
Published by Baishideng Publishing Group Inc

World Journal of 
Dermatology
World J Dermatol  2017 May 2; 6(2): 17-41

ISSN 2218-6190 (online)



 

           REVIEW
17	 Review of the initial treatment and avoidance of scald injuries

Bourdon RT, Nelson-Cheeseman BB, Abraham JP

           MINIREVIEWS
27	 Cutaneous implications of essential oils

Vangipuram R, Mask-Bull L, Kim SJ

           ORIGINAL ARTICLE

           Retrospective Study
32	 Use of a selective enzymatic debridement agent (Nexobrid®) for wound management: Learning curve

Palao R, Aguilera-Sáez J, Serracanta J, Collado JM, Dos Santos BP, Barret JP

Contents

IWJD|www.wjgnet.com May 2, 2017|Volume 6|Issue 2|

W J D World Journal of 
Dermatology

Quarterly  Volume 6  Number 2  May 2, 2017



Contents
World Journal of Dermatology

Volume 6  Number 2  May 2, 2017

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                             Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Ya-Jing Lu                       Proofing Editorial Office Director: Xiu-Xia Song 
Proofing Editor-in-Chief: Lian-Sheng Ma

World Journal of  Dermatology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION DATE
May 2, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and 
opinionsof  their authors, and not the views, opinions 
or policies of  the BPG, except where otherwise ex-
plicitly indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204 

ONLINE SUBMISSION 
http://www.f6publishing.com

IIWJD|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

FLYLEAF

May 2, 2017|Volume 6|Issue 2|

NAME OF JOURNAL 
World Journal of  Dermatology

ISSN
ISSN 2218-6190 (online)

LAUNCH DATE
June 2, 2012

FREQUENCY
Quarterly

EDITOR-IN-CHIEF
Santosh K Katiyar, PhD, Professor, Department of  
Dermatology, University of  Alabama at Birmingham, 
Birmingham, AL 35294, United States

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/2218-6190/editorialboard.htm

EDITORIAL OFFICE
Fang-Fang Ji, Director

Editorial Board Member of World Journal of Dermatology , Liana Manolache, MD, 

PhD, Department of Dermatology, Institution of Dali Medical, Bucharest 060816, 

Romania

World Journal of  Dermatology (World J Dermatol, WJD, online ISSN 2218-6190, DOI: 
10.5314), is a peer-reviewed open access (OA) academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

WJD is to report rapidly new theories, methods and techniques for prevention, diag-
nosis, treatment, rehabilitation and nursing in the field of  dermatology. WJD covers fungal 
diseases, dermatitis and eczema, urticarial diseases, drug eruptions, pruritus, erythroderma 
desquamativum, connective tissue diseases, bullous skin diseases, vascular skin diseases, 
skin appendage diseases, pigmentary diseases, genetic diseases, nutritional and metabolic 
disorders, tumors, sexually transmitted diseases, AIDS, traditional medicine, integrated 
Chinese and Western medicine, evidence-based medicine, epidemiology and nursing. The 
journal also publishes original articles and reviews that report the results of  applied and 
basic research in fields related to dermatology, such as immunology, physiopathology, cell 
biology, pharmacology, medical genetics, and pharmacology of  Chinese herbs. 

We encourage authors to submit their manuscripts to WJD. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great basic and clinical significance.

World Journal of  Dermatology is now indexed in China National Knowledge Infrastructure 
(CNKI).

I-II	 Editorial Board

INDEXING/ABSTRACTING 



Ricardo Palao, Jorge Aguilera-Sáez, Jordi Serracanta, Jose Manuel Collado, Bruce Patrik Dos Santos, 
Juan Pedro Barret

Ricardo Palao, Jorge Aguilera-Sáez, Jordi Serracanta, Jose 
Manuel Collado, Bruce Patrik Dos Santos, Juan Pedro Barret, 
Plastic, Reconstructive and Burns Unit Service, Vall d’Hebron 
University Hospital, 08035 Barcelona, Spain

Author contributions: Palao R, Aguilera-Sáez J and Serracanta 
J designed and performed research; Palao R, Aguilera-Sáez J, 
Serracanta J, Collado JM, Dos Santos BP and Barret JP analysed 
de data; Palao R, Aguilera-Sáez J and Dos Santos BP wrote the 
paper.

Institutional review board statement: This study was reviewed 
and approved by the Ethics Committee of the Vall d’hebron 
University Hospital.

Informed consent statement: Patients were not required to 
give informed consent to the study because the analysis used 
anonymous clinical data that were obtained after each patient 
agreed to treatment by written consent.

