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Objectives: Excisional debridement followed by autografting is the standard of care (SOC) for

deep burns, but is associated with serious potential complications. Conservative, non-

surgical and current enzymatic debridement methods are inefficiently slow. We determined

whether a non-surgical option of rapid enzymatic debridement with the debriding enzyme

NexoBridTM (NXB) would reduce need for surgery while achieving similar esthetic and

functional outcomes as SOC.

Methods: We conducted a multi-center, open-label, randomized, controlled clinical trial

including patients aged 4-55 years with deep partial and full thickness burns covering 5-

30% of their total body surface area (TBSA). Patients were randomly assigned to burn

debridement with NXB (applied for 4 h) or SOC, which included surgical excisional or non-

surgical debridement.

Results: NXB significantly reduced the time from injury to complete débridement (2.2 vs. 8.7

days, P < 0.0001), need for surgery (24.5% vs. 70.0%, P < 0.0001), the area of burns excised (13.1%

vs. 56.7%, P < 0.0001) and the need for autografting (17.9% vs. 34.1%, P = 0.01). Scar quality and

quality of life scores were similar in both study groups as were the rates of adverse events.

Conclusions: Enzymatic débridement with NXB resulted in reduced need for and extent of

surgery compared with SOC while achieving comparable long-term results in patients with

deep burns.

Trial registration: : Clinical Trials.gov NCT00324311.
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1. Introduction

Burns are common injuries, associated with significant

morbidity and mortality often leading to disfigurement and
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dysfunction due to scarring. Deep partial thickness and full

thickness burns are characterized by the presence of necrotic

tissue (the eschar) that makes accurate diagnosis of burn

depth difficult and contributes to local and systemic compli-

cations [1–3].
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Early burn eschar removal (débridement) followed by

autografting is a cornerstone of modern burn therapy and

considered the standard of care (SOC) since it reduces early

complications and late sequelae, mainly scarring [1–3]. At

present, most deep burns are surgically debrided in the

operating room by excision (escharectomy), mainly sequential,

tangential excision of thin layers of necrotic tissue until viable,

bleeding tissue is reached. While effective, excisional debride-

ment is traumatic, resulting in loss of viable tissue, blood and

heat, and requiring specialized surgical personnel and facili-

ties and is often delayed until an accurate diagnosis of burn

depth is reached confirming the necessity for surgery [1–4].

Due to surgical demands, a conservative, ‘‘autolysis’’ based,

approach is often used where the necrotic eschar slowly

macerates under the activity of cellular enzymes, bacteria and

antibacterial medications.

Enzymatic and chemical debridement have been proposed

in the past to speed the autolytic process and as an alternative

to excisional debridement (ED), but present agents are slow, of

limited efficacy, and increase the risk of infection by

macerating necrotic tissues [5]. We developed a debriding

enzyme, NexoBridTM [1] (NXB), which is mixed with an inert

carrier gel, forming a debriding gel dressing (DGD). NXB

consists of a lyophilized, partially purified proteolytic protein

mixture with increased specific enzymatic activity derived

from Bromelain raw material extracted from pineapple plant

stems.

Preliminary studies in animals and humans with NXB2

have suggested that it selectively removes the burn eschar

after a single 4 h application resulting in a clean wound bed,

reducing the time to complete debridement and need for ED as

well as reducing burn induced elevated compartment/inter-

stitial pressures [6–11]. In partial thickness burns, such

debridement leaves behind enough non-injured dermis that

can epithelialize spontaneously, decreasing the need for ED

and autografting [6–10]. We have coined this approach in burn

care the ‘‘Minimally Invasive Modality’’ or MIM [12]. The

current study was aimed at confirming prior preliminary

results and determining whether NXB use reduces ED and

autografting compared to SOC. We hypothesized that NXB if

effective and selective, would reduce the need for and extent

of surgery and that the reduction in excision and autografting

would not impair long-term outcomes (cosmesis and quality

of life) compared with the SOC.

