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Original Articles

Vacuum-Assisted Closure: A New Method for Wound
Control and Treatment: Animal Studies and Basic
Foundation

A technique for applying controlled subatmospheric pressure to
a wound was investigated in a pig model. Improvements were
measured in blood flow, bacterial clearance, granulation tissue
formation, and random flap survival.

Vacuum-Assisted Closure: A New Method for Wound
Control and Treatment: Clinical Experience, with
Invited Discussion by Elof Eriksson, MD

)
Two hundred ninety-six of 300 clinical wounds of varying ages
responded favorably to treatment with controlled subatmospheric
pressure, apparently as a result of an increased rate of
granulation tissue formation.

Pediatric Facial Fractures: A Demographic Analysis
Outside an Urban Environment, with Invited Discussion
by Jeffrey C. Posnick, DMD, MD

A five-year review of 80 facial fractures in 62 pediatric patients

treated in a rural and suburban level 1 trauma center demonstrated

greatest frequency in the mandible (38%), followed by fronto-
naso-ethmoid (35%), midface (17%), and orbital (10%). Compared
with studies in urban centers, the review showed an older median
age, fewer mandibular complications, and no firearm injuries.

Free Latissimus Dorsi Muscle Transfer Using an
Endoscopic Technique '

Ten successful lower extremity reconstructions were performed
using endoscopically assisted dissection of the latissimus dorsi
muscle flap. A single vertical incision of 5 to 6 cmn along the
posterior axillary line allowed direct dissection of the
thoracodorsal pedicle, followéd by use of the endoscope for the
posterior dissection.

Seroma as a Common Donor Site Morbidity After
Harvesting the Latissimus Dorsi Flap: Observations
on Cause and Prevention

A prospective study of 67 latissimus dorsi muscle harvesting
procedures demonstrated that seroma formation was most
common (80%) when electrosurgical dissection was used,
compared to 38% with scalpel dissection alone and 9% with
scalpel dissection and tacking suture fixation of the skin flap to
the underlying bed.
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Reconstruction of Posttraumatic Defects of the Foot by
Flow-Through Anterolateral or Anteromedial Thigh
Flaps with Preservation of Posterior Tibial Vessels

Five major distal lower extremity reconstructions were
performed using flow-through anterolateral and anteromedial
thigh flaps. The excellent caliber and length of the lateral

_circumflex femoral vessels permits this flap both to cover large

tissue defects and to revascularize the distal portion of the
extremity.

An Anatomic Comparison of Septocutaneous Free Flaps
from the Thigh Region

In a dissection of 42 fresh cadaver thighs, the pedicles of the
various septocutaneous thigh flaps were examined. The
anterolateral thigh flap contained the longest (mean 153 mm)
pedicle with the largest vascular diameter (mean 3.0 mm).

Free Tissue Transfer in Treatment of the Recalcitrant
Chronic Venous Ulcer

A review of 20 consecutive free muscle flaps used for 19
nontraumatic, nonosteomyelitic venous ulcers (average 3.5 years
duration) demonstrated 90% flap survival with 30% minor
complications. Of 17 evaluable flaps followed a mean 32.7
months, only 1 showed marginal breakdown.

Rectus Abdominis Muscle Transplant in Lower Limb
Salvage: A Recent Series of 25 Patients

Over a 12-month period 25 consecutive lower extremity
reconstructions were performed for Gustilo IIIB injuries with
only one flap loss. All patients ambulated by the twelfth
postoperative day, and 84% were ambulating without assistance
by 5 months.

The Relative Importance of Intramedullary, Intracortical,
and Extraosseous Soft-Tissue Blood Flow to the Repair of
Devascularized Canine Tibial Cortex

In 16 dogs, a 2.5 cm ostéotomized segment of tibia was
devascularized, replaced with plate fixation, and covered with a
skin or muscle flap. Microsphere injection studies one month
later demonstrated that although blood flow was comparable in
the two groups, muscle was superior to skin coverage in the
resulting depth and porosity of new bone formation.

Bead and Wire Intermaxillary Fixation

A rapid, simple, and inexpensive method of intermaxillary
fixation is presented, using wires and plastic beads.
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of Posterior Soft-Tissue Defects of the Elbow Kun-Chuang Wang, MD
. Chao-Ming Fang, MD
Seven patients with posterior elbow defects underwent Chi-Ming Lee, MD

successful one-stage reconstruction using the reverse pedicled
lateral arm flap. Preoperative measurement is done with the
elbow in full flexion, and postoperative elbow extension
splinting is carried out.
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In the July Issue
Friis and colleagues present a statistical analysis of connective tissue disease in a large :
cohort of Danish women following silicone-gel breast im plantation.

Richards and Bennett report an unusually high prevalence of abnormalities of the hook 1
of the harnate in patients with carpal tunnel syndrome.

Cohen and coworkers summarize the effect of median sternotomy reconstruction on .
pulmonary function. ‘

Peters and associates report a prospective outcome analysis of 100 women undergoing
explantation of silicone-gel breast implants.
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Vacuum-Assisted Closure: A New
Method for Wound Control and
Treatment: Clinical Experience

Despite numerous advances, chronic and other difficult-to-man-
age wounds continue to be a treatment challenge. Presented is a
new subatmospheric pressure technique: vacuum-assisted clo-
sure (The V.A.C.). The V.A.C. technique entails placing an open-
cell foam dressing into the wound cavity and applying a controlled
subatmospheric pressure (125 mmHg below ambient pressure).
Three hundred wounds were treated: 175 chronic wounds, 94
subacute wounds, and 31 acute wounds. Two hundred ninety-six
wounds responded favorably to subatmospheric pressure treat-
ment, with an increased rate of granulation tissue formation.
Wounds were treated until completely closed, were covered with
a split-thickness skin graft, or a flap was rotated into the healthy,
granulating wound bed. The technique removes chronic edema,
leading to increased localized blood flow, and the applied forces
result in the enhanced formation of granulation tissue. Vacuum-
assisted closure is an extremely efficacious modality for treating
chronic and difficult wounds. '

Argenta LC, Morykwas MJ. Vacuum-assisted closure: a new method for
wound control and treatment: clinical experience. Ann Plast Surg 1997;
38:563-577 :

From the Departmeni of Plastic and Reconstructive Suréery, Bowman Gray
School of Medicine, Winston-Salem, NC.

