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Serial debridement of tissue affected by necrotising fasciitis results in extensive and deep wounds, some-
times complicated by the exposure of major vessels, tendons, bone or other tissue incapable of support-
ing healing by skin grafts alone. When skin grafts are used, their contraction can result in contracture of
joints, or the neck. On the other hand, reconstruction using tissue flaps can be bulky, with poor contour
definition and healing of both reconstruction, and donor site, may be compromised by patient comorbid-
ity and instability. In our institution, concerns regarding infection and loss of dermal substitutes of bio-
logical origin in these scenarios (e.g. collagen/glycosaminoglycan) have precluded their use. We present a
series of seven consecutive cases of such challenging wounds; temporised and reconstructed with a
totally synthetic polyurethane dermal substitute and secondary skin grafting, resulting in durable cover
with minimal contracture. The cohort includes anterior neck defects exposing major vessels (2/7), mul-
tiple exposed ribs on the chest wall (2/7), lower limbs crossing knee or ankle joints (3/7) and a lower limb
amputation by hip disarticulation (1/7). This is the first published series of the use of a completely syn-
thetic dermal substitute in necrotising fasciitis wounds, and the joint largest using any dermal substitute.
� 2018 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Necrotising fasciitis is a synergistic gangrene which is increas-
ing in prevalence [1], with 628 cases presenting to Australian hos-
pitals in 2016/17. It is associated with significant mortality;
causing 290 deaths between January 2009 and February 2018
(unpublished data).

The development of NovoSorbTM Biodegradable Temporising
Matrix (BTMTM) began at the Royal Adelaide Hospital in South Aus-
tralia at the end of 2004. Beginning with human in vitro cellular
studies, early wound experience was confined to small and large
animal models [2–7]. Experience of short-term human exposure
to the novel biodegradable polyurethane foam (NovoSorbTM) began
in 2012, when the foam was used as a Vacuum-Assisted Closure
(VAC) interface in debrided pressure sores, compared against
Granufoam [8]. The intended role of BTM as a dermal substitute,
was first investigated in humans in the reconstruction of free flap
donor sites as a small, complex, surgical (iatrogenic) model later
that same year [9], with further experience gained after minor
optimization [10,11]. After that time, the focus of the clinical inves-
tigation shifted to major and complex burn injuries, the indication
for which the BTM was originally designed [12,13]. More compre-
hensive accounts of the development of BTM and related products
have also been published [14–16].

The success of BTM in these varying indications, and its appar-
ent resistance to infection, led to its first use in necrotising fasciitis
in 2017 [17]. Following radical debridement, necrotising fasciitis
wounds are often extensive with a bed varying in contour, tissue
vascularity and composition. Biological dermal substitutes have
been reported as successful aides to reconstruction in these scenar-
ios [18–24]. They offer a potentially favourable alternative to split
skin graft alone, by replacing lost dermis with thicker, uniform
contour and reduced wound contraction. Despite these reports,
concerns of a biological substitute becoming digested during its
use in infective scenarios (even after successful eradication), left
us reluctant to adopt this technology after necrotising fasciitis.
Our experience using a synthetic dermal substitute for moderate
and severe acute burn wound repair demonstrates that the polyur-
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Table 1
Patient Demographics.

No. Age Sex Co-morbidities

1 55 F Hypothyroidism, alcoholism, osteoporosis
2 32 F Hypothyroidism, diabetes mellitus, anaemia, depression
3 49 M Osteoarthritis
4 76 M Diabetes mellitus, secondary hyperparathyroidism,

hypogonadism, hypertension, hypercholesterolaemia,
gout, right nephrectomy & chronic renal failure requiring
haemodialysis

5 46 M Nil
6 55 M Chronic lymphoedema, asthma, depression, Grave’s

disease, obesity
7 48 F Nil
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ethane structure does not appear to be affected by underlying
wound infection, and will continue to integrate into the wound
bed following drainage of infected collections through perforations
in the seal [12]. In addition, we have used this successfully to
reconstruct wounds with complex beds, such as exposed calvarium
[13]. This 7 patient consecutive case series details the use of BTM
in complex defect reconstructions following debridement for
necrotising fasciitis, and constitutes the first reported series of
cases of necrotising fasciitis wounds reconstructed with a com-
pletely synthetic dermal substitute and the joint largest series
using any dermal substitute for this indication [24]. It is also the
first series of patients reported where a synthetic dermal substi-
tute has been used to reconstruct acute debrided non-burn
wounds.
Table 2
Wound description & use of BTM.