2. Methods

2.1. Trial design

This study was a prospective, randomized, multicenter, open-

label, controlled, confirmatory, phase 3 clinical trial that was

conducted between 2006 and 2009. The study was approved by

the institutional review boards of each of the 26 participating

burn centers from 13 countries.
2 NXB is produced by MediWound Israel under the names of
NexoBrid and Debrase as well the former preparation of Debri-
dase.
2.2. Study population

Patients aged 4-55 years in good health with deep partial and

full thickness thermal burns covering between 5 and 30% of

their total body surface area (TBSA) hospitalized in special-

ized burn units/centers were enrolled. Exclusion criteria

included pregnancy, breastfeeding, smoke inhalation and

severe comorbidities. Facial and genital burns were not

treated with NXB. Burn depth and surface area assessments

were made by the investigators prior to any randomization

in order to minimize observer bias. The depth of the burns

was assessed based on visual and clinical inspection by

senior burn specialists using standard clinical characteris-

tics (such as color, capillary refill, skin pliability, sensation,

presence of blisters, and presence of thrombosed vessels).

TBSA was determined using standard Lund Browder charts.

All patients provided written informed consent prior to

randomization.

2.3. Randomization

Prior to randomization, eligible subjects were stratified into

two groups based on burn area since burn size is associated

with outcomes. Randomization by center was designed to

address possible differences in SOC between sites and to

allow comparisons within centers. The study employed a

randomization scheme with a 1:1 treatment assignment

ratio between NXB and SOC, using constrained blocks

stratified by site, prepared and managed by an independent

study biostatistician. The first patient at each center was a

training patient that was not included in the efficacy data

analyses.

2.4. Interventions

Pre-and post-debridement patient and wound management

were identical for both treatment arms (NXB and SOC)

and followed the standard, routine wound treatment

as reflected in the instructions given in the study

protocols. The study arms differed only by the eschar

removal strategies (enzymatic vs. surgical and non-surgical

SOC).

Prior to debridement, all patients received routine treat-

ment that included adequate analgesia as is customary when

performing extensive burn dressing, the wounds were

cleansed, blisters removed, and the burned areas soaked with

hypertonic saline, 3-5% Sulfamylon or 0.05-0.5% Chlorhexi-

dine for a minimum of 2 h.

2.5. Debridement

2.5.1. Enzymatic debridement
Following administration of analgesia, NXB was topically

applied to the burns under a sterile occlusive dressing for 4 h at

the patient’s bedside, followed by a 2-h soaking period using

the same solution used prior to debridement. In cases of

incomplete debridement, a second, 4-h application was

performed. In patients with deep burns larger than 15% TBSA,

two consecutive, 4-h applications of up to 15% TBSA of each

burn were performed.
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2.5.2. Standard of care (SOC)
The SOC included the method of analgesia, anesthesia and

burn wound treatment routinely used at the burn center based

on patient and burn characteristics. Surgical SOC consisted of

surgical debridement procedures (tangential and minor

excision, dermabrasion or hydrosurgery). Non-surgical SOC

included the application of topical therapies (e.g., silver

sulfadiazine or other topical medications, soaking, bathing,

scraping, wet-to dry soaking, etc.) until eschar sloughing.

2.6. Post debridement wound management

Subsequent to debridement all wounds were assessed for

debridement efficacy (% eschar removed) by the investigator

and treated in accordance with standard, local, post-debride-

ment wound care. Full thickness burns were autografted while

mixed depth wounds (a combination of deep and full

thickness areas), deep partial, and superficial partial thickness

burns were usually treated with protective biological dressings

(e.g., temporary skin substitutes), or topical medications for

two–three weeks and the non-healing areas (mainly full

thickness burns) were autografted. All patients were followed

weekly until complete closure of all treated wounds and then

for additional 3 monthly visits. While not part of the original

trial design, we conducted long-term follow up of study

patients, 2-4 years after injury (from 2010 to 2011). Multiple (at

least 3) attempts to contact all study patients were made by

telephone, e-mail, and standard mailings.

