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ABSTRACT

Background: The frequency of encountering radiodermatitis caused by X-ray fluoroscopic
procedures for ischaemic heart disease is increasing. In severe cases, devastating ulcers with
pain, for which conservative therapy is ineffective, emerge. Radiation-induced ulcers are notorious
for being difficult to treat. Simple skin grafting often fails because of the poor state of the wound
bed. A vascularized flap is a very good option. However, the non-adherence of the well-vascularized
flap with the irradiated wound bed is frequently experienced. Aim: To ameliorate the irradiated
wound bed, bone marrow-derived platelet-rich plasma (bm-PRP) was delivered during the surgery.
Materials and Methods: Four patients with severe cutaneous radiation injury accompanied by
unbearable pain after multiple fluoroscopic procedures for ischaemic heart disease were treated.
Wide excision of the lesion and coverage with a skin flap supplemented with bm-PRP injection
was performed. Results: All patients obtained wound closure and were relieved from pain. No
complication concerning the bone marrow aspiration and delivery of bm-PRP was observed.
Conclusions: Supplementation of bm-PRP can be an option without major complications, time,

and cost to improve the surgical outcome for irradiated wounds.
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INTRODUCTION

luoroscopy of the heart, including coronary
angiography, is a frequently performed procedure
to diagnose heart diseases. The number of
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fluoroscopically guided interventional procedures is
sharply rising. They occur in some open-chest surgical
procedures. For some patients with ischaemic heart
diseases, multiple coronary angiography and angioplasty
procedures are repeatedly performed. The same region
of a patient’s skin may be irradiated during years
of subsequent procedures. Frequency to encounter
radiodermatitis caused by fluoroscopic procedures is
increasing. Symptoms of the lesion range from mild
to devastating. In severe cases with necrotic tissue
or ulceration, which is frequently accompanied with
intolerable pain, conservative therapy is ineffective.
Surgical replacement of the affected skin is required.

Indian Journal of Plastic Surgery January-April 2012 Vol 45 Issue 1



Nishimoto, et al.: bm-PRP supplementation for radiation-induced ulcer

Simple skin grafting often fails because of the inadequate
wound bed. There always rises a question, to what extent
debridement should be done. A vascularized flap is a
very good option. However, the non-adherence of the
well-vascularized flap with the irradiated wound bed is
frequently experienced. Lack of wound healing ability of
the wound bed is speculated to be the cause.

The delivery of bone marrow cells to non-healing
wounds have been reported to be effective in wound
bed preparation.l' There are also reports about the
effectiveness of platelet-rich plasma (PRP) for treating
chronic wounds.*¥ The authors have reported a simple,
low-cost technique to concentrate bone marrow cells and
platelets.” The product is called bone marrow-derived
platelet-rich plasma (bm-PRP).

In this report, patients with devastating cutaneous
radiation injury after multiple fluoroscopic procedures
are described. Wide excision of the lesion and coverage
with a large skin flap supplemented with bm-PRP were
done. Favorable results with relief from the pain and
coverage of the ulcers were obtained.

MATERIALS AND METHODS

This study protocol was approved by the Institutional
Review Board. The study was conducted in full accordance
with the Declaration of Helsinki. The patients were
informed of the operations and procedures and signed
the written consent form beforehand. Four patients
presenting with radiation-induced ulcer after cardiac
fluoroscopic procedures were treated [Table 1]. Wide
excision and coverage with local flaps were performed in
conjunction with bm-PRP injections.

Processing bm-PRP

The processing parameters were defined and modified
with our previous experience in processing PRP from
peripheral blood." The anterior or posterior iliac crest
was stabbed with a bone marrow needle. Bone marrow
was aspirated into a 20 ml syringe containing 3 ml of
ACD-A solution (2.2% sodium citrate, 0.8% citrate, 2.2%

glucose) (Terumo, Tokyo, Japan) as an anticoagulant.
For the patients in this report, 80 ml in total of the
bone marrow was aspirated. The aspirate was poured
into centrifuge tubes and spun at 100g for 20min with a
portable centrifuge placed beside the operating table.
The supernatant, including the buffy coat and slightly
red layer, was aspirated and transferred to the other
tubes. Secondary centrifugation was done at 1000g for
10 min. Clear supernatant was aspirated out, and the
precipitate was resuspended. Approximately 10 ml of
bm-PRP was obtained. The concentration procedure
was done simultaneously while the surgery was
performed.

