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Abstract
Purpose of Review Stevens-Johnson syndrome and toxic epidermal necrolysis are severe mucocutaneous drug reactions asso-
ciated with a potentially high mortality rate. They are characterized by epidermal necrosis and extensive detachment. For these
reasons, wound care is a fundamental component of patient management. However, there is a lack of evidence-based data, and
treatment approaches can vary drastically between institutions. Our aim was to analyze the available studies on this topic as an
attempt to review various management strategies.
Recent Findings Considering the rarity, variable presentations, and difficulty to prospectively study patients with SJS/TEN, there
is a lack of evidence-based data on the topic of wound management. We reviewed the most recently published guidelines, expert
opinions, and other studies from different countries and hospital centers.
Summary There is a great variability in the utilization of antiseptic agents, wound dressing types, and implementation of surgical
debridement across the globe and different institutions. There is a lack of randomized controlled trials. However, the general
principle is to protect the underlying viable exposed dermis, minimize the risk of infection, reduce the risk of pigmentary changes
and scarring, and optimize the conditions for re-epithelization. Large-scale randomized clinical trials are needed for the optimi-
zation of wound care in these conditions.
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Introduction

Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) are uncommon, acute, life-threatening mu-
cocutaneous adverse reactions associated with a potentially
high mortality rate. They are characterized by a cytokine-
mediated keratinocyte cell death with resultant separation of
the dermal-epidermal junction that leads to extensive detach-
ment of the necrotic epidermis [1]. The incidence of SJS/TEN
ranges from 1.4 to 9.2 cases per million person-year with a
mortality rate that can exceed 30% [2–4].

SJS and TEN represent a spectrum of the same disease
process being distinguished by the degree of body skin surface

(BSA) affected by bullae and erosions. SJS is characterized by
dusky erythema, atypical non-palpable targetoid lesions, ves-
icles, bullae, erosions, and epidermal detachment affecting <
10% of BSA. TEN is more extensive with epidermal detach-
ment exceeding 30% [5]. SJS/TEN overlap represents in-
volvement between 10 and 30% of BSA. Up to 95% of
TEN cases are attributed to medications with allopurinol, sul-
fonamides, aminopenicillins, aromatic anticonvulsants, and
non-steroidal anti-inflammatory drugs (NSAIDs) as common
triggers. Up to 15% of cases may not be triggered by medica-
tions, and infectious etiologies such as mycoplasma
pneumoniae have been implicated, particularly in children
[1, 6–8].

Hsu et al. analyzed the Nationwide Inpatient Sample (NIS)
from 2009 to 2012, which included approximately 20% of all
US inpatient admissions. They determined that female gender
and nonwhite race, particularly Asians and blacks, were asso-
ciated with a higher incidence of SJS/TEN. Additionally, their
study yielded a mean adjusted mortality of 4.8% for SJS,
19.4% for SJS/TEN, and 14.8% for TEN [2]. The authors also
found the age older than 40 years, past medical history of one
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or more chronic conditions, hematological malignancy, and
infections to be significant predictors of mortality in patients
with SJS/TEN [2]. Sekula et al. found that mortality rates
increased over time, with TEN patients reaching 1-year mor-
tality rate of 49% [9].

In addition to promptly discontinuing the offending agent,
supportive care and wound management are fundamental
components of SJS/TEN management. A multidisciplinary
approach with meticulous skin care with close attention to
mucosal involvement including ocular and genital surfaces,
fluid and electrolyte management, and nutritional support all
play a significant role [10]. However, no standard approaches
specific to wound management have been widely accepted
and vary depending on the hospital center and its experience
[10, 11]. In this manuscript, we will review the pathophysiol-
ogy, clinical manifestations, and management of SJS/TEN,
with the particular emphasis on the available and most recent
published literature on the wound care management in the
hospital setting.

Clinical Manifestations

The onset of mucocutaneous manifestations is typically preced-
ed by a prodrome of fever, anorexia, myalgias, arthralgias, and
malaise [4, 12]. The onset of symptoms generally ranges from 4
to 28 days after exposure to the culprit medication [13]. The
spectrum of skin involvement ranges from poorly defined ten-
der and painful dusky erythematous, violaceous macules and
patches to vesicles, bullae, and erosions that typically affect the
face, trunk, and extremities (Fig. 1). Atypical targetoid lesions
characterized by non-palpable annular macules and patches
with dusky centers can be observed (Fig. 2) [5]. In severe cases,
progression to complete epidermal detachment can occur with
involvement of significant BSA (Fig. 3). Application of pres-
sure towards the edges of the bullae results in shedding of the
epidermis from the underlying dermis of the adjacent skin,
which is known as the positive Nikolsky sign [5].

