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Abstract

Management of difficult wounds can be a complex, chal-
lenging and expensive task, especially for wounds show-
ing a slow healing process. Topical negative pressure
(TNP) therapy has greatly improved difficult wounds
treatment. It allows to treat patient on an outpatient
management, to reduce the complication rate with
shorter hospital stay, to avoid frequent dressings with
expensive advanced materials and allow a lower commit-
ment of health professionals. Vacuum Assisted Closure®
(VAC®) system is a therapeutic device based on the ad-
ministration of a controlled TNP introduced by Morykwas
and Argenta in 1997. It is indicated in different kinds of
wound, but clinical evidences are present only for few of
them. In this work we summarize indications and recom-
mendations for VAC® therapy and we analyze the actual
better choice of treatment based on evidences and per-
sonal experience in order to stimulate further studies.
Finally we introduce recent applications of VAC® system
such as Prevena®, VAC Instill® and VAC Via®. Prevena® is
a system based on TNP indicated in the management of
closed wounds that present risk factors for dehiscence.
VAC Instill® is a system that allows to associate TNP and
topical administration of solutions, such as antibiotics or
disinfectants, to treat specific type of wounds. VAC Via®
is a device based on TNP, characterized by little dimen-
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sion and a preset system that allow the treatment of
little wounds for 7 d, with no impairment for the patient.
The aim of our paper is to describe a report of VAC®
therapy use in order to stimulate further studies and to
define the level of evidence of VAC® therapy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Management of difficult wounds can be a complex, ex-
pensive and time consuming task.

The increasing age of general population and life
style changes (sedentary life, metabolic syndrome) can
led to higher incidence of chronic wounds and lesions in
patients with poor general conditions (vascular disease,
diabetes).

Direct consequences are a higher number of patients
in relative good general status affected by chronic wounds
requiring higher costs for health care system due to hos-
pitalization, outpatient management, frequent dressings
and commitment of health professionals.

Topical negative pressure (INP) therapy has greatly
improved difficult wounds treatment. It allows to treat
patients on an outpatient base, reduce the complication
rate with lower hospital stay, avoid frequent dressings
with expensive advanced matherials and so there is a low-
er commitment of health professionals. The possibility
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to manage the therapy with a relative comfortable instru-
ment allows the patient to carry out daily activities.

The use of negative pressure in clinical practice date
back to ancient times. It was desctibed in Chinese medi-
cine in combination to ago puncture! thanks to its hyper-
aemic effect. In 1841, Junod used heated glass cup applied
on the skin to create vacuum and stimulate circulation®”,
Different techniques of TNP application were later de-
scribed. In the 1980s, in the Russian literature, the use of
TNP in combination with aggressive debridement was
reported to significantly reduce bacterial counts in sup-
purative wounds™. In 1989, Chariker ez a/” applied TNP
therapy in patients with incisional or cutaneous fistulas
using moist gauze placed over the wound surface and a
flat drain placed over the gauze covered by a bio-occlusive
dressing. Fleischmann ez a/” in 1993 described the applica-
tion of TNP trough a foam dressing observing the forma-
tion of granulation tissue and wound cleaning,

Morykwas ez a/” elaborated a system composed by
a polyurethane (PU) foam covered by a semi occlusive
dressing and connected to a vacuum source to induce
TNP on wound in animals. This work was the start point
for the production of the Vacuum Assisted Closure®
(VAC®) system by Kinetic Concepts Inc. (San Antonio,
United States).

VAC"® SYSTEM

VAC® device is made up by (Figure 1): (1) Vacuum
source; (2) Foam dressing: it is the interface between the
vacuum source and the wound. Its essential role consists
in the uniform administration of TNP on the whole
wound sutface, even in difficult anatomical sites (e.g.,
groin). Other systems use a moist gauze fill in the wound
as interface; (3) The foam can be made by PU (black)
that is hydrophobic and presents big holes (400-600 um),
polyvinyl alchool (white) that is hydrophilic and with
small holes or PU combined with Silver (gray) with an
improved bacteriostatic effect; (4) Foam choice depends
on wound characteristics and supposed treatment’s goal;
(5) Semi occlusive transparent adhesive drape fixed on
heal skin, all around the wound to isolate it from the
external environment; (6) An adhesive disk (Pad) posi-
tioned on an hole created in the drape and connected to
the vacuum source trough a suction drain; (7) A reservoit
connected to the drain; and (8) A processor that elaborate
signals from the different components of the device and
that shows dysfunction (e.g, air leakage). In particular
KCI developed the Therapeutic Regulated Accurate Care
(TRACP) pad system that controls continuously the pres-
sute at the wound bed and not only the one detived from
the vacuum source; it allows the clinician to diversify the
intensity of the negative pressure and provides a even
setter distribution of negative pressure at the wound bed.
The SensaTRAC® system allows to monitor and maintain
the desired pressure at the wound area for a constant ad-
ministration of the therapy, it allows to reduce clogging
of pipes and false alarms using an advanced computa-
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tional fluid dynamics and to use Smart Alarms® for maxi-
mum patient safety. All these possibilities led to an easy
and effective application of VAC® Therapy and improved
patient comfort.