RESULTS

The cell counting of the bone marrow aspirate and bm-
PRP after the concentration process is presented in
Table 2.

All four patients obtained wound closure and relief from
pain. All flaps adhered well to the wound bed and no fluid
pooling was observed. So far, no recurrence of erosion
or ulceration has been observed in our treated patients,
with the longest follow-up of 4 years.

Case 1

A 42-year-old man, 171 cm height, 88kg weight (body
mass index: 30.0), presented with a skin ulcer on the
right subscapular area. He complained of insomnia with
excruciating pain. His medical record revealed that he

Table 2: Cell counting before and after the concentration

procedure
Patient Bone marrow aspirate® bm-PRP*
ho. Platelet Nucleated  Platelet  Nucleated
(10°/’mm3) cell (10°/mmd) cell
(10°/mm3) (10°/mm3)
1 130 41 975 13.2
2 114 6.6 1225 32.3
3 112 6.2 869 28.2
4 187 9.0 778 28.8

Measurement was done with an automatic haematocyte counter. 2After dilution
with anti-coagulant buffer. °Five times dilution with physiological saline was
measured, and the numbers were multiplied by 5

Table 1: Profiles of patients

Patient Age Body mass Smoking Haemodialysis Location Skin defected Erythematous Adverse events
no. index area (cm) area (cm)

1 42 30.0 Yes No Right subscapular 10x5 12 x 10 Flap edge necrosis
2 59 25.7 No No Right mid-dorsal 3x3 12x9 Flap edge necrosis
3 65 22.9 No Yes Right mid-dorsal 6 x5 14 x9 Flap edge necrosis
4 60 29.8 Yes Yes Left upper dorsal 6x5 14 x 11 None

Indian Journal of Plastic Surgery January-April 2012 Vol 45 Issue 1

110



Nishimoto, et al.: bm-PRP supplementation for radiation-induced ulcer

had been suffering from diabetes mellitus, hypertension,
and old myocardial infarction. He had undergone 1 h of
coronary angiography and 5 h of subsequent percutaneous
transluminal coronary angioplasty. Aspirin was prescribed
as an antiplatelet agent. Two months later, erythema with
itch emerged on his back. It developed into a non-healing
ulcer with pain, 11 months after the procedures. He could
not quit pack-a-day smoking, even after strong suggestions
by cardiologists and dermatologists. Large amounts of
methicillin-resistant  Staphylococcus aureus (MRSA) and
methicillin-sensitive Staphylococcus aureus (MSSA) and
a small amount of Enterococcus faecalis were detected in
the ulcer. Surgical debridement of necrotic tissue under
local anaesthesia was done to the extent that wound edge
bleeding could be seen, intending wound bed preparation
and secondary skin grafting. However, necrosis of wound
edge and floor progressed, and severe pain persisted. The
secondary operation plan was altered to flap coverage.
The prescription of aspirin was stopped for the presurgical
period. Under general anaesthesia, the posterior iliac
crest was stabbed with a needle, and 80 ml of the bone
marrow was aspirated. With a centrifuge placed beside the
operation table, approximately 10 ml of the bm-PRP was
produced simultaneously when the surgical debridement
of the patient was done. Into the wound floor and edges,
the bm-PRP was injected. The local flaps were elevated
to cover the defect. Soon after the secondary operation,
the patient was relieved from the persistent pain. Delayed
necrosis of the flap edges was observed, but it healed
spontaneously. Recurrence of the ulcer has not been seen
for 4 years [Figure 1].