Conflict-of-interest statement: The authors report no relevant 
conflicts of interest.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Ricardo Palao, MD, Staff Member, Plastic, 
Reconstructive and Burns Unit Service, Vall d’Hebron University 
Hospital, Passeig Vall d’Hebron 119-129, 08035 Barcelona, 
Spain. rpalao@vhebron.net
Telephone: +34-62-9330102

Received: August 23, 2016 
Peer-review started: August 24, 2016 
First decision: October 8, 2016
Revised: November 16, 2016 
Accepted: January 20, 2017
Article in press: January 21, 2017
Published online: May 2, 2017

Abstract
AIM
To evaluate the efficacy of Nexobrid® in the initial mana
gement of burns and lessons learned with the procedure.

METHODS
From January 27th 2015 until January 25th 2016, 25 
patients aged between 18-94 years old with deep partial 
and full thickness burns were treated with Nexobrid® 
covering 1%-30% of their total body surface area (TBSA). 
The debridement was applied in the first 96 h post-injury 
following the protocol suggested for Nexobrid®. In patients 
with burns of more than 15% TBSA a second application 
of Nexobrid® was performed. After the removal of the 
product - 4 h post application and after a 2 h period of wet 
dressing - we used several products to cover the wound 
like Suprathel®, Biobrane®, Mepitel® with wet dressing, 
silver sulphadiazine 1% cream, and in some cases even 
autografts. We treated patients with inhalation injury as 
well. All the procedures were done under deep sedation, 
regional blocks in extremities or general anaesthesia in the 
intensive care unit room or in the operating theatre.

RESULTS
After these first 25 cases, we have observed that patients 
with partial thickness burns treated with Nexobrid®, 
experienced great benefits in the reduction of the need for 
autografting compared with the standard of care. This is 
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because after selective enzymatic debriding of the burn scar 
we can distinguish different wound beds, which can coexist 
in the same patient, and we also managed to associate 
each one to its ability to epithelize. In major burns, besides 
the improvement in wound healing, we observed an 
important improvement in their general state. This may be 
because SIRS significantly improved through a bloodless 
debridement of necrotic tissue, decreasing the requirements 
of vasoactive drugs and fluid resuscitation. Circumferential 
burns also benefited from enzymatic debridement, ob
serving a decrease in the number of compartment syn
dromes and the need for escharotomies. At present, we 
have not observed a positive effect in the evolution and 
outcome of major burns with inhalation injury.

CONCLUSION
The introduction of Nexobrid® shows significant improve
ment in burn treatment. Cumulative experiences are 
necessary to adapt its application in all Burns Centres.

Key words: Burns; Eschar; Debridement; Enzymatic debride
ment; Wound bed; Nexobrid®; Epithelialization; Dermis 
preservation; Autograft

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Burns continue to be a common injury in western 
countries. It is difficult to assess the severity of burns, 
but knowing its mechanisms as well as its characteristics 
can be of help. An alternative to surgical debridement is 
the enzymatic or chemical debridement, although past 
reports that used it with patients show that its efficiency is 
limited. Nexobrid® is a new enzymatic debridement agent. 
We show our learning curve with it. 

Palao R, Aguilera-Sáez J, Serracanta J, Collado JM, Dos Santos 
BP, Barret JP. Use of a selective enzymatic debridement agent 
(Nexobrid®) for wound management: Learning curve. World J 
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wjgnet.com/2218-6190/full/v6/i2/32.htm  DOI: http://dx.doi.
org/10.5314/wjd.v6.i2.32

INTRODUCTION 
When a thermic, electric or chemical aggression acts in 
the skin for the necessary time and with enough intensity, 
then a local injury known as burn occurs. Nowadays, burns 
continue to be a common injury in western countries. 
Many of these burns will need urgent medical attention, 
hospital admission, and even surgery[1]. It is difficult to 
assess the severity of burns, but knowing its mechanisms 
as well as its characteristics can be of help. Nonetheless, 
the majority of burns present with different degrees 
in all it’s extension through the skin. Consequently, it 
can be extremely complicated to differentiate between 
a superficial partial thickness burn and a deep partial 
thickness one[2,3]. The diagnosis of burn depth is really 

important in order to plan the treatment. While the 
epidermal and superficial partial thickness burns will heal 
spontaneously, the deep partial thickness as well as the 
full thickness burns will need surgery[4]. For the latter, the 
tangential debridement followed by the coverage with 
skin autograft within the first five days after suffering 
the injury, is considered to be the current standard of 
care[5-7]. An alternative to such surgical debridement is 
the enzymatic or chemical debridement, although past 
reports that used it with patients show that its efficiency 
is limited, it is a slow process and increases the infection 
risk due to maceration of necrotic tissue[8]. Since 2004 
many articles have been published on the use, efficiency 
and security that NexoBrid® (enzymatic debridement) 
provides. NexoBrid® consists of a mixture of proteolytic 
enzymes enriched in bromelain, which is extracted from 
the stem of the pineapple plant[9-13]. The purpose of this 
manuscript is to share the experience acquired during the 
learning process with this enzymatic debridement used 
in the Burns Unit of Vall d’Hebron University Hospital at 
Barcelona. 

