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BACKGROUND: The burn eschar serves as a medium for bacterial growth
and a source of local and systemic infection. To prevent or minimize these
complications, it is important to debride the eschar as early as possible.
OBJECTIVE: To identify the presence of viable skin within the excisions
by examining tangentially excised burn eschars.

METHODS: A total of 146 samples of burned human tissue were removed
during 54 routine sharp tangential excision procedures (using dermatomes).
The samples were histologically examined to identify the relative thickness
of the dead, intermediate and viable layers.

RESULTS: The mean (+ SD) thickness of the excised samples was
1.7+1.1 mm. The sacrificed viable tissue (mean thickness 0.7+0.8 mm)
occupied 41.2% of the entire thickness of the excision. In 32 biopsies
(21.8%; 95% CI 16.0 to 29.3), the excision did not reach viable skin. Only
eight biopsies (5.4%; 95% CI 2.8 to 10.1) contained all of the necrotic
tissue without removing viable tissue.

CONCLUSIONS: The thickness of a single tangentially excised layer of
eschar is not much greater than the actual thickness of the entire skin and
often contains viable tissue. Because surgical debridement is insufficiently
selective, more selective means of debriding burn eschars should be explored.
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L’évaluation histologique des escarres de
briilures séparées par excision tangentielle

HISTORIQUE : DLescarre de brilure est un médium de croissance
bactérienne et une source d'infection locale et systémique. Pour prévenir ou
réduire au minimum ces complications, il est important de débrider I’escarre
le plus rapidement possible.

OBJECTIF : Déterminer la présence de peau viable dans les excisions par
I'examen des escarres de brilures séparées par excision tangentielle.
METHODOLOGIE : Au total, on a procédé a la séparation de
146 échantillons de tissus humains brilés dans le cadre de 54 interventions
systématiques d’excision tangentielle tranchante (au moyen de dermatomes).
Les échantillons ont fait 'objet d'un examen histologique afin de déterminer
’épaisseur relative des couches morte, intermédiaire et viable.
RESULTATS : Lépaisseur moyenne (+ ET) des échantillons excisés était de
1,7+1,1 mm. Le tissu viable sacrifié (épaisseur moyenne de 0,7+0,8 mm)
occupait 41,2 % de toute I'épaisseur de I'excision. Dans 32 biopsies (21,8 %;
95 % IC 16,0 a 29,3), l'excision n’atteignait pas la peau viable. Seulement
huit biopsies (5,4 %; 95 % IC 2,8 a 10,1) contenaient la totalité des tissus
nécrotiques, sans tissus viables.

CONCLUSIONS : Dépaisseur d’'une seule couche d’escarre séparée par
excision tangentielle n’est pas tellement plus importante que toute 'épaisseur
de la peau et contient souvent des tissus viables. Puisque le débridement
chirurgical n’est pas assez sélectif, il faudrait explorer des modes plus sélectifs
de débridement des escarres de brilure.

Burn injuries result in the formation of dead tissue known as
an eschar. Similar to burns, the depth of the eschar may be
superficial or deep. The presence of the nonviable eschar serves
as a nidus for bacterial growth and may result in an inflamma-
tory response, both of which may contribute to the extension
of the burn injury as well as local and systemic infection (1). As
a result, removal of the dead eschar is considered to be a cor-
nerstone of burn wound therapy, and most burn centres have
adopted early surgical debridement (tangential or, in life-
threatening burns, fascial excision avulsion) of the burn wound
(2-5). This approach, however, is not without hazard. While
generally producing better functional and cosmetic results than
expectant conservative management, a high price is paid in
terms of surgical and anesthetic trauma, bleeding, the sacrifice
of remaining viable healthy tissue and the need for larger donor
site areas (1-16).

Initial diagnosis of the eschar’s extent is the first step in any
debridement strategy. However, the assessment of burn depth
through the opaque eschar is difficult, if not impossible, even
with advanced diagnostic methods such as photographic infra-
red, ultrasound and laser Doppler imaging (16-30). Furthermore,

the burn’s depth is not constant within the damaged area, and
the eschar’s color and texture may be misleading even to
experts. Very often, the extent and depth of tissue damage may
only be determined after a few days, when the secondary dam-
age already extends beyond the original denatured and
destroyed tissues.

The most obvious and direct method of debridement is sur-
gical excision. To minimize damage to the underlying and sur-
rounding viable tissue, sequential excision of thin layers of
burned skin termed ‘tangential excision’ is often performed.
Generally, the adequacy of the excision is determined by the
presence of small punctate bleeding points within the dermis
that suggest the viability of the underlying skin. Thus, the
assessment of the thoroughness of the excision is visual, based
on the appearance of bleeding points and the appearance of the
excised tissue — both of which have never been validated.

