Treatment of ulcers with ablative fractional lasers
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W Abstract

Chronic, nonhealing ulcers are a frustrating therapeutic
challenge and investigation of innovative therapies contin-
ues fo be an important research pursuit. One unique and
newly applied intervention is the use of ablative fractional
lasers. This technology has recently been employed for the
treatment of hypertrophic, disfiguring and function-limiting
scars, and was first shown fo induce healing of chronic
wounds in patients with persistent ulcers and erosions
within fraumatic scars. Recent reports suggest it may be
applicable for other types of chronic wounds as well.The
mechanism of action for this modality remains to be eluci-
dated but possible factors include laserinduced collagen
remodeling, photomicrodebridement and disruption of bio-
films, and induction of a proper wound healing cascade.
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hronic, difficult-to-heal ulcers are a therapeutic chal-

lenge, burdensome for patients, and frustrating for cli-

nicians. While the pathophysiology of chronic wounds
has been widely studied in order to better understand why some
wounds do not heal in a timely fashion, many questions remain
as do numerous treatment protocols. Therapies range from basic
moisture-retentive dressings and lower extremity compression to
new, manufactured biologic dressings and stem-cell therapies. The
considerable variety of treatment options points to the fact that
many wounds are resistant to typical interventions and therefore,
continued ingenuity in the treatment of wounds is essential. One
exciting and new intervention is the implementation of ablative
fractional (AF) lasers to induce wound healing. Within the past five
years, this technology has been applied for the treatment of hyper-
trophic, disfiguring, and function-limiting scars. While employing
AF for this indication, clinicians discovered that it coincidentally
demonstrated efficacy in healing persistent trauma-related wounds
that exist within scars.! It remains uncertain why this intervention
is effective. Proposed mechanisms of action include laser-induced
collagen remodeling, microdebridement, disruption of local bio-

ISkinCare Physicians, Chestnut Hill, Massachusetts.

Rady Children’s Hospital, San Diego, California.

’Naval Medical Center, San Diego, California.

“The Aroostook Medical Center, Presque Isle, Maine.

*Dr Uebelhoer is now with The Aroostook Medical Center.

Disclosures: Drs Morton, Phillips, Krakowski and Uebelhoer have no finan-
cial relationships relevant to this article and no conflict of interests to disclose.
Dr Dover acted as a consultant and has done research for Lumentis.
Correspondence: Laurel M. Morton, MD; SkinCare Physicians, 1244
Boylston Avenue, Chestnut Hill, MA 02467. E-mail: Laurel.m.morton(@,
gmail.com, Imorton@skincarephysicians.net

1085-5629/13$-see front matter © 2015 Frontline Medical Communications
DOI: 10.12788/j.sder.2015.0128

film, and establishment of a proper wound healing cytokine profile
and molecular milieu.

The problem with chronic wounds

The fact that chronic ulcers account for up to $25 billion in health
care costs annually in the United States® provides insight to the
magnitude of the challenge they present for health care providers.
Venous leg ulcers (VLUs), for example, affect between 1%-1.5%
of the population® and with diabetes and arterial disease, comprise
the most common causes of lower extremity wounds, which usu-
ally affect the elderly.* Other demographic groups may also be
afflicted with difficult-to-heal ulcers. Take for example, the popu-
lation described by Shumaker and colleagues that includes mili-
tary veterans who have experienced traumatic blast injuries. These
patients are at increased risk of ulceration that is associated with
subsequent scarring either from the injury itself or injury-related
surgery and skin grafting.!

More important than the high health care expense they impose,
chronic ulcers are a noteworthy problem because of their signifi-
cant affect on quality of life. For example, patients with recessive
dystrophic epidermolysis bullosa, characterized by an inherited
defect in COL7A1, must endure a lifetime of generalized skin fra-
gility, severe blistering, and nonhealing wounds that may be com-
plicated by pain, infection, bleeding, mutilating scarring, and the
risk of development of aggressive metastatic squamous cell car-
cinomas.’ In a recent cross-sectional study of 204 patients with
chronic venous disease, participants were given a health-related
quality of life questionnaire. Those with VLUs demonstrated low-
er mean scores in 8 quality of life domains including functional
capacity, physical aspects, pain, general health status, vitality, so-
cial aspects, emotional aspects, and mental health.® Ulcer-related
factors that likely contribute to decreased quality of life include,
but are not limited to: pain, leakage of exudate and associated odor,
bulky bandages, impaired mobility, poor sleep, depression, altered
body image, restricted work capacity, and social isolation.”® Pa-
tients may also report an elevated sense of powerlessness.’ In the
case of wounded warriors, scar-associated wounds can complicate
the recovery process for those suffering from traumatic blast in-
juries. For example, in a case presented by Shumaker et al, small
erosions and ulcers present at skin graft scars on a lower extremity
amputation site prevented progress in the prosthetic rehabilitation
of the patient’s lower extremity.! Once ulcers have healed, quality
of life scores improve,'* providing caregivers with a clear incentive
to achieve wound healing.

