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SUMMARY. Minimally invasive surgery is becoming the standard of care across surgical subspecialties. Several new
“minimally invasive” options for burn debridement and autografting exist. Enzymatic bromelain-based debridement (BBD)
and autologous skin cell spray (ASCS) have independently proven to reduce the rate of split-thickness skin grafting (STSG)
and decrease donor site size when grafting is performed. There is a paucity in the literature regarding the combination of
these two therapies. The purpose of this study is to characterize a cohort of patients treated with both BBD and ASCS and
qualitatively compare data to expected outcomes without these therapies. This retrospective study of a single academic
burn center’s experience using BBD and ASCS together included 13 patients with a total burn surface area (TBSA) from
1-30% and all had >50% deep partial thickness. All patients received BBD and ASCS. Deeper burns additionally received
STSG with ASCS overspray. Median burn size was 14% TBSA (IQR:5.45,20), donor site size was 225 sq cm
(IQR:28.5,556.5), and ratio of donor site area to total treatment area of 0.082 (IQR: 0.039, 0.241) was observed. Median
observed length of stay (LOS) was 19 days (IQR:10,27), expected LOS was 15.4 days, and O/E ratio 1.06. Donor sites in
both groups of patients were much smaller than expected versus treatment with conventional meshed STSG alone and
length of stay is lower than expected based on burn size. An emphasis on expenses and scar development will guide future
studies into the patient subset and wound features that are best for this combination treatment.
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RESUME. La chirurgie mini-invasive devient le standard de traitement dans de nombreuses spécialités. Il y a de telles
possibilités en brilologie comme de débridement enzymatique a la bromélaine (DEB) et la pulvérisation de cellules
cutanées autologues (PCCA) qui ont chacun permis de diminuer le recours aux autogreffes et de réduire la surface de
la zone donneuse. La littérature est pauvre en ce qui concerne la combinaison des 2. Cette étude rétrospective rapporte
une cohorte de 13 patients traités dans notre centre par combinaison de DEB et PCCA, et compare le résultat avec
celui attendu avec un traitement conventionnel. Les patients étaient briilés sur 1 a 30% de SCT (médiane 14, IOR 5,45-
20) dont au moins la moitié de 2™ profond, ayant tous re¢u une combinaison de DEB et PCCA. Les atteintes plus pro-
fondes étaient greffées, avec une PCCA par dessus. Le site donneur avait une surface médiane de 225 cm? (IQR
28,5-556,5) avec un rapport surface donneuse/surface traitée de 0,082 (I0OR 0,039-0,241). La durée médiane de séjour
est de 19 jours (IQR 10-27) quand elle était supposée étre de 15,4 jours (rapport 1,06). Les sites donneurs étaient plus
exigus que sous traitement conventionnel et la durée de séjour plus courte que supposée. Une étude plus précise sur
les sequelles et les coiits permettrait de cibler plus précisément les patients susceptibles de bénéficier de ce protocole.

Mots-clés: debridement enzymatique a la bromélaine, pulverisation de cellules cutanées autologues, greffe de peau
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Introduction

Over centuries, surgeons have evolved from
being barber-surgeons and using medical manage-
ment based on balancing the 4 humors, to practicing
evidence-based medicine.! Randomized trials, per-
sonalized medicine tailored to the individual’s
genome, and minimally invasive surgery are now
standards of care. Multiple surgical subspecialties
have made significant advances in minimally inva-
sive surgery, including laparoscopic and robot-as-
sisted surgery. However, burn surgery has lagged
behind; as the mainstay of reconstruction still in-
volves wound excision with a knife.>* This tech-
nique is inherently limited by imprecision; it is
accompanied by excision of some healthy tissue, a
commensurately sized skin graft, a painful donor
site, and the complexity of donor site care. This, in
turn, leads to additional costs to the patient, in-
creased hospital expenditures, and elongated length
of stay.** Dr. Zora Janzekovic first described tangen-
tial excision in Eastern Europe in the 70s, an ad-
vancement at the time in the treatment of burns that
changed the standard of care; but also, improved sur-
vival rates.® Surgical excision became the standard
of care, and other than dermal templates, this was
arguably one of the last major advancements in burn
care until recently.