Due to the crude nature of tangential excision, the end
result is often a full thickness defect with minimal, if any, epi-
thelial remnants limiting the possibility of spontaneous healing.
As a result, the raw exposed fat or deep dermis needs to be cov-
ered with a skin graft or skin substitute to prevent desiccation
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TABLE 1
Thickness of excised tissue

Tangential Minimum  Maximum
excisions, thickness, thickness, Mean + SD,

n mm mm mm Total, %
Necrotic 146 0 2.7 0.9+0.6 52.9
Intermediate 146 0 1.2 0.1+0.2 5.9
Viable 146 0 7.0 0.7+0.8 41.2
Total 146 0 9.1 1.7+¢1.1 100.0

and further necrosis and scarring. Thus, surgical debridement is
often tied to the availability of an adequate, immediate cover.
In many cases, the insult of the surgical debridement (and of
the autograft harvesting that usually follows) is considerable,
necessitating careful judgment of the procedure’s extent.

At the Soroka University Medical Center (Beer-Sheva,
Israel), sharp tangential excision (STE) using a dermatome is the
standard of care, with dermabrasion reserved for smaller areas and
more superficial burns; avulsion debridement is used for the
deeper and more extensive burns. To assess the thoroughness and
extent of our STE, we measured the thickness of the excised
eschar and examined the excised tissue for the presence of
healthy viable tissue.

METHODS
Study design
A prospective, blinded, descriptive study design was used to
determine the depth of the eschar and selectivity of STE in
burn patients. The study was approved by the Institutional
Review Board, and all patients gave written informed consent.

Setting
The study was conducted in an urban, tertiary care, academic
medical centre with a regional burn centre.

Interventions

For many years, the standard of care for burn excision at the
Department of Plastic & Reconstructive Surgery, The Burn Unit
at the Soroka University Medical Center has been the classical
layer-by-layer STE using Watson or Rosenberg manual derma-
tomes, until a punctated bleeding wound bed was revealed. In
the present study, samples of burned tissues removed during rou-
tine STE were histologically examined for the relative thick-
nesses of the necrotic, intermediate and viable layers. The
samples were excised by six different burn surgeons during
54 consecutive routine burn STE procedures. The surgeons were
asked to select the samples that they believed reached the viable
tissues. No other instructions concerning the eschar, debride-
ment technique or a specific body area were given. The surgeons
were unaware of the study objectives.

Tissue processing

Each tangentially excised tissue sample was placed into a biopsy
vial containing 10% formaldehyde, and sent for histopathology
examination. The hospital dermatopathologist took three biop-
sies from the sample’s longest axis: 1 cm from each edge and from
the centre. After fixation and hematoxylin and eosin staining,
the samples were examined by a board-certified pathologist. The
depth of injury was measured, and the thickness of the burn
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Figure 1) Representative micrograph of excised eschar. The upper
dermis is necrotic, while the lower portion is viable. The yellow
arrow indicates the intermediate layer between the mecrotic and
viable layers. I1Z Interzone

eschar, healthy tissue and the interposing, intermediate layer
were determined. The intermediate layer was defined as the tis-
sue immediately below the dead eschar and above the obviously
unharmed tissue. This area typically included changes such as
hyperemia, stasis and neutrophil infiltration, probably corres-
ponding to the zone of stasis/ischemia (31,32). The surgical team
was not involved in the examination of the tissue samples and
the pathologist was not involved in the surgical phase.

Data analysis

Continuous data are presented as mean * SD. Binomial data are
presented as the per cent frequency of occurrence and 95% CI.
Only descriptive statistics were used in the observational study.

RESULTS
A total of 146 tangential excisions of burns were obtained from
54 patients. Burn etiology included flame burns (63%), scalds
(33%) and chemical burns (4%). The mean total body surface
area was 20.8% (range 2% to 55%). The burns were located on
the lower extremities (54%), upper extremities (25%), trunk
(15%), and head and neck (6%).

The mean (+ SD) thickness of the excised samples was
1.7+1.1 mm (Table 1). The mean thickness of the necrotic tis-
sue was 0.9+0.6 mm, while that of the intermediate zone was
0.120.2 mm. The mean thickness of the viable excised tissue
was 0.720.8 mm (Table 1, Figure 1), which represented 41.2%
of the entire thickness of the excision. In 32 of the biopsies
(21.8%; 95% CI 16.0 to 29.3), the excision did not reach the
intermediate layer or healthy tissue (Figure 2). Only eight
biopsies (5.4%; 95% CI 2.8 to 10.1]) contained all of the

necrotic tissue without removing viable tissue.

DISCUSSION
Burn debridement is an important and complex process that is
often critical to the future of the wound and the patient’s well-
being. Multiple methods are presently used to debride burn
eschars. The most rapid and commonly used method is surgical
excision. Traditional surgical excision removes large ‘chunks’
of tissue and is the least selective method of debridement.
Surgical tangential excision is more selective because it is per-
formed in stages, layer by layer until the appearance of normal
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healthy tissue. As a result, STE is the standard method of
eschar debridement in many burn centres such as ours.