Patients may also initially present with diffuse confluent
erythema or a morbilliform eruption. The presence of fever

SJS, Steven Johnson’s Syndrome; TEN, Toxic Epidermal Necrolysis; BSA, Body Surface Area
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Fig. 1 Diffuse erythematous patcheswith necrotic dusky centers, vesicles
and bullae. SJS Steven-Johnson syndrome, TEN toxic epidermal
necrolysis, BSA body surface aarea. Suggested treatment algorithm for
SJS/TEN wound care (suggested algorithm for wound care management
as extrapolated from the available literature. Individual approaches vary
widely depending on the hospital center and individual physician
preference and experience). Wound care management of SJS/TEN
patients should be based on the percentage of epidermal detachment
and degree of exudate and signs of infection. In some burn centers, the
threshold for the epidermal detachment has been established at 20%BSA,
in which cases surgical debridements and biological dressings are

utilized. In contrast, those with < 20% BSA involvement are managed
with a conservative approach, specifically “leave on” epidermis and
absorbent dressings. Exudate volume is another critical factor playing a
role in the choice of wound dressings. Areas with mild to moderate
exudate can be managed with less frequent dressing changes (i.e., every
3 days) and widely available wound dressings, such as non-adherent pads
and bismuth tribromophenate petroleum dressings (e.g., Xeroform®). In
contrast, regions with moderate-to-severe exudate require daily dressing
changes, a protective contact layer (e.g., Mepitel® or Adaptic®), and a
highly absorbent dressing such as gelling fibers (e.g., Aquacel®,
Sorbion®, Exufiber®) or alginate fibers
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and prodromal symptoms, skin tenderness, photophobia, eye
symptoms, and pain with swallowing can serve as a clue to
early and evolving SJS/TEN [5, 12] Greater than 90% of
patients will develop mucosal involvement, which can present
prior or subsequent to cutaneous symptoms (Fig. 4) [5].
Painful ulcerations of the mucosal surfaces including oral,
pharyngeal, ocular, or genital surfaces with overlying hemor-
rhagic crusts will develop in virtually all cases of TEN [14].
Less commonly involvement of the trachea, bronchial tree,
esophagus and GI tract can be seen [15]. Symptoms typically

have an abrupt onset with rapid development and progression
over 24–48 h [5].

Pathophysiology of SJS/TEN

The exact pathophysiology of SJS/TEN has not yet been elu-
cidated; however, recent studies have broadened our under-
standing. The assertion that the disease process is driven by
massive keratinocyte apoptosis has been generally accepted
[16]. Culprit medications result in the clonal generation of

Fig. 2 Atypical targetoid lesions
of SJS/TEN

Fig. 3 Confluent areas of
epidermal necrosis and
detachment with epidermal
sloughing on the back
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drug-specific CD8-positive, MHC class I-restricted cytotoxic
T-cells, with subsequent direct and indirect keratinocyte apo-
ptosis mediated by cytokines, recruitment of inflammatory
cells and soluble cell-death mediators [17, 18].

The main implicated cells mediating keratinocyte death
include cytotoxic T-cells and natural killer (NK) cells [19,
20]. Multiple cytotoxic proteins and cytokines have been im-
plicated in pathogenesis including perforin-granzyme path-
way, Fas ligand, tumor necrosis factor (TNF), TNF-related
apoptosis-inducing ligand (TRAIL), and granulysin [19,
21–27]. Granulysin is a protein that has been found in high
concentration in blister fluid and serum of SJS/TEN patients
[28]. Additionally, plasma levels have been correlated with
disease severity and prognosis [28]. Drug-activated

monocytes could secrete annexin A1, a protein highly associ-
ated with auto-immunity, and is typically elevated in patients
with systemic lupus erythematosus [29]. Annexin A1 binds
with formyl peptide receptor 1, with resultant necrosis of
keratinocytes [30].