Received Sep 10, 1996, and in reyised form Dec 9, 1996. Accepted for
publication Dec 10, 1996. ~

Address correspondence to Dr Argenta, Department of Plastic and Recon-
structive Surgery, Bowman Gray School of Medicine, Medical Center
Boulevard, Winston-Saiem, NC 27157-1075.

The management and treatment of difficult
wounds have been seminal forces that led to the
development of plastic and reconstructive sur-
gery as a specialty. Despite many recent advances
in the basic science of wound healing, physicians
continue to practice clinically within very well-
defined paradigms. For more than 5,000 years,
surgeons have used sutures to apply force to
adjacent viable tissue at the wound edges to bring
about edge apposition and subsequent healing by
primary intention [1]. Contaminated wounds and
wounds with questionable tissue viability led to
the development of delayed, primary intention
healing wherein the wound was left open for a
finite period of time, theoretically decontami-

mnated, and then sutured closed. When trauma or

Louis C. Argenta, MD
Michael J. Morykwas, PhD

surgery resulted in significant losses of tissue,
making apposition of the edges of the wound
physically impossible, surgical intervention in
the form of flaps and skin grafts evolved as the
wound treatment of choice. When wounds failed
to heal or patients were too debilitated for surgi-
cal closure, healing by secondary intention, by
packing or prolonged application of dressings
until the wound hopefully closed and epithelial-
ization occurred, became the treatment of choice.

In the past 25 years, we have entered an era
where patients are living longer with more com-
plex systemic pathology and are subjected to
more extensive surgical treatment procedures.
The number of patients with chronic, nonhealing
wounds and wound complications continues to
increase, stressing physician, hospital, and eco-
nomic resources. In this population, the aim
oftentimes becomes not closure, but control of
the wound to maximize patient comfort, mini-
mize complications, increase survival, as well as
to control cost and hospitalization time.

We present in this paper a new method of
treatment using subatmospheric pressure that
can be applied to a wide variety of acute, sub-
acute, or chronic wounds. This publication re-
ports the first 300 human wounds treated in our
clinical trial that led to the development of the
vacuum-assisted wound closure technique and
device. (The vacuum-assisted wound closure de-
vice and technology [The V.A.C.] are subject to
pending United States and international patents
and applications assigned to Wake Forest Univer-
sity. A worldwide license has been assigned to
Kinetic Concepts, Inc., San Antonio, TX. The
V.A.C. is a trademark of Kinetic Concepts, Inc.)
The technique of vacuum-assisted closure was
devised to facilitate wound treatment for a wide
range of wounds with the aim of increasing
patient comfort, decreasing patient morbidity,
decreasing cost, and decreasing the length of
hospitalization. The technique can be used as

Copyright © 1997 by Lippincott-RewueRubtisberp. EX1663
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adjunctive therapy before or after surgery, or as
an alternative to surgery in a debilitated patient.

Materials and Methods

The Device
The subatmospheric pressure system employs a
medical-grade reticulated polyurethane ether
foam dressing that has been cleared by the Food
and Drug Administration for wound tissue con-
tact. The 400- to 600-pm pore size of the foam
maximizes potential tissue ingrowth [2, 3]. Em-
bedded in the foam dressing is a noncollapsible
evacuation tube. Side ports in the tube allow
communication of the lumen of the tube to spaces
in the reticulated foam, while the open-cell na-
ture of the foam ensures equal distribution of the
applied subatmospheric pressure force to every
surface of the wound in contact with the foam.
The sterile foam dressing is trimmed at the
bedside to the appropriate size and geometry for
each individual wound. The foam dressing is
placed into the wound defect, allowing the evac-
uation tube to exit parallel to the skin surface. In
very large wounds, multiple foam dressings are
placed in contact with one another. Provided that
surfaces of the foam dressing are allowed contact
with one another, the subatmospheric pressure
transmitted to one foam is equally transmitted to
all contiguous foam dressings. The surface of the
wound containing the foam dressing is covered
with an adhesive drape extending 5 cm beyond
the margins of the wound over adjacent intact
skin to create an airtight seal. The open wound is
thus converted into a controlled closed wound.
The evacuation tube is situated to avoid bony
prominences so that it does not become a pres-
sure point on adjoining areas of the patient. The
proximal end of the evacuation tube leads to a
remote collection canister into which the effluent
from the wound is drawn when subatmospheric
pressure is applied. In the commercially avail-
able unit, appropriate sensing devices are incor-
porated into the collection canister so that warn-
ings are sounded when the canister is filled, thus
avoiding uncontrolled, excessively rapid fluid, or
potentially blood, egress. The collection canister
is in turn connected to an adjustable vacuum
pump. The magnitude of the vacuum and

564
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whether the vacuum application is continuous or
intermittent can be adjusted. -

Wound Classification and Treatment Regime
The first 300 wounds treated with subatmo-
spheric pressure therapy (The V.A.C.) have been
arbitrarily assigned to one of three categories for
the purposes of discussion: (1) chronic wounds
(pressure ulcers, stasis ulcers, etc.; N = 175),
arbitrarily defined as wounds that had been open
for more than 1 week and exhibited no progress
toward normal wound healing; (2) subacute
wounds (infected and dehisced wounds, avul-
sions, open amputations; N = 94), defined as
wounds that had been open for less than 7 days,
but more than 12 hours; and (3) acute wounds
(acute avulsions, evacuated hematomas, gunshot
wounds, eviscerations, etc.; N = 31), defined as
wounds that had been open less than 12 hours.
Wounds in this study were treated until com-
pletely healed, until the patient and wound pro-
gressed to a point where a lesser surgical proce-
dure could be performed to close the wound,
until the patient refused further treatment, or
until the patient expired.

