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Burn injuries are a major cause of hospitalization and are associated with morbidity and mortality. Burns
in children under the age of 16, represent a fourth of the burns occurring annually all over the world, with
a peak under the age of 5 years. Paediatric burns represent an enormous socio-economic problem for
individuals and the health care system.
Standard of care of burn wounds consists of cleaning and debridement, followed by the use of different

type of dressings and, when necessary, skin transplantation surgery. Most of the dressings used for burn
wounds need to be changed with a certain frequency. The painful procedure of dressing changes in chil-
dren with burns, represent a big issue causing anxiety and affecting even more the complex psychological
status of those patients.
The objective of this case series was to evaluate on paediatric patients with burns the use of a wound

dressing based on the new material Eiratex�, composed of a biosynthetic cellulose network that mimics
the nanostructure of collagen.
A total of n = 5 paediatric patients (age <8 years) with burns were treated with the Eiratex�-based

wound dressing after enzymatic debridement using NexobridTM.
The mean total body surface area (%TBSA) affected by the burn was 5.6%. Mean healing time was

31.2 ± 3.5 days since the occurrence of the burn.
Preliminary results of this pilot study seem to show the efficacy of the Eiratex�-based wound dressing

to heal the burn wounds. Moreover, we advocate the use of this wound dressing to decrease the fre-
quency of dressing changes, with a benefit for patients and a decreased cost for the healthcare system.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction of the dermis. Third-degree (full thickness) burns, destroy the epi-
Burns are a major global public health issue and one of the most
serious injuries [1]. Low- and middle-income countries account for
about 90 percent of all burns [2].

Children under the age of 16 account for about 25% of all burn
injuries, with the majority under the age of five years [3]. The type
of burn injury is related to the age of the patient. Scald burns tend
to be the most common type of thermal wounds at the age of 5 or
below (over 65% of the cases), while fire injury is trending to occur
in older children (over 56% of the cases) [4].

Burn injuries can be classified based on the depth of burn: First-
degree (superficial) burns, affect only the epidermis. Second-
degree (partial thickness) burns, involve the epidermis and part
dermis and dermis and may go deep to the subcutaneous tissue.
There is no sensation in the area of third-degree burns since the
nerve endings are destroyed [5].

Cleaning and debridement (removing dead tissue) represent
the standard of care for deep burn wounds, before covering the
wound. After this first step, daily dressing changes are usually
needed, with consequent pain for the patient with first- and
second-degree burns [3].

In this case series we have treated paediatric patients with
burns with an innovative wound dressing, Epiprotect�, after the
use of Bromelain-Based Enzymatic Debridement (NexobridTM).

The wound dressing is made of a biosynthetic material,
Eiratex�, composed of biosynthetic cellulose (BC) with a nanos-
tructure similar to collagen. The use of the material has been inves-
tigated for drug delivery, tissue engineering, wound healing and
other biomedical applications [6–10]. A limiting factor to the use
of traditional BC for wound healing is due because of the exudate
and other fluids can become trapped in the interspace between
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the membrane and the wound, causing infections [11]. However,
due to its nanostructure, Epiprotect� is permeable to water vapor
and other gasses, but not permeable to liquids and bacteria hence
Fig. 1. The progress of wound healing in
allowing the liquid part of the exudate to evaporate (data not
shown). The solid part of the exudate that is between the dressing
and the wound will contribute to the formation of a favorable
the patients included in this study.



Table 1
Data of the patients included in this study.

Patient ID Weight (Kg) Sex Age (yrs)

Pax1 42 M 7
Pax2 38 M 8
Pax3 12 F 1.2
Pax4 4 F 8
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environment, with consequent wound healing. Admittedly, the
application of Epiprotect� to an open wound, causes a reduction
of pain since the material is highly conformable and the exposed
nerves are perfectly covered (See Fig. 1).

Our purpose is to highlight the advantages of coupling Brome-
lain debridement and Epiprotect in a small series of patient in a
defined period.
Pax5 14 M 1
2. Material and methods

A case series and follow-up study was carried out at
Sant’Eugenio-C.T.O. Hospital in Rome (Italy). Wound dressings
were provided by S2Medical AB (S2Medical AB, Linköping,
Sweden). Wound evaluation and treatment was performed as clin-
ical routine procedures and the data gathered was used for this
study. Inclusion and exclusion criteria were decided by the medical
staff involved.