The direct effect of VAC® is to create a wet environ-
ment with a sterile and close dressing.

TNP administer by VAC® Therapy creates forces
that, applied to the wound bed, are able to develop an
environment that promotes wound healing. These forces
can be distinguished in macro-deformations and micro-
deformations.

Macro-deformations consist in a visible stretching
that occurs when the negative pressure shrinks the foam.
The direct effect is to close the wound edges, to allow an
uniform distribution of pressure at the whole wound bed
and to remove the exudates and infectious matetials.

Micro-deformations are the modifications present at
the cellular level. The direct effect is to reduce oedema,
to promote perfusion, to increase cells proliferation and
migration and to promote granulation tissue formation.

The final effects of VAC® Therapy leading to pro-
mote wound healing could be so resumed in: (1) Remove
infectious materials; (2) Provide an adequate protection
against infection; (3) Remove exudates; (4) Reduce oede-
ma; (5) Provide a moist environment; (6) Increase blood
flow promoting perfusion; and (7) Promote cell migration
and proliferation during granulation tissue formation.

The reported physiological effects were described in
clinical or animal studies. Morykwas e# al” demonstrated
that a negative pressure of 125 mmHg increase the vascu-
larisation at 4 times, while higher negative pressure induce
capillary collapse with blood flow reduction. Fluid suc-
tions led to oedema reduction with a consequent lower
external pressure on capillary and blood flow increasing,
This effects is particularly evident with PU foam thanks to
bigger holes.

Another aspect studied by Morykwas e/ al” was gran-
ulation tissue formation induced by TNP; it resulted in-
creased of 63% with continuous TNP and of 103% with
intermittent regimen, compared to classical dressings.
This result was explained by cells adaptation to continu-
ous physical forces. Other favourable effects of intermit-
tent TNP are blood flow increase due to deactivation of
the auto regulatory capillary system, and the number of
mitosis, due to the “relax” period in which cells are able
to produce new structural components. The disadvantage
of intermittent therapy is higher pain than the one expe-
rienced by patients with the continuous regimen.

Some Authors proposed to start VAC® with continu-
ous -125 mmHg for 48 h and then switch to an intermit-
tent regimen.

Cellular proliferation induced by mechanical forces
1s a well known concept in plastic surgery (e.g., tissue
expansion, osteogenic distraction)[m. TNP induces tissue
deformity with a mechanical stress that stimulate angio-
genesis and cellular proliferation.

Other described effects induced by VAC® are the
reduction of substances present in the exudates that hin-
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Figure 1 Vacuum Assisted Closure® system. A: The foam is placed over the wound with a size equal or little bigger than wound’s dimension; B: A drape is placed
over the foam to cover it completely and to attach it on the around normal skin; C: A hole is made on the drape over the foam; D: The track pad is placed over the hole; E:
Starting therapy led to the foam size reduction due to negative pressure.

der wound healing, bacterial grow reduction due to the
closed system that on one hand prevent external contam-
ination and on the other hand enable an amplification of
physiological antimicrobial agents thanks to blood flow
increasing” . In addiction foam contraction during treat-
ment reduces the perimeter of the lesion, accelerating the
healingm.

Contraindications"" to the use of VAC® in acute wounds
are presence of necrotic tissue, massive invasive infection,
exposed cortical bone, untreated ostemyelitis, malignancy
and active bleeding at the wound site. Necrotic tissue must
be removed before VAC® therapy application with a care-
ful debridement; infection must be treated with systemic
antibiotics and the use of Granufoam Silver® which can
help in the treatment of local infection, a frequent wound
check with culture from wound bed must be done and
VAC® therapy must be immediately stopped if the result
remains poor. Sensitivity to Silver is a contraindication to
the use of GranuFoam Silver®. Exposed cortical bone
represents a limit to granulation tissue formation onto
wound bed. Malignancy is an absolute contraindication
due to the risk of cancer cells proliferation. Active bleed-
ing from the wound site and the presence of exposed
vessels or organs can led to hemorrhage during VAC®
therapy. In case of small exposure a non-adherent dress-
ing positioned between the wound bed and the foam can
help to reduce this risk.

