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Case report
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Background/objectives: Chronic pressure ulcers affect patient health, emotional state, and quality of life,
causing considerable morbidity and mortality in addition to contributing to significant health care costs from
lengthy hospitalizations to advanced home care and surgical care costs. The conventional treatment of these
wounds can be slow due to their chronic inflammatory state and the senescence of local reparative cells.
Platelet-rich plasma (PRP) therapy has been growing as a viable treatment alternative for a number of clinical
applications and has potential benefit for use in chronic wounds. The sustained release of large quantities of
autologous growth factors, cytokines, and other mediators found in PRP plus the favorable mononuclear cell
profile of PRP may help us to stimulate wound healing and resolve chronic inflammation.

Methods: Three veterans with spinal cord injury (SCI), presenting with chronic stage IV pressure ulcers, were
treated with a sustained release PRP therapy to stimulate wound healing.

Results: PRP treatment consistently resulted in the formation of granulation tissue and improved vascularity for
each of the three patients treated, while reducing the overall ulcer area and volume.

Conclusion: The controlled release of growth factors from PRP demonstrated a positive stimulatory effect on the

healing rate of chronic pressure ulcers in individuals with SCI.
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Introduction

Patients suffering from spinal cord injury (SCI) are at
lifelong risk of developing pressure ulcers. These ulcers
can occur in any setting, the patient’s home, hospital,
or care facility, and are a cause of great distress for
both patients and caregivers alike. These wounds are
typically non-healing, resulting in a downward spiral
of chronic inflammation, which can be a source of mor-
bidity and even mortality in immobile populations. For
this reason, patients presenting with such wounds are
commonly subject to lengthy hospitalizations, leading
to significant decreases in quality of life, social isolation,
emotional stress, and depression.'
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Chronic ulcers are also a source of great financial
burden on the health care system. It has been estimated
that 60% of patients with SCI will develop pressure
ulcers,> with an estimated cost of $70 000 to treat a
single full-thickness wound.* Such costs are likely under-
estimated due to the indirect costs: absence from work,
loss of employment, cost of medical transport, assistance
with daily living, and self-care and medication expendi-
tures. In all, it has been estimated that nearly $5 billion
are spent annually in the United States to treat pressure
ulcers.’ Promoting accelerated healing of pressure ulcers
would provide an improvement of patient quality of life
and reduce the economic impact that chronic wounds
have on the health care system.

Platelet-rich plasma (PRP) therapy is a method for
collecting and concentrating autologous platelets for
the purpose of activating and releasing their growth

The Journal of Spinal Cord Medicine 2011 voL. 34 NO. 1


mailto:Jeffery.Ericksen@va.gov
mailto:Jeffery.Ericksen@va.gov
mailto:Jeffery.Ericksen@va.gov

Sell et al.

factor-rich alpha- and dense granules. The discharge of
these concentrated granules releases a number of growth
factors and cytokines in physiologically relevant ratios
(albeit in concentrations several times higher than that
of normal blood) that are critical to tissue regeneration
and cellular recruitment: platelet-derived growth factor,
transforming growth factor-beta, vascular endothelial
growth factor, fibroblast growth factor, epidermal
growth factor, etc.>'! It has also been documented
that PRP contains a class of anti-inflammatory
mediators known as lipoxins, which are known to
promote resolution of inflammation.’> Additionally,
PRP provides a mononuclear cell content that is more
favorable to tissue healing versus the acute inflamma-
tory cell profile in normal blood. PRP therapy is cur-
rently in use clinically to stimulate tissue growth and
regeneration and has been demonstrated to be effective
in accelerating repair in osteochondral defects,®!"!2
tendon/ligament injuries®'®'%), and in chronic skin
wounds, 7+11-12:16

There have been several methods reported in the litera-
ture on successfully delivering PRP to an injury site; most
involve the creation of a platelet gel using throm-
bin®!"1217 or CaClL.%%!"!? These PRP gels are then
easily applied to wound sites through injection or topical
application. However, studies have shown that the use of
thrombin as a clotting agent can result in a rapid acti-
vation of platelets and a bolus release of growth factors
with 70% of the growth factors released within 10
minutes of clotting and nearly 100% released within 1
hour.® This ‘dumping’ method fails to maximize the
cell-stimulating potential of the PRP growth factors as
most are cleared before they can take effect.'®

The use of a sustained release method for delivering
PRP growth factors and cytokines would be highly
advantageous in a chronic wound state where senescent
cells are prevalent,® and could benefit from the sustained
presence of stimulating factors. Studies performed in
vitro have shown that alginate beads were successful in
delivering (based on cell proliferation) PRP-derived
growth factors and cytokines over the course of 14
days.'® Alginate is a biomaterial, typically derived
from seaweed or algae, which is commonly used as a
wound dressing in the treatment of pressure ulcers and
has a long history of biocompatibility.''*-*

The purpose of this report is to demonstrate, through
a small three-person case study, the results of using
CaCl,-activated PRP and PRP containing alginate
beads as a delivery vehicle for the sustained release of
PRP-derived growth factors and cytokines to stimulate
healing in stalled pressure ulcers where conventional
treatment methods have failed.