Medical Treatment

The clinical evolution of SJS/TEN is characterized by a rapidly
progressive course. Thus, accurate and prompt intervention and
management are of paramount importance [5]. Along with prop-
erly identifying andwithdrawing the culprit agent, systemicmed-
ications are often utilized in an attempt to halt the progression and
improve the time to re-epithelialization. However, there is a lack

Fig. 4 Extensive and confluent
hemorrhagic mucositis of the lip
mucosa
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of consensus and evidence-based data, and further rigor-
ous studies are needed to improve our therapeutic arma-
mentarium. Clinical trials of therapeutic interventions
present a unique challenge given the rarity of the disease,
variability of treatment protocols, and difficulties in en-
rolling patients. The choice of a specific agent may vary
depending on the physicians’ preference, training expo-
sure and institutional experience and protocols [14].
Intravenous immunoglobulin (IVIG), systemic corticoste-
roids, cyclosporine, and tumor necrosis factor (TNF) in-
hibitors have all been used to a variable extent [14, 31•].

One rationale supporting the use of IVIG was based on
its ability to target the Fas-ligand-induced apoptosis [32].
Multiple studies, mostly retrospective, have investigated
its utility but with conflicting results [33–37]. Some ret-
rospective studies reported a reduction in mortality when
compared to predicted mortality using a validated prog-
nostic score (SCORE of Toxic Epidermal Necrolysis,
SCORTEN) [34, 37–40]. Additionally, Micheletti et al.
recently published a multicenter retrospective study of
377 SJS/TEN reporting an observed improved mortality
as compared to the SCORTEN-predicted Standardized
Mortality Ratio among patients treated with IVIG as
monotherapy or in combination with systemic corticoste-
roids [31•]. In contrast, Bachot et al. completed a prospec-
tive non-comparative clinical trial of IVIG on 34 patients
without a reduction in mortality or prevention of progres-
sion of epidermal detachment [41].

There is conflicting and insufficient data on the utility of
systemic corticosteroids. Older studies advised against their
use, suggesting that they impeded wound healing, increased
the risk of infections, and resulted in increased mortality [14,
42]. More recent studies have reported potential reduction in
mortality, accentuating its potential benefit when combined
with other medications (i.e., IVIG) [31•, 43, 44].

Wang et al. conducted a randomized clinical trial of
etanercept versus corticosteroids for SJS/TEN patients,
finding that both treatment arms had a lower than
SCORTEN predicted mortality rate [45••]. Subgroup anal-
ysis showed a statistically significant superior skin
healing outcomes in patients treated with etanercept with
> 10% BSA [45••]. Lastly, cyclosporine has been utilized
with an increased frequency [46, 47, 48•]. Valeyrie-
Allanore et al. performed an open trial of cyclosporine
as monotherapy in 29 consecutive patients with SJS/
TEN and reported a 100% survival rate [46]. However,
the patient population had a mean SCORTEN score of
1.27, which is relatively low compared to previous and
original studies [46]. A retrospective study of 42 patients
with SJS/TEN found a significant reduction in mortality
when patients received cyclosporine (2/26 = 7.7%) com-
pared to other treatments (IVIG or steroids, 5/16 =
31.3%) [48•].

General Approach to Wound Management

In addition to identification and discontinuation of the culprit
medication when possible, wound care is a fundamental com-
ponent of management. The general principle is to protect the
underlying viable exposed dermis, minimize the risk of infec-
tion, reduce the risk of pigmentary changes and scarring, and
optimize re-epithelization. Adequate wound care is critical to
minimizing insensible losses and dehydration. Skin infections
and septicemia are significant predictors of mortality in pa-
tients and facilitating the healing process may diminish its
risks [2, 49]. In particular, infections with Staphylococcal
aureus and Pseudomas aeruginosa can often complicate the
clinical course [50, 51].

There is no gold standard or currently universally accepted
guidelines for wound care in patients with SJS/TEN. Since it
has been inadequately studied and there is sparse evidence-
based data, healthcare providers usually emulate local burn
guidelines and rely on expert opinions, which may vary de-
pending on the hospital center [49•, 52, 53, 54, 55••]. This
partly stems from the lack of randomized controlled studies
that can support the guidelines for woundmanagement of both
pediatric and adult SJS/TEN patients [56••, 57••].
Additionally, there is often a lack of necessary details in
wound care approaches reported in the literature. Some pro-
posed protocols differ as much as calling for skin slough de-
bridement and blister deroofing, while others utilize “no-
touch” protocols and using a detached epidermis as a ‘biologic
dressing’ [58, 59•].