The pathophysiology of chronic wounds

The causes of chronic wounds are numerous and certainly wound
pathophysiology varies based on the ulcer’s cause. Yet, there is a
robust body of literature that supports some basic tenants of poor
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wound healing that are likely widely applicable. Factors that con-
tribute include poor oxygenation, fibroblast senescence, chronic
inflammation, improper function and levels of cytokines and
growth factors and their receptors, abnormal matrix metallopro-
teinase activity and bacterial colonization, and/or infection.

Cellular senescence is meant to protect against tumorigenesis
but is problematic in chronic ulcers when fibroblasts are affected.
Fibroblasts are essential for dermal matrix proliferation. They lay
down structural proteins such as collagen, elastin and extracellular
matrix proteins, and produce matrix metalloproteinases (MMPs)
that degrade fibrin and facilitate fibroblast migration."" Fibroblasts
of chronic VLUs demonstrate a senescent phenotype compared to
normal fibroblasts in culture'? and do not respond to growth factors
like fibroblasts of acute wounds.!* Senescent fibroblasts also pro-
duce increased proteolytic enzymes such as collagenase, elastase
and stromelysin, and decreased tissue inhibitors of metalloprotein-
ases (TIMPs) TIMP-1 and TIMP-3." These changes promote an
environment of degradation rather than proliferation necessary for
wound healing.

The normal inflammatory cascade also appears to be disrupted
during poor wound healing. Trengrove et al showed that pro-in-
flammatory interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor
necrosis factor-o (TNF-a) are elevated in the wound fluid of non-
healing ulcers compared to healing ulcers;'® however, the differ-
ence has not always been reported as statistically significant.'®
Irregularities in inflammation are also demonstrated by MMPs,
which are likely activated by cytokines in chronic wounds.'” Com-
pared to wound fluid from acute mastectomy wounds, chronic
wound fluid contains drastically elevated levels of MMP-2 and
MMP-9;'8 and, the MMP-9/TIMP-1 ratio is significantly higher for
pressure ulcers that heal poorly compared to those demonstrating
successful healing.!” Unrestrained protease activity is considered
by some to be an underlying factor for nonhealing due to enhanced
extracellular matrix turnover.!’?

While wounds are certainly susceptible and can become more
difficult to heal due to bacterial infection, it is not clear that a cer-
tain bacterial load is associated with impaired healing.?’ However,
it is speculated that bacterial biofilms are relevant factors. Biofilms
are microorganism communities which are adherent to a surface or
to each other and sequester nutrients, enzymes, and metal ions. In
biofilms, bacteria are embedded in a matrix of extracellular poly-
meric substances consisting of polysaccharides, proteins, glyco-
proteins, and DNA.? It has been proposed that biofilm-exacerbated
oxidative stress contributes to wound chronicity.?! Furthermore,
the biofilm polysaccharide coating allows bacteria to evade neutro-
philic phagocytosis that normally occurs during wound healing.?

Ablative fractional laser therapy

and its application for scar revision

Medical laser therapy is understood by the theory of selective pho-
tothermolysis,” which describes lasers as energy-emitting devices
that release unique wavelengths of light that are absorbed by specif-
ic chromophores including hemoglobin, melanin, and water. When
a chromophore is exposed to a wavelength in its peak absorption
spectra for the appropriate pulse duration, it experiences a rise in
temperature and is selectively targeted while surrounding tissue is
spared. In the case of AF lasers, made with either carbon dioxide
(CO,) or erbium: yttrium aluminum garnet (Er:YAG), the targeted
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chromophore is water. In fractional photothermolysis, introduced
by Manstein and colleagues, laser energy is emitted in a grid-like
pattern of multiple beams in order to vaporize the stratum corneum
and create microscopic columns of coagulation that reach into the
epidermis and superficial dermis.?* During the subsequent healing
process, collagen remodeling is promoted, making this technology
a useful tool for ablative facial resurfacing for indications such as
dyspigmentation due to photoaging, rhytides, and acne scarring.