There are drawbacks and limitations to excision
with a knife. It is a macroscopic procedure done with
the naked eye and dependent on the surgeon to set
the blade; but also, it excises the nonviable tissue.
Healthy tissue is inevitably excised along with es-
char. Instead of working in thousandths of an inch,
this ideally should be done at the cellular level to
preserve healthy dermis.” The greater the amount of
healthy dermis present, the faster the healing and
better the scar. If the excision is deep, then a graft is
often utilized to optimize healing.®

The other major downside to a conventional split-
thickness skin graft (STSG) is that it requires a very
painful donor site that may take over two weeks to
heal, which also depends on the depth of harvest and
patient characteristics. For many grafts that are per-
formed in burn centers, the donor sites are either the
same size as the wounds with a pie crust or 1:1
mesh, approximately 0.75 times the size of the
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wound with a 2:1 meshed expansion, or half the size
of the wound with a 3:1 expansion. These are unfa-
vorable ratios and result in very large wounds with
the associated wound morbidity.

Several new technologies that help with donor
site reduction now exist. Enzymatic bromelain-
based debridement (BBD) is being utilized to re-
move eschar very precisely down to a cellular level
to preserve dermis. Autologous skin cell spray
(ASCS) can be used for wound closure, particularly
when it can be used with a dermis sparing excision
and thus is more likely to work without a conven-
tional STSG. However, these two therapies have not
been available for use together in the United States
for very long. Enzymatic debridement with brome-
lain and ASCS has independently been shown to re-
duce the rate of split-thickness skin grafting and
decrease the donor site size when grafting is per-
formed.?>%!® When used in conjunction, these two
therapies have the potential to have a synergistic ef-
fect on the aforementioned outcomes. Due to con-
straints regarding the temporal course of these
products only being available via studies before one
was FDA approved, these two technologies have not
been utilized together in the United States until re-
cently. A paucity of literature regarding their use in
combination currently exists. The purpose of this
study is to characterize a cohort of patients treated
with both BBD and ASCS and qualitatively compare
data to expected outcomes without these therapies.
This research team previously published two case
reports discussing the use of these two approaches
used in conjunction,” however, this is the first of a
retrospective series investigating their potential syn-
ergism.

Methods

The authors performed a retrospective study of a
single academic burn center’s experience using
bromelain and ASCS together, over a 9-month pe-
riod. Standard demographics, injury characteristics,
and the total amount of FT and DPT injuries, as a
surrogate for areas that would have likely received
an autograft with conventional therapy alone, were
recorded. Outcomes such as >95% epithelialization



at 21 days and LOS, infection, unplanned readmis-
sion within 30 days, and loss of graft >25% with the
need for regrafting were reported. Quantitative data
such as the size of the total area treated with ASCS
in square centimeters, the total area of STSG, and
the area of donor sites were reported. The ratio of
donor site size to total burn surface area treated and
an observed/expected (O/E) ratio for LOS using 1.1
days per % TBSA was calculated. Data was reported
in medians, with 25-75% interquartile ranges.

Clinical care protocols

Patients with burn size >1% TBSA and <30%
TBSA with at least >50% deep partial thickness
burns qualified for the bromelain study. Patients
were treated with bromelain per the continued access
“NEXT” study protocol over a 4-hour period. Pa-
tients requiring additional excision or grafting were
taken to the OR no less than 24 hours post enzymatic
debridement. Those with deep partial thickness
(DPT) burns with enough dermis amenable to ASCS
alone were treated as such. Those with areas of third-
degree full thickness (FT) burns also received tar-
geted meshed, patch split-thickness skin grafts with
ASCS overspray. ASCS was applied to DPT burns
after a prep with superficial dermabrasion under a
transparent polyethylene dressing or a polylactic
acid sheet in the operating room. Donor sites were
also treated with ASCS. All patient wounds were
dressed in high-density polyethylene film and xero-
form- or polylactic acid sheet with silicone coated
mesh. Outer dressings were changed every other
day. Polyethylene film was removed on post-opera-
tive day 6, and silicone mesh was removed between
days 8-11. Non-healed areas were treated with sur-
factant gel, repeat ASCS, or patch grafting.