2.7. Efficacy end points and assessments

The co-primary early end points were the number and

percentage of treated burn wounds that were surgically

debrided or excised as well as the wound area (in percentage

TBSA) that was excised and/or autografted. These end points

were chosen since a reduction in the need for excisional

surgery would reflect NXB’s debridement efficacy while the

reduced need for autografting would reflect the selectivity of

NXB by preserving unburned deep dermis that could subse-

quently heal spontaneously by epithelialization. Secondary

and exploratory end points were time to complete (�90%)

eschar removal, time to wound closure, resolution of burn

induced increased interstitial/compartment pressures, need

for escharotomy and blood loss (measured by subtracting the

hemoglobin or hematocrit levels before and 24 h after

debridement). Efficacy endpoints were analyzed only in

randomized, non-training patients. Long-term endpoints (scar

quality and quality of life – QoL) were measured by an assessor

masked to the original treatment assignment, 2-4 years after

injury, between 2010 and 2011. Scar quality was measured by

the Modified Vancouver Scar Scale (MVSS) ranging from 0

(best) to 13 (worst) that scores scar color, height, pliability, and

pigmentation as well as pain and pruritus [13,14]. The patients’

quality of life was evaluated using the Short Form (SF)-36

questionnaire in adults [15], and the Burn Outcome Question-

naire (BOQ) in children [16].

The end points were assessed by senior burn surgeons and

all wounds were photographed in a standard manner. The

percentage eschar removal was visually assessed in the NXB

patients 2 h after soaking the wounds at the completion of the
4-h exposure to NXB. For SOC patients, eschar removal was

assessed at the end of the surgical debridement procedure

before a temporary or permanent wound cover was applied,

and for non-surgical procedures, following each dressing

removal as part of the debridement procedure. Wound closure

was assessed on a weekly basis as per the study protocol.

Cosmesis, and quality of life were assessed by an assessor

blinded to the original treatment assignment.

2.8. Safety assessments

All patients (including the training patients) were monitored for

systemic and local adverse events throughout their participa-

tion in the study. Vital signs and pain scores were assessed

before and after the debridement procedure as well as during

the first week after debridement. Pain scores were measured

using a validated verbal numeric pain scale from worst (0) to

best (10). Blood, urine and bacteriological samples for laboratory

testing were obtained before and 24 h after debridement.

2.9. Statistical analysis

All data was collected in accordance with ICH E6 (GCP) and

ICH-E9 using a validated eCRF system. A two-way analysis of

variance (ANOVA) model was used for assessing the treatment

effect for continuous variables except for time to event. For

wound-based variables, a repeated measures ANOVA model

was used (the dependent variable that was analyzed was the %

wound area excised or autografted). For time to event

variables, such as time to complete eschar removal or time

to wound closure, the log-rank test was used for treatment

comparisons. In addition, the median and the distribution

were estimated via the Kaplan-Meier method. Categorical

variables were analyzed using Fisher’s exact test or X2, as

applicable.

The sample size calculation was based on the two co-

primary endpoints of the study, using a hierarchy testing

procedure at the significance level of 0.05. A sample size of 105

patients in each group (assuming an average of two wounds

per subject) was required to demonstrate a clinical difference

of 11% in the percentage area autografted between treatment

arms with at least 80% power at a significance level of 0.05.

Interim analysis was pre-planned after 152 randomized

patients (not including the training patients) completed

wound closure with a stopping rule in case of a pre specified

statistically significant difference between the groups. A

subgroup analyses for children was pre-planned. Post hoc

analysis was performed in the subgroup of hand burns. Data

were analyzed by an independent statistician in accordance

with a pre specified Statistical Analysis Plan, based on the

intention to treat principle using SPSS for Windows version

19.0 (SPSS Inc., Chicago, IL).

3. Results

3.1. Patients

Overall, 190 patients were screened and 182 enrolled (Fig. 1)

between the years 2006 and 2009. Out of the 182 enrolled, 26



Fig. 1 – Patient flow diagram.
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were NXB training patients (the first patient at each site) and

156 patients underwent randomization. The training patients

were only included in the safety analysis but were excluded

from the efficacy analysis in order to maintain randomization.