Other contraindication to VAC® therapy is the pres-
ence of non-enteric or unexplored fistulas.

VAC® device must not be placed directly in contact
with exposed blood vessels, anastomotic sites, organs or
nerves; in these cases the use of a non-adherent layer be-
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tween deep structures and foam can be useful to prevent
any damage to the underlying anatomical structures.

Complications encountered during VAC® therapy are
pain and hemorrhage, as just reported.

Pain is often associated with dressing changes[12 and
in this cases instillation of anesthetic agent »/z the suction
tube into the foam before dressing change may be of
great benefit. Pain associated with the treatment itself is
often linked to intermittent regimen; in this cases a con-
tinuous TNP regimen can help to reduce pain.

Hemorrhage is linked to the suction of active bleed-
ings at the wound. The presence of bleeding is a con-
traindication to TNP and in presence of a high risk
for bleeding it’s important to monitor continuously the
canister. If active bleeding develops suddenly or in large
amount during treatment, or if bright red blood is seen
in the tube or in the canister, immediately stop VAC®.

An important aspect to consider is the coast load; at a
first sight it is possible to think that high costs of VAC®
device and dressing’s materials can be a limitation when
compared to other dressings. Otherwise we have to con-
sider that dressing’s costs are only a singular parameter
that play a role in wound’s management costs. Other im-
portant aspects we should take into consideration when
evaluating from the budget perspective ate costs related
to nursery assistance, hospitalization and complications’
management[m. Health economy should evaluate treat-
ment coasts also in relation to benefits achieved through
it. In wound treatment costs depends on many factors
such as frequency of dressing’s change, time of neces-

|

sary nursing assistance, rate and time of wound healing,

effects on hospital stay duration and complications'".
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Figure 2 Vacuum Assisted Closure® application in dehiscence after abdominal wall and multivisceral transplantation.

Armstrong ef al'” evaluated the use of VAC® in diabetic
foot after amputation. They reported an healing percent-
age of 56 in VAC" group and of 39 in group treated with
standard dressings. The medium time of healing was 56 d
in VAC® group and 77 d in the other one. Similar results
were reported in pressure ulcers'”. Schweim ez @/ dem-
onstrated a significant reduction in hospitalization rate in
patients treated by VAC® and several studies' '™ report-
ed lower complications rate. Hiskett ef a/'” reported that
TNP allows to reach qualitative and economic benefits
in home care. Obviously comparison between all studies
petformed about costs and benefits of VAC" is restricted
because we have different cost of nursery care, different
pattern of use of TNP consumables and wound outcome.
Philbeck ¢ a/'” reported that the shorter healing time and
downgrading of required operations in patients treated by
VAC® correlates to decreased overall costs of care and, in
particular, wounds can be treated in the community with
minimal impact on nursing care and hospitalization. All
presented considerations led to consider VAC® therapy a
valuable treatment in terms of health care costs. In facts
it allows to treat patients at home, reducing hospitaliza-
tion time and high costs’ operations.

CLINICAL APPLICATIONS

VAC® therapy is indicated in many kinds of wounds. In
some cases there are clinical evidences of its application,
in others there are only case reports or small series report-
ing good results. In our expetience we used VAC® in dif-
ferent wounds with different goals and can occur to stop
therapy after an evident failure. It is important to determine
the goal before starting and to evaluate the wound after an
adequate time to decide if the intermediate result is good
enough to continue the therapy or if there are signs of
failure guiding us to choose alternative treatments. Wound
must be prepared before VAC" therapy we need to re-
move eschar and devitalized tissues, to treat infection and,
first of all, to make a correct diagnosis. Wounds due to
malignancy or ischemia are not suitable for VAC®, as just
reported. We describe the principal indications for VAC®
reported in literature and correlate them with our experi-
ence and level of evidence.
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Open abdominal wounds
Open abdominal wounds are one of the first indication
introduced for VAC® therapy.

The open abdomen is the result of decompression
laparotomy and dehiscence or necrotizing fasciitis. This
condition is associated with high morbidity and mortal-
ity

The main goals are to achieve a primary closure or to
obtain granulation tissue formation to allow a skin graft-
ing[z]. VAC® demonstrates to improves survival, decrease
surgical reconstructive complexity and reduce complica-
tion rate, such as compartment syndrome".

VAC® induces both skin and fascial approximation,
reduces bowel oedema, bacterial counts and inflammato-
ry substances, avoiding frequent dressing changes, main-
taining intact skin and improving fluid management[4].