MATERIALS AND METHODS
The Burns Unit of Vall d’Hebron University Hospital at 
Barcelona is the top reference center for Catalonia, Bale
aric Islands (Spain) and Andorra. Every year we receive 
approximately between 400 and 500 burns related entries. 
We also receive, but to a lesser extent, other entries due 
to exfoliative skin illnesses. 

We considered initial entries of the learning curve the 
first 25 cases, which received the enzymatic debridement 
treatment. These were done between January of 2015 
and January of 2016. We worked with the enzymatic 
debridement in the circumstances where there was at least 
an intermediate partial thickness burn with an extension 
not above 15%, according to the product indication, unless 
we organized the therapy in two separated days if the 
patient achieved a total enzymatic debridement of 30% 
of its total body surface area. Based on our experience 
we now have our own recommendations regarding its 
indications based on our learning and when not to use it. 
As it is a painful process pain management is indicated. 
We do this particularly at the extremities in which we can 
perform locoregional nerve block, or we can also do it 
either in the extremities or trunk if the patient has been 
intubated with sedoanalgesia for whatever reason. 

The technique is always performed in a sterile en
vironment, either the theater or the same room for 
major burns, removing devitalized tissue. Then, we will 
proceed to mix both components of the product, creating 
the Nexobrid® gel. After that, we will delimit the area to 
treat with a trail of Vaseline in order to avoid spillage of 
the product out of the treatment area. Once we have 
done this, we will proceed to use the cream - creating a 
uniform fine layer of 1.5-3 mm thick - over the area of 
the body that we want to debride. Afterwards, we will 
cover the extremity with a transparent plastic wrap so that 
the lotion will not move during the 4 h that the product 
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needs in order to work. Always remember that we must 
try to maintain a uniform layer of gel when we cover the 
extremity with the plastic wrap. After the 4 h we remove 
the product as well as the plastic wrap, and the rest of 
necrotic tissue, vaseline, exudate and bleeding. We do this 
with an intense brushing or scratching with the scraper. 
Then, we apply a wet dressing with normal saline solution 
0.9% that we will leave until the next day. Once we 
remove the wet dressing we must apply a new one that 
varies according to the appearance of the treated wound 
bed. In the Discussion we elaborate on what we use in 
each step.

RESULTS 
Between January 2015 and January 2016 we treated 
25 patients (Table 1), 19 of them were men, 6 women. 
Their mean age was 52.6 years old (ranging from 19 to 
94 years old). The etiology of their burns was flame in 11 
cases, deflagration in 5 cases, scald in 5 cases, electrical 
flash in 1 case, chemical burn in another one, abrasion in 
1 case, and finally one case of contact burn. The mean 
burned body surface area was 14.4% (ranging from 1% 

to 65% TBSA).
In all cases patients received enzymatic debridement 

treatment in their extremities, and 3 cases also required 
enzymatic debridement treatment of their anterior trunk. 
As mentioned previously, this was done within 4 d of 
injury. It is important to highlight that in most cases the 
treatment was successful (it didn’t go well in 5 cases). 
The reason was 4 of the cases had received local silver 
sulphadiazine 1% cream during more than 24 h before 
being treated with the enzymatic debridement. This 
caused the consolidation of the characteristic pseudo-
eschar that this cream forms. This explains why it was 
unsuccessful. In the fifth case, we believe that the 
treatment didn’t work due to the use of an insufficient 
amount of the product. 