The study was terminated after pre-planned interim analysis

that demonstrated NXB superiority in both co-primary end

points. Of patients randomized, 75 (with 163 deep burns) were

treated with NXB and 81 (with 170 deep burns) were treated

with SOC. Baseline patient and wound characteristics were

well balanced between the two study groups (Table 1). No

patients withdrew from the study during the debridement

phase of the study. A total of 20 subjects were lost to follow-up;

all but one was lost after completion of eschar removal, wound

closure and hospital discharge. The percentages of patients

lost to follow up were similar in the two study groups (10.9%

vs. 11.1% in the NXB and SOC groups respectively). The rates of

non-compliance with the study protocol were also similar

between groups (6.9% vs. 8.6% in the NXB and SOC groups

respectively). Subjects were considered lost to follow-up if

they did not comply with study visits and contact with

them was not established despite site efforts to do so.
3 First patient at each site was enrolled to the NXB arm as part of
the training protocol. The training patients (n = 26) were included
in the safety analyses only.
Non-compliant subjects stated that they did not wish to

return to the study site for follow-up visits. Representative

images of burns treated with NXB are presented in Fig. 2.

3.2. Early outcomes

Time to complete eschar removal from injury was significantly

shorter in wounds treated with NXB compared with SOC; 2.2

vs. 8.7 days (P < 0.0001), as was time from signing informed

consent to eschar removal 0.8 vs. 6.7 days (P < 0.0001)

respectively. Of all NXB treated wounds, only 6.8% (11/163)

required a second 4-h NXB application to complete debride-

ment. NXB decreased the percentage of wounds requiring

surgical excision (24.5% vs. 70.0%; P < 0.0001) as well as the

percentage burn area surgically excised (13.1% vs. 56.7%;

P < 0.0001) compared with the SOC.

The need for autografting and total area grafted in deep

partial thickness wounds were significantly lower in NXB

treated wounds (Table 2). Debridement-related blood loss, as

measured by a reduction in hematocrit or hemoglobin

concentrations before vs. after initiating eschar removal,

was also significantly reduced in NXB treated patients

compared with those treated with SOC. The overall mean

time to wound closure was 3.6 days longer in patients treated

with NXB. However, this difference was not statistically



Table 1 – Baseline patient and burn characteristics.

Characteristic NXB SOC P-value

Number of patients enrolled 101 81

Mean (SD) age, years 32.4 29.3 0.1525

Males, no. (%) 77 (76.2%) 61 (75.3%) 0.8843

Females, no. (%) 24 (23.8%) 20 (24.7%)

Number of patients treated 100 81

Number of patients randomized3 75 81

Mean (SD) % TBSA (patientsa) 11.3 � 4.9% (n = 74) 11.0 � 5.4% (n = 81) 0.4649

Mean (SD) % TBSA of treated woundsb 5.1 � 3.5% (n = 163) 5.2 � 3.4% (n = 170) 0.7934

Full thickness burns, no. (%) 7 (4.3%) 18 (10.6%) 0.2312

Mixed depth burns, no. (%) 48 (29.4%) 60 (35.3%)

Deep partial thickness burns, no. (%) 106 (65.0%) 88 (51.8%)

Superficial, no. (%) 2 (1.2%) 4 (2.4%)

Hand burns, no. (%) 31 (19.0%) 41 (24.1%)

Number of patients (wounds) with long term assessment 53 (113) 35 (78)

a Randomized and treated patients.
b Randomized and treated wounds.
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significant (Table 2). Time to wound closure was significantly

shorter in children and hand burns treated with NXB

compared with the SOC (Table 3). No escharotomies were

performed in any of the 31 hand burns treated with NXB while

4 of 41 hand burns treated with the SOC required an

escharotomy for elevated compartment pressures (P = 0.07).

3.3. Long-term outcomes

Of all randomized patients, 89 (72 adults and 17 children) could

be contacted and returned for assessment, 2-4 years following

their injury. Patient and wound baseline characteristics were

well balanced between the two long-term follow up study

groups. Long-term follow-up was performed on 54 patients

with 113 burns in the NXB group and 35 patients with 78 burns

in the SOC group. The mean MVSS for burns treated with NXB
Table 2 – Outcomes (all patients).

