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ABSTRACT
OBJECTIVE: Wound dressings that use biosynthetic cellulose may

be a good alternative to dressings currently used to treat chronic

and acute ulcers because their nanostructure is similar to

collagen. The objective of this study was to evaluate a wound

dressing created with a new material that is composed of a

fibrillary network of biosynthetic cellulose.

METHODS: A case series of 8 patients in primary healthcare

centers in Östergötland county council, Sweden, with chronic and

acute lower limb wounds were treated with a wound dressing

based on eiratex (S2Medical AB, Linköping, Sweden). The

dressing was applied to traumatic (n = 5) and venous ulcers (n =

3). All ulcers were considered healed at the end of the treatment.

MAIN OUTCOME MEASURE: The wounds were examined at

regular intervals by a physician to determine healing time,

number of dressing changes, and number of visits.

MAIN RESULTS: Mean healing time was 43 T 6 days after the

first application of the dressing. The mean number of visits was

5.7 T 0.6, and the mean number of dressings used per patient

was 1.7 T 0.2.

CONCLUSIONS: These results demonstrate the efficacy of a

wound dressing made of eiratex to heal chronic and acute ulcers.

The data show that the number of dressings used and dressing

changes needed to heal the ulcers are lower than what have been

reported in the literature for other dressing materials.
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INTRODUCTION

Chronic ulcers, defined as ulcers that do not heal in 6 to

9 weeks,1 can be colonized by bacteria, viruses, parasites, and

fungi.2 This type of ulcer has a big impact on patient quality of life

and the healthcare system. There are different types of chronic ul-

cers, such as venous, arterial, neurotrophic, lymphatic, and drug

induced.3 Venous ulcerations account for 70% to 90% of all

chronic wounds and are most commonly found in the lower

extremities. Reoccurrence is high, and the estimated treatment

cost can exceed US $40,000 during the lifetime of each patient.

Further, more than $1 billion is spent annually in the United

States alone on treatment of chronic venous disease.4 The preva-

lence is 0.18% to 2% in the European population, and in pa-

tients older than 65 years, the prevalence is reaching 5%.5,6

The standard of carewhen treating venous ulcers is compression

treatment to improve the venous return from the limb. However,

this can lead to drying of the wound and increase the risk of infec-

tion.7 Different types of dressings are used, including hydrofibers,

hydrocolloids, hydrogels, silicones, alginates, or polyurethanes to

optimize the level of moisture in the wound depending on the

healing phase.8

New, alternativewound dressings are based on a dense fibrillar

network of the natural carbohydrate cellulose. Eiratex, one such

dressing, was developed at Linköping University in Sweden.

The membrane has a nanostructure that is similar to collagen in

the skin, is highly hydrated, and shows excellent mechanical

properties with high tensile strength and conformability.

The material is based on biosynthetic cellulose (BC) that is

highly biocompatible and has been examined in various bio-

medical applications, including drug delivery, wound healing,

and tissue engineering.9Y13 Traditional BC has been problem-

atic for use on infected wounds because blood and exudate

can become trapped under the membrane, causing escalation

of an infection. It can, in some cases, integrate with the wound

tissue. However, because of its nanostructure, a wound dress-

ing based on eiratex is permeable to water vapor, oxygen, and

carbon dioxide but impermeable to bacteria and water (data
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Physics, Department of Physics, Chemistry and Biology, Linköping University, and Chief Operational Officer, S2Medical AB, Sunnorpsgatan; Luca Conti, PhD, is Research and Develop-

ment Engineer, S2Medical AB, Sunnorpsgatan; and Daniel Aili, PhD, is Assistant Professor, Division of Molecular Physics, Department of Physics, Chemistry and Biology, Linköping Uni-

versity. Acknowledgments: The authors thank all of the patients involved in the study, which was performed exclusively in Sweden (trial registration no. ISRCTN14756102). Petter Sivlér,
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not shown). Moreover, the material is highly conformable, which

facilitates covering of exposed nerve endings in the wound, as

well as rendering it transparent and flexible.

