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Background: The supplementary treatment of burns with enzymatic debridement with Nexobrid® was approved in Europe
in 2013. The 2017 European consensus guidelines on the removal of eschar in burns by bromelain-based en-
zymatic debridement were updated in 2020. This questionnaire-based study aimed to obtain a consensus from
5 Polish burns centers on eschar removal by Nexobrid® in burns following the 2020 updated European consen-
sus guidelines.

Material/Methods: A panel of 5 experts representing the leading burn treatment centers in Poland (Cracow, Gryfice, Siemanowice
Slgskie, Poznan, and teczna) was convened. A modified Delphi process was implemented with panel member
selection, literature review, 2 rounds of voting in which panelists were asked to evaluate the European con-
sensus and Polish consensus building by data analysis, statements preparation, final voting, and manuscript
drafting.

Results: The knowledge and experience of experts from Poland’s leading burn centers resulted in the development of
guidelines, formulated as 24 statements representing the following areas: indications and usage, pain manage-
ment, application principles, post-enzymatic debridement wound dressing, and early and long-term outcomes.
An analysis of the 7-point Likert scale polls revealed that 23 of the 24 statements achieved 100% consensus.

Conclusions: The findings from this survey from 5 major centers in Poland supported the main recommendations from the
2020 updated European consensus guidelines on the removal of eschar in burns by Nexobrid® and may serve
as a practical guide for surgeons who care for patients with burns in this country.
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Background

The standard operating procedure in the treatment of deep
burns involves early removal of necrotic tissue and applica-
tion of skin grafts [1,2]. Even though surgical excision of ne-
crotic tissue is regarded as the method of choice, enzymatic
debridement of burn wounds with the use of Nexobrid® is be-
coming an increasingly popular approach [3]. Nexobrid® is a
concentrate of proteolytic enzymes enriched in bromelain de-
rived from stems of pineapple plants and indicated for the re-
moval of dead tissue in thermal burns [4]. Bromelain-based en-
zymatic debridement was approved in Europe in 2013 [5]. The
growing number of articles in the literature, as well as proof
confirming the efficacy of this method and the advantages of
selective removal of necrotic tissue in burns of varying thick-
ness, result in the enzymatic approach becoming one of the
fundamental tools that surgeons have at their disposal [6,7].

In 2017, based on data from more than 500 cases, an initial set
of European guidelines were published [8]. In 2020, based on
the experience of 1232 treated patients, an updated European
consensus document was published, containing 43 statements
to address the following topics: indications; pain management
and anesthesia; large surface indication; timing of application
for various indications; preparation and application; post-inter-
ventional wound management; skin grafting outcomes; scar
and revision management; cost-effectiveness; patient perspec-
tives; logistic aspects; and training strategies [9].

A panel of experts representing the leading burn treatment centers
in Poland has been established to determine the clinical purpose
of enzymatic debridement, as well as to structure the current state
of knowledge and experience with the use of the Nexobrid® prod-
uct, thus creating a consensus that is going to consist of guide-
lines for enzymatic debridement of burn wounds. The European
recommendations were the basis for the development of Polish
consensus. We decided to create guidelines to better capture
trends and variations that are often country and region specific.

Therefore, this questionnaire-based study aimed to obtain a
consensus from 5 Polish burns centers on eschar removal by
Nexobrid® in burns following the 2020 updated European con-
sensus guidelines.

Material and Methods

The consensus has been drawn up with the use of the Delphi
method, which relies on the knowledge and experience of ex-
perts from the field. This approach includes a sequence of vot-
ing and discussion rounds to obtain the opinion of experienced
burn surgeons on the topic, on the basis of the up-to-date lit-
erature, to achieve a final shared consensus.
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The consensus was led by 2 chairpersons (TK and JS) who
conceived of the project and established the aims, deliver-
ables, and timeline.

A modified Delphi process was implemented with panel mem-
ber selection, literature review, 2 rounds of voting in which
panelists were asked to evaluate the European consensus and
Polish consensus process with data analysis, statements prep-
aration, final voting, and manuscript drafting [10].