Pre-Nexobrid® treatment, local dressing employed was 
silver sulphadiazine 1% cream in 9 cases. As mentioned, 
in 4 of those this was used for more than 24 h which lead 
to incomplete eschar debridement. In the rest of patients 
the enzymatic debridement was performed within the 
first 24 h (in 3 of them), or wound dressing was replaced 
with wet dressing also within the first 24 h (2 patients). 
In 15 cases a wet dressing of normal saline solution and 
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Table 1  Patients treated with Nexobrid® (January 2015-January 2016)

Patient Age Sex Etiology Extension
(%) 

Depth Time to 
escarectomy (d)

Treated area Pre
debridement 

dressing 

Post
debridement 

dressing 

Surgery Time to 
complete 

healing (d)

1 24 W Scald 2 DPT 4 Foot SSD Mepitel one Yes 35
2 31 M Flame 20 SPT and DPT 1 Hands and 

lower limbs
SSD Mepitel one No 21

3 33 M Flame 60 DPT and FT 0 Trunk and 
upper limbs 

and foot

SSD Mepitel one Yes 15

4 46 M Chemical 6 DPT and FT 4 Trunk SSD Biobrane Yes 19
5 90 M Flame 4 DPT and FT 2 Forearm and 

foot
SSD Suprathel Yes 33

6 58 M Flame 53 DPT and FT 0 Hands and 
lower limbs

SSD Biobrane Yes Exitus

7 18 W Scald 2 SPT and DPT 1 Lower limbs WD Suprathel Yes 30
8 64 M Scald 10 MPT 3 Lower limbs SSD Suprathel No 14
9 58 M Contact 1 SPT and DPT 3 Foot WD Suprathel Yes 20
10 44 M Deflagration 15 SPT and DPT 1 Upper limbs WD Suprathel No 27
11 69 M Deflagration 8 SPT and DPT 4 Upper limbs WD Suprathel No 21
12 51 M Scald 2 SPT and DPT 2 Upper limbs Nitrofurazone Biobrane Yes 51
13 21 M Flame 10 SPT and DPT 1 Upper limbs WD Aquacel Ag No 16
14 56 M Flash 5 MPT and DPT 4 Hands WD Suprathel No 19
15 40 M Deflagration 6 SPT and DPT 2 Upper limbs WD SSD No 22
16 94 W Flame 10 DPT and FT 4 Trunk and 

upper limbs
WD SSD Yes 21

17 81 M Flame 2 SPT and FT 2 Lower limb WD WD Yes 31
19 72 W Deflagration 14 MPT 1 Lower limbs WD Suprathel Yes 27
20 38 M Deflagration 7 DPT 1 Hands WD Biobrane Yes 38
21 63 M Flame 65 MPT and FT 0 Lower limbs SSD change to 

WD before 24 
h

Mepitel and 
Nitrofurazone

Yes 23

22 46 W Scald 4 MPT 2 Lower limb WD Suprathel No 37
23 62 M Flame 18 SPT and DPT 1 Upper and 

lower limbs
WD Aquacel Ag Yes 36

24 56 M Flame 28 SPT and DPT 2 Lower limbs WD SSD Yes EXITUS
25 38 W Abrasion 1 DPT 2 Hand WD Aquacel Ag No 17

SPT: Superficial partial thickness; MPT: Mid partial thickness; DPT: Deep partial thickness; SSD: Silver sulfadiazine; WD: Wet dressing; W: Women; M: Man.

Palao R et al . Use of a SEDA for WM: Learning curve



chlorhexidine was used. In one case, initial dressing was 
silicone sheets and nitrofurazone cream. The mean burned 
area treated with enzymatic debridement was 6.5% 
(ranging from 1% to 30%).

We essayed with a wide range of possibilities regarding 
local dressings once we have already performed the 
enzymatic debridement, and also after placing wet 
dressing: Suprathel® (9 cases), Biobrane® (4 cases), silver 
sulphadiazine (3 cases), Aquacel Ag® (3 cases), Mepitel 
one® (3 cases), Mepitel® and nitrofuazone cream (1 case), 
wet dressing (1 case). 

Fifteen patients underwent surgery to cover the 
debrided areas with skin grafts. The other 10 patients 
showed spontaneous epithelialization. Those patients 
who needed surgery (apart from the 4 patients that died) 
healed within an average of 30.45 d, whereas those who 
didn’t need surgery within 22.30 d. 

Each patient has been followed-up until today, so they 
are still receiving the same post-burn care than the patients 
that have been treated with the standard treatment 
(tangential debridement plus skin graft coverage). The 
post-burn care means: Use of silicone patches, pressure 
therapy, massages, hydration, rehabilitation, and so on. 
As mentioned, 4 patients died, 3 of them because of a bad 
systemic evolution that caused a multiple organ failure, 
while the other death was due to a respiratory insufficiency 
in the context of smoke inhalation that caused burn in the 
air way. 

