with treatment costs.12 

We applied this model to combine data obtained in a random-

ized controlled trial performed in France,10 with the resulting 

costs of the two treatment arms estimated from the German 

payer’s perspective. As an outcome for this health economic 

study, the additional cost of a day with wounds covered by 

.50% with granulation tissue gained within 14 days of care 

of venous leg ulcer was chosen. While the ultimate goal of 

wound treatment is wound closure, the use of hydrogels is 

directed at producing a viable wound bed. According to the 

outcomes definition recommended to improve the quality 

of evidence in wound management, an increase in healthy 

granulation tissue indicates healing, and can be considered 

a valuable end point. The European Wound Management 

Association patient outcome group recommended an achieve-

ment of 60%−70% granulation tissue over a 6-month period 

to be a suitable end point.13 Because our study period was 

restricted to the debridement phase of 14 days, we defined 

a wound bed with .50% granulation tissue as a suitable 

clinical end point.

Two-state Markov model
The homogeneous model of first order was used to esti-

mate the number of days with .50% granulation tissue per 

2 weeks of wound care achieved by the PA-based hydrogel 

compared with the amorphous hydrogel.

The model requires a constant number of patients, 

each being attributed at each time point either to State 1 

or State 2: State 1 represents a wound bed covered with 

#50% granulation tissue and State 2 represents a wound 

bed covered with .50% granulation tissue. At the beginning 

of the observational period, all patients were in State 1. On 

each day i, a constant percentage p of patients in State 1 

switched into State 2. A patient in State 2 remained in 

State 2 (Figure 1).

The temporal course of the cumulative proportion P
2
 of 

State 2 patients at day i is characterized by the following 

equation:

 P
2
(i) = 1 – (1 – p)i (1)

where p = transition probability for a patient in State 1 to 

switch into State 2 within 1 day.

The percentage of State 2 patients P
2
 has to be measured 

at least on a single day i to determine the transition prob-

ability p from Equation (1) by using the following relation:

 p = 1 – (1 – P
2
(i))1/i (2)

The outputs from the Markov model were used to calculate 

a cost-effectiveness ratio for both products, defined as the 

State 1:
≤50% granulation tissue

State 2:
>50% granulation tissue

p

Figure 1 Two-state Markov model describing the transition from wound with #50% 
granulation tissue (= state 1) to a wound with .50% granulation tissue (= state 2).
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cost per day with .50% granulation. The time horizon was 

14 days. Expenses continued to be incurred for the entire 

trial duration, regardless of whether or not .50%  granulation 

tissue was achieved.

Clinical approach
Patients with leg ulcers of .4 weeks and a wound  coverage 

of $70% fibrin and/or necrotic tissue were eligible and 

randomized to treatment with either the PA-based hydrogel 

(HydroClean®, Paul Hartmann AG, Heidenheim, Germany) 

or the amorphous hydrogel (IntraSite®, Smith and Nephew, 

Hull, UK). The main exclusion criteria were mechanical 

and enzymatic debridement, the use of study dressings or 

other gels ,2 weeks before inclusion, and surgical debride-

ment ,8 weeks before inclusion.

Randomization was performed on day 0. It was balanced 

by blocks of four patients and stratified per study center. 

A randomization list was centrally generated, controlled, and 

accessed through a secured Web site. Patients were treated 

for 14 days, while dressings were changed as frequently as 

required according to the manufacturers’  recommendations. 

A detailed wound bed assessment was performed by inves-

tigators (on-site inspection), as well as by three blinded, 

independent experts who assessed photographs of all the 

wounds using visual segmentation of wound tissues to evalu-

ate the proportion of granulation tissue within the wound. 

The advantages of this method over digital  planimetry 

 (interrater reliability,  requirements related to technical 

demands) have been discussed previously.10

Because this was a multicenter study with parallel patient 

enrollment, it was logistically not feasible to use expert evalua-

tion for enrollment screening. Therefore, we chose the investiga-

tors’ on-site visual wound segmentation data for the enrollment 

screening process. According to this assessment, four patients 

deviated from protocol as they presented ,70% of fibrin and 

necrotic tissue at the start. For outcome measurement, the 

experts’ evaluation was used. According to this assessment, five 

patients presented ,70% fibrin and necrotic tissue at the start 

of the study. All patients received compression therapy.

The clinical study complied with the European and 

 International Organization for Standardization (ISO) guidelines, 

as well as current French regulations. The study protocol was 

approved by the Ethics Committee of the Besançon Teaching 

Hospital, France (CPP Est II), and all required documents were 

authorized by the responsible French authority (French Agency 

for the Safety of Health Products or AFSSAPS, now National 

Agency for Medicines and Health Products Safety or ANSM). 

Informed consent was obtained from all the patients.