Expert Selection

The first stage involved appointing a body of experts by means
of selecting Poland’s most experienced burn surgeons from
Cracow, Gryfice, Siemianowice Slqskie, Poznan, and teczna
who had been using the enzymatic debridement method for
many years. The total number of burn patients in whom the
enzymatic debridement method was applied at the above-ref-
erenced centers exceeds 500. A national consensus panel was
assembled with 5 burn surgeons (1 of each center) who were
selected for their established clinical and scientific expertise
in enzymatic treatment.

Literature Review

After reviewing the core bibliography, panel members were
asked to list studies that they believed, on the basis of their
knowledge and clinical experience, were useful in creating en-
zymatic debridement guidelines.

European Consensus Evaluation

The subsequent step in building the Polish consensus in-
volved evaluation of the European guidelines. These guide-
lines were prepared by expert panels with representatives of
Europe’s leading burn centers (in 2017 and 2019), which re-
sulted in 2 publications consisting of 108 statements: 65 from
the first European consensus and 43 from the second one [8,9].
Statement-evaluation questionnaires were distributed among
all members of the Polish expert panel, who evaluated the
statements on a Likert-type scale and provided commentary.
In these survey rounds, panel members also prioritized state-
ments for use in the Polish consensus, and statements that
failed to receive a priority were eliminated.

Polish Consensus Process

Based on a qualitative elaboration of the information obtained,
the 2 principal investigators drew up a list of Polish consen-
sus statements. An in-depth analysis of the resulting data al-
lowed preparation of Polish guidelines that were subjected
to further modification during the general meeting of the ex-
pert panel. In this round, definitions were refined according to
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voting and comments. After the in-person meeting, the doc-
ument with conclusions reached by the experts underwent a
final review and approval through a last round of the Delphi
process. In particular, experts were asked to express their de-
gree of agreement using a 7-point Likert scale. After comple-
tion of this round, the results were regarded as valid for pub-
lication as a consensus.

Results

The Polish guidelines were formulated as 24 statements repre-
senting the following areas: indications and usage, pain man-
agement, application principles, post-enzymatic debridement
wound care, and early and long-term outcome. Tables 1-5 pro-
vide the results, classified by main topics, followed by the dis-
tribution of the Likert scale responses to the statement and
the percentage of achieved agreement.

Indications and Usage

1. Enzymatic debridement is one of the early eschar remov-
al methods for treatment of burns.

Comment: Early removal of necrotic tissue can be achieved
in numerous ways: mechanically, chemically, or biologically.
Nexobrid®-based enzymatic debridement involves the use of
the active substance bromelain, which removes eschar enzy-
matically. This is another effective tool in the surgeon’s repos-
itory of early burn treatment methods [6].

2. Nexobrid®-based enzymatic debridement is a safe tool as

long as is it used by an experienced burn team.
Comment: Nexobrid® removes necrotic tissue without inter-
fering with healthy tissue. It is a safe method. However, giv-
en its specialized nature, it requires a considerable degree of
practical experience and know-how from the surgeon, espe-
cially in terms of determining eligibility, evaluation, and post-
debridement management [3].

3. Enzymatic debridement is not recommended for use in
treatment of chemical or electrical burns.

Comment: Enzymatic debridement removes necrotic tissue

subjected to thermal damage. There is an insufficient num-

ber of reports unequivocally indicating that this method is ful-

ly effective for treatment of chemical or electrical burns [11].

4. Enzymatic debridement is particularly beneficial in treat-
ing burns of the upper limbs, including the hands, as well
as the face and the groin.

Comment: Early debridement of the facial area, hands, or groin

is a controversial approach due to the specific anatomical con-

ditions and the functional aspect of these parts of the body.

Being a safe and selective method, enzymatic debridement is
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particularly useful in these areas [12-17]. Full conformity was
achieved for this statement. However, 2 out of 5 participat-
ing centers had not had any experience with using this meth-
od in the groin area.

5. Enzymatic debridement can be used in extensive burns but
needs to be restricted to 15% of the body surface area per
session.