Methods

Three SCI patients presenting with chronic stage 1V
pressure ulcers were treated with CaCl,-activated PRP
and sustained release PRP therapy to stimulate healing
and promote tissue repair. Upon admission, these
patients were treated with conventional ulcer care
methods including antibiotics for evidence of infection,
surgical and bedside debridement with mechanical
stimulation, and saline wet to dry dressings. One
patient additionally underwent wound vacuum therapy
and the use of an allograft skin graft. The ulcers
responded to the initial treatments but their healing
rates measured by surface area and depth appeared to
stall or plateau over time prompting consideration for
ulcer stimulation therapy using PRP.

Prior to treatment, a 2% alginate solution'® was
created under sterile conditions by adding alginate
powder (Acros Chemicals, Geel, Belgium) to sterile
water and passing the solution through a luer-lock
syringe filter with 0.22 micron diameter pores
(Millipore Millex, Billerica, MA, USA) to sterilize the
solution. This sterile solution was aliquoted for individ-
ual patient use and stored refrigerated at 4°C in sealed
sterile containers until use.

At the bedside, peripheral venous blood was
drawn (54-112ml) and PRP was created using a
SmartPReP® 2  (Harvest Technologies Corp,
Plymouth, MA, USA) centrifugation system as per
manufacturer’s protocol. Patients were turned to pos-
ition the sacral or greater trochanter ulcers in the hori-
zontal plane (prone to sidelying) as much as possible.
For injection into the ulcer bed and margins, a small
volume of PRP (I-5ml based on ulcer size) was
mixed in a 10:1 v/v ratio with 10% CaCl, to reverse
the effect of anticoagulant used during the blood draw
and to slowly activate platelets. The CaCly-activated
PRP was injected through a 25-gauge needle along the
ulcer margins at 0.5-1-cm intervals in small amounts
(<0.1 ml). Similar small volumes of PRP were injected
into the ulcer base focusing on the more fibrous-appear-
ing regions of the base lacking granulation tissue. As the
injected PRP was exposed to collagen in the ulcer bed,
slow conversion to surface clot was observed. The
smaller diameter opening margins in two patients with
undermined ulcers were not injected to avoid premature
closure before infilling of the ulcer bed had occurred.

The remaining PRP was combined with the sterile
alginate solution in a 2:1 ratio (based upon unpublished
empirical laboratory data) to create PRP:alginate beads
for sustained release of growth factors over a 7-day
period as they dissolved. A PRP:alginate solution was
then slowly added drop-wise through the tip of a
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20 ml sterile syringe to a sterile steel bowl containing
70 ml of CaCl,. As Ca’" ions were transferred from
the CaCl, bath to the PRP:alginate droplets, a solid
bead structure was formed. This gelation process was
allowed to continue for 5 minutes, and the beads were
then filtered through sterile gauze and retained for use
in the wound.
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Figure 1
ulcer at the time of admission (top), before treatment 5 at week
13 (middle), and 8 weeks after the 11th PRP treatment (bottom).

Photograph of patient 1’s right trochanteric pressure
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All patients received consultation with a staff
nutritionist, with an emphasis on high protein meals
throughout their hospitalization.

Results

Case 1

Patient 1 is a 38-year-old veteran with a 15-year history
of T6 American Spinal Injury Association (ASIA) A
paraplegia impairment. Since that time he has had mul-
tiple hospitalizations for complications for pressure
ulcers over his bilateral greater trochanters, sacrum,
and ischium.

Most recently, he was admitted after a period of
immobility and change to his pressure relief schedule
that resulted in bilateral greater trochanter and posterior
pelvis pressure ulcers. Initially he was admitted to an
outside hospital where he underwent surgical debride-
ment and was started on IV antibiotics for suspected
osteomyelitis. At the time of transfer to our VAMC
SCI unit, the pressure ulcer on the right greater trochan-
ter was noted to be stage IV with fibrous and necrotic
base measuring 17 x 14 x 4.5 cm®. He underwent surgi-
cal debridement in addition to conservative treatment
ranging from daily dressing changes using irrigants
from Dakin’s solution to normal saline and enzymatic
debridement using products such as collagenase.
Initially there was improvement in ulcer healing with
measurements decreasing to 12x10x2.25cm?, but
over time the healing process slowed prompting consul-
tation for PRP treatment (Fig. 1). Patient pre-albumin
levels (mg/dl) are included in Table 1. The patient suf-
fered from hypogonadism and was treated with a trans-
dermal testerone patch throughout treatment.

