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Abstract

During an open fracture, the barrier of skin that protects the bones is breached, and the unprotected bones are exposed to the
environment, resulting in contamination that leads to hematoma formation. It is often found that open fractures are associated
with a high rate of morbidity and infection. In spite of the lack of evidence supporting negative pressure wound therapy (NPWT),
open fractures may benefit from it. An increasing number of studies have demonstrated that it can be used to treat open fractures
and open complex wounds after failure of arthroplasty or spinal surgery. Based on the recent studies and evidence, we reviewed the

role of the NPWT in the open fracture in the present study.
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Background

Among the urban population, fractures from trauma
and subsequent trauma are common. The most common
type of fracture is considered a closed fracture, which
occurs when the skin around the fracture remains intact.
These fractures are less likely to be infected. In
comparison, if a fracture is ‘open’, the skin barrier that
protects the unprotected bone is breached, which results
in contamination from the environment leading to
hematoma formation at the fracture site (1).

Open fractures are often associated with a high
morbidity rate. The Gustilo-Anderson classification is
often used for open fractures, even though there are a
number of classification systems. Open fractures, such as
those caused by Gustilo-Anderson type III fractures, whose
closure is often delayed or impossible, require proper
wound management and infection prevention. A type-1
injury is characterized by a laceration less than 1 cm, a
type-2 injury has a laceration between 1 cm and 10 cm, and
a type-3 wound has a laceration deeper than 10 cm and
extensive soft tissue damage (2). Severe open fractures are
mangled and crush injuries. Statistics show that severe
open fractures have infection rates of 0.021% in type I,
0.101% in type II, and 0.501% in type III (3). However, the
duration of antibiotic treatment and the amount of time
spent remodeling the wound are indirect factors related
to infection (4).

e Knowing how to treat open fractures is crucial because
open fractures are associated with an increased risk of
infection, complications, and even amputations during
treatment (2, 4, 5). As such, the UK Guidelines for Primary
Approaches to Open Fractures recommend prescribing
antibiotics promptly, surgically removing contaminated

tissue, immobilizing the fracture and fixating it, as well as

using conventional dressings on open fractures.

Reassessment and possible further wound debridement

occur 4872 hours later (5).

e The mostly used wound care material has been cotton
gauze in the past and continues to be today. Using
gauze to cover and absorb exudate from simple
wounds is a cost-effective way to keep wounds clean
and covered. In 1962, Winter found that wounds kept
moist healed faster than wounds exposed to the air (6).

e Open fractures may benefit from negative pressure
wound therapy (NPWT) despite the lack of evidence for
it(2).

The technology was developed almost 20 years ago by
Argenta and Morykwas (7) and Morykwas et al. (8) to treat
medical conditions. As a result, NPWT has become the
method deemed standard in many institutions for
treating complex open wounds. A growing body of
evidence supports its use in the treatment of open
fractures (3, 9) and open complex wounds after failures of
arthroplasty (10, 11) or spinal surgery (12). In the present
study, we reviewed the role of the NPWT in the open
fracture based on recent studies and evidence.

History of NPWT
Negative pressure has been used since antiquity to treat

open wounds. Christine Miller, in her book, examines the

historical evolution of negative pressure, which goes back to
ancient times when Roman medics employed direct mouth
suction to remove poisons or infected fluids from wounded
soldiers during battle (13). In the 19™ century, a British
doctor named Dr. Francis Cox developed a wide neck
cupping device to use a suction apparatus called the ‘glass
leech’. In addition to this modification, Dr. Gustav Bier also
developed a similar cupping system that included tubing
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and a bulb for removing wound exudate (13).

Using an ordinary polyethylene film over open
wounds was described in 1986 by Dr. Nail Bagautdinov in
Russia. It was attached to a vacuum pump with
petrolatum and secured to the surrounding skin with
petrolatum. This construction is similar to modern
designs. In Germany, Fleischmann et al. developed a
similar system using polyvinyl foam dressings. NPWT
systems were developed commercially during the 1990s
due to the clinical and scientific research of Dr. Louis
Argenta and Dr. Michael Morykwas at Wake Forest
University, USA (14).