Comment: The use of enzymatic debridement on extensive
surfaces is possible and has been described in the literature
as effective and safe [18]. However, the manufacturer recom-
mends using Nexobrid® on up to 15% of the body surface area
per session. For extensive burns, it is recommended to car-
ry out enzymatic debridement in several stages [19]. The ma-
jority of the centers participating in the consensus panel had
experiences with enzymatic debridement of extensive burns
covering >15% of the body surface area.

6. Given the selective nature of enzymatic debridement, it is
recommended for use particularly in treatment of mixed
deep dermal and full-thickness burns.

Comment: Burns are seldom homogenous in terms of depth.

A non-selective tangential excision removes both necrotic and

healthy tissue. An excision up to the fascia creates a lesion in

the treated site. In treatment of mixed deep dermal and full-
thickness burns, Nexobrid® allows selective removal of ne-

crotic tissue [20,21].

7. Using enzymatic debridement as a means of early remov-
al of eschar in circumferential burns allows avoidance of
surgical escharotomy.

Comment: By removal of eschar, early enzymatic debridement
prevents compartment syndrome, thus avoiding the need for
eschar incision [22-24]. Some of the experts mentioned the in-
effectiveness of Nexobrid® when used with dry eschar. If this
method fails to remove the necrotic tissue causing circumfer-
ential pressure, escharotomy needs to be performed.

8. Enzymatic debridement can be particularly useful when
there is limited access to hospital resources, such as dur-
ing mass disasters.

Comment: Human and technical resources are likely to be con-

siderably restricted during mass disasters. Surgical treatment

of numerous casualties at the same time is not feasible [25].

Enzymatic debridement can be performed in the procedure

room or at the patient’s bed, which makes this method a via-

ble option for effective treatment during crises. However, full
conformity has not been achieved for this statement. Some
of the experts believed fast and simultaneous debridement

of numerous wounds would address staff shortages only to a

certain extent. The implied shortage of specialist staff during

mass disasters was questioned as well, which also cast doubt
on the potential problems with burn patient management after
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Table 1. Consensus statements and agreement on indications and usage of enzymatic debridement.

No Statement Agreement Likert scale Consensus
1 Enzymatic debridement is one of the early eschar removal 100% 5/5 strongly agree Yes
methods for burns
2 Nexobrid®-based enzymatic debridement is a safe tool as long as 100% 4/5 strongly agree Yes
is it used by an experienced burn team 1/5 agree
3 Enzymatic debridement is not recommended for use in chemical 100% 3/5 strongly agree Yes
or electrical burns 1/5 agree
1/5 somewhat agree
4 Enzymatic debridement is particularly beneficial in treating burns 100% 4/5 strongly agree Yes
of the upper limbs, including the arms, as well as the face and 1/5 agree
the groin
5 Enzymatic debridement can be used in extensive burns but needs 100% 4/5 strongly agree Yes
to be restricted to 15% of the body surface area per session 1/5 agree
6 Given the selective nature of enzymatic debridement, it is 100% 5/5 strongly agree Yes
recommended for use particularly in treatment of mixed deep
dermal and full-thickness burns
7 Using enzymatic debridement as a means of early removal of 100% 4/5 strongly agree Yes
eschar in circumferential burns allows avoidance of surgical 1/5 agree
escharotomy
8 Enzymatic debridement can be particularly useful in cases of 80% 4/5 strongly agree No
limited access to hospital resources, such as in mass disasters 1/5 disagree
Table 2. Consensus statements and agreement on pain management for enzymatic debridement.
No Statement Agreement Likert scale Consensus
9 Adequate pain management is an inherent requirement of 100% 5/5 strongly agree Yes
enzymatic debridement-based treatment
Table 3. Consensus statements and agreement on application of enzymatic debridement.
No Statement Agreement Likert scale Consensus
10 Enzymatic debridement needs to be carried out early, preferably 100% 4/5 strongly agree Yes
within the first 72 h after the moment the burn occurred 1/5 agree
11 Late application of Nexobrid® (>72 h after the moment the burn 100% 5/5 strongly agree Yes
occurred) may still be effective and can be considered. However,
it calls for a sufficient extent of eligibility verification and wound
preparation
12 Careful removal or blisters and dead epidermis residue is a 100% 5/5 strongly agree Yes
prerequisite for enzymatic debridement
13 Enzymatic debridement does not work on dry wounds, which 100% 5/5 strongly agree Yes
is why a moist environment needs to be ensured before the
procedure is carried out
14 A moist environment can be achieved by means of soaking the 100% 5/5 strongly agree Yes
wound or applying special dressings (eg, hydrogel)
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Table 4. Consensus statements and agreement on post-enzymatic debridement wound care.