No. Soft tissue defect Size of
defect (%
TBSA)

Indication fo

1 Loss of all soft tissues of the anterior neck 1.5 Exposed ster
sheaths & su
temporisatio

2 Right forequarter amputation, loss of right chest,
flank and abdomen soft tissue

8 3 exposed rib

3 Loss of left lower limb soft tissues 4 Improved con
contracture

4 Loss of right chest soft tissues, extensive wounds
right axilla

9 2 exposed rib

5 Loss of soft tissues of anterior neck and upper
chest

5 Exposed ster
sheaths & su

6 Extensive loss of bilateral lower limb soft tissues 24 Temporisatio
prevention o

7 Right lower limb amputation with hip
disarticulation including large abdominal soft
tissue defect

8.5 Temporisatio
bearing surfa

Table 3
Operative details & outcomes.

No. Total stay in
hospital
(days)

Time to BTM implantation
from first debridement
(days)

Time to BTM
Integration
(days)

Time to disch
post-graft (d

1 81 10 34 6
2 62 19 33 10
3 40 8 36 18
4 62 29 42 19
5 32 6 32 8
6 93 30 26 37
7 Still in-

patient
41 35 –
2. Methods

All cases in which BTM has been employed in necrotising fasci-
itis wound reconstruction have been included. Medical records and
operations notes were reviewed retrospectively, including clinical
photographs. Photographs were taken of all wounds at each
surgery and dressing change. The data collected included demo-
graphics, length of stay in hospital, description of defect following
serial debridement, indication for BTM, time from implantation to
split skin grafting and complications (Tables 1–3).
2.1. Initial surgical management

In the acute phase, all cases of necrotising fasciitis are individ-
ually managed according to standard of care. This consists of
appropriate resuscitation, urgent radical debridement of all clini-
cally infected or and/or necrotic tissue under general anaesthetic
and administration of antimicrobials. Specimens of wound tissue
were sent for microscopy, culture and sensitivity. In Subjects 2
and 7, the extent of infection necessitated forequarter amputation
and lower limb amputation with hip disarticulation, respectively.

The subjects were returned to theatre often daily, or every
second day, for further wound toilet and dressing changes until
wound control was achieved. Dressing choices were made accord-
ing to individual surgeon standard of care, and initially included
paraffin tulle gras (Jelonet, Smith and Nephew, Hull, UK) and cot-
ton packs soaked in aqueous povidine-iodine solution (Betadine�,
Sanofi, France). Later, negative pressure wound therapy (NPWT)
was employed, excluding Subjects 1 and 5 who had exposed
r BTM Alternatives considered

nocleidomastoids, carotid
bmandibular gland;
n

Integra or free anterolateral thigh flap

s denuded of periosteum Integra or repeated NPWT after rib cortex
drilling

tour, prevention of major joint Primary split skin graft

s denuded of periosteum Integra or repeated NPWT after rib cortex
drilling. Regional muscle flap with split skin
graft

nocleidomastoids, carotid
bmandibular glands

Integra or free anterolateral thigh flap with
split skin graft

n; improved contour and
f major joint contracture

Primary split skin graft

n; more durable weight-
ce

Primary split skin graft

arge
ays)

Follow-up
since BTM
(months)