DISCUSSION 
When a new technique is first introduced we always need 
a period of time in order to learn its different new aspects. 
Once we verified the debriding capacity of the product, 
and with the knowledge of the publications on it, then we 
had some doubts about which where the most suitable 
circumstances in which we should use the product, how to 
assess the wound bed after the procedure or which local 
dressings to apply on it, that’s what we want to discuss 
here from our experience.

Where to use Nexobrid®

In our opinion, this product should be used to treat 
circumferential burns that can lead to a compartment 
syndrome; intermediate and deep partial thickness burns 
as well as burns where there are different degrees, full 
thickness burns. We consider that children, elderly people 
and major burns victims, could specially benefit from this 
procedure for their specific circumstances. Now we will 
proceed to elaborate on the benefits of using the product 
in each of the circumstances mentioned above.

Compartment syndrome: When there is a suspicion 
that the patient is suffering a compartment syndrome 
in any of the extremities it is, in our opinion, one of the 
clearest cases in which we should use the product. It 
has been proved that the first 30 min after employing 
the product the compartment pressure descends below 

30 mmHg. This descent will stand even after removing 
the product[10]. Eliminating the secondary rigid eschar 
from the circumferential burn will allow the expansion 
of the muscles, which consequently will eliminate the 
possibility of suffering compartment syndrome[12]. None 
of the 25 patients that we debrided with such technique 
required surgical escharotomy. It is true that the surgical 
escharotomy effects are immediate in relation to the 
compartment pressure fall, however we also need to 
highlight that an expert surgeon as well as basic surgical 
staff are needed. Sometimes the expert surgeon can’t 
treat victims fast enough, which subsequently will cause 
the victims to suffer irreversible pain. Furthermore, surgical 
escharotomy is not exempted from possible complications 
such as haemorrhages, loss of fluids, subcutaneous tissue 
infection, and so on[10].

Partial and full thickness burns: NexoBrid® can help 
us diagnose intermediate partial thickness burns. These 
burns are the ones that due to their appearance are 
difficult to classify upon initial presentation. This also 
occurs with superficial partial thickness burns and the 
deep partial thickness ones. The clinical assessment 
performed by an expert surgeon on the depth of a burn 
is only accurate in two-thirds of the examined cases[14]. 
There are some equipment that help us to differentiate 
burn depth, such as Laser Doppler Imaging, which allows 
to clearly differentiate depth, because it informs about 
the status of the dermic vascularization with an positive 
predictive value around 90%[14,15]. However, NexoBrid® 
has a considerable advantage against this equipment, as 
it shows the wound bed itself thus facilitating diagnosis, 
at the same time we are doing the escharectomy. An
other advantage of the product is that it reduces the 
time elapsed between the burn injury and complete burn 
eschar removal[13]. Later we will talk about how to assess 
the wound bed after enzymatic debridement. Nowadays 
there are no publications that exactly delineate the in
terpretation of the wound bed in intermediate partial 
thickness burns. 

Children and elderly people: In children and elderly 
people we tend to be more conservative in the surgical 
aspects as they are more delicate patients than others. 
Both types of patients have less epithelial reserve, 
while only elderly people have commonly associated 
comorbidities[16,17]. We believe that Nexobrid® is an ideal 
medical tool. First of all, it allows us to predict if the 
burn will need to be treated in a conservative manner 
or a surgical debridement is necessary, and it also let 
us know how to handle such burn (conservative or 
surgical treatment). What is more, the extension of the 
area treated will be smaller in comparison to standard 
therapy[12,13]. If we limit the surgical areas, we will 
consequently limit the extension of the donor site, where 
we obtain the skin graft that will cover the debrided part 
of the body[13]. Moreover, if we manage to avoid surgical 
debridement bleeding will also be avoided[13]. However, 
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we must say that no child has participated in this 
research in our Unit. 

Major burn victims: In relation to major burn patients, 
we think that an early enzymatic debridement can 
contribute many benefits to them. Firstly, we consider that 
by reducing the time until the complete escharotomy, we 
are also reducing the amount of time in which the body 
is producing cytokines and inflammatory mediators as a 
systemic response to the burn[18,19]. So, we believe that the 
syndrome caused by the systemic inflammatory response 
will be minor. Additionally, early removal of the necrotic 
tissue can lead to a reduced incidence of sepsis. There are 
no publications that support our arguments, but still we 
consider that it is a reasonable argument that needs to 
be studied in the future. Finally, it is also important to say 
that as these patients tend to show poor overall state, we 
believe that by limiting surgical aggression from tangential 
debridement this will be beneficial to them. 