Results

Of the 16 total patients that received bromelain,
13 had treatment with ASCS +/- STSG. Three were
allowed to heal spontaneously without a definitive
wound closure procedure and were not included
here. Of these 13 individuals, 3 received only ASCS
for their DPT wounds, whereas 7 had FT areas that
also received STSG as part of their injury. The me-
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dian age was 41 years old and all individuals that re-
ceived both BBD and ASCS were men. Of the ex-
cluded group that received BBD without
autografting, 2 of these individuals were female.
Further breakdown of demographics is visualized in
Table 1. Median burn size was 14% TBSA (IQR:

Table I - Demographics

Demographics Patients (n=13)

Age 41 years old (IQR: 29.5, 55.5)

Gender 100% male

Major comorbidities 2 patients

Current smoker 5 patients

5.45, 20), while DPT+FT size was 9% TBSA
(IQR:5,16). Patients had a median of 948 sq cm
(IQR: 396, 2430) of burns operatively treated with
ASCS, and 400 sq cm (IQR: 0, 733.5) treated with
meshed autograft. Donor site size (ASCS and STSG)
was 225 sq cm (IQR:28.5, 556.5), and the ratio of
the donor site area to total treatment area was 0.082
(IQR: 0.039, 0.241). Injury characteristics, donor
site and graft outcomes are displayed in Table I1.

Table II - Injury characteristics, graft and donor outcomes

Injury characteristics, graft and donor site measurements, length of stay

STSG, total area treated (sq cm) 400 (IQR: 0, 733.5)

ASCS, total area treated (sq cm) 948 (IQR: 396, 2430)

Donor sites created, total area (sq cm) 225 (IQR: 28.5, 556.5)

Donor site: total area treated (ratio) 0.082 (IQR: 0.039, 0.241)

Burn size (%TBSA) 14 (IQR: 5.45, 20)

Observed length of stay (days) 19 (IQR: 10, 27)

Expected length of stay (days) 15.4 (IQR: 6, 22)

Hospital days per %TBSA 1.2 (IQR: 0.756, 1.82)

Length of stay O/E (ratio)

The median LOS was 19 days (IQR: 10, 27), with
an expected stay of 15.4 days based on burn size. A
median of 1.2 days per percent TBSA (IQR 0.76,
1.82) and an observed/expected ratio of 1.06 (IQR:
0.69, 1.66). Full closure of burn wounds by 21 days
was noted in 92.3% of individuals.

1.06 (IQR: 0.69, 1.66)
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Of'the 13 patients, 3 developed an infection. One
outlying patient in this study was an elderly man
with multiple vitamin deficiencies and a history of
alcohol abuse, who was treated with ASCS alone
and developed an infection. He required STSG of
over 50% of his ASCS treated area on his lower leg
and foot. Outcomes of the patients receiving BBD
and ASCS +/- STSG are displayed in Table I11.

Table III - Outcomes following BBD and ASCS +/- STSG

>95% epithelialization at 21 days 12

Infection 3

Unplanned readmission within 30 days 1

Loss of graft >25% 0

Major comorbidities were tracked, specifically
the presence of diabetes, congestive heart failure,
chronic obstructive pulmonary disease, or
chronic steroid use. Two patients had diabetes
with no other major medical comorbidities or
steroid usage, five patients were active or recent
smokers within the last year. None of these pa-
tients reported using vasoactive street drugs such
as cocaine.

Case report

Several patients with extensive burns were
successfully treated with both BBD and ASCS
with what were subjectively deemed to be excel-
lent results by the providers and the patients. One
such example is a severe burn injury, 23% DPT
and FT burns in an unhealthy patient with dia-
betes (Hgb A1C 7.9%), obesity, and micronutri-
ent deficiencies (Vitamin C, Vitamin D, and Zinc)
following a polymer burn injury at work (Fig. 1).

Discussion

Enzymatic debridement and ASCS can be uti-
lized to treat burn injury with a “minimally inva-
sive” reconstruction. The donor sites in both
these groups of patients were much smaller than
expected had they been treated with a conven-
tional meshed split thickness skin graft for all
their deep 2nd-degree and 3rd-degree areas. This
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supports a study by Holmes et al.,'” demonstrat-
ing that mean donor site use was significantly re-
duced by 30% (p<0.001) following ASCS
treatment; however, no study has examined the
effect of the combination of these two therapies
on donor site size. The data from this cohort of
patients also suggests that length of stay is lower
than expected based on burn size.