No Statement Agreement Likert scale Consensus

15 Local evaluation by an experienced member of the burn team is 100% 4/5 strongly agree Yes
crucial in terms of adopting the right approach to post-enzymatic 1/5 agree
debridement wound management

16 The color of the wound bed and post-enzymatic debridement 100% 5/5 strongly agree Yes
bleeding patterns play an important role in burn wound depth
diagnosis

17 The key aspect of post-enzymatic debridement wound 100% 5/5 strongly agree Yes
management involves preventing the wound from drying and
keeping the wound moist

18 Full-thickness wounds require early skin grafting 100% 4/5 strongly agree Yes

1/5 somewhat agree

19 Special dressings (eg, silicone, hydrocolloid, or membrane 100% 3/5 strongly agree Yes
dressings) or allografts are recommended for use if 1/5 agree
epithelialization is expected or as a means of preparing the 1/5 somewhat agree
wound for grafting

20 If pseudoeschar lasts >14 days, repeated wound debridement 100% 4/5 strongly agree Yes
needs to be considered 1/5 agree

21 If epithelialization fails to progress for 21 days in partial- 100% 5/5 strongly agree Yes
thickness wounds, autologous skin grafts need to be considered

Table 5. Consensus statements and agreement on early and long-term outcomes after enzymatic debridement.

No Statement Agreement Likert scale Consensus

22 Given its selective effect, enzymatic debridement allows 100% 4/5 strongly agree Yes
preservation of live dermis more effectively than standard 1/5 agree
procedures

23 Extended conservative treatment after enzymatic debridement 100% 4/5 strongly agree Yes
may impair the healing process and result in a poorer outcome 1/5 agree
(hypertrophied scars), which is why additional debridement
procedures and skin grafting need to be considered on a regular
basis

24 Scar treatment after enzymatic debridement needs to follow 100% 5/5 strongly agree Yes

standard burn care protocols

enzymatic debridement. Regardless, creating relevant enzy-
matic debridement-based treatment algorithms for mass di-
sasters would open extensive opportunities for rapidly assist-
ing numerous patients.

Pain Management

9. Adequate pain management is an inherent requirement
of enzymatic debridement-based treatment.

Comment: ED is a painful procedure that calls for appropriate

pain management. The right anesthetic approach needs to be

adopted depending on which area of the body is affected, as

well as on the thickness and surface area of the burns [26].
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Block anesthesia is recommended for upper- or lower-limb
burns. General anesthesia or analgosedation needs to be con-
sidered in the remaining cases [27]. Enzymatic debridement
can also be applied on small surfaces under local anesthesia.

Principles of Application

10. Enzymatic debridement needs to be carried out early, pref-
erably within the first 72 h after the moment the burn
occurred.

Comment: The efficacy of Nexobrid® depends on the state

of the wound. The product shows the highest efficacy short-

ly after trauma occurs, when there is still a sufficient level of
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moisture in the wound [5]. With the exception of enzymat-
ic escharotomy, enzymatic debridement does not need to be
performed immediately or within hours. Appropriate patient
preparation is recommended, whereas the procedure needs
to be conducted not later than on the third day after trauma.

11. Late application of Nexobrid® (>72 h from the moment the
burn occurred) may still be effective and can be consid-
ered. However, it calls for a sufficient extent of eligibility
verification and wound preparation.

Comment: In some cases, performing early enzymatic debride-

ment may not be feasible. This can be due to the general con-

dition of the patient, logistics, product availability, or person-
nel availability. Enzymatic debridement can be carried out late

(>3 days after trauma) if the wound meets the relevant con-

ditions. Nexobrid® is ineffective for dry eschar. In such cas-

es, auxiliary, longer soaking needs to be applied or specialist

dressings need to be used to achieve a moist wound and im-

prove wound status.

