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ABSTRACT

Background Traditionally, the treatment of exposed tendon
has required vascularised tissue coverage, usually with
complex surgical intervention. The introduction of negative
pressure wound therapy (NPWT) has challenged this
traditional reconstructive concept. Unfortunately, standard
NPWT units are usually bulky, noisy and curtail the mobility
and lifestyle of patients. The introduction of small, modern,
lightweight, portable, single-use NPWT units have therefore
revitalised the use of NPWT and provided a solution to the
many problems encountered with the larger devices.

Case series This study highlights three cases of patients with
complex lower limb wounds with tendon exposure who were
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successfully treated with single-use NPWT in an outpatient
setting. The median time for complete wound granulation
was 5-10 weeks. Minor sharp debridement of wounds was
required to encourage granulation tissue formation and this
was well tolerated in the outpatient setting.

Conclusion Portable NPWT units provide an alternative to
surgical reconstruction in patients with lower limb wounds
with exposed tendon. These devices can be utilised in a purely
outpatient setting, thus avoid long-term hospitalisation. Older
patients with high anaesthesia risk or who lack alternative
reconstructive options due to vascular co-morbidities are the
most appropriate candidates for this treatment option.

INTRODUCTION

Traditionally the treatment of wounds with exposed tendon
or bone has required the application of a well vascularised
flap to achieve healing, especially for lower limb wounds'3.
The introduction of negative pressure wound therapy (NPWT)
has challenged this conventional rule of reconstruction and
enabled restoration of complex lower limb wounds without
the necessity to import tissue to cover such defect*®.
Although NPWT has not replaced the need for reconstructive
surgery, it has certainly provided the surgeon with novel
approaches, specifically in the treatment of patients with
co-morbidities that compromise the vascular tree.

The concept of using NPWT to encourage granulation tissue
to form over bare exposed tendon and bone was initially
reported in 1999 by Greer and colleagues® and subsequently
in several other case series®’-'2. More recently, studies have
reported the use of dermal substitutes combined with NPWT
for the cover of complex defects with exposed deep structures
with successful outcomes'22, The use of standard NPWT
devices, however, have the disadvantages of being bulky

Wound Practice and Research

116



Cordova et al.

Negative pressure wound therapy in the management of complex lower limb wounds: a case series highlighting outpatient care

and noisy, therefore curtailing patient mobility and lifestyle®.
The narrated pain during dressing changes, repeated visits
to the operating theatre, issues with device malfunctioning
and long inpatient stays have all been shown to decrease
patient satisfaction and lead to therapy discontinuation?.
These shortcomings have led to the development of portable
devices, especially for treatment of the smaller wound.

The PICO® (Smith and Nephew) consists of a four-layered
adhesive dressing pad that has an outer high moisture vapour
transmission rate film that allows one way transpiration of
exudate, along with two intermediate layers that absorb
wound fluid and allow airflow through the dressing for even
distribution of negative pressure of 80 mmHg. The inner layer
is a silicone adhesive that minimises pain upon removal.
The dressing has a maximum fluid handling capacity of
approximately 300 ml and it is connected via tubing to a
very small and lightweight battery unit that weighs 95 g. The
advantages of quietness, very small size and low complexity
of use makes it very user-friendly. Wound size and fluid
handling capacity can, however, serve as a limiting factors?.
To our knowledge, only one report has described its use in
complex wounds with tendon or bone exposed?®.

In this series, we report three cases where PICO® was
successfully used in an outpatient setting for the treatment
of complex wounds. Complex wounds were defined as full
thickness skin defects involving exposure of tendons without
paratenon. Full granulation and subsequent epithelialisation
of wounds was successfully achieved in all cases, thus
avoiding the need for complex surgery.

CASES SERIES

Case 1

A 67-year-old woman presented to clinic with a delayed
wound breakdown over the peroneal compartment of her
left leg following the harvest of a free vascularised fibula flap
several weeks earlier. This resulted in a 15 x 3 cm area of
exposed peroneal tendons that were superficially necrotic
on the surface (Figure 1A). The patient declined hospital
re-admission for surgical treatment and dressing changes.
As a consequence, the superficial desiccated surface of the
tendon was sharply debrided in the outpatient setting down
to healthy tendon with small punctate bleeding spots (Figure
1B).