The results of our study demonstrate that surgical tangential
excision of burn eschars often results in the removal of the
entire thickness of the dermis. Furthermore, nearly one-half of
the excised tissue is viable and healthy in appearance, demon-
strating the poor selectivity of surgical tangential excision.
Because the ability of the remaining skin to heal spontaneously
is dependent on the presence of an underlying dermis and epi-
thelial adnexa, our results question the wisdom of routine sur-
gical tangential excision in burn eschar management.

The depth of tangential excision depends on several factors.
The first determinant of depth of excision is the setting of the
dermatome. However, the pressure on the skin, the dermatome
angle, the body area, and the local tissue’s tone and resilience are
also important and are difficult to determine in the clinical set-
ting. The thickness of the excision was measured regardless of
the patient’s age and body area (both influencing the skin thick-
ness). We did not record the number of skin grafts that were
taken because the number of obtainable skin grafts depend on
many other factors — the thoroughness of the debridement being
one of them (32).

In most body areas, the thickness of the skin ranges from
0.5 mm to 3 mm (33,34). In some areas (eg, the eyelids), the
skin may be thinner than 1 mm and, in others (eg, the shoul-
ders, parts of the plantar skin), it may be thicker. In young
children and the elderly, the skin is thinner. Various patho-
logical and medical conditions and treatments may also influ-
ence the thickness of the skin. For the skin to heal with
minimal scarring, a dermal matrix and epithelial elements are
required. The layer of skin that is richest in epithelial tissue is
the more superficial papillary dermis with the invaginating
epithelial adnexa and the rete pegs with their basal membrane.
This layer is approximately 0.5 mm or thinner. Below the pap-
illary dermis, the only epithelial elements are the skin append-
ages (hair follicles, sweat and sebaceous glands). The thicker
the dermal matrix, the more likely that spontaneous epithelial-
ization will occur. The fastest healing (epithelialization) occurs
with superficial defects limited to the papillary dermis level
(the level of a very thin split-thickness skin graft donor site).
The deeper the cutaneous defect, the slower and less complete
is the healing process due to a thin dermal matrix and sparse
epithelial elements. With deep cutaneous defects that extend
below the level of the dermis, healing occurs by formation of
granulation tissue and scarring (healing by secondary
intention).

Despite its widespread use, few studies (31,32,35-37) have
addressed the adequacy of surgical tangential excision. One
study (31) examined excised burn eschars from 15 patients, nine
of whom were children. In the group of nine children, only 50%
of the excised eschar was necrotic. In the group of six adults,
90% of the eschar was necrotic. In contrast to our study, the tis-
sue samples were microscopically examined by the same surgeons
who excised the eschar, introducing significant observer bias.

STE of a very thin burn eschar layer is technically very dif-
ficult and a second passage of the excising dermatome on an
already excised bed yields inconsistent layers. Thus, for an
effective STE, the dermatome is usually set at an excision
thickness of 0.5 mm to 2 mm; the excision is performed layer
by layer parallel to the skin surface regardless of the variations
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Histology of tangential excisions
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Figure 2) Micrograph of excised eschar. The entire thickness of the
tissue is mecrotic suggesting that the eschar was not sufficiently

debrided

in the eschar’s depth from point to point. In areas of thicker
skin, thicker eschar or possibly a more aggressive surgeon, the
setting of the dermatome may be even deeper. Thus, in most
body areas, the first STE will remove a layer including the
entire papillary dermis and sometimes even most of the reticu-
lar dermis. The second or subsequent excisions in most cases
will leave large areas of exposed subdermal fat without any
spontaneous healing potential. This is the reason why in most
cases, STE necessitates the use of a split-thickness skin graft.
To preserve the healing potential, a more selective surgical
tangential debridement (eg, dermabrasion) may be attempted,
although it is time consuming and skill dependent.

A number of nonsurgical eschar debridement methods have
also been described. Chemical debridement, using chemical
compounds such as enzymes, is generally a slow process. With
the exposure method, the eschar is left to desiccate and macer-
ation of the entire eschar (secondary to autolysis) eventually
occurs. Unfortunately, these methods often require multiple
dressing changes, can be painful and can expose the patient to
the risk of infection and sepsis over extended periods of time.
Thus, an ideal method of eschar debridement that is effective,
rapid and selective is needed.

Limitations

Our study has several limitations that merit further discussion.
First, we cannot exclude a Hawthorne effect because the sur-
geons were aware that we were collecting the excised tissue,
although the exact nature of the study was mostly unknown.
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Thus, it is possible that some were more careful than usual when
performing a tangential excision. This may have led to an under-
estimation of the depth of excision and extent of injury to surviv-
ing viable tissue. This may explain the large number of incomplete
excisions (roughly one in five), and the fact that complete
debridement without sacrificing healthy tissue was achieved in so
few cases. Second, our study is limited to a single burn centre and
a few surgeons. However, our centre and surgeons perform many
such operations each year. Thus, it is unclear whether our results
can be generalized to most or other centres.

CONCLUSIONS
Based on our preliminary data, the thickness of eschar debrided
by STE is not much different than the actual thickness of the
entire skin. Nearly one-half of the excised tissue was healthy or
viable, while nearly one-quarter of the excised samples did not
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