Patients were treated in accordance with the
institutional review board policies of Bowman
Gray School of Medicine, Wake Forest Univer-
sity. The first 50 patients in -this series were
hospitalized for the duration of their treatment
with careful monitoring of wound healing, infec-
tion, hemodynamic stability, electrolyte balance,
and patient comfort. Initial studies were con-
ducted using continuous application of 125
mmHg of subatmospheric pressure. Subsequent
studies revealed the rate of wound closure could
be expedited by cycling the application of subat-
mospheric pressure at 5-minutes-on/2-minutes-
off intervals. The first 100 patients were treated
by the senior author and the resident staff under
his direct supervision. Subsequently, clinical fac-
ulty, residents under clinical faculty direction,
physicians’ assistants, and ward nurses on the
surgical service were trained in the use of this
device and assisted in the treatment and manage-
ment of these patients. In addition, outpatient
nurses, physicians in areas adjacent to the hospi-
tal, and oftentimes the patients themselves or
their family members were trained to change the
device and care for the wound at home.

Solventum Corp. EX1023
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Practical Considerations

The sine qua non of all wound healing is the
removal of all nonviable tissue prior to instituting
therapy. This is paramount, as nonviable tissue
becomes a focus for bacterial proliferation and a
source of lytic enzymes, bacterial toxins, and
other factors that impede wound healing. All
nonviable tissue is debrided in the operating
room, in the clinic, or at the bedside, depending
on the needs of the particular patient. Debride-
ment was performed with cold knife, electrocau-
tery, or carbon dioxide laser, and meticulous
hemostasis was achieved following debridement.
In patients in whom the extent of necrosis cannot
be completely determined, the patient should be
redebrided at 24-hour intervals until all nonvia-
ble tissue is removed.

Itis imperative that the foam dressing be placed
into direct contact with the deepest surface of the
wound. This is particularly important when bone
or orthopedic hardware is present in the wound.
If cortical surfaces of bone are exposed, it is
helpful to remove the cortex to encourage granu-
lation tissue formation. When major vessels are
exposed, transposition of local tissues or muscle
flaps over the vessel should be attempted. Mesh
may be used if the integrity of the abdominal wall
has been disrupted. Omentum should be placed
between the viscera and mesh whenever possi-
ble.

Obtaining an adequate airtight seal may be
difficult in wounds adjacent to the anus or vagina,
or when adjacent tissue is moist, as in avulsions
or burns. Duoderm (Convatec; Princeton, NJ) ap-
plied to the moist area or over the anus or vagina
is useful in obtaining a seal. The adhesive drape
is applied directly over the Duoderm.

Dressings are changed at 48-hour intervals and
may be performed at the bedside as a clean, but
not necessarily as a sterile, procedure. Since the
wound is a controlled open wound, sterility has
not been necessary. The foam dressing is pro-
vided sterile, but we have routinely used only
clean gloves and clean instruments for trimming
and placing the device. In massive wounds, this
change is usually performed in the operating
room or in the intensive care unit with appropri-
ate sedation. Patients who required pain medica-
tion for gauze dressing changes normally require

medication for The V.A.C. dressing changes. Pain ,

associated with collapse of the dressing usually
subsided after 20 to 30 minutes. Continuous
subatmospheric pressure rather than cyclical ap-
plication may decrease pain in these patients.

When dressings are changed, patients are al-
lowed to shower and bathe as desired. While the
wounds should be exposed to subatmospheric
pressure as much as possible to facilitate wound
closure, patients may disconnect themselves
from the vacuum source as needed. Patients are
allowed to ambulate and often return to work or
school. Our present regimen allows treatment of
many wounds on an outpatient basis with the
patient returning to the clinic at intervals of 2 to
3 weeks for monitoring.

Depending on the size, location, and duration
of the wound, significant volumes of fluid may be
removed in the first several days of treatment.
Patients with massive wounds or those hemody-
namically compromised are kept in the intensive
or intermediate care unit, allowing simultaneous
monitoring of systemic hemodynamics and elec-
trolyte balance. Large volumes of fluid may be
removed in the first 24 hours in acute wounds,
burns, and crush injuries. Our studies indicate,
however, that with monitoring of urine output
and hemodynamic stability, excessive fluid re-
placements are not necessary to ensure ho-
meostasis. Despite using this treatment in many
extremely debilitated patients, we have observed
no significant changes in electrolyte balance, re-
nal or hepatic function, or other systemic effects.
Exposed malignancy has been the only empirical
contraindication to tréatment with The V.A.C.
Anticoagulated patients may be treated but
should be monitored carefully.

A large number of wounds have been treated
with split-thickness skin grafts, and The V.A.C.
technique used to secure the graft in place. Once
an adequate granulating bed was achieved, a
split-thickness skin graft of 12 one-thousandths
of an inch was meshed one to one and secured in
place with staples to the recipient site. A single
layer of nonadhesive dressing such as Xeroform
(Sherwood Medical, St. Louis, MO) was placed
over the skin graft and below the foam dressing.
A continuous subatmospheric pressure of 50 to
75 mmHg was applied to the wound for 4 days.
Any transudate from the wound was able to
egress through the meshed graft and was removed

Solventum Corp. EX563
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from the site. This technique allowed uniform,
firm application of pressure to the skin graft and
at the same time minimized shear forces that may
have impaired adhesion and vascularization of
the graft. Patients were immobilized as much as
possible, but were allowed to ambulate to toilet
facilities or about their rooms.

Four days after grafting, the foam dressing was
removed and the graft examined. If complete or
almost-complete take was not observed, an addi-
tional small amount of graft that had been har-
vested at the initial operation and kept in culture
was applied to the nonviable areas and.the foam
dressing was replaced for an additional 3 days.
This practice obviated an additional trip to the
operating room. With this regimen more than
90% of these wounds were grafted successfully
on the first surgical attempt. Granulation tissue
that occasionally exuded through the mesh inter-
stices was treated with one to two applications of
silver nitrate.

