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ABSTRACT
The literature has reported that surgical site infections account for 17–22% of health care-associated infections,
while surgical wound dehiscence rates range from 0·25% to 3·0% (post laparatomies), 1·6% to 42·3% (post-
caesarean incisions) and 0·5% to 2·5% (sternal incisions). These types of incisional complications can become a
significant cost burden to the health care system because of lengthy hospital stays and readmissions, additional
nursing care and added surgical procedures. Therefore, the type of therapy used for surgical incisions plays a critical
role in the healing process. The success of negative pressure wound therapy (NPWT; V.A.C.® Therapy; KCI USA,
Inc., San Antonio, TX) for open wounds has been well documented and has led to its use over clean, closed surgical
incisions. This review will focus on clinician experience and literature review of incisional NPWT and will include
clinical cases describing NPWT’s successful use over surgical incisions.

Key words: Negative pressure wound therapy • Surgical incisions • Wound dehiscence

MANAGEMENT OF SURGICAL
INCISIONS
Conventional closure methods for surgical
incisions have included the use of sutures,
staples (1), adhesives (2), paper tape (3) or a
combination of these methods. Incisional clo-
sure complications can include postoperative
wound infection (4–6), dehiscence (7–9), and
formation of haematomas or seromas, and can
lead to delayed healing of the incision. Patient
comorbidities (e.g. obesity, diabetes and poor
vascularisation) may also adversely affect inci-
sional healing (10,11).

Treatments used over clean, closed surgical
incisions range from traditional gauze

Authors: JP Stannard, MD, FAAOS, Department of Orthopedic
Surgery, University of Missouri School of Medicine, Columbia,
MO, USA; A Gabriel, MD, Southwest Medical Group Plastic
Surgery, Vancouver, WA, USA; B Lehner, Dr. med, Department of
Orthopedic Oncology and Septic Orthopedic Surgery, Orthopedic
University Hospital, Heidelberg, Germany
Address for correspondence: JP Stannard, MD, FAAOS,
Missouri Orthopaedic Institute, 1100 Virginia Ave., DC953.00,
Columbia, MO 65212, USA
E-mail: stannardj@missouri.edu

dressings (12) to more advanced therapies,
such as hydrocolloids (12), growth factors (13),
cultured skin (14) and negative pressure
wound therapy (NPWT) (15–17). NPWT was
initially developed as an adjunctive therapy
to help treat difficult open wounds, and the
majority of clinical studies regarding NPWT
have documented its successful use on open
wounds (18–20). However, more recent stud-
ies evaluating the clinical and scientific effects
of NPWT suggest it might be useful over closed
surgical incisions as well (16,17,21).

USE OF NPWT FOR SURGICAL
INCISIONS
A small but growing number of clinical
studies have been published (based on a
proprietary database with daily searches of
PubMed and Google Scholar) to date regarding
incisional NPWT. Stannard et al. (16) recently
published a Level 1 prospective randomised
multicentre study on the use of incisional
NPWT compared with standard postoperative
dressings on 249 patients treated with open
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reduction and internal fixation (ORIF) of
tibial plateau, pilon and calcaneus fractures.
A total of 263 fractures were randomised to
the control (n = 122) and incisional NPWT
(n = 141) groups; fracture types were evenly
distributed between the two groups. There
were 23 infections (19%) in control patients
and 14 (10%) in incisional NPWT patients
(P = 0·049). Twenty (16·5%) control patients
developed some wound dehiscence compared
with 12 (8·6%) of the patients who had
incisional NPWT (P = 0·044). The application
of incisional NPWT decreased infection and
wound dehiscence in these patients following
high-risk, lower-extremity fractures treated
with ORIF (16).