Originally, the concept was meant to treat patients
with chronic diabetic wounds and accelerate their healing
by secondary intention.

Dr. Argenta began using this treatment method on a
regular basis in 1991. Before NPWT was developed, wound
care traditionally included manual dressing changes
several times a day. The time and labor burdens placed on
healthcare providers and patients were significant.
Inflammation, pain, bleeding, and poor healing are
associated with this wound treatment method.
(7, 15). These issues ultimately led to the creation of the
closed system vacuum dressing.

The device included placing an open-cell polyurethane
ether foam sponge onto the wound surface, covered by
adhesive drapes, and connected to a sub-atmospheric
pressure vacuum system through flexible tubing set at 125
mmHg. These studies demonstrated significant
improvement in wound healing in both animal models and
human patients, including removal of wound exudate,
decreased interstitial edema and bacterial load, increased
granulation tissue, and improved wound perfusion.
Ultimately, these effects resulted in faster wound healing
compared with traditional wound care and a shorter
hospital stay with cost savings (8). NPWT has had
broadening applications over time and continues to evolve.

The use of vacuum-assisted devices as bolster dressings
for skin grafts by Dr. Argenta was described in 1998, and
further evidence for this technique has been published
since then (16-18). It was documented in the literature
during the early 2000s that NPWT was used to treat
complex soft tissue injuries (associated with tissue loss or
exposure of vital structures) in both adult and pediatric
populations, including lower extremity injuries with
exposed bone and necrotizing infections (10, 19, 20).
Further studies have demonstrated the utility of NPWT
devices in managing challenging breast wounds and
abdominal wall defects, including the use of intra-
abdominal NPWT dressings as a bridge to definitive fascial
closure following trauma and recovery of abdominal
dehiscence after hernia repair (21-25).

Similarly, some practitioners utilized NPWT devices to
bridge the gap between debridement and definitive
closure of the postoperative sternal wound. Furthermore,
NPWT has been found to improve overall survival in
patients with mediastinitis following coronary artery
bypass grafting (CABG) compared to conventional
treatment (26, 27). The use of NPWT has also been reported
in orthopedic trauma, perineal and gynecological defects,
burn injury, diabetic foot wounds, and head and neck
defects. (28, 29).

The Physics of NPWT

At sea level, we live in an atmospheric pressure of 760
mmHg. Jet airplane cabins are pressurized to a pressure of
about 635 mmHg to ensure passengers' comfort and
provide adequate oxygen for their metabolism. In order to
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ascend Earth’s highest peaks, mountaineers often use
supplemental oxygen due to the drop in barometric
pressure with altitude. Using the ideal gas equation, we
can approximate the behavior of gases in our atmosphere.
We can state the following equation: P *V=n *R *T, where
P is the pressure, V is the volume, n is the number of moles
of gas, R is the universal gas constant, and T is the
temperature. P must always have a positive value since V,
n, R, and T are all positive scalars. The pressure in an
absolute vacuum is 0 mmHg, like in outer space. A
negative pressure is defined as the difference between the
pressure applied and the pressure in the atmosphere.
However, it is a misnomer commonly used in the
literature. The absolute pressure of a chest tube connected
to 20 mmHg suction would be 740 mm or the gauge
pressure would be 20 mmHg at sea level. During surgical
procedures, closed suction drainage systems have been
helpful in moving large amounts of liquid out of the body.
This system allows air to be evacuated from the pleural
space to expand a lung following a pneumothorax. A
closed suction can also help treat small bowel
obstructions by draining the stomach contents. It is
important to control how much suction is used. In the
chest, suction levels greater than 40 mmHg can damage
the lung. High suction levels can also remove tissues from
the body (such as during liposuction).