Chronic Wounds

Chronic wounds are defined in this study as
wounds that had been open and showed no
progress toward healing for a minimum of 1
week. The vast majority of cases were open for
longer periods of time. One hundred seventy-five
wounds were treated in this category and in-
cluded pressure ulcers, long-term dehisced
wounds, venous stasis ulcers, radiation ulcers,
vasculitic and diabetic ulcers, and a wide variety
of miscellaneous long-standing wounds. Many of
these patients were either debilitated, nonsurgi-
cal candidates or individuals who had failed
multiple surgical procedures in the past. Six
patients in this group expired of concomitant
disease during therapy. Independent examina-
tion of these patients’ records revealed that there
was no contribution of subatmospheric pressure
therapy to their cause of death.

Initial treatment consisted of inpatient or out-
patient surgical debridement of all nonviable
tissue. Once hemostasis was obtained, the foam
dressing was applied directly to the debrided
wound and treatment begun immediately. Subat-
mospheric pressure was applied in a continuous
mode for the first 48 hours, during which variable
amounts of edematous fluid was removed from
most wounds.

566

Following the first 48 hours of therapy, patients
were begun on intermittent therapy, using a
5-minutes-on/2-minutes-off cycle. The device
was changed at 48-hour intervals. At the time of
dressing changes, the patients were treated with
hydrotherapy, usually bedside pulsatile irriga-
tion, as necessary. Most mobile patients were
allowed to move about at will without specific
restrictions. Therapy was continued until the
wound was completely healed, until the wound
had decreased significantly so that a lesser pre-
cedure such as a skin graft or local flap could be
accomplished, or until the wound could be
closed by delayed primary intention.

Pressure Ulcers

A total of 141 pressure ulcers have been treated:
87 were stage III and 54 were stage IV pressure
ulcers. Wounds treated included 63 sacral, 41
ischial, 26 trochanteric, and 11 in miscellaneous
locations. The pressure ulcers had been present
for periods of time ranging from 10 days to 3
years. The vast majority of patients had experi-
enced no significant improvement with multiple
dressing changes or topical treatments. Nineteen
percent (27 of 141) of these patients were consid-
ered nonsurgical candidates because of debility
or due to concomitant disease. Eighty-two pa-
tients (58%) had had previous surgical proce-
dures performed either on the existing pressure
ulcer or on an ulcer adjacent to the existing
wound that compromised surgical options.

Venous Stasis and Other Vasculitic Ulcers
Thirty-one venous stasis or other vasculitic ul-
cers have been treated, ranging in size from 6 to
120 cm® Twenty-eight (90%) of these patients
had failed previous medical or surgical therapy.
~Initial treatment required debridement to viable
bleeding tissue. In smaller wounds, EMLA (Astra
Pharmaceutical Products, Inc.; Westborough,
MA) was placed directly in the wound for anes-
thesia and debridement performed in the office.
The foam dressing was placed immediately after
obtaining hemostasis. Patients with venous stasis
ulcers may require lower initial pressures than
other patients because of pain. Initially wounds
were treated with 50 mmHg on a constant mode
and gradually progressed as tolerated to 125
mmHg.

Solventum Corp. EX1023 -
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Unlike most wounds, venous stasis and other
vasculitic ulcers responded more favorably to
continuous subatmospheric pressure as opposed

.to cycled subatmospheric pressure. The V.A.C.
dressings were changed at 48-hour intervals. Pa-
tients were kept at bedrest with their legs ele-
vated as much as possible to facilitate removal of
edematous fluid during the first several days of
therapy.

Once an adequate granulating bed had been
achieved, cultured keratinocytic allografts were
used to enhance reepithelialization of smaller
wounds. In larger wounds, a split-thickness skin
graft of 12 one-thousandths of an inch was placed
on the granulating bed and continuous subatmo-
spheric pressure of 50 to 75 mmHg was applied to
the wound for 4 days. Once graft take had been
ensured, subatmospheric pressure therapy was
discontinued and a nonadherent pressure dress-
ing was applied to the wound. Approximately 10

days after the procedure, chronic pressure gar-

ments were measured and applied. The long-term
stability of venous stasis ulcers is directly related
to patients’ compliance and wear of long-term
pressure garments.

Subacute Wounds
Into this category were placed wounds that had
been open for less than 7 days. Ninety-four pa-

tients have been treated in this category. Sub- |

acute wounds included 36 dehisced wounds, 37
open wounds with exposed orthopedic hardware
and/or bone, and other miscellaneous wounds,
As with chronic wounds, all nonviable tissue was
debrided and cultured. Hemostasis was obtained,
and The V.A.C. foam dressing was placed and
secured to the margins of the wound. Subatmo-
spheric pressure therapy of 125 mmHg was ap-
plied continuously for the first 48 hours and then
applied in a cyclical manner (5 minutes on/2

‘minutes off). Sterile foam dressings were changed

at 48-hour intervals. The wounds were treated
until a healthy bed of granulation tissue became
evident, at which time the wound was closed
primarily, a split-thickness skin graft applied, or
a flap was rotated. Initially, most patients in this
category were treated in the hospital. However,
the vast majority of later patients were treated at
home by visiting nurses. Patients were monitored
in the clinic at 2- to 3-week intervals, Systemic

Argenta and Morykwas: Vacuum-Assisted Closure: Clinical Experience

antibiotics were administered intravenously for
prolonged periods at home when necessary, par-
ticularly when hardware or bone had been ex-
posed.

Acute Wounds

This group included large soft-tissue avulsions,
contaminated wounds, hematomas and abscesses
that were evacuated, gunshot wounds, and evis-
cerations. Extensive edema and contamination of
the exposed tissue characterized wounds in this
category. Thirty-one patients in this category
have been treated. One patient who sustained
multiple gunshot wounds died of pulmonary
embolism during treatment. These patients were
generally in much better systemic health and had
a much better nutritional status than patients in
the other wound categories.