Dressing must be changed every 48-72 h in absence
of infection and exposed bowel must be covered with a
non-adherent layer to prevent fistula formation and other
complications. A continuous pressure of -175 mmHg
prevents fascial retraction and visceral adherence and
multiple dressing sheet perforations permit intra-abdom-
inal fluid and oedema evacuation”. Optimal results may
take 21 d or more to show off.

We applied VAC® in many cases of open abdominal
wound as a bridge tool to defintive closure with skin graft
and in one case of patient treated for dehiscence after
multivisceral and abdominal wall transplantation as a defini-
tive closure method, due to the impossibility to perform

surgery (Figure 2).

Sternal wounds

Dehisced sternal wounds are an optimal and well docu-
mented indication for VAC with the aim to achieve
primary closure or prepare the wound for delayed recon-
struction.

Mediastinitis occurs in 1%-5% of patients following
sternotomy™ with high morbidity and mortality”",

The positive effects of VAC® consist of stabilization
and salvage of the sternum, drainage of anterior medi-
astinum, early mobilization and reduction of mortality
rate. Treatment starts after debridement. A non-adherent
layer is interposed between deep structures and foam to
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Figure 3 Complex soft tissue trauma of lower extremity with undermining in the leg posterior compartment and complete healing after 27 d of Vacuum As-
sisted Closure® therapy.

protect mediastinal structures against direct contact with
TNP !, Full-thickness perforations allow transmission
of negative pressure trough the dressing to anterior medi-
astinum. A double layer dressing enables optimal thoracic
stabilization (sternal layer) as well as a good distribution
of negative pressure over the entire wound surface (sub-
cutaneous layer)”. Dressing must be changed every 48 h
to evaluate the wound and perform bacterial swab at the
wound bed. Also serum C-reactive protein (CRP) level
can be useful to guide therapy™. TNP must be applied in
continuous fashion at-125 mmHg, Expertise is required
to treat this kind of wounds. VAC® is contraindicated in
case of active bleeding or anticoagulation beyond thera-
peutic range.

Acute and chronic wounds

In traumatic wounds VAC® therapy can led to several
benefits as stabilize soft tissue, reduce secondary damage,
salvage of compromised tissue, reduce oedema, wound
size and complexity (Figure 3). The goals are to promote
granulation tissue formation and perfusion, to remove
fluids, exudate and infected materials and to assist take of
flap or skin/bioengineered tissue. The result is a reduction
in complexity of reconstructive procedures, scar forma-
tion and an improved patient care and comfort due to a
reduced number and frequency of dressing changes. The
paramount indication is a large loss of soft tissue, but in
literature several applications are described such as treat-
ment of inflammatory wounds, open fractures manage-
ment, energy trauma wounds, fasciotomy wounds, deglov-
ing injuries and burns. In all these cases VAC® therapy can
help stabilization of skin graft and donor site healing®,
stabilization of energy injuries allowing safer transfer
of the patient; management of open fractures reducing
complexity of secondary surgery, prevent the progression
of partial-thickness burns” and to prepare full-thickness
burns to skin grafting”.

General recommended settings consist in a continu-
ous cycle at -125 mmHg for 48 h and then, if possible, an
intermittent cycle until healing is reached. Dressing must
be changed every 48-72 h, only in presence of infected
wound a more frequent dressing changes should be taken
in consideration. Therapy should be used after debride-
ment and vital structures must be covered with non-
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adherent dressing. The presence of orthopedic hardware
does not represent a contraindication.

Inflammatory wounds occur in scleroderma, systemic
lupus erythematosus, hypercoagulation disorders, rheu-
matoid arthritis and vasculitic conditions. The goal of
VAC® treatment is to enhance wound bed preparation for
surgical closure or delayed secondary heal. In this cases
the evaluation should be done after 1-3 d.

Complex resistant ulcers often present with abundant
exudates or difficult anatomical sites and poor-wound bed.
In this cases VAC® could be an ideal option up to 2 wk,
then you should check the result by evaluating granulation
tissue formation.

In open fractures VAC® therapy could be considered
when primary closure is not possible providing a tempo-
rary cover. Delayed surgical closure of open fractures is
characterized by a high risk of infection and impairment
of the bone synthesis™. VAC® therapy protects wound
from infection, reduces oedema and increase the rate of
viable tissue over the bone, with a simpler delayed recon-
structive procedure, that has to be performed as eatly as
possible.

Fasciotomy incisions often present oedema, skin retrac-
tion and skin edge necrosis' that limit primary closure
after compartment syndrome resolution. VAC® reduces
oedema and splint wound edges allowing primary closure
in shorter time in comparison to conventional dress-
ing[29,30].