When not use Nexobrid®

On the other hand, we will not follow this principle in 
superficial partial thickness burns, as it doesn’t result 
in any benefit. We also will not use it in electric burns 
because they have a complex injury mechanism and 
employing it would be useless. It also won’t be used in 
small burns where the cost outweights the benefits. We 
will not employ it in burns that had been treated during 
more than 24 h with silver sulphadizine cream or dressings 
with silver as the pseudo-eschar formed over the burn 
limits the debriding action of the product, as is shown in 
Figure 1. We can support this information with the other 
experiences present in the bibliography[9]. However, if the 
silver sulphadiazine has been working less than 24 h, then 
we will proceed to remove the pseudo-eschar through an 
intense scratching (with a surgical brush or scraper), and 
after that we will use Nexobrid®.

After 24 h the pseudo-eschar cannot be completely 
removed. This is the reason why we apply a wet dressing 
with normal saline 0.9% to the patients that we initially 
believe can benefit from enzymatic debridement 

(Nexobrid®), while we wait. 

Wound bed diagnosis
As previously stated, we believe Nexobrid® is a great tool 
for proper diagnosis of burn depth. Actually, the selective 
debridement allows us to perform a precise diagnosis of 
the total depth of the burn, through a direct view of the 
skin structure and vascular patterns[12]. 

The current publications recommend grafting as soon 
as possible those wound beds that do not present valid 
dermic remainders; while those valid dermic remainders 
will be protected with an allograft or with a dressing that 
will consequently allow the epithelisation during 3 wk, the 
time in which the areas that remain denuded will be then 
grafted[12]. This has been one of the most difficult aspects 
to understand, as until now we associated a white wound 
bed without much bleeding to a deep dermic burn. But 
there is nothing in relation to the pre-debridement 
inspection with the post Nexobrid® debridement one. 
However, when we were reviewing our clinical cases we 
managed to distinguish different dermic wound beds 
after performing enzymatic debridement with Nexobrid®, 
and we also managed to associate each one to its ability 
to epithelize. So, after using Nexobrid® we can face four 
different wound beds, which obviously can coexist in the 
same patient, because a burn can have different depths. 
Now we are going to analyse the different wound beds 
(Table 2).

Type Ⅰ: Dermic wound bed with abundance of small 
diameter pin-point bleeders (uniform shades of red to 
pink). This bed corresponds to a superficial dermic burn 
(Figure 2).

Type Ⅱa: Dermic wound bed with a sparse pattern 
of larger diameter bleeders (irregular shades of pink 
to white) that it is not depressed in relation to the sur
rounding healthy skin, or the own bed surface skin burn. 
It corresponds to an intermediate/deep dermal burn, but 
the loss of tissue thickness cannot be macroscopically 
observed (Figures 2 and 3).

Type Ⅱb: Dermic wound bed with a sparse pattern of 
larger diameter bleeders (no shades, white colour) that it 
is depressed in relation to the surrounding healthy skin, 
or the own bed surface skin burn. It corresponds to a 
deep dermal burn where the loss of its tissue thickness 
can be macroscopically observed (Figures 3 and 4).

Type Ⅲ: Fatty wound bed. It corresponds to a full thick
ness burn (Figure 4).

The importance of all this, in our experience, is that 
the typesⅠ and Ⅱa will heal spontaneously within a 
maximum period of 30 d; whereas the types Ⅱb and 
Ⅲ won’t heal spontaneously over a period of 30 d, so 
we will consider covering the burns with skin autografts. 
Despite 30 d for burns, at risk of hypertrophic scarring, is 
more time than the classically accepted for a spontaneous 
epithelialization (3 wk), it has been seen that in a long-
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Figure 1  Patient treated with silver sulphadiazine cream for more than 24 
h in the pre-Nexobrid® treatment. A: Patient where silver sulphadiazine cream 
was applied in the pre-Nexobrid® treatment for more than 24 h; B: After 4 h of 
exposure to Nexobrid®, the incomplete removal of eschar is shown.
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term outcome the burn scars treated with Nexobrid® 
are not inferior than the ones who are subjected to the 
standard treatment[13]. We think that two factors can have 
an influence on this. On the one hand, the spontaneous 
epithelialization in a inflammatory bed is different from the 
one produced in a clean dermal base, and secondly, the 
effectiveness of the postoperative care of these scars.