At the time of surgery, nonviable tissue was
debrided and hemostasis obtained: When abdom-
inal or thoracic viscera were exposed, omentum
was placed over the viscera and absorbable Vicryl
mesh was used to secure the integrity of the
cavity and control evisceration. Exposed major
vessels were covered with adjacent soft tissue or
muscle to minimize risk of bleeding. Likewise,
muscle flaps were used to cover acutely exposed
lung and heart.

After adequate debridement, the foam dressing
was placed directly over exposed muscle and
other soft tissue. In abdominal wounds, the foam
dressing was placed directly over the Vicryl
mesh. If mesh could not be placed, foam dress-
ings were placed directly over the heart, lung,
liver, and spleen with no complications.

A subatmospheric pressure of 125 mmHg was
applied continuously for the first 48 hours or
until the amount of fluid removed every 24 hours
had- decreased significantly. Once the effluent
stabilized, subatmospheric pressure was then ap-
plied intermittently at 5-minutes-on/2-minutes-
off intervals. The dressings were changed at 48-
hour intervals. For wounds that involved skin,
soft tissue, or muscle degloving, and when the
viability of the degloved tissue was in question,
multiple incisions were made in the skin to allow
egress of sequestered blood and fluid, and The
V.A.C. dressing was applied directly over the
degloved tissue to facilitate readhesion of the
degloved tissue.
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Results

As previously discussed in the basic science
paper on this study [4], a significant increase in
the rate of granulation tissue formation was
achieved concomitant with a decrease in the size
of the wound in most cases. Measurements of the
number of microorganisms per gram of tissue in
contaminated wounds demonstrated a progres-
sive decrease in bacterial count that clinically
paralleled evidence of increased vascularity and
the development of granulation tissue.

Chronic Wounds

The vast majority (171 of 175) of chronic wounds
responded favorably to the application of subat-
mospheric pressure. Removal of edema sur-
rounding the chronic wound was followed by the
production of granulation tissue. The volume of
fluid removed varied directly with the size and
chronicity of the wound, and the volume progres-
sively decreased over time. Exudate volumes of
up to 1,000 ml of fluid per day were safely
removed from large ulcers without significant
hemodynamic or biochemical imbalances.

A significant decrease in the firmness of sur-
rounding tissues, particularly in venous stasis
and pressure ulcers, was observed following the
first 48 hours of subatmospheric pressure ther-
apy. Tissues that were initially indurated became
much more pliable.

Pressure Ulcers

The length of treatment of pressure ulcers varied
directly with the size of the lesion. Forty-three
wounds were treated for 2 weeks or less, 55 were
treated for 3 to 4 weeks, 27 were treated for 5 to
10 weeks, 10 were treated for 10 to 15 weeks, and
6 were treated for 16 weeks or more. Thirty-two
percent of pressure ulcers healed completely in 2
to 16 weeks. Forty-six percent of wounds closed
more than 80% and were treated with skin grafts,
rotation of smaller muscle flaps, primary clo-
sures, or were discharged to complete their heal-
ing with dressing changes. Fifteen percent of
wounds healed 50 to 80% and were treated with
skin grafts, rotation muscle flaps, or were dis-
charged with dressing changes. Six patients died
of other causes during the course of treatment.
Wounds being treated on 2 of the 6 patients who

568

B

Fig 1. (A) A 15 X 15 X 6-cm deep sacral pressure ulcer
of unknown duration (pretreatment) on a 77-year-old
diabetic female who was not a surgical candidate due to
anesthesia risks. Following 16 weeks of treatment with
The V.A.C., the wound had healed to a 5-cm diameter
nonepithelialized area. Edges were undermined under
local anesthesia, approximated, and sutured. The
wound has been stable for 5 years. (B) Wound 7 dayvs
postclosure,

died were responding to subatmospheric pres-
sure therapy, while wounds on the remaining 4
patients did not respond to subatmospheric pres-
sure treatment. To date, no pressure ulcers have
recurred at the original wound site treated with
The V.A.C., although pressure ulcers have re-
curred in other locations in some patients. Exam-
ples of pressure ulcers treated are shown in
Figures 1 and 2.

Venous Stasis and Other Vasculitic Ulcers
This difficult type of wound has responded well
to subatmospheric pressure therapy. Small
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B

Fig 2. (A) A 5-cm-diameter pressure ulcer of unknown
duration |, pretreatment) on the right medial heel of a
77-year-old diabetic female (same patient as in Fig 1)
with severe peripheral vascular disease who had her
great toe amputated 4 years previously. The wound
healed completely following 6 weeks of subatmospheric
pressure treatment and has been stable for 5 years, (B)
Wound posttreatment,

amounts of exudate were removed from these
wounds, typically 1 to 25 ml every 24 hours.
Most wounds demonstrated significant reduction
of edema and production of granulation tissue
within 4 to 6 days despite their long-standing
nature. Once a granulating bed was obtained, a
split-thickness skin graft was applied and held in
place with subatmospheric pressure. Ninety per-
cent of patients with stasis ulcers treated in this
manner were successfully treated with the first
graft. Three patients who were noncompliant
with wearing of pressure garments have suffered
late recurrences of their ulcers at the margins of

B

Fig 3. (A) A large (6 X 10-cm) venous stasis ulcer of 2.5
year duration (pretreatment) on the lower right
extremity of a 75-year-old female. Two previous
coverage altempts with split-thickness skin grafts had
failed. Following 2 weeks of subatmospheric pressure
freatment a split-thickness skin graft was placed and
held in place for 4 days with The V.A.C. (B) Wound
appearance 2 years postgrafting showing stability of
wound site.

the previous graft. Representative wound re-
sponses are shown in Figures 3 and 4.