In energy trauma, TNP is most suitable for complex
soft tissue injuries in the absence of exposed bone, as
loss of tissue from the foot, exposed tendons, tissue loss
in gunshot wounds and degloving injuries” ™. Treatment
should start with continuous negative pressure between
-50 mmHg to -125 mmHg, although, when possible, in-
termittent therapy should start in the next 48 h, this may
led to greater granulation tissue formation”,

Even if coverage of exposed bone with well-vascu-
larised tissue remains the gold standard for open frac-
tures', VAC® may allow, as temporary dressing, a down-
staging of the wound™,

In burns’ treatment VAC therapy aids to reduce oe-
dema, infectious and inflammatory materials and help to
improve wound perfusion. In particular it prevents burn
progression in partial-thickness burns. It is well known
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that in partial-thickness burns is present a zone of stasis
characterized by microcirculation impairment at 12-24 h
post-burn with consequent hypoxia, ischemia and cell
death that led to full-thickness burn®™. TNP applied to
partial-thickness burn within 6 h after injury and for at
least 48 h, helps to reduce oedema and increase blood
flow, stopping the progression to full-thickness burn®™.

Skin graft and bioengineered tissue fixation require
tie-over dressing for 5 d. Problems may arise when fac-
ing irregular surfaces (e.g, perineum, inguinal fold), areas
prone to movement or exudative recipient beds. TNP
may be used for wound bed preparation to reduce size
and to assist granulation tissue formation”™. VAC® aids
to deal with serous fluid or hematoma, bolstering the
graft to the bed, and increases angiogenesis and splinting
of graft in difficult area™,

The foam must be applied with an interpositional
non-adherent barrier between graft and foam; TNP must
be set at a range between -100 mmHg and -125 mmHg,
in continuous fashion, for a period of 3-4 d, Multiple
holes should be performed in the graft before VAC®
positioning in order to increase fluid collection. VAC®
therapy is mentioned, in literature, also to improve skin
graft donor site healing, showing a faster reepithelialisa-
tion with good results*'L.

VACP® therapy can be applied to improve vasculariza-
tion in flaps which have suffered partial necrosis after
performing debridement of necrotic tissue, allowing sal-
vage of the of the flap.

TNP improves flap survival by reducing oedema,
increasing blood flow and bolstering flap placing at the
wound bed. Moreover VAC® hide the flap, thus the flap
monitoring is more difficult. Positive effects of TNP on
venous congestion are still not well described. Morykwas
et al” reported good results in animal studies in enhancing
viability of random pattern flaps. Another useful applica-
tion of VAC® therapy in flap surgery is the improvement
of donor site healing, A particular indication is in radial
forearm flap donor site management. VAC® therapy in-
duces granulation tissue formation over exposed deep
structures, improving skin graftingl42’43j. Recommended
settings are a continuous cycle at -125 mmHg for 72 h.

Diabetic foot

In diabetic foot VAC® is indicated in uninfected and not
ischemic deep complex ulcers with the goal to reduce the
surface area. VAC™ reduces the complexity of the subse-
quent surgical closure proceduresm’w. In combination with
systemic antibiotics, VAC® allows healing of undetlying
osteomyelitis avoiding ulcers recurrence”’, VAC® therapy is
used for 1-2 wk; after this time, the wound should be eval-
uated and to be continued if the wound has improved;
if progress is poor an alternative treatment must be con-
sidered™. Tn post-surgery diabetic foot wounds, VAC® is
indicated after open partial foot amputationm, to aid skin
graft or bioengineered tissue replacement fixation'***".
VAC is not recommended as a first line treatment in su-
perficial wounds, but it can play a role as a second choice
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after advanced dressings failure”. Recommended set-
tings are a continuous cycle at -125 mmHg in first 48 h,
then, if possible, an intermittent cycle for rest of treat-
ment. In absence of infection dressing can be changed
every 48-72 h.

Pressure ulcers

In pressure ulcers VAC® therapy can help to reduce vol-
ume of a large cavity wound, to promote comforts for
the patient and to reduce nursery management. Goals are
promoting granulation tissue formation, promoting perfu-
sion and providing a closed, moist wound healing envi-
ronment. It is not indicated for stage 2 ulcers and in case
of deep tissue injuries. The best indication is stages 3 and
4 wounds, in combination with pressure redistribution,
good skin care and planning of an adequate nutrition™
In these cases VAC® could be useful both preoperatively,
to allow less complex reconstruction and post-surgery to
manage dehiscence, to improve perfusion of flap or grafts
fixation. The effects should be evaluated continuously for
a period up to 2 wk. Recommended settings are a continu-
ous cycle at -125 mmHg in first 48 h, then, if possible,
an intermittent cycle for rest of treatment. In absence of
infection dressing can be changed every 48-72 h.

