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ressure ulcers are common

problems in patients with

spinal cord injuries, with

many occurring soon after
injury.! Those that become chronic,
stage IV wounds are difficult to treat
and slow to heal, especially in pa-
tients with such comorbid conditions
as type 2 diabetes mellitus, coronary
artery disease, and anemia of chronic
disease. Good results often require
complex treatment protocols, involv-
ing multiple advanced wound heal-
ing modalities. Even with proper
wound care, however, many ulcers
persist, further diminishing patients’
quality of life—physically, psycholog-
ically, and socially. While traditional
wound bed preparation (character-
ized by debridement, antimicrobial
treatment, moisture control, and use
of appropriate dressings) is an effec-
tive intervention against pressure ul-
cers,” chronic and refractory wounds
often call for complex regimens that
employ adjunctive therapies. Even
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with their use, however, results are
uncertain.

In this article, we report on the
case of a 60-year-old man who pre-
sented to our spinal cord injury (SCI)
clinic with quadriplegia, a stage IV
pressure ulcer of 11 years’ duration,
and several comorbid conditions.
Over the years, various treatments
had induced intermittent improve-
ment in the wound, but healing was
not sustained. When the wound
worsened following an elective sur-
gery, we added negative pressure
wound therapy (NPWT) and pulsed
radio frequency energy (PRFE) to the
standard treatment protocol to accel-
erate healing. This report describes
the effects of these adjunctive modali-
ties and highlights the importance of
taking a multipronged approach to
wound care.

A 60-year-old black man presented
to our SCI clinic in October 2007
with a stage IV, right proximal coc-
cygeal ulcer that had been present
for almost 11 years. From a fall he
sustained in 1996, he had a cervi-
cal SCI at level C4 (American Spinal

Injury Association class A, indicat-
ing no preserved motor or sensory
function in sacral segments S4-S5).
Painful muscle spasms arising with
movement complicated his rehabili-
tation and contributed to immobil-
ity. Comorbid conditions included
neurogenic bowel and bladder, atonic
colon, diabetes mellitus, coronary ar-
tery disease, obesity, sleep apnea, and
chronic pain. He developed the ulcer
shortly after his SCI. Due to multiple
issues around his complex care, he
lived in nursing facilities for the next
11 years. One month prior to his visit
to our clinic, circumstances allowed
him to be able to be transferred home
to the care of his family.

His first primary care visit at our
SCI clinic revealed a 1.8 x 2.1 x
1.4 cm (5.3 cm?) stage IV pressure
ulcer on the right proximal coccyx
(Table). The family reported that
the ulcer had worsened since his
discharge from the nursing home
1 month prior.

We changed the patient’s wound
care from daily wet-dry dressings to
alginate dressings at his first visit to
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our clinic. It was difficult to commu-
nicate with the patient throughout
treatment because he was angry and
exhibited overt signs of depression.
He voiced extreme displeasure at
being essentially bed bound since
his injury because his nonhealing
ulcer prevented him from sitting in
a wheelchair.

In November 2007, the patient
underwent an elective subtotal col-
ectomy with end ileostomy, follow-
ing repeated medical intervention for
functional bowel obstruction. The
pressure ulcer worsened during his
postsurgical hospitalization, though
it was not severe enough to warrant
a diverting colostomy. Inpatient ex-
amination revealed that the ulcer
had increased in size to 2.5 x 2 x
2.5 cm (12.5 cm?®) with 2.5 cm un-
dermining from the 11 o’clock to the
1 o’clock position. The ulcer, located
on the top of the coccygeal crease,
was round and had a moist red
wound base. There was no necrotic
tissue, but a small amount of serosan-
guinous exudate, maceration around
the ulcer margins, and a slightly
foul odor were evident. We changed
his wound care to include daily
packing with alginate pads covered
with gauze.

By December 2007, the wound
had improved only minimally, so we
initiated adjunctive NPWT, using
a vacuum-assisted closure device
(Kenetic Concepts Inc., San Antonio,
Texas) at 125 mm/Hg, continuous. At
the time, the ulcer measured 4 x 1.2
x 2 cm (9.6 cm?) with 1.8 to 2.5 cm

undermining from the 9 o’clock to
the 3 o’clock position. By January
2008, it had again enlarged, measur-
ing 4.6 x 1.2 x 2.4 cm (13.2 cm?)
with 1.3 to 3.8 cm undermining from
the 9 o’clock to the 3 o’clock position;
it had a foul odor, and a clean dark
red crater with a moderate amount
of serosanguinous exudate were

apparent (Figure 1). We added silver
antimicrobial dressings to the treat-
ment protocol to reduce bioburden.
In mid-April 2008, the periwound
area appeared fragile. Although the
wound had decreased in size to 2.2
x 2 x 0.8 cm (3.5 cm?), the width
had almost doubled with 2 cm un-
dermining from the 9 o’clock to the
11 o'clock position. The patient and
family were eager for resolution. Be-
cause published reports suggest that
PRFE may accelerate ulcer healing,*?
we introduced this adjunctive therapy
(Provant Therapy System, Regenesis
Biomedical, Inc., Scottsdale, Arizona)
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into the treatment regimen, while
continuing with the NPWT.

Twice daily, the patient received a
30-minute, 27.12 MHz PRFE treat-
ment at home. Both dose and dura-
tion are preset, allowing caregivers to
administer treatment without nursing
supervision.* The applicator pad was
placed on top of the wound dressing,
S0 as to prevent contamination, cool-
ing of the wound, or disruption of
concurrent treatment.

After 2 months, the ulcer was
dime-sized, without drainage or
redness. We applied an adhesive
foam dressing to the site to provide
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Figure 1. Pressure ulcer before institution of pulsed radio frequency energy.