The hypothesis of this study was that a wound dressing

based on eiratex could facilitate the healing of the wounds

and overcome the problems related to the use of the traditional

BC. The aim of this case series was to evaluate the efficacy of

an eiratex-based wound dressing in treatment of chronic and

acute lower limb venous ulcers.

METHODS
A case series/observational study was done in primary healthcare

centers in Östergötland county council, Sweden. Inclusion criteria

were: all patients with lower-extremity ulcers who were treated

with eiratex for the whole study period; both uninfected and

infected ulcers were included. Venous ulcers were diagnosed

with duplex scan. In these patients, standard compression therapy

was used. Exclusion criteria were: patients with exposure of bone,

muscle, ligaments, or tendons. Patients with mental disorders

were excluded to guarantee a conscious agreement to participate.

Patients visiting local health centers in southeast Sweden who

met the inclusion and exclusion criteria were asked to participate

in the study. The procedure was conducted in accordance with

the Declaration of Helsinki. Written consent for publication was

collected from all of the patients involved. Data were blinded in

a way that cannot be traced back to the research subjects.

Wound dressings were acquired free of charge from S2Medical

AB (Linköping, Sweden). The eiratex dressing was applied on the

wound after surgical debridement, where applicable. The wounds

were examined every secondday by the attending physician during

the first week and then once per week until final healing, unless

otherwise indicated according to the attending physician. Healing

was defined as full epithelial coverage as assessed by the attending

physician.

When the wound started to heal, the dressing was found to

adhere to the wound, typically within 2 days from initiation of

treatment. In case of lack of improvement of the wound healing,

a new debridement was carried out, and a new eiratexmembrane

was applied to the wound. In 3 patients, clinical signs of infection

were seen. Those patients were treated with systemic administra-

tion of clindamycin (300 mg 3 times per day for 10 days). Once

the dressing had adhered to the wound, it was not removed until

it spontaneously fell off. An examination by the attending physi-

cian was then performed to assess wound healing.

At each treatment visit, information regarding adverse events,

medications, and other aspects of care since the last visit was

recorded. All wounds were photographed before treatment and

at each follow-up visit after treatment. Primary objectives were

to assess wound healing time and number of dressing changes.

RESULTS
Eight patients were included in the study; 1 was male (12.5%)

and 7 were females (87.5%). The mean age was 76 T 3 years

(minimum, 62 years; maximum, 85 years); 5 ulcers were trau-

matic (62.5%) and 3 were venous (37.5%). The time from first

occurrence of the ulcer ranged from 18 to 180 days, with a mean

of 88 T 21 days (Table 1). Mean healing time was 43 T 6 days after

the first application of the dressing, with a minimum of 18 days

and a maximum of 73 days. The mean number of visits was 5.7

T 0.6, whereas the mean number of dressings used per patient

was 1.7 T 0.2 (Table 2). In 3 patients, ulcers were infected before

the application of the dressing. The Figure shows the progress

of wound healing in this group.

DISCUSSION
Dressing Changes
After dividing the number of dressings used to heal the wounds

by the healing time, the frequency of dressing changes in this

study was 0.24 dressing per week. This low number is because

dressings made from eiratex, once applied, do not have to be re-

moved from the wound until healing is complete. The dressing

will adhere to the wound if there is no infection; if the wound is

infected, it will not attach. Once adhered, the wound will form

a scab under the dressing. Because of the lack of cellulase enzyme

in the human organism, the dressing cannot be absorbed by the

body and will therefore peel off from the wound once the wound

is healed. Moreover, because eiratex helps to promote scab for-

mation, the amount of exudate will be lower. Interestingly, in

studies on advanced wound dressings such as the ones created

from cells found in healthy human skin to treat venous ulcers,14

the dressing was changed up to 5 times during the first 3 weeks

of treatment.