No. of OR procedures
from BTM application

% TBSA
BTM
loss

% TBSA graft loss
over integrated
BTM

4 2 0 0
20 4 0 0
18 2 0 0
17 7 0.5 0
9 4 0 0
5 9 0.5 0
1 5 0 0
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Fig. 1. Series of images from Subject 1: a. Initial presentation, b. After 1st debridement, c. Ready for BTM application, d. BTM applied, e. Day 10, post-BTM application, f. Day
34, post-BTM application, g. Day 34, BTM delaminated, h. Day 34, split skin graft applied, i. Day 4 post-graft application, j. Day 6 post-graft application, k. Day 14 post-graft
application, left lateral neck rotation, l. Day 14 post-graft application, right lateral neck rotation, m. Day 86 post-graft application, front on view, n. Day 86 post-graft
application, right lateral neck rotation, o. Day 86 post-graft application, left lateral neck rotation, p. Day 86 post-graft application, neck extension, q. Day 86 post-graft
application, right lateral neck flexion, r. Day 86 post-graft application, left lateral neck flexion, s. Day 86 post-graft application, neck extension seen from right, t. Day 86 post-
graft application, neck extension seen from left.
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Fig. 2. Series of images from Subject 2: a. Initial debridement, 15 days before BTM application, b. Wound on day of BTM application with exposed rib cortical drill holes
visible, c. BTM applied, d. Day 5 post-BTM application, e. Day 15 post-BTM application, f. Day 22 post-BTM application, g. Day 34 post-BTM application, h. Day 34, BTM
delaminated and dermabraded, i. Day 34, graft applied, j. Day 37 (3 days post-graft), k. Day 66 (32 days post-graft), l. Day 192 (158 days post-graft), m. Day 396 (362 days
post-graft), n. Day 513 (479 days post-graft, lateral view, o. Day 513 (479 days post-graft, front on view).
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internal jugular veins. All subjects were initially managed in an
intensive care setting with inotropic support. Subject 3 was trans-
ferred from a neighbouring unit following achievement of wound
control and stabilisation of the patient, to be in the proximity of
a dialysis unit.

2.2. Patient selection

All patients presenting with necrotising fasciitis, including
these 7, are considered for all appropriate modes of reconstruction
once wound control has been established, and the patient no
longer requires inotropic support. A dermal substitute was offered
when it was anticipated that it would improve the clinical course
or outcome for the patient against the alternatives of primary split
skin grafting or vascularised flap transfer. The indications thus
included:

1. Temporising a wound in a patient not initially fit for a lengthy
reconstructive procedure or creation of donor sites (Subjects 1
and 7)
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Fig. 2 (continued)
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2. Coverage of exposed bone (Subjects 2 and 4)
3. Coverage of complex deep structures of the neck, such as the

internal jugular vein and submandibular glands (Subjects 1
and 5)

4. Decreased wound contracture cf. primary skin grafting (Sub-
jects 1–7)

5. Improved contour cf. free vascularised flap cover (Subjects 1
and 5)

6. Improved uniformity of texture cf. primary split skin graft
reconstruction (Subjects 1–7)

These options, indications and the expected clinical course were
discussed with the subject and/or next of kin and consent was
obtained under the Therapeutic Goods Administration of Australia
(TGA) Special Access Scheme (Subjects 1 and 2), or Authorised Pre-
scriber Scheme (Subjects 3 to 7), since BTM was an unapproved
product in Australia at the time of these cases.

2.3. BTM application and dressing

Under general anaesthetic and after preparation with povidine-
iodine solution, the wound edges were excised, and the early
granulations on the wound bed were scraped away with a metal
ruler. Wounds were thoroughly toileted with normal saline and
haemostasis achieved with bipolar cautery and 1:10,000
adrenaline/saline-soaked packs. The anterior cortex of exposed ribs
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Fig. 3. Series of images from Subject 3: a. Post-initial debridement, b. BTM applied, c. Day 6 post-BTM application, d. Day 13 post-BTM application, e. Day 33 post-BTM
application, f. Day 33, BTM delaminated, g. Day 33, Graft applied, h. Day 162 (129 days post-grafting), i. Day 162, knee flexed, j. Day 358 (325 post-grafting, lateral view, knee
extended), k. Day 358 (325 days post-grafting, lateral view, knee partly flexed).
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stripped of periosteum (Subjects 2 and 4) were repeatedly drilled
through to themedulla, and the deep fascia over themuscles in Sub-
jects 3 and 6 was pierced with stab incisions, to create a source of
angiogenesis and fibrovascular proliferation into the overlying BTM.