In general, frequent wound dressing changes and patient
manipulation, which can interfere with wound healing and re-
epithelization, should be minimized [14, 50, 58, 60].
Furthermore, the use of “air-fluidized” or equivalent air mat-
tresses is recommended to minimize the degree of injury to the
epidermis [62•]. Irrigation of wounds and intact epidermis can
be performed with warm sterile water, saline, or diluted chlor-
hexidine (1/5000). Frequent application of bland emollients
such as petrolatum-based products is recommended to the
entire cutaneous surface [56••, 58]. According to some guide-
lines, application of topical antimicrobial agents or silver-
impregnated dressings is recommended only to areas of epi-
dermal detachment [58]. Topical potent corticosteroid appli-
cation to involved, erythematous but not detached skin can be
considered [56••]. In the algorithm from Chelsea and
Westminster Hospital Burns Service denuded areas are cov-
ered with Biobrane (Smith & Nephew Healthcare Ltd., Hull,
UK), cryopreserved cadaveric allografts and/or E-Z derm
(Molnlycke Health Care, US, LLC, Norcross, GA), a
porcine-derived xenograft. An emollient is applied to normal
skin, while topical corticosteroids are used to cover clinically
erythematous skin [59•].

Awide range of dressings has been utilized including non-
adherent, biological, biosynthetic, silver or antibiotic-
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impregnated, nanocrystalline silver dressings, and collagen
sheets. Biological dressings include allografts, xenografts,
cultured human allogeneic and autologous epidermal sheets
[49•]. As an example, UK guidelines suggest the use non-
adherent dressings to areas of sloughed epidermis such as
Mepitel®, a non-adherent contact layer, (Molnlycke Health
Care, US, LLC, Norcross, GA), or Telfa™ a non-adherent
gauze (Covidien, Mansfield, MA, USA) followed by second-
ary foam or absorptive dressings such as Exu-Dry (Smith &
Nephew, London, UK) to accommodate the exudate [58]. For
surgically debrided wounds biologic, allograft and xenograft
dressings are typically used. However, overall there is a great
variability in specific approaches and protocols across the
United States and the world (Table 1).

Mahar et al. conducted a systematic review of SJS/TEN
management and outcomes in various burn-unit centers. This
was a large retrospective analysis of TEN patients treated over
the span of more than 22 years involving 708 patients. It dem-
onstrated great variability in the types of dressings used and
debridement vs conservative no-touch approach. From the 20
studies that met the inclusion criteria, only 15 (75%) described
their wound management regimens. Furthermore, 12 (80%) of
these reported the use of any type of dressing, whereas 7
(46.6%) reported using dressings containing various antimicro-
bial products (i.e., silver-based dressings) [63]. Additionally, a
very recent survey-based study of medical directors and co-
directors of the American Burn Association (ABA)-verified
burn centers demonstrated that only 61.3% of responders had
an established protocol in place for SJS/TENmanagement [51].
Similarly, Hong-Gam Le et al. performed a phone interview
study of nursing supervisors at 111 US burn centers. Only
27% of responders reported the existence of a written guideline
and treatment protocol [64].

In the dermatological literature, a survey-based study of
burn centers and Dermatology departments showed that only
54% had established management guidelines. Among these,
46% used their individual institutional approach, while 8%
used the ABA proposed guidelines. While the response rate
was only 25%, the most common topical treatment was silver-
coated/silver-impregnated dressings (73%), semisynthetic/
synthetic dressings (43%), topical antimicrobials (43%), and
bioactive skin substitutes (38%) [65]. Another survey study of
approach to infection control, wound care, and systemic treat-
ment on SJS/TEN patients sent to 31 burn unit directors in the
United Stated showed that only 61.3% of the units had an
established protocol [65].

The Role of Debridement

There is insufficient data on the role of surgical debridement of
vesicles, bullae, and detached epidermis and no universally
accepted guidelines exist. Surgical debridement involves re-
moval of detached epidermis followed by physiological wound

closure using biosynthetic dressings, xenograft or allograft [58].
The use of debridement including daily dressing changes,
whirlpool, and the use of biologic dressings has been utilized
throughout US burn-unit centers [10]. Wound debridements are
particularly necessary prior to the application of a skin substi-
tute [66].