Other retrospective studies have provided
evidence for successful use of NPWT over
incisions. Gomoll et al. (22) examined records
of 35 orthopaedic patients treated with NPWT
over clean, closed incisions following revision
hip arthroplasty, proximal femoral and tibial
fracture fixation, and foot and ankle trauma.
Results showed that no infections occurred
during the 3-month follow-up (22). In another
retrospective review, Atkins et al. (17) reported
on 57 adult cardiac surgery patients whose
sternotomy incisions were treated with NPWT
for 4 days. On the basis of a pooled data
risk assessment model (23), these patients
were considered high risk for sternal wound
infections (SWIs), because the majority were
obese, diabetic or both. According to the risk
assessment model (average estimated risk of
6·1 ± 4% for postoperative SWI), a minimum of
three cases of SWI were anticipated. However,
no complications were observed in the NPWT
group (17).

Additional published clinical series have
reported favourable outcomes on surgical
incision healing with NPWT. Reddix et al. (21)
initially published on incisional NPWT use
in 19 morbidly obese patients (BMI ≥ 40)
who underwent ORIF of acetabular fractures.
None of the patients developed a postoperative
infection or wound dehiscence. This was
followed by a large series of 235 patients
who received NPWT over surgical incisions
following ORIF of acetabular fractures. The
authors reported three (1·3%) deep wound
infections and one (0·4%) wound dehiscence.
Their reported rate of infection compared very
favourably with the published infection rate of
4% and was significantly less than the authors’

prior infection rate of 6·2% following surgical
fixation of acetabular fractures (24). Also,
Stannard et al. (25) published a small series of
high-risk patients who had incisional NPWT
applied. Results showed that all wounds
healed well.

A more recent evolution of NPWT tech-
nology used for closed incision management
[Prevena™ Incision Management System (Pre-
vena Therapy), KCI USA, Inc., San Antonio,
TX] has been developed and consists of a
single-use negative pressure therapy unit, can-
ister and easy peel-and-place dressing. This
new system incorporates all the functional ele-
ments of standard incisional NPWT but in a
simplified manner. Recent in vivo studies have
provided evidence of improved fluid flow with
this new incisional NPWT over clean, closed
incisions, showing that its application signifi-
cantly decreased haematoma/seroma levels in
a porcine model (26). Wilkes et al. (27) used a
finite element analysis to evaluate the stress
impact of this new incisional NPWT on closed
surgical incisions. They found that it decreased
the lateral stresses in the incision by approxi-
mately 50% and changed the direction of the
stresses to a distribution typical of intact tis-
sue. The authors calculated that the incisional
NPWT applied over a surgically closed incision
increased the force required to disrupt the inci-
sion by 50%, suggesting that incisional NPWT
may help prevent wound dehiscence (27).

The first prospective, randomised, controlled
study using this new incisional NPWT was
published in 2011 and included 19 consec-
utive patients treated with either incisional
NPWT (n = 9) or standard postoperative dress-
ings (Control; n = 10) over closed incisions
following total hip arthroplasty (28). Results
showed significantly decreased development
and volume of postoperative seromas in the
incisional NPWT group versus Control on day
10 (1·97 versus 5·08 ml; P = 0·021). A seroma
was present in 44% of the incisional NPWT
patients and 90% of Control patients. The
incisional NPWT group required significantly
fewer days of antibiotics (8·44 ± 2·24 versus
11·8 ± 2·82 days, P = .005), and a secretion
in the wound after day 5 was reported in
fewer patients in the incisional NPWT group
versus the Control (1 versus 5 patients, respec-
tively) (28). Other recent case series and studies
have also showed successful use of this new
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incisional NPWT over clean, closed surgical
incisions with no complications (29,30).

WOUND PREPARATION
A number of basic science and animal studies
have determined that NPWT is associated with
increased microvascular blood flow (31–34).
Timmers et al. (35) published a study evaluat-
ing the flow of blood in closed intact skin of the
healthy human forearm. They found that the
application of NPWT significantly increased
microvascular blood flow using a wide range of
negative pressures. This mechanism of action
may prove beneficial for clean, closed surgical
incisions.

NPWT should only be applied immedi-
ately post surgery to clean surgically closed
incisions. If a conventional NPWT/reticulated
open-cell foam (ROCF) dressing is used, a non-
adherent layer should be placed between the
foam dressing and the skin because placing the
foam dressing directly against the skin can lead
to maceration. Alternatively, the dressings with
the new incisional NPWT (i.e. Prevena Ther-
apy) are uniquely designed to be skin-friendly
over clean, closed surgical incisions. These
dressings are precut to peel and stick over
the incision and are connected to a portable,
disposable NPWT device.