In all cases, the factory-fenestrated BTM seal was further fenes-
trated with a scalpel blade to assist with egress of wound exudate
into the dressings. The BTM was cut to size and inset with the seal
uppermost, under slight tension, using stainless steel staples to
appose it, without overlap, to the skin edges. Staples were also
applied to quilt and secure and contour the BTM to the wound
bed. The BTM was dressed with a water-activated nanocrystalline
silver dressing (Acticoat, Smith andNephew,Hull, UK) overlaidwith
adhesive dressing (Hypafix�, BSN Medical, Hamburg, Germany).

Dressings were changed twice weekly under aseptic conditions,
either on the ward or in the operating theatre (depending on
requirements for general anaesthetic, sedation, or neither), clean-
ing the surface of the BTM with 1% chlorhexidine-impregnated
sponges (Medisponges). Subject 6, with an underlying comorbidity
of bilateral lower limb lymphoedema, exuded heavily from her
wounds, through the BTM fenestrations, necessitating frequent
cotton pack dressing changes. A negative pressure wound therapy
(NPWT) dressing (GranuFoam� Vacuum Assisted Closure – VAC�,
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Acelity, San Antonio, Texas) was applied to successfully draw out
the exudate through the fenestrations, reducing the frequency of
dressing changes back to twice weekly.

2.4. Integration phase

Integration of the BTM into the wound bed was assessed by
subjective clinical appearance at each dressing change. Given our
experience we use the following parameters to assess integration.

1) Blanching and capillary refill on digital pressure
2) Obliteration of the visible foam cells through the transparent

seal
3) Uniformity of the salmon-pink colour

The BTM adheres within 7 days, and some areas were inte-
grated against the above criteria by 14 days, however delamination
and split skin graft application was only scheduled following
evidence of integration of the area slowest areas (often those over
areas of least vascularity, e.g. bone).

2.5. Delamination and split skin graft application

Under general anaesthetic, the staples were removed and BTM
was delaminated using controlled traction with forceps. The
surface of the vascularised matrix was refreshed with light



Fig. 4. Series of images from Subject 4: a. Final debridement, 4th and 5th ribs exposed, b. BTM applied, c. Day 4 post-BTM application, d Day 16 post-BTM application, e. Day
22 post-BTM application, f. Day 34 post-BTM application, g. Day 43 post-BTM application, h. Day 43 post-BTM delamination, i. Day 43 post-graft application, j. Day 43 graft
held with VAC, k. Day 50 post-BTM application (7 days post-graft), l. Day 72 post-BTM application (29 days post-graft), m. Day 90 post-BTM application (47 days post-graft
and anterior part of axillary wound closed), n. Day 155 post-BTM application (112 days post graft and axillary wound totally closed), o. Day 167 post-BTM application, p. Day
197 post-BTM application, q. Day 244 post-BTM application, r. Day 328 post-BTM application and good shoulder abduction.
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dermabrasion with a diamond-tipped burr mounted on a Hall’s
drill to clear any surface biofilm and granulations, encourage light
capillary bleeding and smooth any seams according to our stan-
dard of care with other dermal substitutes [11]. Split skin graft
was harvested at 0.01000 – 0.01200 thickness using a Zimmer der-
matome and either hand fenestrated and applied as sheet grafts
(Subjects 1–5), or meshed at 1:1.5 (Subject 7) or 1:2 (Subject 6)
ratios. Skin grafts were applied with stainless steel staples and
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c. d.

e. f.