The patient underwent a total of 11 PRP treatments
over a span of 18 weeks (performed weekly or bi-
weekly). As described above, these treatments involved
injection of activated PRP into the margins of the
wound bed as well as packing of the wound with
beads of PRP and alginate (2:1 ratio of PRP to alginate)
for the sustained release of growth factors. Dressings
consisted of a layer of silicone Mepitel dressing

Table 1 Albumin levels (mg/dl) at admission, prior to the first
treatment of PRP, and at their highest and lowest points during
treatment

Prior to the
first PRP Treatment  Treatment
Admission treatment high low
Case 1 10.7 16.8 26.8 (31) 10.0 (16)
Case 2 271 24.9 44.5 (37) 9.8 (21)
Case 3 8.8 27.4 33.3(18) 8.8 (0)

The week of treatment is given in parentheses.
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(Molnlycke Health Care, Norcross, GA, USA) to hold
beads in place while allowing wound exudate to
diffuse freely, a double layer of Restore calcium alginate
dressing (Hollister Woundcare, Libertyville, IL, USA)
to absorb wound exudates, and a sealing layer of
Tegaderm  topical  transparent dressing (3M
Healthcare, St. Paul, MN, USA). The top layers of the
dressing were changed as needed (typically 2-3 days),
while the Mepitel and bead layers were left undisturbed
until subsequent PRP treatment.

Over the course of the PRP treatment, the wound
became noticeably vascularized and filled with granula-
tion tissue. On one occasion the degree of granulation
tissue layering was so robust that silver nitrate treatment
to more prominent islands of tissue within the ulcer bed
was performed by the wound care team. The results of
the changes in wound surface area and volume measure-
ments are shown in Fig. 2. The wound was essentially
completely filled in with granulation tissue after eight
PRP treatments (beads and injections), with only epithe-
lialization of the new tissue remaining. As such, the sub-
sequent three treatments involved only the injection of
activated PRP into the wound bed and along the
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Figure 2 Graph of changes in wound surface area (top) and
volume (bottom) for case 1 following treatment with PRP. The
dashed line indicates onset of PRP treatment.

wound margins. The right trochanter ulcer progressed
to the point that outpatient and home care management
would be appropriate, but he remained hospitalized due
to the presence of other pressure ulcers, notably a stage
IV ulcer on the left greater trochanter. This ulcer failed
to exhibit any significant healing (granulation for-
mation, increased vascularity, etc.) with continued con-
servative treatments, and served as a pseudo-control.

Case 2

Patient 2 is a 51-year-old veteran with a 1-year history of
C4 level ASIA A tetraplegia impairment. He was
initially treated at an outside hospital for medical and
surgical stabilization of his injuries and transferred to
our SCI unit for rehabilitation care.

At the time of admission to our VAMC SCI unit, he
had an unstageable sacral pressure ulcer that measured
6x4x0.5cm® with yellow slough that covered the
base of the wound bed. The wound care team began fol-
lowing treatment of the patient and began twice daily
irrigations of the wound with Dakin’s 0.25% and appli-
cations of collagenase, along with placement in a
pressure reduction bed. The dimensions of the wound
did not show significant change with conservative treat-
ment and the depth of the wound continued to increase
over the next several weeks. The depth of the wound
advanced to 4 cm with an additional 5 cm of undermin-
ing before wound vacuum therapy was initiated. Wound
vacuum therapy was continued for 2 months and wound
size decreased to 3 x 3 x 3 cm® with 4.5 cm of undermin-
ing. Additionally, a cryopreserved human skin allograft
with both epidermis and dermis layers (Theraskin™
Soluble Systems, LLC, Newport News, VA, USA) was
placed on the wound to promote healing. However,
healing progress stalled and consultation for PRP was
requested. Patient pre-albumin levels (mg/dl) are
included in Table 1.

The patient underwent a total of 10 PRP treatments that
consisted primarily of controlled release PRP:alginate
beads due to the deeply undermined nature of the
wound. Six of the treatments included CaCl,-activated
PRP injections into the ulcer cavity base. At each treat-
ment the wound was irrigated and packed to capacity
with PRP beads following PRP injection if done.
Platelet-poor plasma (PPP), a side product of the dual cen-
trifugation process containing growth factors and fibrin,
was gelled by combining it with human recombinant
thrombin (Recothrom, ZymoGenetics, Seattle, WA,
USA, 10:1 v/v ratio) to hold the beads in place inside
the wound. Dressings and changes were identical to case 1.