12. Careful removal or blisters and dead epidermis residue is
a prerequisite for enzymatic debridement.

Comment: Nexobrid® is a mixture of proteolytic enzymes that
has the appearance of a white gel in its ready-to-use state.
To work effectively, it needs to come into direct contact with
the base of the wound. Residual keratin (dead epidermis) pre-
vents the enzymatic reaction from occurring. It is imperative
to use great care in cleansing the wound before Nexobrid® is
used. A surgical brush can be an effective solution.

13. Enzymatic debridement does not work on dry wounds,
which is why a moist environment needs to be ensured
before the procedure is carried out.

Comment: The soaking stage is an important aspect of the

procedure and makes enzymatic debridement more effective.

14. A moist environment can be achieved by soaking the wound
or applying special dressings (eg, hydrogel).

Comment: Dressings that maintain moisture balance in the

wound (eg, hydrogel or hydrocolloid dressings) can be used at

several stages of the enzymatic debridement procedure. They

are useful in pre-soaking, as well as in maintaining wound

moisture after the procedure is completed [28].

Post-ED Wound Care

15. Local evaluation by an experienced member of the burn
team is crucial in terms of adopting the right approach to
post-enzymatic debridement wound management.

Comment: Post-enzymatic debridement wound evaluation is

a key aspect of Nexobrid®-based wound treatment. Whereas

the enzymatic debridement procedure itself is defined clear-

ly regarding wound preparation and application, optimal
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post-enzymatic debridement wound management requires
considerable surgeon experience. It affects the outcome of
subsequent treatment and reproducibility of results to a con-
siderable extent.

16. The color of the wound bed and post-enzymatic debride-
ment bleeding patterns play an important role in burn
wound depth diagnosis.

Comment: Enzymatic debridement is a tool that not only re-

moves necrotic tissue, but is also a diagnostic tool. Given its

selective effect, Nexobrid® allows precise determination of burn
depth. Depending on how many layers deep the debridement
penetrates, the bottom of the wound will have a particular ap-
pearance. Assessment of the color of the wound bed and the
bleeding patterns allows determining whether the wound has
the potential to spontaneously heal. Only a homogenous pink
surface or a white surface with a dense network of bleed sites
indicates high potential for epithelization. If the bleed sites are
bigger, round or elliptical, or distant from each other, a longer
healing time is to be expected, with skin grafts likely to be
necessary. Exposure of subcutaneous fat tissue or visible vas-
cularity indicate full-thickness deep burns [29].

17. The key aspect of post-enzymatic debridement wound
management involves preventing the wound from drying
and keeping the wound moist.

Comment: Regardless of post-enzymatic debridement wound

depth and whether the preferred course of action is to wait

for spontaneous epithelization or to prepare the wound for a

skin graft, an appropriate moisture balance needs to be main-

tained in the wound at all times. If the wound dries, second-
ary scabbing will occur, which may necessitate additional de-
bridement and longer treatment.

18. Full-thickness wounds require early skin grafting.
Comment: If post-enzymatic debridement wound bed assess-
ment does not show potential for epithelization, the wound
needs to be qualified for an early skin graft. Considering the
extent of exudate present following enzymatic debridement,
grafting should be planned 2-3 days after the procedure.

19. Special dressings (silicone, hydrocolloid, or membrane
dressings) or allografts are recommended for use if epithe-
lization is expected or as a means of preparing the wound
for grafting.

Comment: Special dressings can be considered as a means of

ensuring the optimal level of moisture in the wound follow-

ing enzymatic debridement. The materials used need to have
anti-adhesive properties. Allografts create the most advanta-
geous environment. However, given their limited availability,
other materials of different kinds can also be used, accord-
ing to the experience and capabilities of the burn unit [30].
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20. If pseudoeschar lasts >14 days, repeated wound debride-
ment needs to be considered.

Comment: In some cases, wounds develop pseudoeschar post-
enzymatic debridement. Routine removal of such eschars is
not recommended within the first 14 days. Epithelization is
still likely to occur despite the pseudoeschar, whereas remov-
al of the eschar may make the wound deeper. If the healing
process fails to progress and the pseudoeschar remains, it
needs to be removed surgically after 14 days and a skin graft
needs to be considered.