Fig. 5. Series of images from Subject 5: a. Initial presentation, b. After first debridement, c. $ days later and ready for BTM application, d. BTM application, e. Day 3 post-BTM
application, f. Day 10 post-BTM application, g. Day 17 post-BTM application, h. Day 24 post-BTM application, i. Day 31 post-BTM application, BTM delaminated and
dermabraded, j. Day 31 post-BTM application, graft applied, k. Graft at 3 days post-application (Day 37 post-BTM), l. Graft at 12 days, m, n. and o. Graft at 84 days (Day 115
post-BTM), p. Graft at 140 days, neck extension, q. Graft at 140 days, neck left lateral rotation, r. Graft at 140 days, neck right lateral rotation, s. Graft at 140 days, neck
extension lateral view, t. Graft at 235 days, neck extension, u. Graft at 235 days, neck left lateral rotation, v. Graft at 235 days, neck right lateral rotation, w. Graft at 235 days,
neck neutral lateral view.
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dressed according to standard of care with either Mepitel (Mölnly-
cke, Gothenburg, Sweden) and Acticoat, or paraffin tulle-gras and
Betadine-soaked gauze, or Mepitel and VAC.

The first dressing changes were performed around Day 3–5, and
were according to standard of care of split skin grafts. Staples were
removed and physical therapy was commenced at either the first
or second dressing change, depending on stability of the graft
against shear. Scar therapy, with moisturising cream and massage,
commenced once the wound was closed and subsequent compres-
sion and silicone therapy according to the standard of care of our
Allied Health therapists.
3. Results

Seven cases have been reconstructed in the last two years, in
two-stages, where BTM represented the first stage and split skin
autografting the second (Table 1). The mean age was 58 years
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(31 to 88 years), and the male to female ratio = 3:4. The median
inpatient bed days from first debridement to discharge following
split skin graft take was 62 days. Subjects 3 and 5 were discharged
for outpatient dressing management during the integration phase.
Subject 7 remains an inpatient post-skin grafting for rehabilitation
management following through-hip amputation, along with 5th
ray amputation of the contralateral foot.

A few general result statements can be made. Firstly, no BTM
was lost in any patient except where BTM had been placed over
‘mobile cavities’ (the axilla and the thigh/hip in Subjects 4 and 6,
respectively). In retrospect, placement in these sites was futile, as
grafting these sites primarily would have been. These areas were
all less than 0.5% TBSA, and were subsequently closed with further
management using cavity excision, skin edge mobilisation and clo-
sure (Subject 4) or NPWT alone (Subject 6). Secondly, no graft was
lost over integrated BTM.

3.1. Individual subject results

Subject 1 – necrotising fasciitis began in the right parotid and
spread into the neck (Fig. 1a), necessitating radical debridement
(Fig. 1b). BTM was applied to abraded granulations over the strap
muscles of the neck centrally and the sternocleidomastoid muscles
laterally, with the major vessels of the neck in between and the left
submandibular gland superiorly (Fig. 1c & d). The BTM integrated
steadily and was slowest centrally over the strap muscles (Fig. 1e
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& f). Delamination occurred at Day 34 (Fig. 1g) and was sheet-
autografted after dermabrasion (Fig. 1h). Massage andmoisturising
of the graft was possible 4 days later (Fig. 1i). The graft rapidly
became robust and mobile (Fig. 1j–l). At her last appointment
(Day 86), the neck range of motion was excellent (Fig. 1m–t).
She, unfortunately, died four months following graft application.
Post-mortem examination concluded that her death was unrelated
to the device.