Clinical results
From March 2008 to June 2010, 75 patients (45  outpatients, 

60%) were randomized for treatment with the  PA-based 

Table 1 Baseline characteristics of leg ulcers and patients

Character PA-based  
hydrogel (N=34)

Amorphous  
hydrogel (N=41)

P-value

sex (F/M) 21(62%)/13 (38%) 22 (78%)/9 (22%) 0.123a

Age (years) 74.8±11.7 74.1±9.6 0.427b

 age .80 years 13 (38.2%) 9 (22.0%) 0.123a

BMi (kg/m2) 29.6±7.70 30.6±7.12 0.630b

 BMi .30 kg/m2 14 (42.4%) 22 (53.7%) 0.281a

Diabetes 4 (11.7%) 6 (14.6%) 0.273a

hba1c (%) 5.95±0.50 5.96±0.43 0.967c

aBi 1.08±0.18 1.07±0.18 0.755b

Ulcer duration in years ± sD
 Median 1.7 1.5
 Range (0.1–16.5) (0.1–22.6)
Ulcer .6 months ± sD 22 (64.7%) 30 (73.2%) 0.429a

Wound area (in cm2) ± sD
 Median 21.0 18.0
 area .10 cm2 30 (88.2%) 34 (80.5%) 0.518a

Wound surface covered with granulation tissue (in %) ± sD
 Mean of medians of three blinded experts 14.3±12.0 22.8±18.9 0.057b

 Investigators’ assessment 15.3±9.3 13.9±8.9 0.613b

Notes: aχ2-test; bWilcoxon–Mann–Whitney test (two-sided), t-approximation, because it is a non-Gaussian variable; cStudent’s t-test. Reproduced from Humbert P, Faivre B, 
Véran Y, et al; CLEANSITE study group. Protease-modulating polyacrylate-based hydrogel stimulates wound bed preparation in venous leg ulcers – a randomized controlled 
trial. J Eur Acad Dermatol Venereol. 2014;28:1742–1750. © 2014 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & 
Sons Ltd on behalf of European Academy of Dermatology and Venereology.10

Abbreviations: ABI, ankle brachial index; BMI, body mass index; F, female; HbA1c, hemoglobin a1c; M, male; PA, polyacrylate; SD, standard deviation.
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hydrogel (34 patients) or the amorphous hydrogel (41 patients) 

(Table 1).

Both the PA-based and the amorphous hydrogel dress-

ings increased the proportion of granulation tissue within 

14 days, by 36.0±27.4 percentage points and 14.5±22.0 

percentage points compared to the baseline, respectively 

(P=0.005). On day 14, 16 of the 34 (47.1%) ulcers treated 

with PA-based hydrogel had .50% surface coverage with 

granulation tissue compared to nine of 41 (23.1%) ulcers 

in the amorphous hydrogel group (P=0.0217; χ2-test).

Clinical outcome definition
The clinical benefit in the cost-effectiveness analysis was 

determined as the days with .50% granulation tissue and was 

defined as the mean number of days spent with .50% granu-

lation tissue within the 14-day time period of care (Figure 2), 

with higher values indicating greater benefit.

The equation describing the mean number of days with 

State 2 is as follows:

 D i P j
j

i

2 2
1

( ) = ( )
=

∑  (3)

Economic outcome definition
The perspective of the analysis was that of the German payer 

and only direct costs were considered. A cost-effectiveness 

analysis was performed assessing the additional per-patient 

cost per day with .50% granulation tissue for both therapies. 

The mean per-patient cost per therapy was calculated using 

the following formula:

 C Costs and resources at day= ∑
1

14

 (4)

economical database
Data on the use of resources were obtained from physician-

completed questionnaires. Data on the prices are listed in 

Table 2, with the costs reported in euros.

statistics
The clinical outcome was evaluated statistically as described 

in the original study.10 Economic analyses were performed 

using descriptive statistics.

A total of five patients were excluded from analysis. 

They presented $50% granulation tissue at study start 

and therefore did not fit into the model, which allows only 

for transition from State 1 (,50% granulation tissue) to 

State 2 ($50% granulation tissue).

