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Use of negative pressure wound therapy as an adjunct
to the treatment of extremity soft-tissue sarcoma
with ulceration or impending ulceration
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Abstract. Major wound complications of the extremities,
following wide tumorresection andreconstruction for soft-tissue
sarcomas (STSs), remain a challenge for limb-sparing surgery.
Furthermore, STSs with ulceration or impending ulceration
predispose patients to an increased risk of post-operative infec-
tion. The present study was conducted to assess the efficacy of
negative pressure wound therapy (NPWT) in preventing wound
complications associated with surgical treatment of STSs with
ulceration or impending ulceration, in patients treated between
February 2012 and January 2013. A total of 5 patients, with a
mean age of 48 years (range, 24-68 years), were enrolled in
the present study. The diagnoses consisted of undifferentiated
pleomorphic sarcoma (n=2), leiomyosarcoma (n=1), synovial
sarcoma (n=1) and epithelioid sarcoma (n=1). According to
American Joint Committee on Cancer criteria, 3 cases were
stage III tumors, and the remaining 2 cases were of stages ITA
and IIB, respectively. A total of 3 patients exhibited ulcer-
ation at diagnosis, and the remaining patients demonstrated
impending ulceration. The mean wound area following wide
resection of the tumor was 73 c¢cm? (range, 45-110 cm?). A
continuous suction mode, with pressures measuring -200 to
-300 mmHg, was used for 7-10 days on the soft-tissue defects
as preparation for wound closure. Soft-tissue reconstruction
included muscle flaps (n=2) and skin grafts (n=5). No major
wound complications occurred. Post-operative functional
and cosmetic outcomes were acceptable. A single patient
demonstrated local recurrence 12 months after surgery and
re-excision of the tumor was performed. All patients remained
alive at the conclusion of follow-up, with a mean follow-up
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time of 26 months (range, 12-36 months). The present study
demonstrated that NPWT is effective and safe when used as
an adjunct to wound closure following resection of extremity
STS with ulceration/impending ulceration.

Introduction

Soft-tissue sarcomas (STSs) are a heterogeneous group of
solid malignancies arising from the muscles, fat, connective
tissue, nerves and blood vessels. The global incidence of STS
is ~5 cases per 100,000 individuals (1,2). The most common
anatomical sites of occurrence are the extremities, followed by
the trunk and retroperitoneum (3). En bloc resection of tumors
along with a cuff of healthy tissue is the typical treatment
for STS, as incomplete excision with positive microscopic
surgical margins has been observed to be the strongest risk
factor for local recurrence and distant metastasis (4). Due to an
increased understanding of the pathology of STS, the evolu-
tion of surgical techniques and the development of adjuvant
therapies, including radiotherapy (RT) and chemotherapy
(CT), limb-sparing surgery has become the preferred choice
of treatment due to an improved preservation of limb function
and a post-operative prognosis equivalent to amputation (3-5).
At present, only 10% of patients with STS of the extremities
undergo amputation surgery (5).

However, when the tumor is in close proximity to the skin
layer, with or without ulceration, bacterial colonization and
inflammation may exist pre-operatively within the surgical field,
which theoretically increases the risk of post-operative infec-
tion (4-6). Furthermore, wide excision of STS of the extremities
results in a large tissue deficit that is typically unsuitable for
primary closure; thus, soft-tissue reconstruction is necessary
for limb-sparing surgery in these cases (6). This adds to the
difficulty of surgical techniques, therefore, patients are expected
to demonstrate an increased risk of major wound complications.
Previous studies have reported a wide variety of wound compli-
cations following reconstruction, including cellulitis, abscess,
wound dehiscence, seroma, hematoma and necrosis of the
muscle flap (1-7). These complications can lead to unfavorable
outcomes of treatment and postponed adjuvant therapy.