Subject 2 – necrotising fasciitis affected the right upper limb,
axilla, right lateral chest and flank necessitating forequarter ampu-
tation. Three ribs were denuded of periosteum as a result and
required multiple cortical drill holes to facilitate granulation from
the bony medulla (Fig. 2b), on the day of, and prior to, BTM
application (Fig. 2c). BTM integration was uneventful (Fig. 2d–g)
and delamination/dermabrasion occurred on Day 34 (Fig. 2h). Fen-
estrated sheet graft was applied (Fig. 2i). Graft take was complete
and rapidly robust (Fig. 2j & k). The progress of her graft
maturation was recorded (Fig. 2l–o), leaving an acceptable result
at Day 513 to consider prosthesis manufacture.

Subject 3 – the defect resulting from serial debridement was
predominantly anterior and extended across the left knee from
mid-thigh to distal leg (Fig. 3a). BTM was applied and allowed to
integrate (Fig. 3b–d). Complete integration at Day 33 (Fig. 3e)
was followed by delamination/dermabrasion (Fig. 3f) and sheet
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e. f.

g. h.

Fig. 6. Series of images from Subject 6: a, b & c. Post final debridement, d & e. Post-BTM application, f. Two days post BTM application, g. Day 8 post-BTM application, h. Close-
up of the failed BTM bridge between hip and thigh at Day 8, i. BTM at Day 26, j. Day 26 post-BTM delamination, k. Day 26 post-graft application, l. Day 41 post-BTM (day 15
post-grafting), m. Day 23 post-grafting, n. Day 136 post-grafting.
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graft application (Fig. 3g). Graft take was complete and a good cos-
metic and functional result achieved early (Fig. 3h & i). The result
at 1 year is also shown (Fig. 3j & k).

Subject 4 – an elderly gentleman in end-stage renal disease
requiring dialysis developed necrotising fasciitis in the right flank,
right axilla and with a deep tissue cavitation extending deep to the
scapula posteriorly and under the pectoralis minor anteriorly. After
debridement, the fourth and fifth ribs were exposed and denuded
of periosteum (Fig. 4a), the cortices of which were drilled before
BTM was applied (Fig. 4b). Initially the BTM coloured as expected
a.

dc.

ba.

dc.

b

e.

h

f

g.

Fig. 7. Series of images from Subject 7: a. Wound resulting from the final debridement af
post-BTM application, d. Day 9 post-BTM application, e. Day 12, f. Day 15, g & h. Day 34 pr
j. 16 days post-graft application and Day 50 post-BTM application.
(Fig. 4c), but the bridging portion over the cavity eventually failed
(Fig. 4d–f). The remaining BTM integrated and was delaminated
(Fig. 4g) and grafted (Fig. 4h) at Day 43. The grafts were held in
place and the cavity closed by VAC application (Fig. 4i). The graft
took well except over the remaining cavity (Fig. 4j) and was
allowed to become robust (Day 72), at which point the anterior
axillary (pectoral) tissue was raised, advanced and fixed to the
graft edge with staples (Fig. 4k). By Day 90, this was firmly healed
(Fig. 4l). On Day 155, the posterior aspect of the cavity was closed
by raising and advancing the tissue over the latissimus dorsi
.

.

.

.

.

.

ter hip disarticulation and right lower limb amputation, b. BTM application, c. Day 2
e- and post-BTM delamination on the day of grafting, i. 3 days post-graft application,
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(Fig. 4m). This similarly healed well (Fig. 4n & o). The images at Day
244 (Fig. 4p) and Day 328 (Fig. 4q) show increasing shoulder range
of motion with time. His necrotising fasciitis involved Clostridium
septicum and, as predicted by this combination, colonoscopy
revealed a bowel malignancy, which was treated.

Subject 5 – the synergistic neck infection required a more radi-
cal debridement that Subject 1 (Fig. 5a–c). BTM was applied
(Fig. 5d) and allowed to integrate, again showing delay over the
strap muscles centrally (Fig. 5e–h). Delamination and dermabra-
sion on Day 31 (Fig. 5i) were followed by sheet autograft
(Fig. 5j). Graft take was complete and rapid (Fig. 5k). Robustness
was associated with good contour early (Fig. 5l) and at 4
(Fig. 5m–o) and 6 (Fig. 5p–s) months. His last review at 266 days
(8 months) post-BTM application (Fig. 5t–w), bodes well for his
long term result.