NPWT was commenced in the form of PICO® dressing. The
patient underwent twice weekly dressings changes with aid
from an outreach community nursing program. Over the
following month, granulation tissue appeared on the bare
tendon (Figure 1C). Sharp debridement was used on further
clinic reviews to resect small areas of non-viable tendon and
was well tolerated by the patient. The wound had reduced in
size to 10 x 1 cm and was completely granulated by 9 weeks,
at which point the PICO® was discontinued. The wound
continued to heal by epithelialisation from the edges and
achieved complete healing by 13 weeks (Figure 1D).

Case 2

A 73-year-old woman with a background of scleroderma
underwent a wide-local excision of a squamous cell
carcinoma on the dorsum of her right foot, followed by a
split-skin graft reconstruction (Figure 2A). The grafted skin

J— "‘ Figure 1. Case 1 treatment
progress. (A) Initial necrotic
wound over left peroneal
compartment; (B) Small
punctate bleeding post initial
debridement; (C) Small areas

| of granulation tissue forming
over tendon; (D) Wound healed
by 13 weeks.
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Figure 2. Case 2 treatment progress with exposed extensor hallucis longus. (A) Squamous cell carcinoma prior to operation; (B) Graft
failure due to bacterial cellulitis; (C) Small areas of bleeding and granulation forming around and within the tendon; (D) Wound healed

after 10 weeks.

had initially taken; however, she developed a Staphylococcus
aureus infection, resulting in partial graft loss and exposure
of the extensor hallucis longus (EHL) tendon (Figure 2B).
She was treated with comparable protocol to Case 1, with
initial outpatient superficial wound debridement followed
by the application of PICO® dressing. Similarly, serial small
outpatient removal of non-viable tendon was required prior
to re-application of dressings, promoting granulation tissue
formation (Figure 2C). This was also well tolerated.

Once complete granulation was achieved over the bare
tendon, dressings were changed to standard moist wound
healing products until epithelialisation. Post treatment, the
integrity of EHL was maintained to allow functional toe
extension. Would healing was complete by 10 weeks (Figure
2D).

Case 3

A non-diabetic 87-year-old woman suffering from peripheral
vascular disease presented with a 1-week history of painful,
erythematous abscess over her left achilles region. The day
prior to admission, the abscess self-expressed, discharging
purulent material. On examination, there was a red fluctuant
swelling measuring 5 x 3 cm in diameter with surrounding
cellulitis. Purulent material was expressed from a sinus over
the mass. A doppler ultrasound of her lower limbs identified a
small concomitant deep venous thrombosis within the soleus
muscle. The wound culture grew methicillin-susceptible
Staphylococcus aureus. The wound was debrided and
partially closed, with the cavity packed using Aquacel
Ag® (ConvaTec, USA). The infection resolved with the
administration of intravenous cephalosporin and regular
dressing changes.

On the fourth day of her admission, the wound measured
2.5 x 4 cm with exposed achilles tendon and no paratenon
present (Figure 3A). The patient underwent an anaesthetic
consult and it was concluded that she was not fit for

major surgical reconstruction. Furthermore, no local skin
flap coverage options were possible due to her peripheral
vascular insufficiency. NPWT was therefore commenced with
a standard Vacuum-Assisted Closure (V.A.C.®) device with
black foam without the use of a contact layer and 125 mmhg
of pressure. Over the following 2 weeks, granulation tissue
started to appear within the bare tendon. On several
occasions, small amounts of superficial non-viable tendon
were sharply debrided which exposed small punctate areas
of bleeding tissue. These areas, in turn, developed into
islands of granulation tissue overlying the body of the
tendon. Approximately 50% granulation was achieved by
week 4 of admission; however, exposed tendon was still
present (Figure 3B). At this stage, it was decided to change
the standard NPWT to a small portable PICO® unit which
allowed the patient to mobilise and to be discharged. The
dressing was changed twice weekly.

The area had completely granulated within 6 weeks following
surgery (Figure 3C). The wound area continued to reduce in
size and the PICO® was ceased at 8 weeks post-operatively
as the wound had reduced to 10 x 15 mm (Figure 3D).
Moist wound healing dressings such as Vacutex™ (MPM
Medical Inc.), Mesalt® (Mdlnlycke Health Care) and honey
impregnated alginate were used until full epithelialisation,
which was achieved by 12 weeks.