Subacute Wounds

Wounds in this category responded more rapidly
and more uniformly than chronic wounds. The
rate of granulation tissue formation and wound
closure was significantly more rapid than pa-
tients with chronic wounds. The amount of fluid
removed from the wound in the first days of
treatment varied directly with the size of the
lesion, but generally was less than pressure ul-

cers or acute wounds of the same size.
Solventum Corp. EX1023
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B

Fig 4. (A) A diabetic heel ulcer (5 X 6 cm) of 7-month
duration (pretreatment) on a morbidly obese,
hypertensive 75-year-old patient. Following 2 weeks
subatmospheric pressure freatment the wound was
covered with a split-thickness skin graft. (B) Wound 6
months postgrafting.

Thirty-seven patients with exposed orthopedic
hardware or bone were treated successfully with
closure of adjacent muscle and granulation tissue
over the bone and hardware. Twenty-six of the 94
wounds healed completely, while the remaining
68 wounds granulated and contracted to smaller
wounds that were easily controlled with split-
thickness skin grafts, secondary closure, or minor
flaps. Representative wounds are shown in Fig-
ures 5 and 6.

Acute Wounds

Patients presenting with acute soft-tissue wounds
developed granulation tissue at an extremely
rapid rate and healed more quickly than patients
with chronic or subacute wounds. Large volumes

570

of edematous fluid were removed from massive
soft-tissue wounds. Four liters of fluid were re-
moved from a traumatic hip disarticulation
wound site on a large patient without any
changes in systemic hemodynamics. Fluid out-
put in this patient dropped to less than 1,000 ml
per day after 5 days of treatment.

The majority of patients in this group were
treated until an adequate bed of healthy granula-
tion tissue developed. The wound was then cov-
ered with a split-thickness skin graft, a flap was
rotated, or the wound was closed prima}ily. One
patient died of a pulmonary embolism during
treatment. All other wounds were managed suc-
cessfully and were successtully closed. Represen-
tative wounds of various causes are shown in
Figures 7, 8, and 9.

Complications

Complications encountered using The V.A.C.
therapy have been relatively few and largely
technical. Erosion of adjacent tissue with the
evacuation tube may occur if it is positioned
directly over bone or if the patient is placed in a
position such that the patient lies on the tube.
This is particularly important in comatose and
mentally compromised patients.

Pain requiring narcotic analgesia occasionally
occurs in traumatic wounds, but it is difficult to
separate how much was due to The V.A.C. device
as opposed to the actual trauma. Many patients
with acute wounds reported that pain associated
with subatmospheric pressure therapy dissipated
approximately 20 minutes after initial compres-
sion of the foam dressing, and that the foam
dressing was much more comfortable than previ-
ous saline wet-gauze dressings. Stasis ulcers and
chronic vasculitic lesions of the lower extremity
were particularly prone to discomfort. The most
efficacious treatment of these wounds is continu-
ous application of 50 mmHg and then gradually
increase the subatmospheric pressure as the pa-
tient tolerates the device.

Excessive ingrowth of granulation tissue into
the foam dressing has been seen when the foam
dressing has been left in place for longer than 48
hours. Removal of the dressing disrupts the
newly formed capillary buds and may result in
minor bleeding. This is particularly true in young
patients with acute wounds. All dressings, how-
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ever, could be removed without need for surgical
extirpation. Rarely is electrocoagulation re-
quired; the vast majority of such bleeding is
treated simply with pressure. Foam dressings
should be changed at 48-hour intervals for the
majority of patients, and for infants and adoles-
cents at 24-hours intervals, particularly in acute
wounds. Major bleeding from erosion of large
vessels has not been encountered despite very
large wounds in debilitated patients.

Of the 37 wounds treated in which there was
exposed bone and/or hardware, late infection
developed in 2 patients because of overgrowth of
granulation tissue and adhesion of adjacent mus-
culature over nonviable bone and 1 patient re-
quired late removal of orthopedic hardware from
the wound. It is imperative that nonviable hone
be debrided, since healing of the adjacent tissue
may result in later loculation and sequestration.
When such infection does occur, surgical de-
bridement of the sequestrum becomes necessary.

One enteric fistula developed when a foam
dressing was placed directly over compromised
intestine in a debilitated patient who had evis-
cerated. Separation of the intestine from The
V.A.C. foam dressing with a sheet of Marlex or
Vicryl mesh minimizes this complication and
ensures better integrity of the abdominal cavity.
The rate at which granulation tissue will Brow
through the mesh in response to the subatmo-
spheric pressure is substantial, oftentimes cover-
ing the mesh within a week.

Fig 5. (A) Dehisced sternal incision
(pretreatment) on a 60-year-old
male following coronary artery
bypass surgery. A rectus muscle
flap and right pectoralis major
muscle flap had been previously
rotated with hematoma, death of
portions of both flaps, and wound
dehiscence (4 X 5 cm). The
pericardium was exposed. The
wound was actively treated with
subatmospheric pressure therapy
(75 mmHg] on an outpatient basis
for 6 weeks. (B) Eighteen months
postsubatmospheric pressure
treatment.

Odor may become a problem in chronic
wounds during treatment. When dressings are
removed at 48-hour intervals, patients who have
developed odor problems should be treated with
hydrotherapy and cleansed appropriately.

The application of large, uncontrolled vacuums
such as wall suction in conjunction with The
V.A.C. foam dressings is discouraged. Desicca-
tion of tissue may occur when an inadequate seal
has been obtained and large volumes of air are
drawn across the wound surface by wall suction.
Progressive necrosis of tissue may then occur.