RCT study results

Excision performed (wounds) 

% Wound area excised (wounds) 

Autograft performeda (wounds) 

% Wound area autografteda (wounds) 

Proportion of wounds reaching complete debridement (wounds) 

Time to reach complete debridementb (days) (no. of patients) 

Time to complete wound closureb (days) (no. of wounds) 

Blood loss-change in hemoglobinc (mmol/L) (patients) 

Blood loss-change in hematocritc (mmol/L) (patients) 

Long term assessment results – treated wounds

MVSS (scale 0-13) (wounds) 

Scar revision/reconstructive surgery (wounds) 

QoL (SF-36) – physical score (patients) 

QoL (SF-36) – mental score (patients) 

Long term assessment results – donor site wounds

Incidence of scars (patients) 

Area of scars (% TBSA) (patients) 

MVSS (wounds) 

a Assessed on deep partial thickness wounds.
b From injury date.
c Blood tests were performed prior to treatment and 24 h after start of t
was similar to SOC treated burns (3.12 vs. 3.38; P = 0.88) (Table

3). The number and size of donor site scars were reduced in the

NXB treated group. Quality of life was similar in both study

groups (Tables 2 and 3).

3.4. Adverse events

There were no significant differences in the nature and rate of

adverse events in patients treated with NXB or the SOC. Fever

was the most frequently reported adverse event in both

treatment groups (20.0% in NXB vs. 19.8% in SOC) followed by

pruritus (15.4% in NXB patients and 18.9% in the SOC patients),

wound infection (7.0% in NXB vs. 8.6% in SOC) and pain reported

events (4.0% in NXB vs. 4.9% in SOC). Pain scores were similar in

both groups with a decrease in pain during the 7-day follow-up

and no statistically significant differences between the groups.
NXB SOC P-value

24.1% (n = 163) 70.0% (n = 170) <0.0001

13.1 � 26.9% (n = 163) 56.7 � 43.3% (n = 170) <0.0001

17.9% (n = 106) 34.1% (n = 88) 0.0099

8.4 � 21.3% (n = 106) 21.5 � 34.8% (n = 88) 0.0054

96.3% (n = 163) 93.5% (n = 170) 0.9301

2.2 � 1.4 (n = 67) 8.7 � 5.7 (n = 72) <0.0001

32.8 � 17.0 (n = 154) 29.2 � 16.1 (n = 164) 0.1197

0.52 � 0.96 (n = 61) 1.04 � 1.03 (n = 55) 0.0061

3 � 6% (n = 61) 5 � 5% (n = 55) 0.0374

3.12 � 2.55 (n = 113) 3.38 � 2.59 (n = 78) 0.88

3.7% (n = 2/54) 8.6% (n = 2/35) 0.6547

51.1 � 9.1 (n = 45) 51.3 � 8.6 (n = 27) 0.68

52.3 � 11.5 (n = 45) 49.1 � 10.4 (n = 27) 0.32

40% (n = 22/54) 68% (24/35) 0.01

5.8% (n = 22) 8.3% (n = 24) 0.1082

0.75 (n = 32) 0.97 (n = 35) 0.4518

reatment.



Fig. 2 – Representative patient treated with Nexobrid. (a) Burn victim on arrival to the emergency department. Deep

(presumably full thickness) flame burns of nearly 30% of TBSA. (b) On the evening of his admission day, the burn was

cleaned of the charred blisters revealing a blanched, bloodless surface as seen in full thickness burns and NXB was applied

for 4 h followed by soaking. (c) Four hours of exposure to NXB removed the entire eschar revealing a viable wound bed

composed of subcutaneous fat and deep dermis. (d) Similar to part figure b the lateral and posterior aspects of the burned

area after cleansing the blisters. (e) Corresponds to the same debridement session of part figure c. The NXB selectively

removed most of the burn eschar sparing the dermis (note the thicker dorsal dermis compared to the thinner dermis in the

flanks). The patient’s supine position resulted in inadvertent displacement of some of the NXB from the lower back with

possible remaining thin eschar. (f) The result of the consecutive NXB application that removed the eschar remnants down

to the subcutaneous fat without harming the surrounding dermis. The two consecutive NXB applications and the entire

debridement process was completed 26 h after admission, and performed at the patient’s bedside without the need for

surgery or blood transfusion.
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The mean pain scores at baseline and at seven days were 3.6 vs.

3.7 and 2.0 vs. 2.0 in the NXB and SOC groups, respectively.

Weight loss was minimal and similar between the groups.