INITIATION CRITERIA
Although the precise initiation criteria for
incisional NPWT are still being defined, the
therapy is primarily suited for patients with
a clean, closed postoperative incision that is
at high risk for infection and/or wound dehis-
cence. High-risk classification can be associated
with any of three factors such as (i) injury or
fracture type, (ii) soft tissue injury or contu-
sion or (iii) patient factors. Of these factors,
incisional NPWT use has been investigated
most prevalently with respect to injury or frac-
ture. Examples include NPWT use with high-
risk, lower-extremity fractures (16), acetabu-
lum fractures (24) and following total hip
arthroplasty (28). Post-incision use of NPWT
with respect to high-risk patient factors, includ-
ing obesity and diabetes, has been investigated
by several studies (17,21,29). Additional impor-
tant patient factors may include immuno-
suppression and other conditions that might
impair wound healing.

TREATMENT GOALS
Incisional NPWT is unique compared to other
uses of NPWT. The main treatment goal
is prophylaxis against wound complications,
rather than treatment of wound complications
that have already occurred. The desired
outcome is a wound that heals with no infection
or wound dehiscence.

CONTRAINDICATIONS
Incisional NPWT is applied over clean, closed
surgical incisions. There are no specific con-
traindications with respect to NPWT use over
closed incisions beyond those presented in
product labelling and for standard NPWT. The
only contraindication for the new incisional
NPWT (Prevena Therapy) is sensitivity to sil-
ver, which is present in the interface layer for
the sole purpose of helping control microbial
growth in the layer. When using traditional
NPWT, a nonadherent layer should always
be placed between the foam dressing and the
skin to protect the incision and surrounding
skin (36).

DISCONTINUATION CRITERIA
Discontinuation criteria for incisional NPWT
have not been clearly defined and may
vary according to incision and patient fac-
tors. Reported duration of incisional ther-
apy varies between 1 and 5 days in the
literature (16,17,21,22,28,29). Reddix et al. (21)
reported discontinuation of incisional NPWT
at the point when no oedema fluid was evi-
dent in the canister for 12 hours, usually a time
period of 24–72 hours after surgery. The Level
1 study by Stannard et al. (16) had specific dis-
continuation criteria that involved a surgical
incision with minimal drainage. However, that
study was initiated prior to the availability of
home NPWT and small portable units. Study
patients only used the NPWT for an average
of 2·5 days because they were ready for dis-
charge. Later studies have reported slightly
longer duration of incisional NPWT, likely
due to increasing use of home NPWT devices.
Additional studies are necessary to identify
optimal discontinuation criteria for incisional
NPWT. Clearly, NPWT should be discontinued
if the wound becomes infected and the patient
should undergo surgical treatment of their
infection.
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Figure 1. Case study 1: (A) Control incision on postoperative
day 4. (B) Negative pressure wound therapy (NPWT) incision on
postoperative day 4.

TECHNICAL PEARLS
Obtaining a good seal can be difficult when
working around an external fixator. If there
is a leak, additional drape should be used for

patching. When there is no leak, the NPWT
device should then be used.

CLINICAL CASES
Case study 1
The patients involved in this case were both
enrolled in the prospective randomised study
on high-risk fractures treated with ORIF. Both
patients were 38-year-old smokers and had
(i) sustained four-part calcaneus fractures that
were closed, (ii) Tscherne soft tissue grade of
2 and (iii) surgery on the same day by the
same surgeon. Figure 1A shows the surgical
incision of the control (standard postoperative
dressings) patient on postoperative day 4.
Figure 1B shows the surgical incision of
the study patient who was treated with
NPWT. While both incisions healed without
a complication, the control patient had an
erythematous and tensely swollen foot and
incision. The NPWT patient had soft tissue
wrinkles and a surgical incision with no signs
of healing difficulty.