Within the last five years, the indications for fractional abla-
tion have expanded to include the treatment of hypertrophic and
traumatic scars. In 2009, Waibel and Beer reported the case of a
woman with third-degree burn scars to the face, neck, and chest
that had already undergone multiple reconstructive surgeries. Fol-
lowing a single session with an AF CO, laser, the patient demon-
strated a notable improvement of the appearance and texture of the
scar.”® Subsequently, Cervelli and colleagues published a study of
60 patients with severely scarred skin. Treatment with an AF CO,
laser resulted in improved skin tone, texture, and appearance in
comparison to dermabrasion.?

An important step in understanding the broad application of
fractional ablation for scarring was initiated by physicians at the
Naval Medical Center in San Diego, California. They have been
employing this technology for disfiguring and contracture-causing
scars related to traumatic blast injuries since 2009.> In 2011, this
group reported the case of a 45-year-old amputee who experienced
multiple traumatic blast injuries while on military deployment. His
mobility remained limited due to restricted range of motion de-
spite physical therapy and gait training. On physical exam, his left
leg fasciotomy graft site scar was firm and tethered to underlying
structures, thereby inhibiting foot movement. This scar was treated
with an AF CO, laser and after a single session, the patient noticed
improved flexibility in the treated leg and less pain with walking.
Long-standing gait improvement was maintained after several
treatments and measurable passive range of motion was improved
at the ankle.?® The same group reported a subsequent series of four
patients with functional deficits related to scar contracture, all of
whom displayed improved range of motion after up to three frac-
tional ablative CO, treatments.”” Laser treatment for scars remains
an underutilized tool but certainly has a role aside surgical scar
reconstruction.’® Similar results have been demonstrated in a pedi-
atric population, as well. In a case series by Krakowski et al, two
patients were identified with recalcitrant scar contractures causing
persistent functional deficits. After reaching a “plateau” with oc-
cupational therapy alone, both patients were treated with ablative
fractional laser resurfacing and experienced rapid and cumulative
subjective and objective improvements in range of motion and
function without reported complications.?!

Implementation of ablative

fractional lasers for chronic wounds

From the Naval Medical Center in San Diego, Shumaker and col-
leagues first reported the application of fractional ablation for ulcer
healing. They described a 26-year-old serviceman who had five
months earlier experienced a traumatic blast injury while in Af-
ghanistan. He had extensive injuries including bilateral above-knee
amputations. He was enrolled in a comprehensive rehabilitation
program that included wound care and physical and occupational
therapy including prosthetic training, functional activity training,



and gait training. He presented to the dermatology clinic due to
skin fragility, sensitivity, and nonhealing areas at the split-thickness
skin graft sites at his right amputation stump despite wound care
with daily petrolatum or topical bacitracin and intermittent silver-
impregnated foam dressings. These erosions and ulcers prevented
progress in his prosthetic rehabilitation. In an effort to improve
skin texture and pliability, he underwent ablative fractional resur-
facing with a 10600 nm CO, laser (Deep FX laser and UltraPulse
Encore system; Lumenis, Ltd, Yokneam, Israel). The entire graft
site and 1 mm to 2 mm of normal skin was treated with a single
pass without overlap at a pulse energy of 50 mJ, treatment density
of 5%, spot size of 120 microns, and pulse width of 250 ms (the
latter two parameters being fixed). Significant wound healing was
noted at the patient’s first follow up at 1 week post procedure. Con-
tinued improvement occurred for two months despite a more ag-
gressive prosthetic rehabilitation regimen. Improved skin texture,
pigment and pliability were also noted. Improvement persisted 6
months after his second ablative treatment. The authors reported
two other similar cases: a hypertrophic graft site with persistent
angulated erosion at a lower extremity amputation stump and a
0.8 x 1.5 cm ulcer and scar contracture at the right forearm. Both
ulcers healed after fractional ablation.'

Several other reports of ulcer healing following AF laser in-
tervention have followed. At the 2014 American Society for La-
ser Medicine and Surgery (ASLMS) annual meeting in Phoenix,
Arizona, Diaz and Krakowski reported the case of an 8-year-old
female with hypertrophic burn scars on the dorsal hands follow-
ing a scalding burn and chemical injury suffered at the age of 15
months. Her left dorsal hand demonstrated a chronic ulcer within a
contracture that had failed to respond to typical wound care treat-
ments. Following a single AF CO, laser treatment, the chronic
ulcer resolved and eventually the patient demonstrated functional
and symptomatic improvement. The same group also reported the
case of a 17-year-old male with a 6-month history of two non-
healing, noninflammatory ulcers on his left distal shin secondary
to liquid nitrogen cryotherapy as treatment for verruca vulgaris.
The wounds were treated twice, one month apart, with ablative
fractional laser resurfacing using a CO, laser protocol at a pulse
energy of 50 mJ and treatment density of 5%. The patient achieved
complete re-epithelialization of his wounds with only mild postin-
flammatory hyperpigmentation at the wound sites.*