Venous insufficiency ulcers

In venous insufficiency™™ ulcers VAC® can be used to
reduce oedema, to promote perfusion, to remove exu-
date, to promote granulation tissue formation and to
provide a closed, moist wound healing environment. Rec-
ommended settings are a continuous cycle at -125 mmHg
in first 48 h, then, if possible, an intermittent cycle for
rest of treatment. In absence of infection dressing can
be changed every 48-72 h. Wound should be adequately
prepared before therapy with a correct debridement and
compression garment or bandage may be placed taking
care not to induce any pressure point. In presence of
explored tunnels or undermining, the first choice should
be VAC WhiteFoam® dressing. Foam should be placed in
contact with all wound surfaces and in presence of more
foam pieces a correct foam to foam contact must be
ensured to achieve a better distribution of negative pres-
sure. Superficial or retention sutures should be covered
with a non-adherent material.

Enteric fistulas

VAC® may help to promote healing in wounds around
enteric fistula, but cannot be considered for effluent man-
agement or containment. The goal in acute fistula should
be to promote closure of the fistula. Chronic fistulas
are segregated from surrounding or adjacent abdominal
wound, then VAC® is applied to the wound and the ef-
fluent from fistula are deviated into another containment
system. General recommendation is to start with a -125
mmHg pressure and, if effluent is noted in the tubing,
pressure should be raised of 25 mmHg for 20-30 min
and then check effluent. If it is still present, continue to
increase the pressure and observe until there is no ef-
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Figure 4 Newborn affected by necrotizing fasciitis of perineum and result after 13 d of Vacuum Assisted Closure® therapy.

fluent in the tubing, up to a maximum of 200 mmHg;
Reduction in the amount of effluent is an early sign of
initial approximation of the fistula. Otherwise, if effluent
continues to flow VAC® must be stopped and other treat-
ment should be taken into consideration.

Wounds in paediatric patients

The indications for negative pressute therapy in paediatric
and neonatal wounds have been discussed by Baharesta-
ni"!, In our experience we treated a rare case simultaneous
acute myeloid leukaemia and necrotizing fasciitis due to
Pseudomonas aeruginosa in a newborn (Figure 4)°. Our
patient presented with perineal erythema and haemor-
rhagic pustules with a rapid progression into necrotizing
fasciitis and, at 23 d, was present a lesion of approxi-
mately 18 cm’ involving the superficial and deep fascial
planes around labia majora, a greenish secretion, a black
eschar with an erythematous halo. Swap culture revealed
the presence of Pseudomonas aeruginosa, however,
blood cultures were negative. The infant was treated with
systemic administration of: broad-spectrum antibiotics,
immunoglobulins, inotropic drugs and nutritional sup-
port. The initial treatment of the wound consisted of
surgical debridement followed by the application of ad-
vanced dressings, such as silver PU foam and hydrofiber.
Due to the reduced healing rate and the persistence of
Pseudomonas colonies in the wound, we decided to apply
VAC® device with GranuFoam Silver® dressing[53]. The
dressing was changed every 48 h. During hospitalization
at the Neonatal Intensive Care Unit, the newborn was
continuously monitored: pain was assessed and opioid
analgesia was used. The positioning of the VAC® dress-
ing on the perineal area was challenging. The main prob-
lems were: preventing direct suction on the anal sphinter
while maintaining normal sphinteric functions and avoid-
ing pressure sores due to the suction tube. TNP was set
at -50 mmHg according to McCord™™ for 6 d and then
raised to -75 mmHg for 7 d. The rise in negative pressure
was concurrant with an increase of the CRP value™ (from
1.09 to 5.07 mg/dL), however, local signs of inflamma-
tion were reduced. After 13 d of negative pressure treat-
ment, the wound was almost healed. Definitive closure
was achieved in 5 d of application of collagen dressing
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(Condress®, Abiogen, Pisa). After these treatments there
were no signs of necrotizing facitiis and the swab culture
was negative for Pseudomonas Aeruginosa. In our expe-
rience, the use of TNP therapy for neonatal necrotizing
facitiis allowed us to achieve rapid wound healing after
debridement. Interestingly, after the increase of suction-
ing pressure from -50 to -75 mmHg, a higher CRP value
was observed, although local signs of inflammation had
reduced. This can be explained by the fact that TNP de-
termines the local release of interleukin (IL)-6, I.-8 and
vascular endothelial growth factor and IL-6 induces an
increase in plasma CRP concentration®™,

Wounds in patients with contraindications to surgery
An important consideration should be done about the
useful application of VAC® therapy in patients with im-
portant comorbilities and contraindications to surgery,
because treatment of patients with complex wound often
requires surgical debridment and reconstruction with skin
grafts or flaps. VAC" can be considered an alternative
treatment in these patients™.