In contrast, an alternative approach involves aspiration of
bullae and leaving the denuded epidermis in place, with use
of appropriate irrigation, anti-septic agents and dressings
[55••]. Aspiration of bullae fluid may theoretically remove the
cytokines that propagate inflammation and keratinocyte necro-
sis and separation [59•]. The notion that the epidermis left “in
place” can serve as a biologic dressing has created an alternative
anti-shear treatment approach [10, 67]. A retrospective review
from a burn-unit in Chicago over 20 years demonstrated that
such approach resulted in a reduction in mortality of 42% for
patients with a SCORTEN score of 3 or less as compared with
expected mortality. In contrast, no impact on mortality was
observed among patients with a SCORTEN score of 3 or
higher. Overall mortality was 27%, an improvement based on
the SCORTEN-predicted mortality of 30.2%, with resultant
11% reduction in predicted mortality. However, this was not
statistically significant given an overall low number of patients
[10]. The authors proposed that this may be an alternative ap-
proach with equivalent mortality that can diminish the utiliza-
tion of resources and pain associated with frequent dressing
changes. The proposed algorithm used in the Chelsea and
Westminster Hospital Burns Service in London similarly did
not use debridement and instead involved aspiration of bullae,
Mepitel (Molnlycke Health Care, US, LLC, Norcross, GA) and
betadine soaked gauze [59•]. All of the patients had TEN with
predicted mortality exceeding 80% but there was no observed
mortality.

On the other hand, another comparable retrospective analy-
sis from the university associated burn-unit center in Seattle,
Washinton demonstrated that debridement approach involving
the removal of sloughed epidermis and dermal protection with
porcine xenograft resulted in a relative reduction in mortality of
33% (P = 0.011). All loose skin and blisters were removed with
warm saline or sterile water-soaked washcloths without deter-
gent in the operating room with subsequent placement of a
Porcine xenograft [68]. Two separate studies from California
and UK utilizing a debridement approach reported an overall
mortality rate of approximately 10%, an improvement when
compared to expected mortality [55••, 69••]. Linford et al.
shared the approach used in the Helsinki Burn Center, which
involves gentle manual debridement of any detached epidermis
and wound irrigation with subsequent application of the skin
substitute Suprathel (PolyMedics Innovations, Filderstadt
Germany) to areas of sloughed epidermis, which can be cov-
ered with Mepitel One (Monlycke Health Care, Gothenburg,
Sweden). Its proposed advantages are ease of application, fix-
ing, reduction in pain and low risk of infection [70, 71].
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Studies have reflected this variable approach to manage-
ment in the literature. A recent retrospective analysis of SJS/
TEN patients in a Canadian burn unit from 2001 to 2011
found that bullae were debrided in 44% of patients with
TEN, 14% of patients with SJS/TEN and 7% of patients with
SJS [49•]. Canadian and US-based survey study of burn cen-
ters and Dermatology departments demonstrated that 62% of
centers’ directors implemented early debridement of nonvia-
ble tissue [65]. Similarly, in a retrospective analysis of patients
treated in university-based burn units in California all patients
underwent wound debridement [69••]. In the retrospective
study from UK from 2004 to 2016, all patients underwent
wound care protocol involving debridement of detached epi-
dermis using betadine/chlorhexidine and gauze debridement
within 48 h of symptoms onset, followed by dermal irrigation
with betadine or chlorhexidine [55••]. For those patients pre-
senting 2–5 days after onset of symptoms, Versajet TM (Smith
and Nephew Medical Ltd., Memphis TN, USA) was utilized.
For those patients presenting less than 2 days following the
onset of disease with non-infected and extensive areas of epi-
dermal sloughing, Biobrane (Smith & Nephew) was used for
wound coverage. In contrast, allograft was used for closure in
those with greater than 5 days of symptoms. In cases of skin
infection or limited areas of involvement, silver-based/non-
adherent dressings were used [55•• ] . Versaje t™
Hydrosurgery System (Smith and Nephew Medical Ltd.,
Memphis TN, USA) is a gentle wound debridement tool fre-
quently utilized in burn patients [72]. In management of SJS/
TEN, blisters and involved epidermis are gently debrided
without excision of the underlying healthy dermis. This device
has shown similar burn debridement and quality of healing
outcomes compared to conventional escharotomy, but with
considerably easier and faster procedures [72–74].

There is no clear consensus on the role of surgical wound
debridement in patients with SJS/TEN. While, the recent
guidelines proposed by the British Association of
Dermatologists for children under the age of 18 discuss both
the conservative and debridement approaches, the strength of
recommendations based on the available evidence, expert
opinion, and consensus appears to be stronger for debride-
ment. They do, however, advocate an initial conservative ap-
proach followed by utilization of debridement under general
anesthesia with wound closure using a biosynthetic dressing
only in the case of disease progression including epidermal
detachment, infection, delayed healing, and involvement of
dermis [56••]. Similarly, the UK guidelines for management
of SJS/TEN in adults recommend initial conservativemanage-
ment. Subsequently, manual surgical debridement or using a
Versajet TM (Drytac, Bristol, UK) can be added in cases of
progression and extensive involvement (> 30% BSA) follow-
ed by application of Biobrane (Smith & Nephew)/allograft/
xenograft skin in patients with early presentation and large
confluent non-infected areas [57••]. The proposed

management guidelines published by the ABA in 2008 sug-
gested debridement of denuded epidermis but did discuss an
alternative approach of using the epidermis as a biologic
dressing and the conservative approach to wound care [50].
In contrast, proposed guidelines from France do not recom-
mend removal of detached epidermis [62•].