Figure 2. Healed pressure ulcer.

protection during transfers and seat-
ing trials. We continued with NPWT
until early August and PRFE until the
end of August to ensure a stable scar.

By mid-August 2008, the right proxi-
mal coccygeal area had totally healed
(Figure 2), and it remained healed on
subsequent clinic visits. Furthermore,
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the patient demonstrated a remark-
able, positive change in attitude from
an angry demeanor, completely resis-
tant to care and treatment, to a pleas-
ant demeanor, largely adherent to his
medical regime. Healing of the pres-
sure ulcer had greatly improved his
quality of life and, for the first time
in years, he was able to sit upright in
a wheelchair.

ABOUT THE CONDITION

When pressure ulcers become
chronic stage IV wounds, treatment
is difficult and traditional wound care
may need to be augmented by an ad-
vanced healing modality. NPWT is
one of several that have been used
with success in the treatment of com-
plex nonhealing wounds to improve
local wound conditions,’ and Blume
and colleagues® concluded that it was
more effective than advanced moist
wound therapy in treating diabetic
foot ulcers.

In our patient, the ulcer size in-
creased initially when NPWT was
introduced into the treatment proto-
col. With the addition of silver anti-
microbial dressings, ulcer size slowly
decreased over a period of 3 months,
but the periwound area appeared
more fragile. At that point, we de-
cided to introduce a trial of PRFE.

Porreca and colleagues? had re-
ported on a patient with quadriple-
gia and a long-standing, stage IV
sacral ulcer that healed with PRFE,
and Larsen and Overstreet’ had ob-
served similar results in 2 patients
with recalcitrant diabetic foot ulcers.
In 2009, Frykberg and colleagues’
reported encouraging results after
using PRFE in 5 patients with
chronic wounds.

Although its precise mechanisms
of action are unknown, PRFE is
thought to work at a cellular level,
stimulating dermal cell prolifera-
tion in the wound bed and inducing
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Oct 4, 2007
Nov 7, 2007

5.8 cm? without undermining

12.5 cm? with undermining of 2.5 cm, moderate
serosanguinous exudate, odor, and maceration

N/A—initial assessment at SCI clinic

235% increase, after patient
hospitalized for surgery

Dec 20, 2007

9.6 cm?® with undermining of 1.8 cm to 2.5 cm,

moderate serosanguinous exudate, odor, and
maceration; NPWT initiated

Jan 8, 2008

13.2 cm? with undermining of 1.3 cm to 3.5 cm,

moderate serosanguinous exudate, odor, and
maceration; NPWT continued

Apr 15, 2008

3.5 cm® with undermining of 2 cm, fragile

periwound area; PRFE therapy initiated and

NPWT continued
Dime-sized ulcer
Ulcer healed; NPWT discontinued 8/8 PRFE

Jun 17, 2008
Aug 8, 2008

23% decrease from Nov

73% increase from Dec

72% decrease from Jan

92% decrease

discontinued at end of month

100% healed

SCI = spinal cord injury; NPWT = negative pressure wound therapy; PRFE = pulsed radio frequency energy.

growth factors, cytokines, and extra-
cellular matrix proteins to begin the
inflammatory phase of wound heal-
ing.® An in vitro study designed to de-
termine the effect of PRFE on dermal
fibroblast and keratinocyte prolifera-
tion found a significant increase in
cell mitosis after a 30-minute treat-
ment.® Gilbert and colleagues® sug-
gested that it may activate the p44/42
mitogen-activated protein, which in-
duces proliferation of cells.
Noncontact ultrasound therapy
also has shown benefit in helping to
heal wounds that are refractory to
conventional treatment.'®!? With the
use of adjunctive ultrasound therapy,
Bell and Cavorsi'® observed a 79% re-
duction in ulcer size, and Kavros and
colleagues!! reported wound healing
rates of more than 50%. Ultrasound
is believed to speed wound healing
by stimulating signal-transduction
pathways, which (like PRFE) affect
cellular activity." In an experimental
study, ultrasound was also shown to

reduce bacterial count.”* Adjunctive
treatments, including topical growth
factor and electrical stimulation, have
been used with variable results in
treating wounds.'

The cost of treating pressure ul-
cers can be staggering. Over the 10
months in which we treated this pa-
tient, we calculated our gross costs
to be more than $60,000, which
doesn't include the cost of caring for
the wound over the prior 11 years.
Our costs included medications;
numerous courses of oral antibiot-
ics, topical antibiotics, multivitamins
and vitamin C, iron, and protein
supplements, numerous basic and ad-
vanced dressing supplies, the NPWT
and PRFE devices, VA-sponsored
transportation, as well as clinic and
home health visits. Often with pres-
sure ulcers of this complexity in the
quadriplegic patient, inpatient care
becomes necessary which would
have increased the cost by $2,400 to
$3,000 per month in a skilled nursing

home or $1,500 per day in a regional
SCI facility.

We used NPWT and PRFE in addi-
tion to traditional wound care treat-
ment in a patient with a stage IV
ulcer that had persisted for 11 years
and had reached a wound volume
of 13.2 cm?®. With these adjunctive
modalities, the wound completely
healed within 7 months. The patient
tolerated the therapy well and had
no complications. The response of
this patient suggests that NPWT in
conjunction with PRFE may benefit
other patients with SCI and nonheal-
ing wounds. Further studies of larger
patient populations, segmented by
different diagnoses (such as pressure
vs ischemic or diabetic ulcers), and
further studies of the combined use
of these 2 modalities with complex
pressure ulcers would help define the
degree to which the adjunctive use of
NPWT and PRFE is beneficial.
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