In our experience we treated patients affected by
complex wounds with conditions that contra indicates
surgical procedures, as neonates, pregnant, or old patient
with overall condition, such as advanced dementia or im-
mobilization, that made difficult the management with
the need for hospitalization. In all these cases the VAC®
therapy has resulted in healing without the need to sub-
ject the patient to treatment achieving excellent results.
The VAC® therapy is the treatment of choice when fol-
lowing patient at home and achieving healing quickly with
satisfactory results, is needed.

RECENT APPLICATIONS

No evidences are reported for recent applications intro-
duced by KCI: Prevena, VAC® Instill and VAC® Via.

These three devices were introduced in last few years
with specific indications that must be cited in a work with
the aim to resume all the possible indications of VAC®
therapy and the necessity of further studies to define the
level of evidence of these treatments.
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Prevena®

Prevena® is a new device introduced in 2010 by KCI for
the treatment of closed surgical incisions with VAC®
therapy.

It consists in a preformed dressing made by a foam
covered by a transparent film directly connected to the
vacuum system predisposed at -125 mmHg and set for 7 d
of treatment. It is generally positioned on the incision at
the end of surgery, in a sterile environment. The goal is
to create a favourable environment for healing processes,
to approach the edges of the incision up to the closing,
to stimulate perfusion, to reduce side tension, oedema
and acts as a barrier against external contamination. The
device is small and easy to carry.

Advantages of TNP on closed incisions were report-
ed in several studies”™ ",

The indications of Prevena® are all surgical incisions
at high risk for complications, such as in patients with
poor general conditions due to diabetes, obesity or poor
vascular status” "\,

In high-energy trauma wounds the rate of complica-
tions (necrosis, infections) was reported in a range from
33% to 50%* and in sternal wound the mortality rate in
case of infection is about 33% at 1 year™",

Other conditions at high risk are orthopedic proce-
dures”™” lower extremities bypass[(’z], abdominal®* and
cardiothoracic proceduresm.

Stannard ez a/*” purposed a good system to classify the
risk of wound complications high lightening cases that are
best suited for TNP. Patients found to benefit from TNP
are those with one or more risk factors for infection, se-
roma, hematoma, and dehiscence.

Contraindications to TNP are wounds with infection,
dehiscence or cellulitis and incisions with ischemia or
fragile skin due to radiotherapy, steroid or patient’s age.

In literature there are studies reporting good results in
the reduction of incidence of dehiscence and infection in
high-energy trauma wounds”™, absence of complications
in sternal wound patients at high risk for infection”” and
no infections in patients with foot and ankle trauma®”,

These considerations are the base of Prevena® sys-
tem, it can be considered an useful and easy to use device
in all surgical wounds at high risk for complications.

VAC Instill®

VAC Instill® system was introduced by KCI in 2003. it
allows to add solutions to the wound bed, and it can be
useful for wounds showing no response to conventional
VAC® and as initial management in selected high risk
wounds®”.

It is indicated in patients who would benefit from
vacuum assisted drainage and controlled delivery of topi-
cal wound treatment solutions in case of chronic, acute,
traumatic, subacute and dehisced wounds, partial thick-
ness burns and ulcers.

Topical agents may be intended for extended tissue
contact and compatible with VAC® dressing and dispos-
able components (e.g., hypochlorous acid solutions ap-
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plied at high concentrations for longer periods may dam-
age VAC® system). The VAC GranuFoam Silver" is not
indicated with instillation therapy.

The device is similar to traditional VAC® system
with additional features. The foam is placed as usual and
covered by the drape. Two different pads are connected
to the dressing: one is the traditional suction drain con-
nected to the vacuum source and the canister; the other
is connected to an irrigation bag, containing the selected
solution. Clinicians set automated infusion of fluids at
presetted intervals without compromising the integrity of
the occlusive dressing. It is important to consider patient’
s position because instillation is driven by gravity. Instilled
and drained fluid volumes must be monitored during
treatment. In case of deep wound, a hole can be made
deep in the foam in order to achieve a better action onto
wound bed.

The treatment consists of repetitive cycles of TNP,
instillation and holding time. Holding time allowed in-
stilled solution to irrigate the whole wound and to per-
form its action, neither instillation nor TNP are applied
during this period.

Instillation time must be enough to saturate the foam;
holding time can range from 1 s to 1 h and continuous
TNP can range from 1 min to 12 h.