Case 2

A 59-year-old man, 165 cm height, 70 kg weight (body
mass index: 25.7), with hypertension and hyperlipidaemia
consulted us for the treatment of a painful ulcer on his
right back. He had experienced six times of coronary
angiography. Stents had been placed to expand the
stenoses. Aspirin and clopidogrel sulfate had been
administered as antiplatelet agents. He quit smoking on
advice. Two months after the last procedure, erythema
with itch appeared on his back and worsened into a painful
ulcer in 8 months. His primary anxiety was the liberty from
the pain. A large amount of MSSA was detected in the ulcer.
After the presurgical suspension of the antiplatelet agents,
the operation was performed. Under general anaesthesia,
the posterior iliac crest was stabbed, and 80 ml of the bone
marrow was aspirated, and the bm-PRP was processed
during the debridement was performed. The bm-PRP was
injected into the wound bed and edges through a 23 G

M

needle. With local skin flaps, the defect was covered. Soon
after the operation, the patient realized that the burden of
the pain was gone. Delayed necrosis of the flap edges was
seen, but it healed spontaneously. No recurrence of the
ulcer has been seen for 2 years so far [Figure 2].

DISCUSSION

Fluoroscopy results in radiation exposures of 0.02-
0.05 Gy every minute, and in extreme circumstances,
reaches up to 0.5 Gy per minute. Image recording
requires an even higher dose.’ The average radiation
dose in routine cardiac catheterization is 2.5 Gy, whereas
in percutaneous interventions, the dose rises to 6.4 Gy."!

Skin damage can be caused by the cumulative dose
from multiple procedures, each of which is individually
insufficient to cause injury. For some patients with
ischaemic heart diseases, multiple coronary angiography
and angioplasty procedures are repeatedly performed.
The same region of a patient’s skin may be irradiated
during years of subsequent procedures. Radiation dose
evaluation mapping of the site is not easy and is often
impossible, especially in repetitive fluoroscopy cases.
This makes it more difficult to deal with these ulcers
than the oncological radiation therapy-induced damage
that can be evaluated with medical records. Scattering of
X-rays also has to be accounted for.

When the tissue damage is shallow, adequate debridement
and a simple free skin graft are good enough. However,
when the damage extends deep into the underlining
muscles or bones, which is often the case with y-ray or X-ray
irradiation, or when the total debridement of the affected
tissue cannot be done, flap coverage should be performed.
It is always a question, to what extent debridement should
be done. Empirically, bleeding from the edge cannot be
the index. Coverage with a contralateral side latissimus
dorsi musculocutaneous flap may be an option. In these
cases, the flap is within the site of X-ray exposure, because
it is rare that fluoroscopy is performed only with one-sided
view. Even though it seems intact on the surface, hidden
radiation damage of the flap should not be underestimated.
Furthermore, it is not rare to encounter vividly surviving
flaps floating, not adhering to the irradiated wound bed.
The lack of the wound-healing ability of the wound bed is
speculated to be the cause.

Bone marrow cells, including the so-called stem cells,
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Figure 1: (a) A 42-year-old man. Eleven months after percutaneous transluminal coronal angioplasty. Painful ulcer, causing insomnia, was observed on his right

subscapular area. (b) Surgical debridement with the index of bleeding from the edge was performed. (c) Twenty days after initial debridement, granulation was

poor, and extension of tissue necrosis was observed. Insomnia with pain continued. (d) Further surgical debridement was done, and the adjacent skin flap was
raised. (e) Into the wound floor and edges, bm-PRP was injected. (f) Eight months after the reconstructive surgery, there was no pain complaint