Inclusion criteria: patients with second- or third degree burns
after enzymatic debridement, age <10 years, with an informed con-
sent by the parent or guardian to collect the data.

Exclusion criteria: Suspected or known allergy to BC and/or
Bromelain, patients with exposure of bone, muscle, ligaments, or
tendons. Patients with mental disorders.

The procedure was conducted in accordance with the Declara-
tion of Helsinki. In every clinical file there is a written consent
for ‘‘off label” treatment, specifically approved by the ethical com-
mittee for the study with NexobridTM on paediatric patients: The
consent covers also the use of pictures and is signed by both par-
ents, when possible.

Data of the research concerning the implemented procedure are
dealt with a blind modality for the examiners.

The Eiratex� dressing was applied to the wound after the use of
Bromelain-based enzymatic debridement (NexobridTM, Mediwound
Ltd, IL) where applicable. The wounds were examined daily by ded-
icated nurses and every 48 h by the attending physician until com-
plete healing. Epiprotect� was removed on the verge of skin
transplantation. In patients that healed autonomously, Epiprotect�

was changed once, in analgesia, to inspect the wound.
NexoBridTM was applied within 3 days after injury.
In patient number 5, the dressings were kept 7 days and then

removed to perform the skin grafting.
Information as for the set protocol regarding adverse events,

medications and other aspects of care were acquired at each treat-
ment visit. All wounds were photographed before treatment and at
each follow-up visit after treatment. Our main objectives have
been to assess the healing time of the patients, the tissue reaction
to Eiratex�-based wound dressing and the optimal combination of
enzymatic debridement with NexoBridTM on paediatric burned
patients.

We have evaluated the effectiveness of combined Epiprotect�

with enzymatic debridement and the need to pain control and
infections.

Since NexoBridTM is a painful procedure, all patients got general
anesthesia.
Table 2
Location of the wound, TBSA, degree and healing time for each of the patients included in

Patient ID Location of the wound TBSA (%) Degree

Pax1 Face 6 Second/
Pax2 Hand 1 Second/
Pax3 Leg 5 Second d
Pax4 Arm 1 Third
Pax5* Trunk 15 Second d
The depth of burns was assessed following the classification of
criteria for burns issued by the European Burn Association [12].

Statistical assessment: demographic data were collected; for
continuous variables, means, Standard Deviation (SD) and ranges
are reported; for categorical data, frequencies, respectively per-
centage and count are reckond.

Scar assessment was done with the POSAS Observer Scale
All data are reported as mean ± SD.

3. Results

A total of n = 5 paediatric patients were included in this study; 3
patients were male (60%), 2 patients were female (40%). The mean
age was 5.0 ± 1.6 years (range 1–8 years), while the weight was
29.4 ± 6.7 kg (range 12–42 kg) (Table 1)

All the patients were successfully treated with enzymatic
debridement before the application of Epiprotect�. One patient
suffered from a facial burn (20%), while 4 patients had lower or
upper extremity burn wounds (80%). The mean total body surface
area (%TBSA) affected by the burn was on average 5.6% (range 1–
15%). Two patients had a second degree burn, 1 patient had second
deep burn, one patient had third degree burn while one patient had
a mixed second and third degree burn. The progress of wound
healing of the patients included in this study are followed up and
recorded at 30, 60 and 180 days.

Follow up, mean healing time was 31.2 ± 3.5 days since the
occurrence of the burn, with a minimum of 21 days and a maxi-
mum of 39 days (Table 2).

4. Discussion

In the paediatric population with burn injuries, pain and dis-
tress associated with wound care procedures such as frequent
dressing changes remain a constant challenge.

Burn injuries are an impending critical care problem. After car
accidents and drowning, burns are the most frequent childhood
injury resulting in death [13]. The longest stay for paediatric hos-
pital admissions due to injuries is represented by burns [14].

According to Robins EV (1990) [15], the burn wound can be
divided into three zones. The zone of coagulation, is the central
area of the wound, it is also the part exposed to the greatest dam-
age with protein denaturation caused by the heat. The coagulation
zone shows a phenomenon of stasis and decreased perfusion [15].
As a consequence, hypoxia causes tissue necrosis in this area,
within 48 h of the event if no intervention is done [16]. The
this study. * Pax 5 is the only one that got skin grafting.