No deaths or hospitalizations have resulted
from The V.A.C. treatment. Seven patients have
died in the course of treatment with the subatmo-
spheric pressure because of other concomitant
disease processes,

Discussion

The impetus for developing the vacuum-assisted
closure technique evolved from a patient with a
large, infected, dehisced wound that could not be
reclosed because of the extreme debility of the
patient. Faced with ever-increasing numbers of
such patients with debilitating chronic wounds,
the majority in the form of pressure ulcers, use of
the device was initially directed toward the treat-
ment of chronic wounds. As successful treatment
of chronic “unsalvageable” wounds mounted, the
treatment modality was applied to subacute and
Solventum Corp. EX1023
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Fig 6. (A) Dehisced above-the-knee amputation site (five
leg of a 45-year-old female (pretreatment), The wound si
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D

previous revisions due to chronic osteomyelitis) on the right
te was treated with The V.A.C. for 3 weeks, at which time the

wound was healed. (B) Wound following 1 week of subatmospheric pressure treatment. (C) Wound following 2 weeks
of subatmospheric pressure treatment. (D) Wound 1 month after cessation of subatmospheric pressure treatment.

acute wounds. The use of subatmospheric pres-
sure to treat complications such as dehiscence or
infection has been particularly gratifying. Such
complications usually prolong hospitalization
and require that the patient, although frequently
quite debilitated, undergo subsequent proce-
dures. Treatment with the vacuum-assisted clo-
sure device allows many of these patients to be
discharged from the hospital and treated at home
on a much less costly basis than has been previ-
ously achieved.

While considerable years of research will be
required to define the precise mechanism for
accelerated wound treatment with The V.AGC,
based on our research thus far and our clinical
observations on the healing of 300 patients we
postulate interrelated factors are the basis for the

572

success of the technique: (1) the removal of
excess interstitial fluid, (2) the increase in vascu-
larity and associated decrease of bacterial coloni-
zation, and (3) responses of the tissues around the
wound to mechanical forces. Tissues surround-
ing chronic wounds, and to a lesser extent sub-
acute and acute wounds, are characterized by
localized collections of interstitial or third-space
fluid similar to the “zone of stasis” classically
described with burn injuries. The collection of
third-space fluid mechanically compromises the
microvasculature and lymphatic system, increas-
ing capillary and venous afterload, and thus
impedes the delivery of oxygen and nutrients as
well as the egress of inhibitory factors and toxins
[5, 6]. Both clinically and experimentally, the
application of subatmospheric pressure removes
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Fig 7. (A) Skin and subcutaneous tissue had been traumatically excised by a lawn mower off the medial aspect of the
right ankle of a 68-year-old patient exposing bone and tendons (pretreatment). A Jfree flap was declined due to the
patient’s long history of smoking and atherosclerosis. The V.A.C. treatment was used for 2 weeks, then a split-
thickness skin graft was placed with 95% take. Subatmospheric pressure was used for 4 days to secure the graft in
place. The site has been stable for 1 year with no functional deficit. (B) Following 1 week of subatmospheric pressure
treatment. (C) Following 2 weeks treatment with healthy granulating bed over tendons. (D) Wound site 6 months

postgrafting.

third-space fluid from the area immediately
adjacent to the wound. Up to 1 | of fluid has been
removed from large pressure ulcers d uring a
24-hour period, while 4 1 were removed from a
large, acute traumatic hip avulsion in the initial
24 hours.

Removal of third-space fluid results in a de-
crease in tissue turgor and a decrease in capillary
afterload, which promotes better capillary circu-
lation and better inflow. Laser Doppler flow stud-
ies showed a significant increase in blood flow
adjacent to the wound during the course of treat-
ment with subatmospheric pressure. The restora-
tion and increase in vascularity encountered at

the edges of the wound are extremely striking
after several foam dressing changes.
Additionally, the removal of excess chronic
wound fluid is thought to remove inhibitory
factors present in the fluid. Experimentally,
fluids removed from chronic wounds have been
found to suppress the proliferation of keratino-
cytes, fibroblasts, and vascular endothelial cells
in vitro [7, 8]. In addition, these fluids contain
elevated levels of matrix metalloproteinases such
as collagenases and elastases, and their degrada-
tion products [9-12]. Studies are presently un-
derway that examine, qualitatively and quantita-

tively, growth and inhibitory factors in wound
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Fig 8. (A) Traumatic disarticulation of the left leg at the
secondary to a motor vehicle accident. The wound had been serially debrided because of progressive muscle necrosis
and Pseudomonas myocytitis. (B) Posterior view of wound pretreatment. The wound was treated with subatmospheric
pressure, with 2,000 ml of fluid removed per day for the first several days. Tissue turgor rapidly resolved and muscle
bellies realigned. After 12 days of the treatment, meshed split-thickness skin grafts were placed and The V.A.C. was
used for 4 additional days to secure grafts to the wound surface; (C) Split-thickness skin graft in place on posterior of
wound. (D) Posterior wound site 2 months postgrafting.

effluent removed during subatmospheric pres-
sure treatment.

Concomitant with the increases in vascularity
and in the rate of granulation formation, there is
a significant decrease in bacterial colonization, as
evidenced by decreases in superficial purulence,
slime formation, and odor. Histological and
Gram'’s stains of the effluent show large numbers
of bacteria and white cells. Bacterial counts of
human wound tissues treated with the vacuum-
assisted closure technique have demonstrated a
significant quantitative decrease after 3 to 4 days,
paralleling decreases observed in animal studies.
While the wound remains colonized as long as it
is not epithelialized, the number of bacteria is

574

hip (pretreatment; anterior view) in a 17-year-old male

usually less than 10% or 10° per gram of tissue.
Successful wound healing correlates with bacte-
rial counts of less than 10° organism per gram of
tissue [13]. Increases in local circulation and
tissue oxygen levels enhance the resistance of
that tissue to infection and reduce the potential
for anaerobic colonization, which is ‘known to
slow healing [14-16].