Figure 2: (a) A 59-year-old man. An ulcer with severe spontaneous pain was observed on his right dorsum, 8 months after the last fluoroscopic angioplasty
procedure. (b) Excisional design. (c) Surgical debridement was done, and the skin flaps were raised. (d) Injection of bm-PRP into the wound bed and edges. (e)
Seven months after the surgery, the Pain-free condition was obtained. (f) Cross-sections of the debrided tissue. Marked fibrosis throughout the sections can be
observed. (g) A high magnification micrograph of the deep portion of the specimen. Significant fibrotic tissue replaced the muscular structure. A decrease in the

viable cells is obvious (haematoxylin-eosin staining)
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are gaining a good reputation for accelerating wound
healing. They are also positively estimated to improve
the ischaemic state of limbs.®'% Delivery of bone marrow
cells to the ischaemic heart is expected to encourage
neovascularisation and cardiac muscle preservation.!'!!
A successful investigation about the local administration
of culture-expanded bone marrow cells to the radiation
burns, in which conventional skin grafting failed, has
been done.l" Bey et al. observed poor healing, despite
coverage with a latissimus dorsi muscle flap after failure
with conventional excision, dermal substitute coverage,
and skin grafting. They were able to cover the defect only
after the local administration of culture-expanded bone
marrow cells in combination with a radial forearm flap
and skin grafting.!"?l

Platelet-rich plasma is also attracting attention as a good
source of several growth factors that accelerate wound
healing. There have been clinical reports about the
effectiveness of PRP in treating chronic wounds.?*

The authors previously reported a method for
concentrating bone marrow aspirate, which is a simple
and low-cost procedure to enrich bone marrow cells
(working cells) and platelets (reservoir of growth factors)
simultaneously.”! Among the enriched cells, the relatively
larger cells (e.g., multinucleated cells), which potentially
cause inflammation, were confirmed to be reduced; in
contrast to this, the smaller cells were concentrated. The
growth factors contained in platelets derived from the
bone marrow aspirate were at the same level as those
in platelets derived from the peripheral blood.®! The
local injection of bm-PRP into the wounds on rabbits’
persistent ischaemic limbs accelerated wound healing.
Injected cells were confirmed to survive at least 4 weeks
after transplantation (submitting to a journal).

Because the goal of this study was initially the wound
closure, objective evaluation of the pain level was not
performed. The mechanism of the devastating pain of the
radiation-induced ulcer is still unclear. Local ischaemia
and burden of bacteria, which cause inflammation, can be
speculated as the causes. In a previous report of treating late
radiation necrosis of the soft tissues with pentoxifylline,
a haemorrheologic agent, all patients had pain relief."*l
At least partly, improving the ischaemic state seems to
reduce the pain. In our Case 1, severe pain remained even
after wide debridement with the index of bleeding from
the wound edge. The pain went away after flap coverage
with bm-PRP. The pain-relieving effect of the operation,

13

including bm-PRP injection, was remarkable also in the
other cases. The anti-inflammatory activity of expanded
bone marrow cells has been reported.!'>'® The delivery of
bone marrow cells might have some good effects on pain
relief, coupled with the coverage with well-vascularized
flap.

Small delayed necrosis of the flap edges was seen.
The edges appeared to be vital for 5-7 days after the
surgery, though they changed colors after that and
finally necrosed. This phenomenon is not often seen in
normal skin flaps. The flaps used for the coverage were
located adjacent to the necrotic lesions. In addition, the
necrosed edges were at the margins of the debridement
where the radiation exposure and scattering ray might
have been extended. It is not easy to define the extent
of irradiation and damage to the tissues at the time of
treatment. However, it is too early to attribute the edge
necrosis only to the irradiation, considering patients’
back grounds and the tension. Closure of the necrosed
area was seen within a certain period of time.

The injection of bm-PRP into the tissue without platelet
activation, rather than spreading on, was selected
because of the certainty for cell delivering. The calcium
level will be gradually normalized, supplied from the
surrounding tissue, and spontaneous activation of the
platelets will take place, with the exposure to collagen
and other activating factors.

No major complication with the aspiration of bone marrow
and delivery of bm-PRP was observed. Harvesting bone
marrow aspirate required extra 5min for the surgery.
No additional time was needed for processing bm-PRP,
because it was done while the surgical debridement was
performed.

Through our experience, we propose a synergetic
approach of debridement, flap coverage and bm-
PRP supplementation for treating severe radiation
ulcers. However, at this moment, there are not enough
evidences to support the effectiveness of bm-PRP. Further
investigation should be continued.
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