O’Donnell and Lau15 analyzed the results of 20 randomized

controlled trials of wound dressings for chronic venous ulcers.

In trial subjects, wound dressings were divided into different

groups: nonocclusive, semiocclusive/occlusive, dressings con-

taining growth factors, and the human skin equivalent group.

Table 1.

CLINICAL DATA

Patient ID Type of Wound Time Since Occurrence, d

VCC1 Traumatic (not chronic) 30
VCC2 Venous (not chronic) 18
VCC3 Traumatic 100
VCC4 Traumatic 75
VCC5 Traumatic 180
VCC6 Venous 120
VCC7 Traumatic 60
VCC8 Venous 150
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The results of this review reveal that 8 wound dressing types were

changed once per week, and in 5 studies, the dressings were

changed twice per week. In another study from Andersen et al,16

a polyurethane dressing was tested on patients with lower leg

ulcers. The dressing was changed once per week during the

treatment.

Wound Healing Time
In a study from 2002 on diabetic foot ulcers, Zimny et al17 evalu-

ated wound healing in 31 patients with type 1 or 2 diabetes with

plantar foot ulcers receiving wound care treatment including use

of proper footwear, nonYweight-bearing limb support, appro-

priate antibiotics, and debridement. The authors report that

the mean healing time for these patients was 77.7 (95% confi-

dence interval, 62Y93) days. In contrast, the eiratex dressings used

in this study resulted in a healing time of 42 T 8 days.

Wound Dressing Cost Comparison
In a study from 2009, Payne et al18 calculated the average treat-

ment cost per week in the United States to treat patients with

pressure injuries. In this study, the costs for the use of a polyure-

thane foam (Allevyn; Smith andNephew, FortWorth, Texas) and

a saline-soaked gauze were compared. By taking into account the

frequency of dressing change reported by the authors and con-

sidering a dressing area of 10 cm2, the cost of using Allevyn is

US $71.54 per week, whereas the saline-soaked gauze is US

$179.31 per week, assuming 30 minutes of work for a nurse at

US $27.54 per hour. The results of the current study show that

an average of 0.24 dressing per week was needed to heal partic-

ipant wounds. Therefore, the cost for material and labor is US

$7.60 per week with eiratex. This result shows that, more than

the price of the dressing itself, the frequency of dressing changes

affects the final cost of the treatment.

Limitations
Because of the low number of patients included in this case series,

a larger prospective randomized controlled trial is needed to verify

these results. Such a study is currently being planned by the authors.

Figure.

PHOTOGRAPHS OF ULCERS IN PATIENTS VCC1-VCC3 BEFORE TREATMENT, DIRECTLY AFTER APPLICATION OF THE

WOUND DRESSING, AND 1 AND 3 TO 8 WEEKS AFTER TREATMENT WAS INITIATED, RESPECTIVELY

Table 2.

DATA ACQUIRED DURING THE STUDY

Patient
ID

No. of
Visits

Dressing
Changes Infection

Healing
Time, d

VCC1 4 2 No 54
VCC2 3 1 No 18
VCC3 5 2 No 25
VCC4 6 2 No 58
VCC5 4 1 Yes 24
VCC6 6 2 Yes 73
VCC7 6 1 Yes 42
VCC8 7 2 No 62
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CONCLUSIONS
The results of this case series, compared with the data reported in

the studies mentioned above, suggest that the use of a wound

dressing made of eiratex could decrease the healing time and fre-

quency of dressing changes when used on venous ulcers. The use

of advanced materials such as eiratex for wound healing can

increase the quality of life for these patients by reducing the

number of dressing changes during the treatment. In addition,

a decrease in the number of dressings used for the whole treat-

ment will result in a reduced cost for the healthcare system.

Most importantly, eiratex represents a new and efficient method

to increase the healing rate of chronic venous ulcers and can

reduce the associated costs for the healthcare system.&
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