Subject 6 – extensive lower limb wounds generated by serial
debridement (Fig. 6a–c), received BTM (Fig. 6d & e). Integration
progressed as expected (Fig. 6f & g) marred only by that stretched
over a cavity between the left lateral hip and thigh (Fig. 6h). Due to
high volume exudate, NPWT was applied with the GranuFoam
directly over the BTM seal, set to run continuously at 50 mmHg
and changed twice weekly. The BTM was integrated by Day 26
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(Fig. 6i), when it was delaminated/dermabraded (Fig. 6j), and
grafted with 1:2 mesh graft (Fig. 6k). All the graft took (Fig. 6l)
and became robust very quickly (Fig. 6m).

Subject 7 – very significant infection resulted in right lower limb
hip disarticulation. Althoughmuscle was available to cover the pel-
vic acetabulum, a significant defect was left (Fig. 7a) onto which
BTM was applied and extensively quilted with staples (Fig. 7b).
The BTM integrated over the next 34 days (Fig. 7c–g). Delamination
was followed by dermabrasion (Fig. 7h). The graft took completely
by 3 days (Fig. 7i).

4. Discussion

The aim of wound closure after any injury is a functional result,
which is cosmetically acceptable. Radical debridement for soft tis-
sue infections, following trauma, or to achieve an adequate surgical
margin after cancer excision, often leaves a wound indicating
reconstruction by free tissue transfer for coverage of ungraftable
structures. Where grafts can be used, the thin coverage of the
resulting contour defect is often distressing to patients, as well as
being less robust, and prone to contracture.

The 7 subjects in this series all presented with life-threatening,
necrotising soft tissue infection. They also came, however, with
diverse patient and wound demands that required an individu-
alised approach to their timing and strategy of reconstruction.

Dermal substitutes temporise a wound by affording physiolog-
ical closure through reduction of trans-epidermal water loss. Gran-
ulation and associated myofibroblast-mediated wound contraction
is reduced during the integration phase. Temporising provides a
window of delay prior to reconstruction, which can be used to
allow a patient to physiologically recover. In addition, the dermal
substitute is integrated into the wound, creating a thicker, more
uniform and robust foundation layer, the approximate thickness
of dermis, onto which split-thickness skin graft can be applied.
We have previously observed that BTM, like other dermal substi-
tutes, can bridge areas of non-viable tissue such as bone and ten-
don denuded of periosteum and paratenon, respectively. We
have also subjectively experienced that wounds reconstructed
using BTM result in a soft and pliable resurfacing that glides over
the underlying bed, reducing the appearance of tethering of under-
lying mobile structures such as muscle and tendon.

Subject 1 (previously reported [17]) was unstable on the inten-
sive care unit, with systemic sepsis and pneumonia. At this time
she was not physically fit enough for a long, involved reconstruc-
tion, such as a free anterolateral thigh flap. Her debridement of
infected skin, platysma and investing fascia exposed the deep
structures of the neck, which were being repeatedly dressed once
wound control had been achieved. We were concerned that the
exposed vessels were at risk of blow-out. We considered a free
anterolateral thigh flap as the best flap option to cover the neck
structures, however in our hands this has previously resulted in
a bulky reconstruction obliterating the cervicomental angle, which
may have been later improved with liposuction procedures.