21. If epithelialization fails to progress for 21 days in par-
tial-thickness wounds, autologous skin grafts need to be
considered.

Comment: If post-enzymatic debridement wound bed evalu-
ation reveals potential for spontaneous healing but epithe-
lialization fails to progress for 21 days, covering the wound
with skin grafts may be necessary. In such cases, the proce-
dure must not be postponed, especially if granulation is ob-
served instead of healing [31]. Extended healing time can re-
sult in poorer scar quality and impairment of function at the
burn site. One of the experts suggested shortening this period
to 14 days if no signs of epithelialization are present.

Early and Long-Term Outcomes

22. Given its selective effect, enzymatic debridement allows
preservation of live dermis more effectively than standard
procedures.

Comment: Surgical methods are less selective in terms of eschar

removal and preserving healthy skin layers. This applies partic-

ularly to burns that are not homogenous in depth. Removing
necrotic tissue and keeping live tissues intact, Nexobrid® helps
limit the number of necessary surgical procedures and increas-

es the likelihood of spontaneous healing [5].

23. Extended conservative treatment after enzymatic debride-
ment can impair the healing process and result in a poor-
er outcome (hypertrophied scars), which is why addition-
al debridement procedures and skin grafting need to be
considered on a regular basis.

Comment: Despite the advantages of enzymatic debridement

and its effectiveness, surgical escharotomy needs to be consid-

ered at all times during wound evaluation following Nexobrid®-
based debridement. Furthermore, skin grafts need to be ap-
plied if the surgeon believes that this is required. The use of
enzymatic debridement does not invalidate the general prin-
ciples of burn wound management [32].

24. Scar treatment after enzymatic debridement needs to fol-
low standard burn care protocols.

Comment: After the enzymatic debridement treatment, the

patient needs to receive a standard set of recommended scar

CLINICAL RESEARCH

management treatments [33]. This may include physiothera-
py, silicone products, and compression garments. These rec-
ommendations are not affected by the burn wound debride-
ment method used.

Discussion

The Polish consensus has been formulated based on the cur-
rent available evidence in the literature, in the course of multi-
stage polls and a discussion concerning all aspects of enzymat-
ic burn wound debridement. The knowledge and experience
of experts from Poland’s 5 leading burn centers allowed us to
perform a comprehensive and in-depth evaluation of the us-
ability of this method, as well as to structure the knowledge
available so far.

An analysis of the 7-point Likert scale polls revealed that 23
of the 24 statements achieved 100% consensus. Within that
group, all of the experts “strongly agreed” with 11 statements.
One out of 5 experts answered “somewhat agree” in the case
of only 3 of the statements. A single statement failed to reach
complete conformity, as 4 out of 5 of the experts agreed, where-
as 1 answered “somewhat disagree”. This was the case with
the statement concerning the usability of enzymatic wound
debridement in mass disasters. The panel conducted an inten-
sive debate on the use of enzymatic debridement in a mass
casualty. The experts’ doubts pertained not to the Nexobrid®
application procedure itself, but to the likelihood of effective
wound management following enzymatic debridement in a sit-
uation where numerous casualties need to be quickly treated.
Post-debridement wound evaluation and planning the subse-
quent management strategy requires considerable experience,
which might be in short supply in resource-limited situations.
Addressing these contentious issues will require further re-
search as well as developing a relevant burn treatment algo-
rithm for use in mass disasters.

The popularity of the enzymatic debridement method is grow-
ing. Most burn centers in Poland have already introduced
Nexorbid® into daily practice and rely on this method as one
of several tools for burn eschar removal, or even as the first-
choice method in the case of mixed, deep dermal and full-
thickness burns.

Limitations

While the consensus presented in this paper is based on the ex-
tensive experience of experts, the recommendations may be in-
fluenced by the subjective opinions and composition of the group
that developed them. Not all statements presented in this study
could be supported by the available literature, which is due to
a lack of research on many aspects of enzymatic debridement.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€935632-7




CLINICAL RESEARCH

Conclusions

The findings from this survey from 5 major centers in Poland
supported the main recommendations from the 2020 updated
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