Results
Resources used
The total treatment cost was divided between the cost for 

primary dressings (either PA-based hydrogel or amorphous 

hydrogel), secondary dressings, and the nurse labor cost for 
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Figure 2 Cumulative proportions of patients (P2) achieving .50% granulation tissue within the 14-day period of venous leg ulcer treatment, as predicted by the Markov model.
Abbreviation: PA, polyacrylate.
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Table 2 Unit cost list for wound care

Variable Unit cost (in €) Data source

Primary dressings laUeR TaXe® 2013 for VDEK (Verband der  
Ersatzkassen) (Source: http://www2.lauer-fischer.de/
Produkte/arzneimitteldaten-online/webapo-infosystem/)

 PA-based hydrogel (HydroClean®)a 5.37–10.73
 Amorphous hydrogel (IntraSite®) 15.65
Secondary dressings (various branded products)
 Foam 8.36–36.60
 Hydrocolloid 7.50–19.92 BVMed-Bundesverband Medizintechnologie e. V. (2011) 

Einsatz von hydroaktiven Wundauflagen. Berlin Gauze 0.07–0.20
 Impregnated gauze 3.30–18.39
 Film dressing 3.66–4.25
 absorbent dressing 0.87–5.51
Personnel
 Simple dressing change by nurse: outpatient/homecare 10.82

Note: aPrices depend on dressing size.
Abbreviation: PA, polyacrylate.

Table 3 Resource use

Variable PA-based  
hydrogel

Amorphous 
hydrogel

Mean number of dressing changes 12.7 10.4
Mean time for all dressing changes,  
in minutes

225.8 180.0

Mean time for one dressing change,  
in minutes

18.1 18.0

Mean number of primary dressings 14.6 9.4
Mean number of secondary dressings 63.4 67.4

Abbreviation: PA, polyacrylate.

Table 4 Mean cost of resources used for analyses

Resource Mean cost (in €)

PA-based  
hydrogel (N=33)

Amorphous 
hydrogel (N=37)

Primary dressings 128 147
Secondary dressing 60 65
labor cost 118 93
Total cost 306 306

Abbreviation: PA, polyacrylate.

the dressing changes. The mean dressing change times in the 

PA-based hydrogel and amorphous hydrogel groups were 

every 1.2 and 1.4 days, respectively (Table 3).

Mean treatment cost per patient
The costs for the amorphous hydrogel were higher compared 

to the same for the PA-based hydrogel. However, the lower 

number of dressing changes for the amorphous hydrogel 

reduced this difference (Table 4). The mean cost per patient 

for 14 days of wound bed preparation of a venous leg ulcer 

was €306 for both the PA-based-hydrogel and amorphous-

hydrogel treatments.

Clinical outcome
Figure 2 shows the relationship between the proportions of 

patients achieving a .50% granulated wound bed as a func-

tion of time for the PA-based hydrogel versus the amorphous 

hydrogel using the data from the trial, with the restriction that 

only data from those patients whose wounds presented #50% 

granulation tissue at the start were included (PA-based 

 hydrogel: 32 patients, amorphous hydrogel: 33 patients) 

because only these wounds fulfilled the criteria required by 

the two-state Markov model for transition from State 1 to 

State 2. Achievement of .50% granulation tissue was more 

rapid and occurred in a greater proportion of the patients 

treated with the PA-based hydrogel (P
2
=45%) compared to 

those treated with the amorphous hydrogel (P
2
=16%).

Equation describing the transition probabilities for each 

of the therapies while switching from State 1 into State 2 is 

as follows:

 p = 1 – (1 – P
2
)1/14

 p
PA-based hydrogel

 =0.042

 p
Amorphous hydrogel

 =0.012

The mean number of days D
2
 with .50% granulation 

tissue was greater for the PA-based hydrogel compared to the 

amorphous hydrogel (3.7 versus 1.2 days) (Figure 3).

Cost-effectiveness
The incremental cost-effectiveness ratio (ICER), defined as the 

difference in cost divided by the difference in effect, for the 

PA-based hydrogel provided an estimate of the additional cost 

necessary to gain an additional day with .50% granulation 

tissue (Table 5). The ICER of €0 per day with .50% granula-

tion tissue indicated a more favorable cost-effectiveness ratio 
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Figure 3 Model prediction of the clinical outcome.
Note: Number of days with .50% granulation tissue within the 14-day period of care of venous leg ulcer is shown.
Abbreviation: PA, polyacrylate.

Table 5 Cost-effectiveness analysis comparing the PA-based hydrogel with the amorphous hydrogel for a 14-day period of care

Treatment Total costs  
per patient

Incremental  
costs

Days with .50%  
granulation tissue

Incremental  
effect

ICER

PA-based hydrogel 306 0 3.7 2.5 €0/day with .50% 
granulation tissue

Amorphous hydrogel 306 na 1.2 na na

Abbreviations: ICER, incremental cost-effectiveness ratio; PA, polyacrylate; NA, not applicable.

for the PA-based hydrogel because there were no additional 

costs for a net gain of 2.5 days with .50% granulation tissue 

within 14 days of care of venous leg ulcer.