4. Discussion

In our study we compared SOC debridement (surgical and/or

non-surgical) with a novel, rapid and selective, non-surgical,
enzymatic debriding agent (NXB) in patients with deep partial

and full thickness burns covering � 30% TBSA. NXB debride-

ment, performed at the patient’s bedside, resulted in earlier

complete eschar removal consequently reducing the number

and area of burns requiring surgical excision. Although full

thickness defects still require autografting, because of its

selectivity, enzymatic debridement of partial thickness burns

often leaves enough dermal remnants to allow spontaneous

healing by wound reepithelialization. In contrast, surgical



Table 3 – Outcomes in children (ages 4-18) and hand burns.

Children NXB SOC P-value

Early outcomes

Excision performed (wounds) 20.7% (n = 29) 78.0% (n = 41) <0.001

% Wound area excised (wounds) 7.9 � % (n = 29) 73.3 � % (n = 41) <0.001

Autograft performeda (wounds) 21.7% (n = 23) 31.8% (n = 22) 0.4447

% Wound area autografteda (wounds) 6.1 � % (n = 23) 24.5 � % (n = 22) 0.0754

Proportion of patients reaching complete debridement (patients) 100% (n = 14) 93.8% (n = 16) 0.3414

Time to reach complete debridementb (days) (patients) 1.9 � 0.8 (n = 14) 8.1 � 6.3 (n = 15) <0.0001

Time to complete wound closureb (days) (patients) 29.9 � 14.3 (n = 14) 32.1 � 18.9 (n = 16) 0.6075

Long-term outcomes

MVSS (scale 0-13) (wounds) 3.39 � (n = 18) 4.37 � (n = 19) 0.176

QoL (BOQ) (patients) 118.7 � 7.6 121.6 � 13.0 0.48

Hand burns DGD SOC P-value

Early outcomes

Excision performed (wounds) 9.7% (n = 31) 70.7% (n = 41) <.0001

% Wound area excised (wounds) 3.5 � 12.5% (n = 31) 52.0 � 41.4% (n = 41) <.0001

Autograft performeda (wounds) 4.2% (n = 24) 50.0% (n = 20) 0.0005

% Wound area autografteda (wounds) 2.1 � 10.2% (n = 24) 30.5 � 38.4% (n = 20) 0.0017

Time to complete wound closureb (days) 25.0 � 12.5 (n = 31) 28.0 � 15.8 (n = 41) 0.3814

Escharotomy performed 0/31 (0%) 4/41 (9.8%) 0.07

Long-term outcomes

MVSS (scale 0-13) (wounds) 3.14 � 2.59 (22 wounds) 4.05 � 2.82 (21 wounds) 0.2756

a Assessed on deep partial thickness wounds.
b From injury date.
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excision often results in full thickness defects, even if the burn

turned out to be partial thickness [17]. As a result, with

enzymatic débridement less surgery is required both for

excising burns and sacrificing donor sites in order to obtain

skin grafts to cover the excised wound beds. While we

recognize that this therapeutic modality may sometimes

prolong complete wound closure by epithelialization over the

dermal remnants compared with early excision followed by

immediate autografting, the clinical benefits of the NXB-based

modality are numerous and significant. In addition to reducing

the overall surgical burden (need for excision and autograft-

ing) it also reduces the amount of blood loss associated with

surgery. A reduction in the total number of burns and burn

area autografted also directly translates into a decreased

number and area of donor site wounds and their associated

scars.

Since we recognized that NXB based debridement might

slightly delay wound closure compared with early excision

and grafting, it was important for us to verify that this

treatment would not compromise long-term function and

esthetics. Indeed, this study demonstrates that the long term

resulting scars of wounds treated by NXB are not inferior to

those of wounds treated with the SOC, despite a few days

delay in wound closure and a significant reduction in

excisional surgery and autografting. The comparable quality

of the resulting scars may be due to the increased presence of

viable, native dermis that was not excised or debrided and

healed by epithelialization preserving its native qualities

[18–20].

Epithelialization of a clean dermal bed is substantially

different than epithelialization of an inflamed, slowly slough-

ing second degree burn treated by current non-surgical SOC
means. Reduced inflammation results in less granulation

tissue formation and scarring. The ‘‘good’’ or acceptable

scarring in both study arms is probably due to the quality of

care provided by the investigators, leading burn specialists in

their countries. Full thickness burns were autografted in both

arms with similar long-term scarring. Obviously, reduced

autografting lead to a reduction in the total donor sites area,

which directly translated to a further reduction in the

incidence and extent of donor site scars.