The initial treatment concept was based on
simple mechanics and physics. During therapy,
the application of subatmospheric pressure
causes the reticulated foam dressing to collapse
and the resultant forces are transmitted to all
wound surfaces in contact with the foam dress-
ing. Living tissues are known to respond to the
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Fig 9. (A) Abdominal wound with exposed mesh
(pretreatment) of a 38-year-old patient following surgery
lo remove the spleen, partial colonectomy, and resection
of small bowel secondary to sholgun wound. Due to
extensive soft-tissue loss, a Marlex mesh had been
placed to restore abdominal wall integrity. The wound
was lreated with subatmospheric pressure for 5 weeks,
at which time the wound was flush with surrounding
tissue, had contracted to 40% its original size, and a
healthy bed of granulation tissue was present. A meshed
split-thickness skin graft was placed over the
granulation tissue. (B) Wound 3 weeks posigrafting.

application of controlled force. As early as 1911 it
was postulated that application of mechanical
stress would result in angiogenesis and tissue
growth [17]. More recently, soft-tissue expansion
and the Ilizarov bone distraction procedures both
employ the application of a controlled distraction
force on living cells and tissues [18-23]. In re-
sponse to the applied forces, an increased rate of
mitosis is induced, new vessels are formed, and
adjacent tissues are recruited through viscoelas-
tic flow [24-27].

Argenta and Morykwas: Vacuum-Assisted Closure: Clinical Experience

Sutures and more recently introduced mechan-
ical devices induce a limited traction force that is
concentrated on a small number of points in the
adjacent tissues, mobilizing them into the defect.
In cases with substantial tissue loss, or when
large forces are required to oppose the wound
edges, either the caliber or number of sutures
must increase to avoid failure of the suture ma-
terial or disruption of tissues. However, as both
the diameter and number of sutures increase, so
does the potential for infection [28, 29]. Unlike
sutures or other mechanical tension devices, The
V.A.C. technique applies its mechanical advan-
tage uniformly to every point on the inner surface
of the wound in a controlled manner. The force
exerted on an individual point at the edge of the
wound toward the geometric center of the defect
is small, but the sum of the forces applied be-
comes very large.

It must be emphasized that the vacuum-as-
sisted closure technique was developed as an
adjunct to wound care. It is not meant to, and will
never, replace surgical procedures. In most cases,
the technique presented is used to prepare the
wound bed so that a lesser surgical procedure can
be performed with a greater chance for successful
wound closure, minimizing time to complete
wound closure and thus minimizing cost and
hospitalization. However, there are patients un-
able to undergo surgical procedures who can be
efficaciously treated to complete closure with
diminution of pain and suffering at minimal
expense and hospitalization. Studies at our insti-
tution revealed that the cost of treatment of
chronic wounds assigned to Diagnosis-Related
Group 263 (skin graft and/or debridement for
skin ulcer or cellulitis with chief complaint) has
been decreased by 65% since initiation of The
V.A.C. device [30]. The ultimate aim of all treat-
ment should be to achieve a closed wound in the
shortest possible period of time with the least
trauma to the patient.

Despite the relatively large number of patients
treated (N = 300), the method of treatment de-
scribed in this paper is early in the course of its
development and application. All areas in this
method of treatment need further investigation.
We have recognized 34 independent variables
that influence wound healing in our patients. A
randomized, prospective, comparative study
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would thus require very large numbers of
wounds and is presently underway. The authors
feel that the dissemination of this information to
the medical community at this time, even before
randomized studies are completed, will prompt
further studies by other individuals and institu-
tions to corroborate and further develop this
technique. It is the experience of the authors that
this technique can be applied to a wide variety of
defects, improving the quality of life of our pa-
tients.

Presented in part at the American Association of Plastic Surgeons, St.
Louis, MO, May 1994; the European Tissue Repair Society, Amsterdam,
the Netherlands, August 1993, Oxford England, August 1994, and Padua,
Italy, August 1995; and at the American Society of Plastic and Recon-
structive Surgeons, Dallas, TX, November 1996.
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Invited Discussion
Elof Eriksson, MD

Few technical ideas are both studied and devel-
oped into a clinically usable device in just a few
years. The authors are to be congratulated on
achieving this. (I received the product descrip-
tion and ordering information on the device long
before I was asked to discuss these two papers.)

The authors have done an experimental study
in 25 pigs and a clinical study in 300 human
wounds. Both studies have some methodological
(design) flaws. It would have been preferable to
randomize the porcine and human wounds. In
our experience anterior dorsal wounds in the pig
heal faster than posterior dorsal wounds in the
same animal. Randomization would have elimi-
nated this problem. The control, experimental
wounds were covered with moist gauze. It would
seem more logical to have covered them with the
same foam sponge and adhesive dressing, but
without the negative pressure.

The clinical study, although prospective, lacks
a randomized, control group and strict inclusion
and exclu_sive criteria, and thus the structure of
the study is a series of cases. The authors have
chosen to call wounds “chronic” if they are
present for 1 week. Wounds should be open for at
least a month or more before they are called
“chronic,” because a 1-week-old wound may
only have delayed healing whereas a wound
present for a month or more is more likely to have
impaired healing.

In both the animal and human studies the
investigators measured wound volume and
equated decreased wound volume with increased
granulation tissue without histological confirma-
tion. No mention is given if there is a “suction

Invited Discussion: Eriksson: Vacuum-Assisted Closure: Animal Studies and Vacuum-Assisted Closure: Clinical Experience

cup effect” that might advance the base and or the
sides of the wound toward its center and thus
reduce the wound volume without the formation
of granulation tissue. For instance, what would
happen if suction was applied to a cadaveric
wound?

As wound-care practitioners, we are urged to
use new treatment modalities every month and
sometimes every week. Usually there is no scien-
tific basis for the use of a new product and the
salesperson just says, “Why don’t you try it and
see if you like it?” The burden of proof is on the

person who introduces a new method or device.

The new dressing or device requires documenta-
tion of safety and efficacy in an outcome study
that not only describes healing times and compli-
cations, but also patient satisfaction and financial
outcome. The suction method as described in
these two papers may be useful and I would
strongly encourage the authors to continue to
study this method in order to allow the rest of the
wound-care community to draw some clear con-
clusions about its safety and efficacy compared to
placebo treatment [1].

I recommend that this technique be addressed
in a randomized, parallel group, placebo-
controlled study.

Division of Plastic Surgery
Harvard Medical School
Brigham and Women’s Hospital
75 Francis Street

Boston, MA 05115
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