Discussion
We compared the cost-effectiveness between a PA-based 

hydrogel and an amorphous hydrogel during the wound bed 

preparation phase of venous leg ulcers from the payer’s per-

spective in Germany. This analysis was performed alongside 

a clinical study with 75 patients.10 According to the results, 

the PA-based hydrogel treatment needed more frequent dress-

ing changes and thus required more nursing time than the 

amorphous-hydrogel treatment within 14 days after initiation. 

Nevertheless, the PA-based hydrogel was shown to be more 

cost effective than the amorphous hydrogel because of its 

greater clinical efficacy in wound bed preparation of venous 

leg ulcers, while the treatment costs per patient remained the 

same between the two treatment options.

In the clinical part of the study, we compared the two 

hydrogels with regard to the removal of devitalized tissue as 

one of the major targets of wound bed preparation.10 Although 

there is a lack of evidence of a direct correlation between 

wound debridement and improved wound healing, debride-

ment is an integral part of clinical guidelines based on review 

and consensus documents.9,14–17 To analyze the cost benefit 

of wound bed preparation with the PA-based hydrogel, we 

selected the increase of healthy granulated wound tissue as an 

appropriate end point for measuring treatment success. The 

impact of granulation tissue on the entire healing process is 

hard to estimate and the presence of granulation tissue is no 

guarantee for a wound to heal because the healing progress 

can be impeded by various factors. It is, however, associated 

with the ongoing healing process,18 and a certain proportion 

is necessary to allow for switching to other therapies (such as 

grafting) or novel treatment modalities, including growth fac-

tors and skin substitutes.13 We chose an observational period 

of 14 days to compare the hydrogels with regard to their 

efficacy and the cost of obtaining a viable wound bed. This 

relatively short observational period appeared optimal for a 

direct comparison of the two study dressings with regard to 
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the end point.19 A longer study duration, which would enable 

us to address outcomes related to the healing rate, would have 

implied a switch to another treatment modality during the 

course of the treatment in terms of the phase-adapted wound 

treatment.20 Therefore, a direct comparison of the two study 

dressings would have been impossible.

economic outcome selection
How could the net gain of 2.5 days with .50% granulation 

tissue achieved with the PA-based hydrogel within 14 days 

of wound care be interpreted? On the one hand, the gain of 

2.5 days appears limited when related to the long durations 

of the ulcers included in this study (0.1–22.6 years). On the 

other hand, 2.5 days accounts for a net gain of 18% in the 

whole treatment period achieved by the use of the PA-based 

hydrogel compared to the amorphous hydrogel. We do not 

know whether the difference of 2.5 days would increase 

with a longer care period because this was not subject to the 

clinical trial. However, this net gain of time may be used 

for an earlier switch to an appropriate treatment in terms of 

phase-adapted wound management. In addition, the earlier 

presence of viable tissue is associated with reduced odor, 

pain, and risk of infection and, thus, with an improved qual-

ity of life.

Cost-effectiveness due to better  
clinical efficiency
The ICER of €0 illustrates that the net gain of time achieved 

by the PA-based hydrogel was not related to additional costs. 

Although the amount of dressings used was greater for the 

PA-based treatment compared to that with the amorphous 

hydrogel, the difference in the total treatment cost was 

outweighed by higher dressing prices for the amorphous 

 hydrogel. The superior cost-effectiveness of the PA-based 

hydrogel was finally attributed to the greater clinical efficacy. 

A similar result has been demonstrated by a recent com-

parison of the debridement capacity between an amorphous 

hydrogel and a collagenase in the treatment of pressure 

ulcers.12 In the present study, the greater expenses associated 

with the PA-based hydrogel were outweighed by a higher 

efficacy in obtaining a viable granulating wound bed, thus 

leading to a superior cost benefit for the PA-based hydrogel 

compared to the amorphous hydrogel.

limitations
The present cost-effectiveness analysis was performed on 

the database of a limited French population.  Therefore, the 

results should be generalized with caution, in particular, 

because the study population included both inpatients 

and outpatients and the cost calculation was restricted to 

outpatient prices. Because the treatment costs from the 

German payer’s view were balanced between the two 

treatment options, it can be assumed that variations in 

dressing prices may shift the ICER toward positive or 

negative values for the PA-based hydrogel compared to the 

amorphous hydrogel. This may also occur if the efficiency 

values vary. Therefore, results on efficiency obtained with 

the amorphous hydrogel used in the present study should 

not be generalized.

Conclusion
In the context of a limited patient population and a short 

observational period, the results demonstrated a better cost-

effectiveness for the PA-based hydrogel in supporting the for-

mation of granulation tissue of venous leg ulcers. Although 

increased granulation is not a guarantee for wound closure, 

a more rapid achievement of sufficient granulation tissue is 

a bridge for an earlier switch to a suitable wound treatment 

in terms of phase-adapted wound management and hence, 

a more rapid ongoing healing process and improved quality 

of life for the patient.
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