Enzymatic debridement Healing time (days)

Second deep Yes 37
Second deep Yes 39
eep Yes 25

Yes 34
eep to third Yes 21
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peripheral regions of the burn wound on the contrary, receive
increased blood flow through inflammatory vasodilation [17].

Even if there are significant physiological differences between
adults and children, the treatment of burns is carried out the same
way. For instance, the pain management of the children with major
burns is a big issue that challenges healthcare professionals [18].

Numerous options exist for dressings that can be used on burn
wounds [19]. The selection of proper wound dressing is crucial and
depends on different variables, such as burn depth, the status of
the wound bed, frequency of dressing changes [20]. A large range
of biological dressings, hydrofibers, hydrocolloids, hydrogels, sili-
cones, alginates, or polyurethane dressings can be used, depending
on the healing phase, to optimize the level of moisture in the
wound [21].

Epiprotect� is a wound dressing based on Eiratex�, a biosyn-
thetic cellulose with a nanostructure similar to collagen. The high
conformability of the dressing, together with its hemostatic prop-
erties and semi-permeability, make this dressing a promising pro-
duct for wound healing. The nanofibrillar network of Eiratex�

makes the dressing a mechanical barrier against bacteria, while
allowing the body to keep an appropriate moisture level in the
wound. When Epiprotect� adheres to the wound it can stay put
until the wound is healed, it reduces the frequency of dressing
changes with a consequent saving on treatment cost and less pain
for the patient.

In this case series we used Epiprotect� on paediatric patients
with burn wounds. The dressing was applied immediately after
enzymatic debridement.

The scope of this study was to assess the outcome after of the
use of Epiprotect� in one of the major burn center in Italy and mea-
sure the healing time and frequency of dressing changes.

These preliminary results obtained will pave the way to a mul-
ticenter, randomized clinical trial aimed at evaluating the features
of Epiprotect� compared to SOC currently used in Italy for burn
wound care.

In paediatric patients the reduction of pain and the easiness of
application of a wound dressing are of fundamental importance.
On this matter, the experience with Epiprotect� was deemed pos-
itive compared to SOC.

It has been shown in a previous case series that Epiprotect� can
be used to heal different type of ulcers in a cost-effective way [22].

In a prospective, randomised, clinical trial on patients with par-
tial thickness burns the convenience of Epiprotect� to heal those
wounds with fewer dressing changes and lower pain scores com-
pared to silver sulphadiazine have been demonstrated [23].

The use of Epiprotect� in superficial burns has been shown to be
comparable to the use of pig skin in terms of healing and hospital-
ization time, with benefits for pain relief on application and no eth-
ical or cultural issues due to the fact that Epiprotect� is not of
animal origin [24].

In this pilot study we tested for the first time the efficacy of the
wound dressing Epiprotect� in the treatment of paediatric burns
after enzymatic debridement with NexoBridTM.

All the patients were healed at the end of the treatment, with a
mean healing time of 31.2 ± 3.5 days since the occurrence of the
burn. Scar assessment was done after 6 months, and was consid-
ered positive after an objective evaluation as well. It is generally
believed that more than 21 days to heal a burn could lead to
increased scarring, which in a teenage can cause severe problems
due to the poor elasticity of the tissues. However, in this series
the evaluation of scars 6 months after healing was considered pos-
itive also, when the wounds healed after more than 21 days.
Notwithstanding, the combination of enzymatic debridement and
Epiprotect� seems for now feasible and could prove to be more
cost-effective than SOC, because of the reduced resource utilization
(anesthesia, surgery, dressing changes etc).

The limits of this study seems to be the number of patients
enrolled, the short follow up and the ‘‘off label” use of NexoBridTM

in paediatric patients.
5. Conclusion

In this study we show for the first time the efficacy of Epipro-
tect� to heal paediatric burn wounds after enzymatic debridement.
The preliminary experience collected is deemed positive and
though this is a pilot study, it warrants further trials.

We outlined that the use of NexoBridTM in paediatric patients
has not been fully explored, and is still currently considered as
‘‘off-label” use for FDA.
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