A subatmospheric pressure environment is composed
of three major components: an adhesive-sealed dressing, a
vacuum device, and a communication device. Large-pore
foam is preferred in most orthopedic trauma cases (30).
Mechanisms of Action

There have been several proposed mechanisms of
action for NPWT. Through cell signaling effects, the device
has four primary mechanisms, as well as potentially
numerous secondary mechanisms.

Primary Effects

Macrodeformation: The open-pore foam pulls the
wound edges together depending on the tissue mobility
surrounding the wound (31). A NPWT may, for example,
bring the scar edges closer together in an obese patient
with an open abdominal wound. On the other hand, a
large scalp wound will not deform the surrounding tissue.

Microdeformation: Microdeformation of the wound
surface facilitates cell division and proliferation by
allowing cells to expand (32).

Fluid Removal: The NPWT is capable of removing large
amounts of fluid from the extracellular space in many
edematous wounds (7, 8, 32-35).

Environmental Control of the Wound: NPWT provides
an insulated, warm, and moist environment (36).
Secondary Effects

Granulation Tissue Formation: Users report that NPWT
stimulates granulation tissue formation in a robust
manner. There are several factors contributing to this
response, including microdeformation, which causes
hypoxia near the wound surface and, therefore, activates
the hypoxia-inducible factor 1 alpha (HIF-1g-vascular
endothelial growth factor (VEGF) pathway.

Cell Proliferation: The involvement of at least three
primary mechanisms for proliferation can be made out of
microdeformation (32) and fluid removal (35), as well as
the maintenance of a warm and moist wound
environment (31).

Modulation of Inflammation: We are just learning how
the NPWT modulates inflammation in response to injury.
Mast cells play a critical role in NPWT success in mice
lacking mast cells, for example (37, 38).
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Change in Neuropeptides: NPWT has been previously
shown to enhance neurotransmitter production in a mouse
model (39).

Change in Bacterial Levels: Several studies have shown
both an increase and a decrease in bacterial levels
following NPWT (31, 40).

Indication and Contraindication

NPWT is best suited to treat purely soft tissue
traumatic wounds when definitive closure is not possible,
such as when significant wound contamination exists, a
debridement is necessary, edema is significant, or the
patient is critically ill. As a result of this therapy, wounds
are prevented from desiccating, microbial contamination
is minimized, edema is reduced, and wound drainage is
facilitated. NPWT is less labor-intensive for hospital staff
since it is changed less frequently than wet-to-dry
dressings, thereby causing less discomfort for the patient.
With regard to indications for its use, NPWT has been
particularly successful in the treatment of fasciotomy
incisions, because delayed primary closure allows for
edema to subside and compartment pressures to
normalize (Table 1) (41, 42).

Cost-Effectiveness of NPWT

There is a wide range of cost-effectiveness among
commercial NPWT systems and standard dressings. In a
recent randomized controlled trial (RCT) of NPWT, average
costs of NPWT were found to be significantly higher than
those associated with standard dressings (43).

Table 1. The indication and contraindication of the negative pressure wound
therapy (NPWT)

Indication of NPWT

Complex wound (including any of acute, subacute, and chronic wound)
Traumatic wound

Dehisced wound

Burning wound (especially partial thickness types)

Chronic ulcer (such as diabetic, pressure, or venous insufficiency)

Flaps and grafts

Contraindication of NWPT

It is extremely important to design vacuum (VAC) therapy system to avoid direct
contact to espoused blood vessels, anatomic sites, organs, or nerves.