Therefore, proactive wound-care measures are impera-
tive to decrease the risk of wound complications associated
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with reconstruction following wide resection of STSs with
ulceration or impending ulceration. Negative pressure wound
therapy (NPWT), also known as vacuum-assisted closure, is
a revolutionary technique for the management of complex
wounds. Previous studies have focused on the merits of
NPWT compared with traditional methods in the treatment
of complex wound defects (8). Despite a lack of high-level
evidence, studies have indicated that NPWT may facilitate
wound healing, prepare the wound bed for skin grafts or
flaps, decrease the risk of infection and reduce the labor of
clinicians (9-11). Conventional indications for NPWT include
traumatic wounds, wounds with acute or chronic infections,
ulcers, diabetic foot ulcers, dehiscent wounds and burns (12).
However, to the best of our knowledge, there have been no
reports concerning the application of NPWT as an adjunct
to the treatment of extremity STS with skin involvement. In
the present study, this novel wound care measure was used on
tissue-deficient wounds caused by wide resection of extremity
STS (with ulceration or impending ulceration) as prepara-
tion for secondary wound closure. The efficacy of NPWT in
reducing major wound complications was assessed.

Patients and methods

Patient data. Between February 2012 and January 2013,
5 patients with extremity STS with skin involvement (ulcer-
ation or impending ulceration) were enrolled in the present
study. The data of the patients is summarized in Table I. The
cohort consisted of 4 men and 1 woman, with a mean age of
48 years (range, 24-68 years) and diagnoses of undifferentiated
pleomorphic sarcoma (n=2), leiomyosarcoma (n=1), synovial
sarcoma (n=1) and epithelioid sarcoma (n=1). The tumor sites
were the forearm (n=2), thigh (n=1), knee (n=1) and leg (n=1). A
total of 3 patients presented with ulcers on initial examination,
and the remaining patients exhibited excessive skin tension,
marked skin thinning, vanishing of subcutaneous fat and
pigmentation, which indicated impending ulceration. At diag-
nosis, 3 patients presented with recurrent STS and previous
surgery on the tumor sites. All STSs were localized tumors,
and no metastases or comorbidities were detected. The mean
duration of follow-up was 26 months (range, 12-36 months).

Pre-operative assessment. The pre-operative evaluation
assessed a variety of factors, including overall health status,
limb function, tumor location, size and depth, tumor involve-
ment with major neurovascular structures, histological subtype
of tumor and distant metastasis (typically lung metastasis).
Prophylactic intravenous antibiotics [cephazolin, 1.0 g intra-
venously (IV), 30 min prior to surgery] were used in all cases,
and a routine bacterial culture was performed pre-operatively
in cases with ulceration as an indication for intravenous
antibiotic use. Fine-needle aspiration biopsy was performed
pre-operatively to determine the histological diagnosis. In
accordance with the American Joint Committee on Cancer
staging system (13), there were 3 stage III cases, 1 case of
stage ITA and 1 case of stage IIB.

Surgery and NPWT procedure. Wide tumor resection with
a radial 2 to 4-cm margin was performed in all cases. Nega-
tive surgical margins were achieved according to the findings
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of the post-operative pathological examination. Immediate
or secondary gastrocnemius muscle flap reconstruction
was performed in 2 patients to cover the exposed bone and
neurovascular structures. To reduce the risk of major wound
complications and to prepare the wound bed for secondary
soft-tissue reconstruction, a NPWT device (Smith & Nephew
Medical Ltd, Hull, UK) was applied as coverage on the wound
deficit. Polyurethane ether foam (15x10x1 cm) was cut in
accordance with the shape of the wound deficit and was used
as a dressing. In the majority of cases, 1 piece of foam was
sufficient to span the wound surface. The dressing was cut to
cover the undetermined areas and tracks for dead cavity closure.
All foam dressings were fixed to the skin edge by suturing.
Continuous NPWT measuring at -200 to -300 mmHg, as well
as intravenous antibiotics (cephazolin, 1.0 g IV, once every 8 h
for 7-10 days), were administered for 7-10 days post-operatively
(mean time, 8 days). Close observation was conducted for the
early detection of complications (infection, hemorrhage and
blistering). During removal of the dressing, an inspection of
wound appearance, surface area, depth and exudate amount was
conducted. If the granulation formation was favorable with no
signs of infection, secondary soft-tissue reconstruction (muscle
flap or skin grafting) was performed on the wound deficit.