Wound Dressings

Numerous dressings have been used to remove or prevent the
formation of biofilm, diminish the risk of infection, and opti-
mize wound healing environment and re-epithelization [10,
14, 54, 75, 76]. The ideal dressing should be able to cover
all areas of epidermal sloughing, be sufficiently absorbent to
remain attached for multiple days, have non-adherent proper-
ties to minimize trauma during exchanges and be able to pre-
vent infection and biofilm formation. The goal of wound care
in SJS/TEN is to minimize physical manipulation of the pa-
tient, which may cause more epidermal sloughing and pain,
and reduce the frequency of dressing changes while
attempting to mitigate the risk of infection. Evidence is lack-
ing on treatments and there is wide variability in the choice of
wound dressings and anti-microbial agents. Petrolatum con-
taining gauzes or other non-adherent dressings can be utilized
by themselves or in combination with advanced dressings
depending on the severity of involvement and availability
[62•]. Petrolatum gauzes maintain hydration in the wound
and act as a physical barrier to prevent bacteria colonization.
However, these dressings can dry and traumatize the skin
when removed. Furthermore, they need to be changed daily
[54]. Dressings such as bismuth tribromophenate and
petrolatum-impregnated mesh gauze (Xeroform®, Sherwood
Medical, St. Louis, MO) can be used to cover denuded areas
of epidermis with or without antibacterial or antimicrobial
ointments [10].

Among anti-septic topical medications, 0.5% silver nitrate
solution and silver sulfadiazine cream (Silvadene, Monarch
Pharmaceuticals, Bristol, TN) have been used but require fre-
quent dressing changes [77]. Some of the drawbacks of silver
sulfadiazine application is potential skin irritation and
pseudoeschar formation. Additionally, released silver ions
can be de-activated by wound exudate [78]. A recent survey
of US burn unit directors demonstrated that greater than 50%
of the burn units applied topical antibiotics to denuded skin
(58%) and chlorhexidine rinses to the mouth (51.6%), utilized
whirlpool baths (12.9%), topical corticosteroids (6.5%), and
diluted hydrogen peroxide oral cavity rinse (3.2%) [51]. Areas
of denudation were irrigated utilizing dilute chlorhexidine
(51.6%), water (22.6%), and saline (12.9%). A large retro-
spective analysis of 15 burn centers in the USA from 1995
to 2000 demonstrated the use of these interventions: silver
nitrate solution (14.3%), bacitracin (20%), Xeroform®
(7.9%; Sherwood Medical, St. Louis, MO), and silver
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sulfadiazine (9.6%) as well as biological dressings such as
xenograft (6.8%), allograft (2%), Biobrane® (11.5%; Dow
B. Hickam, Inc., Sugarland, TX), and Acticoat® (12.6%;
Westaim Biomedical, Alberta, Canada) [79]. A more recent
survey-based study of US-based burn centers demonstrated
that the most common wound dressing used were Mepilex
Ag® (Mölnlycke Health Care US, LLC, Norcross, GA)
(48.4%), followed by biological skin substitutes (45.2%),
Acticoat® (Smith and Nephew, Ft. Saskatchewan, Canada)
(32.3%), petrolatum gauze (29.0%), TheraBond® 3D,
Bacitracin, N-Terface ® (22.6%), silver sulfadiazine
(12.9%), and TELFA™ (6.5%) [51]. There was no consensus
on the frequency of dressing changes, ranging from daily, to
every 3rd day to weekly depending on the dressing type. It
should be noted that in this particular study the rate of re-
sponders was only 48%. Similarly, a recent retrospective anal-
ysis of SJS/TEN patients in a burn unit in Vancouver, Canada,
demonstrated significant variability of dressing types: saline-
soaked gauze (22%), dressings containing antibiotics (17%),
silver sulfadiazine (14%), steroid containing dressing (15%),
vaseline gauze (14%), and silicone coated dressing (7%) [49].
A retrospective study over 15 years in two California-based
burn units showed the use of antimicrobial, silver releasing
dressing (Acticoat, Smith and Nephew) between 2000 and
2011 and Exsalt (Exciton Technologies) between 2012 and
2014. Exsalt dressing was covered with gauze and irrigated
every 6 h. Dressing changes occurred every 3 days. Utilizing
this wound care approach their estimated overall mortality rate
was 10% [69••].