V.A.C therapy is contraindicated in patient presented with:

Untreated osteomyelitis

Fistulas (specially in non-enteric and unexplored types)

Necrotic tissue provided with eschar

Malignancy-related wound

Sensitivity to any component of each brand (e.g., sensitivity to silver in V.A.C
GranuFoam Silver® Dressing only)

NPWT: Negative pressure wound therapy

Kim et al. conducted a retrospective analysis
comparing the costs of commercial NPWT and gauze-
suction dressings to find that lower-cost materials were
significantly cheaper than commercial systems (44).
However, Shiroky et al. published a meta-analysis of four
RCTs demonstrating that closed incision negative pressure
therapy (ciNPT) results in a 40 percent reduction in
surgical site infections compared with standard dressings,
thereby reducing cost indirectly (45). Further, outpatient
wound healing time has been found to indirectly reduce
the overall cost by using NPWT (16, 46).

Complications

NPWT has potential complications and challenges,
despite its infrequency. The timing of the NPWT placement
in the acute setting must be carefully considered. The
management of some wounds (e.g., severe degloving)
requires immediate, acute NPWT, while other wounds (i.e.,
acute wounds) require more thorough surgical
interventions. In addition to debridement and identifying
neurovascular structures, NPWT can lead to other
complications, including bleeding, pain during dressing
changes, retained sponges after prolonged placement, and
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wound breakdown. NPWT may not prevent wound
breakdown, particularly in immunocompromised
patients. One report (30) described a 65-year-old,
immunocompromised (history of kidney transplantation
on lifelong immunosuppressants) patient who, eight
weeks after her medial tibial plateau fixation, developed
wound drainage and eventually fractured. The patient
required irrigation, debridement, hardware removal, and
flap coverage. Complications such as these can be avoided
with close monitoring and specific strategies. The wound
bed or incision must be thoroughly assessed before
dressing placement in order to avoid excessive bleeding.
The outputs should be monitored closely after dressing
insertion since the negative pressure environment may lead
to prolonged coagulation and excessive blood loss (47).

An often overlooked complication of NPWT is the
wound complications secondary to interrupted therapy.
Loss of power or error message is often caused by a poor
seal or a blockage in the tubing. Negative pressure is lost
when this occurs for a long period, resulting in a moist,
closed environment that can eventually lead to further
skin maceration and breakdown. Collinge and Reddix
retrospectively analyzed 123 patients who had interrupted
non-progressive wound healing and found a significantly
higher rate of wound complications than patients who did
not experience interruptions (48). Therefore, all staff must
be vigilant about notifying doctors and nurses of any
interruptions in therapy, which must be addressed
promptly. Some simple principles and strategies can be
used to minimize pain during dressing changes. Keeping
the duration of two to four days between changes is
recommended.

A sponge placed between the soft tissue and the
dressing can make it easier to remove it. Additionally,
although the senior authors used it anecdotally, the
application of a nonocclusive protective dressing between
the sponge and the skin (e.g., cellulose acetate silicone
dressing, petroleum gauze dressing) might facilitate
dressing removal and prevent irritation or maceration of
the skin. Christensen et al. investigated the efficacy of
topical lidocaine (1%) without epinephrine compared to
placebo before dressing removal (49). A lidocaine injection
directly into the sponge before removal significantly
reduced pain (49). After removing the sponge, the wound bed
should be carefully inspected to ensure no foam remains
behind. In crush injuries and amputations, NPWT should be
used with caution due to the risk of blood loss and skin
necrosis, as well as exposing nerves and arteries (50).

Conclusion

As of today, NPWT is an excellent option for treating
many types of complex wounds such as open fractures,
extensive soft tissue loss, and wounds that require
secondary treatment. Therefore, this bridging therapy
making temporary coverage of wounds has a variety of
functions and features that help reduce deep wound
infection, soft-tissue edema, failure of the flap and
accelerated wound healing, and hospitalization and have
significant roles in patient and health service bar. NPWT is
now widely used to treat orthopedic trauma and injuries
that result in wounds. In order to avoid excessive bleeding,
direct exposure to neurovascular bundles, and pain during
dressing changes, the use of NPWT should be closely
monitored. However, more research is needed to determine
the duration of therapy, exact pressure needed for each type
of wound, and other areas of surgery to be considered.
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