Results

Outcomes of treatment. The outcomes of the treatment are
summarized in Table II. The mean wound area following
resection of the tumor was 73 cm? (range, 45-110 cm?). Upon
dressing removal, all cases demonstrated a decreased wound
size and depth, favorable granulation formation and a clean
skin edge, indicating that the wound bed was feasible for
secondary soft-tissue reconstruction. Pain and minor bleeding
during dressing removal was recorded in all cases, which was
attributable to the growth of granulation into the foam dressing;
however, no severe complications were detected. All patients
tolerated continuous NPWT well, and no interruption of
NPWT occurred due to discomfort. All muscle flaps and skin
grafts proved to be viable and healed favorably on discharge.
No infection or other major wound complications were
recorded. Post-operative CT (6-8 cycles) was administered in
2 patients, and neoadjuvant CT (2 cycles) was administered
in 1 patient who presented with a recurrent mass in close
proximity to major nerves and vessels. Each cycle of treatment
consisted of 120 mg/m? cisplatin, 30 mg/m? doxorubicin and
2.0 g/m? ifosfamide. Post-operative functional and cosmetic
outcomes were acceptable, and all patients were satisfied with
the outcome of their treatment. During routine follow-up,
1 patient exhibited local recurrence at 12 months after the
initial surgery, presenting with recurrent undifferentiated
pleomorphic sarcoma at the previous tumor site. Re-excision
of the tumor was successfully performed, allowing the limb to
be spared. No evidence of remote metastasis was detected, and
all patients remained alive at the end of follow-up, which was
performed for a mean time of 26 months.

Example cases

Case 1. A 57-year-old male patient was referred to the
Department of Orthopedic Surgery, General Hospital of Jinan
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Table I. Patient data.
Case no. Gender  Age, years Diagnosis Tumor site Skin involvement ~ Tumor size, cm? AJCC stage
1 Male 30 UPS Right thigh U 461.5 I
2 Male 57 LS Right knee Ulcer 4535 I
3 Male 62 UPS Left forearm U 7.5 ITA
4 Male 24 ES Right leg Ulcer 20.1 I
5 Female 68 SS Right forearm Ulcer 113.8 IIB

UPS, undifferentiated pleomorphic sarcoma; LS, leiomyosarcoma; ES, epithelioid sarcoma; SS, synovial sarcoma; IU, impending ulceration;
AJCC, American Joint Committee on Cancer.

Table II. Treatment and prognosis of patients.

Case Deficit Suction  Pressure, Duration of

no. Surgery area, cm? mode mmHg Surgical margin CT NPWT, days  Recurrence/metastasis
1 WR+S+F 110 C -250 Negative DIA 10 -

2 WR+S+F 100 C -300 Negative - 8 -

3 WR+S 60 C -200 Negative - 7 -

4 WR+S 48 C -300 Negative DIA 7 Recurrence

5 WR+S 45 C -300 Negative - 7 -

WR, wide resection; S, split-thickness skin grafting; F, muscle flap; C, continuous mode; DIA, cisplatin + Adriamycin + isofamide; CT,
chemotherapy; NPWT, negative pressure wound therapy.

Figure 1. Case 1: Treatment of leiomyosarcoma using negative pressure wound therapy (NPWT). (A) The patient presented with a mass, with ulceration of
the right knee. (B) A wound defect with exposed bone surface was caused following excision of the tumor. (C) NPWT was used on the wound bed. (D) The
wound bed outcome was favorable following use of NPWT. (E and F) Secondary muscle flap and split-thickness skin grafts were used for wound closure, and
the patient outcome was favorable.

Military Commanding Region (Jinan, Shandong) with a mass
and ulceration of the right knee (Fig. 1A). The function of the
right knee was compromised (range of motion, 5-35%), and
histological findings revealed spindle cells and myofibrils, indi-
cating a diagnosis of leiomyosarcoma. Pre-operative bacterial
culture determined positive results for Staphylococcus epider-
midis within the deep tissue of the surgical region. Wide

excision of the tumor resulted in a wound defect measuring
100 cm? and exposed the proximal tibia bone surface (Fig. 1B).
To reduce the risk of major wound complications, immediate
wound closure was avoided and NPWT was used to cover the
wound defect, with simultaneous administration of intrave-
nous antibiotics (Fig. 1C). The microscopic negative surgical
margin was determined by pathological examination. Wound
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Figure 2. Case 2: A case of recurrent undifferentiated pleomorphic sarcoma treated with negative pressure wound therapy (NPWT). (A) Physical examination
indicated a mass with impending ulceration. (B) Magnetic resonance imaging indicated that the tumor was in close proximity to neurovascular structures,
therefore, pre-operative chemotherapy was administered to achieve favorable surgical margins. (C) Excision of the tumor resulted in a large defect with
exposed nerves and vessels. A gastrocnemius muscle flap was used to cover these structures for subsequent NPWT. (D) Following negative pressure wound
therapy, the wound bed was feasible for wound closure with skin grafting. (E anf F) The outcome of treatment was favorable at 12 months post-surgery.