The pineapple enzyme bromelain can be uti-
lized for escharectomy.* Bromelain contains an-
tithrombotic, anti-inflammatory, fibrinolytic, and
wound healing properties.'' Applied like a gel on
the wound, over a 4-hour period this product dis-
solves eschar while preserving all the healthy
dermis down to the cellular level. It has demon-
strated multiple improvements in various out-
comes when compared to standard of care, to
include decreased time to successful eschar re-
moval, decreased incidence of excision required,
and decreased percent of deep partial thickness
wound area requiring autograft.*!? Studies in an-
imal models have demonstrated the dissolution of
burn eschar with no damage to the underlying
dermis, normal tissue, or unburned interspaces

0

Fig. 1 - TBSA 23% DPT and FT burns in an unhealthy patient (A),
after BBD (B), at 3 weeks (C), and at 2 months post-op with full closure
of wounds (D).



following application of enzymatic bromelain so-
lution,'*'* demonstrating the selectivity of
bromelain to nonviable tissue. A single-center
prospective study by Schulz et al.,'” from Ger-
many and Israel, found that BBD had an efficacy
0f 90% with complete healing achieved on an av-
erage of 28 days following BBD. Another
prospective, non-comparative study from Israel
demonstrated BBD had 89 +/- 21% debridement
for a single application, 77 +/- 27% debridement
for two applications, and 62 +/- 27% debridement
for three applications.!®

Several studies have shown a reduction in the
need for autografting when BBD is used, with
values ranging between 16% to 80% depending
on the location of burn injury;*? along with sig-
nificantly reduced time from injury to complete
healing (2.2 days vs. 8.7 days, P<0.0001), need
for surgery (24.5% vs. 70.0%, p<0.0001), and the
area of burn excised (13.1% vs. 56.7%, p<0.0001).2

The main limitations are that the product is
only available in the US via the continued access
study, and that it can be painful.

Compared to conventional STSG, ASCS has
been shown to effectively treat a larger burn sur-
face area, while utilizing less donor autograft tis-
sue. The donor tissue is harvested and then
processed into a sprayable autograft suspension,
opposed to a meshed STSG. A randomized con-
trol trial by Hu et al.!” investigated the synergistic
effects of STSG + ASCS compared to just STSG
and demonstrated that the combination of these
treatment modalities allowed for higher complete
wound closure (p=0.0035), earlier wound closure
(p=0.001), and significantly fewer complications
(p=0.001). ASCS is advantageous in that it can
be performed in 20 minutes in the OR as a point
of care technology and results in up to an 80:1
expansion.>!'® Literature suggests smaller donor
sites, and improved scar quality (for example, a
3:1 meshed skin graft with autologous skin cell
overspray 1is non-inferior to a standard
2:1).%19:2021 Tt can also achieve decreased LOS,
cost savings in larger burns, decreased dressing
changes, and high rates of complete healing.?>*
Kowal et al.>* estimated that ACSC treatment can

Annals of Burns and Fire Disasters - vol. XXXVI - n. 4 - December 2023

save burn centers 14 to 17% annually. Similarly,
Foster et al.?* projected calculations comparing
ASCS to the standard of care could save burn
centers around $14 million. In addition to ker-
atinocytes, this product includes dermal elements
that improve scar quality and melanocytes for
pigmentation.?%?” Before these novel technolo-
gies, the patient described above would likely
have received a significantly higher percentage
of grafting looking back at historical practices
based on his initial appearance. One limitation of
the product is that there must be some dermis
present in the wound for it to work, whether an
overspray of a meshed STSG in a full thickness
(FT) wound or residual reticular dermis in a deep
partial thickness (DPT) injury.

Conclusions

In conclusion, the patients in this study who
received combination therapy had much smaller
donor sites than they would have with traditional
excision and grafting, with a donor site to graft
size ratio at least an order of magnitude less than
they would have with 1:1 to 3:1 meshed grafts.
The length of stay was also much less than ex-
pected. Further study is needed to determine
which subsets of patients and burn wound char-
acteristics are optimal for this combination of
technologies. More data regarding outcomes such
as length of stay, costs and scar formation com-
pared to standard of care is also warranted.

The authors conclude that minimally invasive
skin grafting with bromelain and ASCS was fea-
sible in this subset of burn patients. As with all
new therapies, appropriate patient selection is
paramount.

This is not a definitive study, just a proof of
concept. Future studies should prospectively
focus on delineating the role that each individual
component plays in donor site reduction, and how
or if they interplay in a synergistic fashion.
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