It is possible that the prolongation in the final phase of

wound closure, likely due to minute wound areas that may

still be partially open and take longer to close (typical of the

epithelialization process), had a minimal effect on the final

scarring as long as native dermis, even a thin layer, was

present. Similar ideas were expressed in 1983 by Holmes et al.

[21], who promoted selective debridement by slow and

meticulous dermabrasion two weeks after injury (when burn

depth diagnosis was simpler), ending with preserved dermal

residues that can epithelialize. A similar method using hydro-

surgery (that reduces contamination by sprayed particles

compared to dermabrasion) is also more selective than

tangential excision. However it still has all the drawbacks of

an extensive surgical procedure, is labor intensive, skill

dependent, and if used, is usually limited to small, delicate

areas such as the hands, face and in children [22–25].

Early and accurate diagnosis of burn depth is important in

determining the consequent wound care strategy (e.g.,

surgical debridement, grafting) but is challenging due to the

eschar’s presence. Effective and selective early debridement

by NXB is independent of burn depth and its diagnosis. It can

be applied indiscriminately on all burned areas exposing the

clean wound bed, allowing early (as early as the initial
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admission day), accurate and direct visual diagnosis of the

changing burn depths, even in the more difficult and

challenging group of mixed, indeterminate depth burns and

scalds. The subsequent wound closure strategy (epithelializa-

tion over preserved dermis or grafting of deeper and full

thickness defects) can then be tailored to the exposed and

visualized wound bed. This non surgical, effective eschar

removal method is particularly important in burned children

and in hand burns, two groups that are especially challenging

to treat. In children, accurate burn depth diagnosis is often

delayed for several days, delaying debridement and definitive

wound care. Animal experiments suggest that early removal

of the necrotic tissue with NXB may even reduce injury

progression of the burn zone of stasis [7].

In our study, reduced surgery, earlier time to wound closure

and better long-term results were seen in the pediatric cohort.

Similar results were seen in NXB treated hand burns. While

there were few hand burns in our study, a previous report

corroborates these findings [26]. We also have demonstrated a

reduction in the need for escharotomies to release burn

induced elevated compartment or interstitial pressures often

associated with circumferential burns. No escharotomies

were required in any of the NXB treated hands either in this

study (31 burns) or in a previous study (99 burns) [26]. By

comparison, nearly 10% of hand burns treated with the SOC

required an escharotomy. These findings are also supported

by a controlled animal study demonstrating that NXB based

enzymatic debridement reduced compartment/interstitial

pressures in circumferential limb burns resolving burn

induced compartment syndrome in less than an hour after

application [11]. This apparent reduction in need for eschar-

otomy not only demonstrates NXB’s ability to release burn

induced compartment syndrome (BICS) but also suggests the

possibility of preventing BICS by applying NXB early after

injury.

Since the incidence of systemic and local adverse events

and long-term results were comparable between groups and

there was a significantly reduced need for surgery with NXB

use, it is possible that this non-surgical, early, fast effective

and selective debridement may offer a first line minimally

invasive therapy and solution in cases where burn surgical

personnel and facilities are scarce, especially in disasters and

mass casualty events.

Our study has several notable limitations. Due to the nature

of the burn and therapies (surgical, non surgical etc.), we were

unable to mask physicians to treatment assignment. It is

possible that the open label nature may have influenced the

investigator to be somewhat less aggressive in the SOC

surgical debridement especially after treating several patients

with NXB. In order to reduce possible observer bias, long-term

scar and quality of life assessments were performed by

assessors masked to treatment assignment. Though the

baseline characteristics of patients that participated in the

long-term follow up were comparable, we were unable to

recruit all patients in the 2-4 year long-term follow up. As

noted, long-term follow-up was not part of the original study

design nor was the study intended to be powered based on

long-term outcomes. Finally, our results reflect the practice of

highly specialized burn specialists and may not generalize to

other less experienced surgeons or practitioners.
In conclusion, our findings indicate that NXB is an effective,

fast acting and selective method for early eschar removal,

reducing the need for surgery while achieving long term

outcomes that are comparable to the SOC. This Minimally

Invasive Modality for burn wound care may be a valid

alternative to conventional surgical and non-surgical SOC

for deep partial and full thickness burns.
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