inspection at dressing removal 8 days after surgery indicated
that granulation formation was favorable, with no evidence
of infection (Fig. 1D). Secondary muscle flap (gastrocnemius
muscle) followed by free split-thickness skin grafting was
performed. No evidence of recurrence or metastasis was
detected. The patient demonstrated improved knee function
(range of motion, 0-100°), and the appearance of the closed
wound defect was acceptable (Fig. 1E and F). The patient
was satisfied with the outcome of treatment at 36 months
post-surgery.

Case 2. A 30-year-old male patient was diagnosed with
recurrent undifferentiated pleomorphic sarcoma and demon-
strated impending ulceration following previous surgery on
the right distal posterior thigh (Fig. 2A). The function of the
patient's right knee was compromised (range of motion, 0-40°).
Magnetic resonance imaging indicated that the tumor was in
close proximity to neurovascular structures, and no tumor
encasement of major nerves and vessels was detected (Fig. 2B).
To achieve favorable surgical margins, neoadjuvant CT was
commenced (120 mg/m? cisplatin, 30 mg/m? doxorubicin and
2.0 g/m? ifosfamide, for 2 cycles pre-operatively at an interval
of 7 days). Aggressive excision of the tumor resulted in a
wound defect measuring 110 cm?, with exposed neurovascular
structures. A gastrocnemius muscle flap was immediately
used to separate the neurovascular structures from the subse-
quent negative pressure (Fig. 2C). NPWT was used to cover
the wound defect as preparation for secondary wound closure.
Microscopic negative surgical margins were determined
by pathological examination. Wound inspection at dressing
removal 10 days after surgery indicated that the wound bed was
feasible for skin grafts, with favorable granulation formation
(Fig. 2D). Following split-thickness skin grafting, the patient
was administered 6 cycles of post-operative CT (120 mg/m?
cisplatin, 30 mg/m? doxorubicin and 2.0 g/m? ifosfamide).
The cosmetic and functional outcomes (range of motion, -5 to
90°) were acceptable (Fig. 2E and F). The patient returned to

normal daily activities and was satisfied with the outcome of
treatment at 12 months post-surgery.