We believe that the difference between types Ⅱa 
and Ⅱb is the amount of epithelial reserve available 
for wound healing by reepithelialisation. When we talk 
about epithelial reserve, we are referring to the presence 
of cells capable of generating a new healthy epithelial 
tissue. In this case it would be the basal cells of the 
epidermis, which are damaged in both types (Ⅱa as well 
as Ⅱb). However, these basal cells of the epidermis are 
in continuity with the basal sebaceous gland cells and the 
cells of the outer hair shaft, as both share embryologic 
development. These cells have the ability to form new 

keratinocytes that migrate into the wound[9]. In addition, 
the cells of the protuberance, structure located in the hair 
follicle below the sebaceous glands, are pluripotential 
cells that can reconstitute all the epithelial lineages after 
suffering an insult, including the interfolicular epidermis, 
albeit they are not involved in the normal process of 
epidermal renewal. Furthermore, it has been proved that 
no less than 25% of the new cells that have repopulated 
a wound derive from this structure[20]. 

It’s obvious to think that in deep dermal burns healing 
by regeneration of a healthy epithelium will depend on 
the number of these structures that have survived the 
injury. According to our observations the beds type Ⅱa 
maintain a sufficient epithelial reserve for healing, while 
the beds type Ⅱb don’t (if we are macroscopically able to 
see a depression it is logical to think that the remaining 
dermis corresponds to deeper layers, and therefore is 
poorer in these areas). 
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Table 2  Wound bed classification after debridement with Nexobrid®

Wound bed Appearance Depression Type of burn

Type Ⅰ Abundance of small diameter pin-point bleeders (uniform shades of red to pink) No Superficial PT
Type Ⅱa Sparse pattern of larger diameter bleeders (irregular shades of pink to white) No Mid/deep PT
Type Ⅱb Sparse pattern of larger diameter bleeders (no shades, white colour) Yes Deep PT
Type Ⅲ Fatty Yes PT

PT: Partial thickness.

Figure 2  Wound bed Type Ⅰ and Ⅱa. A: Burn before Nexobrid® treatment; B: Burn after Nexobrid® treatment with two different wound bed. Type Ⅰ, with abundance 
of small diameter pin-point bleeders (uniform shades of red to pink, superficial partial thickness burn). Type Ⅱa, with a sparse pattern of larger diameter bleeders 
(irregular shades of pink to white colour), not depressed either in relation to the surrounding healthy skin or the own bed surface skin bed (mid/deep partial thickness 
burn); C: Outcome 38 d post-burn.
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This explanation should be taken carefully in areas 
of thin skin, as well as in children and elderly people who 
already have a thin skin. In a minor skin thickness it 
can be assumed that an injury that doesn’t produce this 
macroscopic dermal depression, if it is able to destroy 

the epithelial reserve so that the injury cannot heal by 
regeneration. Therefore, we should also be cautious in 
areas without hair or with patients that have suffered a hair 
removal treatment that removes the hair follicle. These 
areas will have less epithelial reserve. 
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Figure 3  Wound bed Ⅱa and Ⅱb. A and B: Burn before Nexobrid® treatment; C and D: After Nexobrid® treatment with two different wound bed. Type Ⅱa and Type 
Ⅱb, sparse pattern of larger diameter bleeders (no shades, white colour) that it is depressed in relation to the surrounding healthy skin, or the own bed surface skin 
burn (Deep partial thickness burn); E and F: Autografting after two weeks; G and H: Final outcome after 6 mo.
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Factors that can influence wound healing
Once we have done the initial assessment of the wound 
bed after practicing the enzymatic debridement, we 
must be aware that there are some factors that can have 
an influence in relation to the evolution of the wound 
healing. Factors that may lead to the stasis zone or even 
cause irreversible damage. These factors are infection, 
edema or prolonged hypotension[21]. The latter can occur 
to major burns patients for reasons such as distributive 
shock and the use of vasoactive drugs which may difficult 
the healing due to bad peripheral perfusion. 

To sum up, once we have already performed the 
enzymatic debridement treatment and while we are 
waiting for the spontaneous healing or for the coverage 
with skin autografts, it is very important to remember 
that we must keep the wound bed wet in order to prevent 
it from drying out and therefore deepening, even more 
important than with a regular wound. As we previously 
stated, we will use different creams and dressings that 
we can easily find in our Unit: If we believe the wound 
bed to be type Ⅱb or Ⅲ, then we will have to do surgery, 

but first it is really important to previously apply to the 
patient some dressings to keep the wound bed hydrated. 
For example, dressings such as an hydrocolloid type that 
must be changed every 48 h until the moment that the 
general conditions of the patients and the availability of 
the operating rooms allow us to perform the surgery. 
If on the other hand we consider the wound bed is 
type Ⅰ or Ⅱa, then the injury will heal spontaneously, 
so that we will only have to apply a dressing that does 
not interfere and promotes spontaneous epithelization. 
At this moment, our first choice to cover the wound bed 
is Suprathel® and nitrofurazone cream with Mepitel®. On 
Suprathel® we place a non-adherent meshed dressing 
and finally, dry gauzes to finish the dressing. We keep 
this for 10 d (despite the fact that at the fifth day we 
should have a look and check that there haven’t been 
setbacks. Depending on the state of the affected area, 
after the 10th day we continue using the same treatment 
or change it. With nitrofurazone cream with Mepitel® we 
change the dressing every 48-72 h.