Case study 2
This patient was a 24-year-old morbidly
obese patient who had sustained a transverse
posterior wall acetabulum fracture that was

A B

C D

Figure 2. Case study 2: (A) Initial wound presentation. (B) Application of negative pressure wound therapy (NPWT). (C) One-week
post application of NPWT. (D) Healed incision at 6-week follow-up.
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Figure 3. Case study 3: (A) Component separation was performed. (B) Application of surgical mesh underlay. (C) Surgical mesh
underlay secured with horizontal mattress sutures. (D) Primary closure of fascia. (E) Primary closure was achieved with staples. (Note:
Surgical mesh overlay was applied over fascia before primary closure.) (F) Use of negative pressure wound therapy (NPWT) for 7 days.
(G) Healed incision at approximately 5 months follow-up.
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Figure 4. Case study 4: Removal of soft tissue sarcoma. (B) Two Redon drains were placed to the deepest area of the wound.
(C) Negative pressure wound therapy (NPWT) was applied for 5 days. (D) There was <10 ml of wound drainage after 5 days of
NPWT. (E) Primary healing of incision 14 days after surgery. (F) Healed incision at 4 months postoperatively.

initially treated by another surgeon through
a posterior approach. The patient had late
displacement of the anterior column requiring
an ilioinguinal approach. The patient had
a BMI of 50 and a 9·5-cm adipose layer
(Figure 2A). Closure took nearly 2 hours, and
there were significant concerns regarding
wound dehiscence and infection. NPWT as
delivered by V.A.C.Via™ Therapy System
(KCI USA, Inc., San Antonio, TX) was
applied for 1 week (Figure 2B). The wound
looked much improved when NPWT was
discontinued a week later (Figure 2C). After

6 weeks, the patient had a well-healed incision
(Figure 2D).

Case study 3
This patient was a 32-year-old male that
presented with a failed ventral hernia with
mesh. Component separation was initially per-
formed (Figure 3A) followed by application of
surgical mesh to repair the abdominal wall
defect (Figure 3B and C). Primary closure was
then achieved with staples (Figure 3D and E).
Next, NPWT as delivered by Prevena Therapy
was used over the surgical incision for 7 days
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with continuous negative pressure preset at
−125 mmHg (Figure 3F). At approximately
5 months, follow-up showed a healed incision
(Figure 3G).

Case study 4
This patient is a 70-year-old diabetic male
smoker who suffered a high-grade soft tissue
sarcoma of the right upper thigh. The tumour
showed a volume of 630 cm3 (Figure 4A). Fol-
lowing wide resection that included a dissec-
tion of the main vessels and the periosteum, 2
Redon drains were placed to the deepest area
of the wound (Figure 4B). This incision was
at high risk for complications; therefore, the
wound was closed with staples, and NPWT
as delivered by Prevena Therapy was applied
over the incision for 5 days followed by dry
dressings (Figure 4C). There was <10 ml of
wound drainage through the incision dur-
ing this time (Figure 4D). Incision showed
primary healing before removal of the sta-
ples 14 days after surgery (Figure 4E) and at
4 months postoperatively after receiving adju-
vant local radiotherapy (Figure 4F).

ECONOMIC VALUE AND FUTURE
DIRECTIONS
Wound dehiscence and infection are extraordi-
narily expensive complications that frequently
require additional surgery and long-term intra-
venous antibiotic treatment (37–39). Prelimi-
nary study data show a decrease in wound
dehiscence and infection with use of incisional
NPWT, which suggests potential cost savings.
However, to date, there have been no compre-
hensive economic analyses of incisional NPWT
use.

Additional well-designed studies are essen-
tial to clearly identify the types of surgical
incisions and the appropriate patients that
would benefit most from incisional NPWT.
Level 1 studies have shown that patients with
high-risk total hip arthroplasty or with lower-
extremity fractures treated with ORIF benefit
from incisional NPWT in terms of lower rates of
wound dehiscence, infection and seroma devel-
opment (16,28). Lower level data suggest that
patients with acetabular fractures and sternal
incisions, as well as obese patients, may also
benefit. Other patients who may benefit are
those undergoing total knee replacement who
are either obese or have other risk factors for
wound healing.
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