Discussion

The surgical approach to the treatment of STS of the extremi-
ties has undergone significant change over the past decade.
Aggressive resection of the tumor along with the pseudocap-
sule may assist in achieving microscopic negative surgical
margins, which is deemed to be the strongest predictor of
patient prognosis (14). With advances in multidisciplinary
personalized treatment of STS, limb-sparing surgeries have
become the preferred choice of treatment over amputa-
tions (5). However, extensive tissue defects following surgery
have challenged the efficacy and feasibility of limb salvage, as
under certain circumstances primary closure is infeasible due
to insufficient soft tissue and exposed bone, tendons, nerves
or vessels (15). Conventional measures to treat such wound
defects following the wide excision of tumors are primarily
composed of a variety of soft-tissue reconstruction methods.
Previous studies have reported the use of various flaps (local,
regional, distant and free) and skin grafts (split-thickness
and full-thickness) as an important adjunct to treatment for
STS (16,17). However, the aforementioned complex tech-
niques may predispose patients to an increased risk of major
wound complications, including infection, seromas, hema-
tomas and necrotic flaps. A number of studies have reported
that the complication rates associated with reconstruction
may be as high as 16-56% (18,19). In the present study, all
STS patients presented with ulceration or impending ulcer-
ation. This increased the risk of post-operative infection due
to potential bacterial colonization or inflammation within the
surgical field. These major wound complications may result
in delayed post-operative adjuvant therapy and an increased
risk of amputation, and may have a detrimental impact on
oncological outcomes.
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In the present study, in order to manage wound defects
while preventing the occurrence of major wound complica-
tions, NPWT was applied to facilitate wound closure. NPWT
was used as a bridge for wound closure in STS affecting the
skin, as the cases in the present study were expected to demon-
strate bacterial contamination or inflammation within the
surgical field. Such patients are exposed to a considerable risk
of post-operative infection; therefore, proactive wound care
measures reducing the risk of infection are imperative. The
present study used NPWT as a reliable method of assisting
in reducing the risk of infection, as it is able to separate the
wound from contamination and has been observed to be effi-
cient in controlling bacterial proliferation (20). Li et al (20)
investigated the efficacy of regulated NPWT in the treatment
of infected blast injury in swine. The results of this study
indicated that NPWT reduced the bacterial load efficiently
compared with gauze dressing treatments (20). Blum ez al (21)
compared the efficacy of NPWT and conventional dressings
for the treatment of open tibial fractures that underwent
delayed soft-tissue coverage, and NPWT was observed to
reduce the risk of deep infection by almost 80% (21). As well
as preventing infection and decreasing the bacterial load,
NPWT has demonstrated a wide variety of merits in the
treatment of complex wound defects. Previous studies have
reported that NPWT is able to decrease wound size, maintain
a moist atmosphere for wound healing, reduce edema and
assist with the closure of areas not fully closed in the wound,
also termed dead cavities (8,22). Notably, microscopically
NPWT is able to promote granulation, vascularization, epithe-
lialization and the synthesis of fibrin within the wound (23,24).
However, there is little relevant literature regarding the use of
NPWT as an adjunct to wound closure in patients with tumors.
Oh et al (25) assessed the efficacy of NPWT in conjunction
with secondary full-thickness skin grafting for the treatment
of melanoma on the foot, and observed acceptable functional
and cosmetic outcomes. Katz et al (26) used NPWT as an
adjunct to surgery for lymphangioma in children. The results
of this study indicated that NPWT was effective and safe for
post-operative wound closure, and that NPWT also decreased
the risk of recurrence and infection (26). NPWT means that
daily dressing changes are unnecessary, as accumulation of
fluid at wound sites is deterred by the drainage; thus, the labor
required from clinicians is reduced (22). Therefore, the afore-
mentioned characteristics make NPWT an ideal adjunct to the
management of wound defects following excision of STS of the
extremities with potential risk of major wound complications.

Treatment of extremity STSs consists of a meticulous
pre-operative evaluation, complete removal of the tumor
and surrounding healthy tissue, soft-tissue reconstruction
and adjuvant therapies, including RT or CT (2,3). As STSs
are composed of a heterogeneous group of disease subtypes
with various manifestations, a pre-operative evaluation is of
importance and determines the treatment strategy. Evaluation
must assess tumor involvement with peripheral major neuro-
vascular structures and whether the tumor arises from or is
encasing the major nerves or blood vessels; if the expected
function of the distal limb is predicted to be poor, amputation
may be preferable to limb-sparing surgery (27). Previously, a
number of attempts have been made to reconstruct the nerves
and vessels, so as to expand the indications for limb-sparing
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surgery among patients with STSs of the extremities. In cases
with tumor involvement of the vessels, reversed saphenous
vein grafts, femoral venous grafts or synthetic grafts have
been used as options for limb salvage surgery (28). However,
post-operative functional results are less predictable, and
the patients exhibit high risks of complications and amputa-
tion (28). Nerve transfer may be a promising alternative for
amputation in cases with nerve encasement; however, this is
currently a complex technique, which is only used for brachial
plexus reconstruction (29). The feasibility of nerve transfer in
treating defects following a wide resection of an STS remains to
be demonstrated. Notably, all choices regarding limb-sparing
surgery should not be made until the goal of negative surgical
margins is achievable. In the present study, a patient with
recurrent undifferentiated pleomorphic sarcoma in close prox-
imity to major nerves and vessels of the lower extremities was
administered neoadjuvant CT to achieve favorable surgical
margins. This procedure proved to be effective during surgery,
and the goal of a wide excision of the tumor was achieved.