Donalec™ recommends 1-2 min of instillation time,
5 min of holding time and 5 h of TNP.

A test should be made after dress placement starting
with a TNP cycle to check the seal and then with instil-
lation to quantify the total amount of fluid necessary
to saturate the foam. A wound culture may be obtained
before starting in order to select the optimal fluid to in-
still™,

The main goal is to reduce the bioburden within the
wound; furthermore VAC Instill® may help in reduce

pain in selected patient[ég’ﬂ’m

, even by using analgesic so-
lutions.

In literature case reports about VAC Instil]®*> ™
were reported. In all cases good results were achieved in
terms of decrease in the main time to obtain a bioburden
reduction, wound closure and hospital discharge.

In our experience we treated one patient affected by
abdominal dehiscence with the presence of an exposed
mesh. This condition often requires mesh removal, espe-
cially in case of infection of the device.

Our patient presented an infection of exposed mesh
due to Klebsiella Pneumoniae sensible to Teicoplanin.

The continuous infusion was made using two solutions
alternatively: 450 cc of physiologic saline + 50 cc of Beta-
dine®; 500 cc of physiologic saline + 5 g of Teicoplanin (an
injection of this solution is made every 45 min and then
the TINP is set at 0 mmHg for 5 min then the TNP is set
at -125 mmHg)

Instillation was performed every 45 min, then holding
time was set at 5 min and a continuous TNP of 125 mmHg
was set. The treatment was performed until the absence of
infection of the wound, confirmed by microbiological ex-
amination, that was 7 d after starting, Then traditional VAC®
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Table 1 Grade and level of evidence adapted from sign method of classification

Indication Recommendation Grade Evidence level
Soft tissue trauma Bridge to definitive closure when primary closure is not possible C L2-L3
Stopped when delayed surgical closure is possible C L2-L3
Improve the healing of fasciotomy incisions C L2
Downscale the complexity of closure procedures C L2-L3
Open fractures wounds Bridge to definitive closure when primary closure is not possible B L1-L3-L4
Stopped when delayed surgical closure is possible B L1-L3
Downscale the complexity of closure procedures C L2-L3
Partial thickness burns Preventing burn wound progression C L2-1L3
Flap procedures For flaps which have suffered partial necrosis after debridement of necrotic tissue D L3-L4
Manage donor sites which cannot be closed primarily D L3
Graft procedures Improve the rate of graft success A L1-L2
Case at high risk of graft loss B L1-L2
Left undisturbed for 3-7 d post-grafting B L1-L2
Continuous pressure level B L1-L2-L3

L: Level.

was continued to obtain the complete healing and coverage
of prosthesis in 10 d.

VAC Via®

VAC Via® is a new device introduced by KCI for patients
affected by wounds that can be treated at home. The de-
vice is relative small and set for a period of treatment of
7 d at -125 mmHg of pressure. The canister presents a
capacity of 150 mL. According to our expetience, we can
consider that the device is simple to use and comfortable
for the patient. The best indication is a relative small sin-
gle wounds in a site that does not impair quotidian activi-
ties. In our experience in wide wounds or multiple ones,
the device was not useful for the impossibility to regulate
the pressure in relation to movements. In selected cases it
can be very useful to treat patient at home, with minimal
impairment in daily life.

CONCLUSION

Based on the International Expert Panel on Negative
Pressure Wound Therapy'” guidelines we found the
grade and the level of evidence reported in Table 1. In
the literature significant studies about other kinds of
wounds are not reported.

Grade A of evidence is reported only for open ab-
dominal wounds and graft procedures with the goal to
improve the success rate. Grade D of evidence is report-
ed in flap procedures with an evidence level 3 or 4. Other
indications present an evidence grade between B and C.
Considering these evidences, we think that VAC® therapy
may be used in different kind of wounds with good re-
sults, reported by many studies in literature, even if an
evidence based result has not even shown at this time. In
our experience, VAC® therapy was useful in case of open
abdomen, soft tissue trauma and paediatric patients, re-
porting good results. Further studies are necessary to de-
fine the evidence of VAC® therapy, especially in diabetic
foot wounds, pressure ulcers, venous insufficiency ulcers
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and enteric fistulas. Obviously recent applications should
be studied in the future to define the real utility in clinical
practice, even if, also in our expetience, VAC Instill® and
VAC Via® reported good results. Many attempts wete
made to obtain an international consensus conference to
define recommendation for VAC® use in different kind
of wound and initial results were just obtained. We be-
lieve that further studies and definitive recommendations
will undetline the indications for VAC® therapy and asses
the most useful regimen of treatment for each case.
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