The results of this treatment are shown in Fig. 3. Due to
the undermined nature of this wound, it was not possible
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Figure 3 Graph of changes in wound volume for case 2
following treatment with wound vacuum therapy (dashed lines)
and PRP treatment (dotted line). The mixed (dash and dot) line
indicates the point at which saline infilling was used for volume
measurement.

to determine an accurate surface area measurement, so
only wound volume was reported. As the wound depth
decreased the volume measurement became less accurate
and we elected to use measured saline infilling of the
ulcer cavity before overflow to assess the volume.

Case 3

Patient 3 is a 61-year-old male veteran with a 30-year
history of C7 ASIA A tetraplegia impairment. He has
had multiple hospitalizations for related complications,
most commonly for pressure ulcers. He was admitted
to our SCI unit with a stage IV right gluteal ulcer
measuring 5x 5 cm?. Patient pre-albumin levels (mg/
dl) are included in Table 1. The patient suffered from
hypogonadism, which was not treated during the dur-
ation of treatment.

Initial wound care treatment consisted of irrigation of
the wound with Anasept spray and application of col-
lagenase with daily dressing changes and packing of
the undermining volume that had developed. The
patient was also placed in a pressure reduction bed.
Over the next 2 months, the size of the ulcer changed
to 3.5x2x3.25cm’ with 6 cm of undermining. Due
to the perceived stalling of the healing process PRP
treatment was initiated.

The patient has undergone a total of five PRP treat-
ments consisting primarily of beads, due to the under-
mined nature of the wound, as well as two wound
ulcer cavity base injections with CaCl,-activated PRP.
The bead protocol used was identical to that of case 2,
with gelled PPP used in the wound to hold the beads
in place. Dressings and changes were identical to those
used in case 1.

The results of this treatment are shown in Fig. 4. Due
to the undermined nature of this ulcer, it was not
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Figure 4 Graph of changes in wound volume for case 3
following treatment with PRP. Onset of PRP treatment is
marked with a dashed line, while the mixed (dash and dot) line
indicates the point at which saline infilling was used for volume
measurement.

possible to determine an accurate surface area measure-
ment, so only ulcer volume was reported and we used
saline filling of the ulcer cavity to estimate volume.

Discussion

The results of the right trochanter ulcer’s response to the
PRP therapies described in case 1 support the hypoth-
esis that this stimulation therapy can trigger an ulcer
healing response when the degree of healing appears
to have stalled. The ulcer bed more rapidly demon-
strated margin in-growth, granulation tissue develop-
ment, vascularization and epithelialization. With all
three ulcers, the appearance of ulcer bed bleeding
during dressing changes and ulcer palpation was noted
and is seen as a positive indicator for wound healing.
The right trochanter ulcer, without undermining, pro-
gressed after eight alginate bead therapies, providing
sustained growth factor and mononuclear cell release
combined with wound margin and base injections with
CaCl,-activated PRP. Once the ulcer base had in-
filled, three additional CaCl,-activated PRP treatments
to the wound margins and base resulted in an ulcer that
could be managed more conservatively in a community
setting.

The two patients with undermined ulcers responded to
the treatment with considerable volume reduction in the
ulcer size but the degree of undermining and trend
toward full closure appears to be slower than our experi-
ence with the non-undermined ulcer. Both ulcers were in
more pressure likely areas (buttocks, sacrum) that might
have contributed to the slower in-growth. Additionally,
the degree of undermining and cavity volume suggests
an overall lack of local cells to promote tissue in-
growth through growth factor stimulation. The senescent
state and reduced vascularity of these ulcers, coupled
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with a hypothetical reduction in peripheral blood stem
cell content in chronic SCI as seen in other chronic
diseases such as depression, hypothyroidism and athero-
sclerotic disease, may contribute to further delays in ulcer
healing despite growth factor stimulation.?' >

However, both undermined ulcers demonstrated a
reduction in volume and an increase in granulation
tissue with vascularity to suggest that they might
respond to surgical flap care with more favorable
responses than prior to the PRP treatments.

Conclusion

The use of PRP therapy, involving a combination of
sustained and immediate release of growth factors,
appeared to stimulate acceleration of healing in three
stalled pressure ulcers in hospitalized SCI patients.
Significant in-growth and closure of one ulcer that was
large but without undermining characteristics took
place to the point where that ulcer would not require
further in-hospital care. Two pressure ulcers with deep
undermining below the ulcer opening demonstrated a
reduction in volume along with more granulation
tissue in-growth and vascularity. A larger-scale study
is indicated to further our understanding of the role of
PRP therapy in the treatment of chronic pressure
ulcers in patients with SCI.
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