When managing large wound defects with or without
exposed bone, tendons, nerves and vessels following resection
of the tumor, soft-tissue reconstruction should be conducted.
In clinical practice, cases with indications for reconstruction
are not rare in the treatment of STS of the extremities, and a
previous study reported that 40/100 consecutive patients with
STS underwent immediate soft-tissue reconstruction (18).
The spectrum of associated surgical techniques involves flaps
(local, regional, distant and free flaps) and split-thickness or
full-thickness skin grafts (6). The specific techniques selected
are dependent on a comprehensive evaluation of the defect size
and depth, the location of tumor, the tumor proximity to neuro-
vascular structures and the overall health status (30). In the
current study, NPWT allowed for secondary soft-tissue recon-
struction for cases with a high risk of post-operative wound
complications. Furthermore, using a muscle flap as coverage
on the exposed neurovascular structures allowed for applica-
tion of NPWT on the wound defect, as exposed nerves and
vessels are vulnerable to negative pressure, and are considered
to be a contraindication for NPWT (22).

A number of factors should be taken into account when
implementing NPWT on wound defects following wide tumor
resection. The goal of using NPWT in the current study was
to prepare the wound bed for secondary soft-tissue recon-
struction, while reducing the risk of infection and other major
wound complications. However, the optimal suction protocol to
be applied to this situation remains to be elucidated, and the
reported methods are primarily empirical. Previous studies
regarding the use of NPWT primarily concern traumatic wounds
with or without infection, and the most frequently used pressure
is -80 to -125 mmHg (31). In cases with fragile wound edges,
low perfusion, poor tolerability or skin grafts, a minor pressure
(<125 mmHg) is often attempted (8). Furthermore, negative
pressure protocols are typically used at one of two settings,
namely, continuous or intermittent. In one previous study,
intermittent suction was observed to cause a more profound
tissue response compared with conventional methods; however,
this suction mode may cause discomfort and intolerability in
patients (32). In the present study, continuous negative pressure
at a relatively high level of -200 to 300 mmHg was used on the
wound beds. This suction protocol was used as it had previously
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been observed to be effective in clinical practice and as stronger
suction was not considered since intense negative pressure may
increase the risk of hemorrhage (10). Intermittent suction was
additionally avoided due to potential patient intolerability. The
duration of NPWT is dependent on the goal of treatment and
the wound status. In the present study, devices were removed
on post-operative days 7-10, when granulation formation was
favorable. According to observations made at the point of foam
dressing removal, the drainage protocol used in the present
study was effective in reducing edema, removing exudation,
promoting granulation formation and assisting with the preven-
tion of wound infection. An increased duration of NPWT was
avoided, as the risk of infection increases along with prolonged
drainage duration, and early initiation of post-operative adjuvant
therapy additionally required a shortened drainage duration (18).

Potential complications associated with NPWT should be
taken into account during clinical practice. The associated
complications include hemorrhage, blistering, odors, skin
erosion around the suction tube, sepsis and obstruction of the
suction tube (33). A number of the aforementioned complica-
tions, although rarely observed, may be severe; thus, close
observation and assessment of the wound throughout the entire
process of NPWT is necessary. In the present study, frequent
observation of exudation, wound edges and the patency of the
drainage tube was conducted. No major complications were
detected, whereas pain and minor bleeding during dressing
removal were recorded in all cases; this was in accordance
with the majority of the outcomes in previous studies (11,22).
Pain and minor bleeding were attributed to the growth of
granulation tissue into the foam dressing; however, all patients
responded to these complications with good tolerability.

Notably, the sample size in the current study was small,
as extremity STSs with skin involvement account for a small
fraction of the total STS patients admitted by the Department
of Orthopedic Surgery, General Hospital of Jinan Military
Commanding Region. In the present study, when NPWT was
used as an adjunct to the treatment of extremity STS with
ulceration or impending ulceration, the outcomes of treatment
were favorable. However, studies on larger sample sizes and
with a control group are required to test the efficacy of NPWT
in decreasing major wound complications compared with
conventional treatment.

In conclusion, when wide tumor excision and negative
surgical margins are achievable, NPWT in conjunction with
soft-tissue reconstruction may be a reliable and safe adjunct to
the management of large soft-tissue deficits caused by aggres-
sive excision of extremity STS with ulceration or impending
ulceration.
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