DISCUSSION

The rate of complete wound granulation in our case series
was between 6-9 weeks. Our results were slower than the
described granulation rates with standard foam-based NPWT
units which have reported granulating times between 12-46
days®'2?’, The formation of granulation tissue using smaller
NPWT units seems to be thinner than those with foam,
indicating that the silicone-based contact layer may have
properties that resemble the gauze effect?®. The integrated
silicone contact layer also maintains a slightly moister wound
environment compared to standard NPWT, which likely
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Figure 3. Case 3 treatment progress. (A) Initial necrotic wound over left posterior leg with achilles tendon exposed; (B) 50%
granulation achieved post initial debridement and 2 weeks of V.A.C. dressings; (C) Completely granulated wound within 5 weeks
following first operation; (D) Wound healed by 12 weeks

modulates the different granulation rate®. It also obviates the
need for a contact layer which is required with standard NPWT
with foam. In our practice, wounds with exposed tendon
received a non-adherent mesh type dressing under foam
such as silicone, knitted cellulose or paraffin impregnated
gauze. Based on previous studies findings, infected wounds
often require an antibacterial interface, usually a silver
impregnated dressing®*®'. Theoretically, to speed the rate of
granulation tissue formation beneath a PICO® dressing, foam
could be used in contact with the wound bed.

In smaller defects, NPWT appears to improve the rate of
granulation tissue formation by allowing increased ingrowth
from the edges of the defect and reducing wound depth®. In
large areas of bare bone, the bone needs to be decorticated
or trephine holes need to be made into the cortex to augment
the blood supply®. Ohata and colleagues recognised the
need to bring vascular supply to the surface of large bare
areas of tendon?’. The authors reported one case involving
a large area of exposed bare achilles tendon through which
they made two longitudinal splits to the ventral surface of
the tendon and passed the foam of the NPWT through these
splits to encourage granulations to rise up from the deep
surface. We utilised sharp debridement to expose small
punctate areas of bleeding on the tendon surface to the
negative pressure dressing. With prevention of desiccation,
islands of granulation tissue were able to form and become
confluent over the whole tendon surface.

Several studies have also described techniques using NPWT
with dermal substitutes, including autologous, cryopreserved
homologous and acellular dermal matrices in the treatment
of wounds with exposed tendon or bone. Integra®, the most
commonly used artificial dermal matrix, has a recommended
maturation time of between 2-4 weeks following application.
This timeframe has been validated by many authors, with
cited periods from the application of Integra® to skin
grafting between 10-26 days'!1316-1820-223437 The use of

V.A.C. dressings overlying dermal substitutes have also been
shown to accelerate maturation time, the shorter reported
average being of 7.3 days in a series of eight wounds™.

However, despite the possibility to achieve healing without
free tissue transfer, many issues have been reported with
Integra® use. Failure rates approach 25%, dressing changes
need to be made in an aseptic environment, and there is
the intrinsic need for a further surgical procedure to replace
the superficial silicone layer with split-skin autografts’®.
Furthermore, it is often necessary to minimise mobility when
treating lower limb wounds to prevent shearing of the dermal
layer, thus hospital stays are usually lengthy. In view of such
drawbacks, the treatment of appropriate complex wounds
with single-use V.A.C. dressings may show greater benefit
than dermal substitutes in the cohort of patients in which
significant morbidity is generated by prolonged hospital
stays and immobility.

There are significant cost benefits with outpatient treatment
of complex wounds with portable vacuum-assisted devices.
The average spent per patient in this series was A$3192, with
the weekly costs of PICO® dressings being A$195 and weekly
plastic surgery clinic visits amounting to A$204. In contrast,
the average cost for an admission involving microvascular
tissue transfer sits at A$28,000 with an average 7-day
hospital stay in Australia®. Regarding treatment with dermal
substitutes, a 10 x 13 cm box of the material is valued at
around A$1100, patients usually require prolonged hospital
stays at an expense of A$1800 per day, and the operative
price of the second stage skin graft is around A$2300. Costs
can therefore easily surpass A$15,000 when all fees are
accounted for.

CONCLUSION

Complex reconstruction with distal or local tissue transfer are
fraught with difficulty in the leg and are not always suitable.
Many patients do not wish for major surgery or prolonged
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inpatient care and, in older people, prolonged periods of
bed rest and immobility may lead to further deconditioning.
Portable single-use NPWT can successfully achieve tissue
coverage over exposed tendon and has additional cost
benefits. In our series, the use of the PICO® device allowed
NPWT to continue in the outpatient setting and permitted
either earlier discharge or complete avoidance of tertiary care
admissions. Future studies with larger cohorts are needed to
further explore these findings.
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