She was offered a dermal substitute reconstruction to tempo-
rise both wound and patient, offer improved contour against a free
flap reconstruction, cover vital structures and reduce post-skin
graft contracture that may indicate later releases. Free flap recon-
struction remained an option as contingency if these outcomes
were not achieved. She remained inpatient until skin grafting,
given our caution regarding her exposed neck vessels, and because
this was the first time we had embarked on such a case. At Day 4
post-skin grafting, her grafts were adherent enough to sanction
removal of staples and she was discharged for rehabilitation two
days later. Her outcome at four months was the desired pliable,
uniform reconstruction with good range of movement and a pleas-
ing contour prior to her unrelated death at four months post-
implantation. Subject 5 was debrided nine months ago to a similar
plane on the neck, and further extended to the chest and pre-
pectoral areas to the level of his areolae. BTM was applied in a sim-
ilar manner and dressing changes were performed on the ward
until two weeks post-implantation, before discharge for further
dressing changes as an outpatient. He resumed full-time work
within three months of debridement and continues to maintain
work, family and social activities 9 months following his
debridement.

Subjects 2 and 4 were examples of BTM being applied over
exposed ribs, denuded of periosteum. The bones were drilled to
provide a source of neovascularization over the bridging matrix.
This manoeuvre had been successfully employed previously with
BTM under 4th degree burn injury involving the chest wall and
the successful use of Integra has also been reported over exposed
bone in necrotizing fasciitis [12,23]. In these cases, BTM success-
fully integrated over the exposed bones and then sustained split
skin graft to stable healing. Patient 2 is an insulin-dependent dia-
betic whose infection spread up her arm and onto the trunk,
including the muscles of the shoulder girdle, necessitating a right
forequarter amputation. Subject 4 was a 72 year old gentleman
with pre-existing end-stage renal failure necessitating regular dial-
ysis. Both their reconstructions are now over 18 months old, they
still exhibit contour depression, compared to the thickness of the
surrounding trunk tissue, however the reconstructions appear
and feel robust, and both patients are able to stand up straight
without contracture-attributable resistance and Subject 4 has a full
range of abduction of the right shoulder.

Subject 3 had fenestrated sheet grafts applied over the BTM that
had been implanted into his wound over the thigh, knee and leg.
He has maintained a full range of movement across his knee and
ankle throughout his post-treatment rehabilitation to date
(18 months post-implantation).

Subject 6 is a patient who presented with bilateral lower limb
necrotising fasciitis, indicating extensive debridements on both
legs. She also had pre-existing lymphoedema. Once the BTM had
been applied, the exceptionally high degree of exudate indicated
use of NPWT set at 50 mmHg continuous to draw the fluid off. Prior
to this case we had been concerned that NPWT over BTM might
collapse the foam pores and inhibit integration, despite it being
readily used with other dermal substitutes such as Integra
[21,22]. Much of her BTM was integrated within 14 days, however
we waited for all areas to integrate prior to delamination at day 26,
the earliest of the cohort, suggesting a possible role for NPWT in
shortening the integration phase.

Subject 7 required a right lower limb through-hip amputation
with extensive soft tissue debridement to the abdominal wall, up
to the level of the umbilicus, across the right groin to the right
labia majora and natal cleft. She had a diversion colostomy and
exploratory laparotomy wound. Her acetabulum was reamed of
its articular surface and covered with local muscles from the
pelvic girdle. Similar to Subject 6, it took considerable time
before her wound started to show capacity for healing (fine
granulations and epithelialisation from the edges). She was also
undernourished and had a long period of disorientation. Tempo-
rising her with BTM enabled us to improve her nutrition with
supplementary nasoenteric feeds, to hopefully improve her
donor site and skin graft healing, and also gave her time to
improve her orientation, understanding and assent prior to the
creation of further wounds. Her wound size and position dictates
a closure that will be extensive and robust enough to facilitate
mobility, withstand pressure and remain stable. Although she
is still in the maturation phase of her skin graft healing,
subjective results thus far are promising.
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5. Conclusion

BTM already has an established central role in our management
of severe and extensive burn injury. We are now satisfied that,
where indicated for temporising wound and patient, seeking aes-
thetic contour and uniformity of wound cover, and coverage of
exposed bone and tendon, BTM also has a beneficial role in necro-
tising fasciitis defects. Although limited, this is also the first data to
suggest that NPWT may have a role in shortening the integration
phase of BTM in wounds.
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