When we introduced the enzymatic debridement with 
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Figure 4  Different wound beds in the same burn. A: Burn before 
Nexobrid® treatment; B: After Nexobrid® treatment with three different 
wound bed. Type Ⅱa, Type Ⅱb and Type Ⅲ, with a fatty wound bed (full 
thickness burn)
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Nexobrid® in our armamentarium we could only use the 
nitrofurazone cream in one case, because the Producer 
stopped the production for some months. However, now 
it is available again, so we have introduced its use after 
Nexobrid® treatment of new patients (25 patients more 
since January 2016, 50 patients totally), combined with a 
silicone meshed non-adherent dressing (Mepitel®). 

Our choice, to use one or the other, depends on 
either if the patient is going to be treated as in-patient 
or as out patient. In in-patients, we prefer to apply the 
nitrofurazone cream combined with Mepitel®, because 
it favours their comfort. We change the dressings every 
2-3 d, which consequently allow their cleaning. On the 
other hand, in out patients we prefer to apply Suprathel® 
because it reduces the amount of dressing changes and 
controls.

It is important to highlight that we have used silver 
sulphadiazine 1% cream, but the pseudoeschar formation 
promotes delayed healing and the appearance of 
hypertrophic tissue granulation. 

When we decide that autografting is necessary in 
type ⅡB and Ⅲ wound bed, we usually wait at least 3-4 
d before doing it, because in our first patients some skin 
grafts failed when the surgery was performed in the first 
two days after the debridement. Our opinion is that some 
of the eschar and product still remain on the wound bed 
for several days after debridement. If we wait these days 
before surgery, we have removed them and then, the 
skin grafts intake is much better.

The introduction of the new enzymatic debridement 
agent Nexobrid® in our Burn Centre has shown significant 
improvement in wound healing in general and in the 
overall state of major burn patients. Cumulative expe
riences are necessary to adapt its utilisation to other Burn 
Centres.

COMMENTS
Background
When a thermic, electric or chemical aggression acts in the skin for the 
necessary time and with enough intensity, then a local injury known as burn 
occurs. Nowadays, burns continue to be a common injury in Western countries. 
Many of these burns will need urgent medical attention, hospital admission, 
and even surgery. The majority of burns present with different degrees in all 
its extension through the skin. Consequently, it can be extremely complicated 
to differentiate between a superficial partial thickness burn and a deep partial 
thickness one. The diagnosis of burn depth is really important in order to plan 
the treatment. While the epidermal and superficial partial thickness burns will 
heal spontaneously, the deep partial thickness as well as the full thickness 
burns will need surgery. For the latter, the tangential debridement followed by 
coverage with skin autograft is considered to be the current standard of care. 
An alternative to surgical debridement is enzymatic or chemical debridement, 
although past reports that used it on patients show that its efficiency is limited, it 
is a slow process and increases the infection risk due to maceration of necrotic 
tissue. The introduction of a new selective enzymatic debridement agent 
(Nexobrid®) in armamentarium for burn wound management has provided us 
some new concepts in the initial management and wound healing as well. In 
this study, the authors show learning curve of the procedure, lessons learned, 
advantages and disadvantages compared to the standard of care.

Research frontiers
Nexobrid® is a selective enzymatic debridement agent for burn wound 

management. The results of this study contribute to a better understanding the 
procedure and to avoid mistakes in its use.

Innovations and breakthroughs
The efficacy of Nexobrid® for burn wound management has been previously 
well established. In this study, the authors show learning curve of the procedure 
and give some advises for a better understanding of the remaining wound bed 
after debridement, which can help in the diagnosis of burn depth and the plan 
of treatment.

Applications
This study suggests that Nexobrid® is useful for burn wound management, 
specially the mid-partial, deep-partial and full thickness burns which can benefit 
in the reduction of the need for autografting compared with the standard of 
care. In major burns, besides the improvement in wound healing, the authors 
observed an important improvement in their general state.

Peer-review
The manuscript is an interesting and well written study.
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