The introduction and increased availability of more ad-
vanced silver-impregnated or coated dressings have allowed
for sustained release of silver ions and the reduction of fre-
quent dressing changes [10, 77, 80]. Silver anti-microbial
properties stem from its interference with electron transport
and DNA binding and inhibition of replication [78]. Mepilex
is a highly absorbent foam dressing, which contains a special
contact layer to minimize pain and trauma during dressing
changes. The highly absorbent property allows for less fre-
quent dressing changes. Mepilex Ag contains silver, which
provides antiseptic and antimicrobial properties. It has been
used in wound care since the 1960s, and its use has resulted in
a reduction in wound infections, wound exudate volume, and
in some cases wound healing time [81]. Silver impregnated or
coated dressings can provide broad-spectrum anti-microbial
coverage and reduce the need for frequent dressing changes
[77]. On the other hand, high concentrations of silver could be
cytotoxic and impede wound healing [82]. Additionally, the
use of impregnated silver dressings in SJS/TEN with exten-
sive BSA involvement has potential risk of systemic silver
absorption, which can result in symptoms of argyria [83].

Aquacel Ag (ConvaTec, Skillman, NJ) is an absorbent
silver-impregnated hydrofiber dressing with gel forming abil-
ity designated for highly exudative wounds. These dressings

can be used as contact layers but, due to their lack of adhesive,
maintaining them in place could represent a challenge.
Acticoat is a nanocrystalline silver-impregnated gauze dress-
ing. Compared to silver nitrate solution dressings, nanocrys-
talline silver dressings have shown a reduction in the frequen-
cy of dressing changes in chronic wounds and reduction of
skin infection in burn patients [81, 84, 85]. The two-layer
construction of Acticoat creates moist environment and results
in reduced de-activation of silver ions that are released at a
sustained rate [78]. Silver nitrate crystalline dressings, such as
Acticoat need to be kept wet with a minimal amount of sterile
water to result in release of silver ions. Wetting with sterile
saline should be avoided, which results in precipitation of
silver as silver chloride with subsequent loss of anti-
microbial properties [75, 77]. Nanocrystalline silver-coated
dressings stay attached for 3 days, while secondary dressings,
for which wrap gauze, non-adhering dressing, or burn pads
can be utilized, can be changed on a daily basis [75]. This
approach to wound care in SJS/TEN patients, along with de-
bridement of non-viable tissue during dressing changes, has
been reported to reduce the rate of secondary infections and
the time to full re-epithelization [75].

There are emerging novel wound dressings that have not
yet been investigated for the use in SJS/TEN but could poten-
tially serve as alterative approaches in the future.
Dialkylcarbomoyl Chloride (DACC)-coated dressings
(Cutimed® Sorbact®, BSN Medical, Hamburg, Germany)
have antimicrobial properties that prompted their use in chron-
ic and surgical site wounds [86]. The DACC coating creates a
strong hydrophobic charge that has shown to irreversibly bind
to bacteria. Given that the dressing has no chemically active
substances and aims to remove and not destroy bacteria, it
presents potential advantages, including no bacterial resis-
tance, no cytotoxicity, and no bacterial endotoxin release
[86, 87]. Similarly, dressings containing copper oxide have
recently emerged as an alternative to long-time used silver
dressings. Some researchers denote that copper is an essential
trace element that not only has biocidal properties but also has
a crucial role in skin regeneration and angiogenesis [88, 89].
The use of concentrated surfactants in the management of
wounds is an emergent concept, and the use of such products
to soften, loosen, and trap debris is gaining acceptance [90].
Concentrated surfactant gels are biocompatible and have
shown protection against biofilm formation [91]. PluroGel®
(Medline, Northfield, Illinois) is a water-soluble, surfactant-
based wound dressing that develops a moist wound healing
environment protecting the surrounding healthy tissue and
softening wound debris [90]. Application of these types of
dressings and especially their efficacy has yet to be investigat-
ed in SJS/TEN.

Biological dressings or biological skin substitutes include
porcine xenograft, cadaveric allograft, and biosynthetic sili-
cone dressings. These dressings may be placed to cover
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denuded areas and following the debridement of the
devitalized epidermis. The porcine xenograft is composed
of porcine epidermis and dermis, including collagen and
growth factors. Its histological similarity to human skin,
availability, and low price make it more accessible for use
[54]. A retrospective study of 8 SJS/TEN patients with >
20% BSA involvement, where porcine xenograft was uti-
lized, showed a reduction in pain scores and the use of
pain medications when compared to a historic control
[92•]. Cadaveric allografts are composed of human epi-
dermis and dermis with growth factors and collagen.
Compared to porcine xenograft, the cadaveric allograft
provides human-derived factors and cytokines and has
improved compatibility and successful placement.
However, it is more expensive and not as readily available
[54]. Application of allograft/xenograft to exposed dermis
may logistically be challenging and requires general an-
esthesia. Its use has been shown to reduce the inflamma-
tory response and facilitate healing [59•]. Its successful
application depends on the ease of adherence to the un-
derlying dermis, which can be affected by wound exudate,
bacterial colonization, infection and shearing forces [59•].
In order to increase the grafts’ efficacy, wound debride-
ment should be considered for wound bed preparation
[93]. Heimbach et al. published a retrospective review
showing reduction in mortality as compared to historical
data with utilization of biologic dressings [94]. Multiple
reports describe successful application of allograft in the
literature, but these are limited to case reports and series
[95, 96]. Because SJS/TEN patients are critically ill, the
use of autologous skin grafts should be avoided. The cre-
ation of a new donor site wound could potentially com-
plicate the course of the hospitalization and create addi-
tional source of infection and complications.

Biologics dressing covering areas of epidermal detach-
ment may remain in place for 1–2 weeks allowing to
minimize the extent of manipulation and primary dressing
changes [60]. Its use can reduce the loss of fluid up to
90% as compared to unprotected, open wound [97].
Biobrane (Smith & Nephew, Ontario, Canada) is a bio-
synthetic substitute composed of a layer of porcine colla-
gen surrounded by a silicone membrane bonded by nylon
mesh. This dressing provides permeable and elastic skin
cover that acts as barriers for infections and helps control
pain [98]. A retrospective study of 14 TEN patients who
underwent surgical debridement found that Biobrane re-
sulted in significant reduction of pain (2.9 vs 5.5,
p < 0.05), earlier mobilization (walking at 3 days vs
7 days, p = 0.003), and quicker re-epithelialization (12.5
versus 16 days) as compared to patients in whom daily
dressing changes using Lavasept antiseptic solution
(Fresenius Kabi AG, Bad Homburg, Germany) and paraf-
fin gauze were utilized [11]. Another retrospective study

compared the use of Biobrane to other dressings including
silver-based dressings such as Acticoat, Aquacel Ag
(ConvaTec, Greensboro NC, USA), Silverlon (Argentum
Medical Cura Surgical, Geneva, Il USA), greasy tulle
gauze and open management with polysporin or vaseline
application [76]. While the use of Biobrane was not asso-
ciated with a change in a median time to wound healing,
it was used in management of extensive BSA involvement
and was not associated with infection. Multiple reports
have shown successful utilization of Biobrane in patients
with TEN but data are limited to case reports and series
[97–99]. The use of Biobrane dressings in patients with
TEN was associated with reduction of associated pain,
improved re-epithelization, diminished risk of secondary
infection, and improved mobilization. In cases of delayed
patient presentation, the use of Biobrane may result in
increased risk of infection, and thus allograft placement
is preferred [55••]. Biobrane is also typically used in areas
of extensive and confluent involvement and can be cov-
ered by secondary dressings such as betadine gauze to
prevent shear.

Guidelines put forth by the ABA for the types of
wound dressings list biosynthetic dressing Biobrane
(Bertek Pharmaceuticals, Research Triangle Park, NC),
biologic dressings, including porcine xenograft and cryo-
preserved human allograft, and Silver-impregnated dress-
ings, such as the nanocrystalline silver dressing Acticoat
(Smith & Nephew, Largo, FL) [50]. Frequent dressing
changes with topical antimicrobial ointments or solutions
are not recommended.

Conclusion

SJS and TEN are complex diseases that require a multi-
disciplinary approach and management. A wide range of
dressing types and anti-microbial agents are used across
the globe, and there are differences in the implementation
of surgical debridements. Overall, there is a lack of evi-
dence to universally validate any specific type of wound
care management for SJS/TEN patients. Further multicen-
ter interventional and comparison trials are needed for an
improved and optimized evidenced-based approach to
these catastrophic conditions.
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