This intervention has been successfully applied to wounds not
associated with scarring by these authors and pertinent data was
also presented at the 2014 ASLMS meeting.*

Most recently, ablative fractional laser resurfacing has demon-
strated utility as an adjunct for wound healing in a patient with re-
cessive dystrophic epidermolysis bullosa. Krakowski et al reported
the case of a 22-year-old male with recessive dystrophic epider-
molysis bullosa who had presented for a painful, nonhealing, 7-cm
diameter wound on his left superior back. The wound had been
present for nine months and had begun as a small erosion that grew
larger with repetitive trauma (eg, sleeping on his back, sitting in a
high-back chair, taking off his shirt) despite intensive wound care.
The patient was known to be colonized with methicillin-sensitive
Staph aureus, Group B Streptococcus, and Pseudomonas aerugi-
nosa, and he had severe allergies to vancomycin and penicillin
cross reactors, which limited his ability to receive systemic antibi-
otics. Using only topical lidocaine 4% cream under occlusion for

Morton et al

an hour, supplemented intraoperatively with ice only, the wound
was treated with ablative fractional laser resurfacing using a CO,
laser protocol (pulse energy 30 mJ and treatment density 5%). At
four weeks postoperatively, the patient’s wound measured 2 cm
in diameter, representing a 92% decrease in wound surface area.
He was treated a second time, and at his two-week follow-up he
was noted to have near-complete re-epithelialization of the wound.
Additionally, the patient reported being “pain free” and was less
demoralized.™

This treatment modality for wound care remains in its infancy
and even experts may struggle with choosing the appropriate pa-
tients, devices, and specific treatment settings. While ulcer treat-
ments reported to date have utilized CO,-based devices, fractional
Er:YAG devices should theoretically also be effective. CO, lasers
possess a greater potential for surrounding tissue coagulation and
likely decreased procedure-associated bleeding, which is a rele-
vant consideration for larger open wounds.*

A 2014 consensus statement on laser treatment of traumatic
scars proposed treatment parameters that may be modified and
applied in the treatment of wounds as well. The consensus panel
suggested that an important factor for guiding treatment settings
is an estimation of scar thickness. Treatment depth, which cor-
relates with a selected energy setting, should be proportional to
but not greater than scar thickness. Furthermore, providers should
minimize concurrent therapies and apply low-treatment densi-
ties, narrow-beam diameters and short-pulse widths. The goal is
to decrease risk of scar worsening. Generally, only one pass per
treatment is recommended with a goal for a series of treatments
at 2-3 month intervals until the desired endpoint is reached (often
3-6 treatments total).** When applying these principles to the treat-
ment of wounds, it is important to consider that open wounds do
not have the protective covering of stratum corneum or epithelium
and therefore, decreased energy settings may be more appropriate.
The wound edges should also be treated for a width ranging from
2 mm — 2 cm. Following treatment, adequate moisture-retentive
wound dressings should be applied as well as any indicated adju-
vant measures such as compression therapy. These authors have
experienced that patients do well with topical anesthesia alone
but this must be applied judiciously as systemic absorption may
be more likely to occur through an open ulcer rather than stratum
corneum-protected normal skin.

Proposed mechanisms of action
It is interesting to postulate why fractional ablation improves
wound healing. Contributing factors may include improved scar
texture and pliability that lead to decreased tension, a possible
contributing factor in nonhealing scar-related wounds. Healing oc-
curring in ulcers not related to scarring suggests that at least one
mechanism of action of this technique does not depend on decreas-
ing scar-related tension and contracture. The prospect that tiny
columns of coagulation caused by AF lasers contribute to tissue
debridement and/or biofilm disruption may also be relevant. Fi-
nally, it is well documented that fractional ablation changes the
molecular profile of skin and perhaps this creates an environment
more amenable to proper wound healing.

Prior to the availability of lasers, scar reconstruction was limited
in large part to surgical intervention. The presence of ulcers within
hypertrophic scars, such as burn scars, is a well-known phenom-
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enon and has largely been attributed to the tension existing within
such scars and resulting skin fragility. Tension leads to tissue isch-
emia, which can negatively influence epidermal stability. There-
fore, surgical intervention aimed at relieving tension can lead to
ulcer improvement as well. Potential procedures include release
and grafting and Z-plasties.*

It is possible that the laser releases scar tension because it induc-
es microscopic collagen remodeling. Normal skin collagen is pres-
ent as fine fibrils in a basket weave pattern, but scar tissue shows
thick parallel bundles of cellular collagen.*® It has been established
with histologic evidence, on multiple occasions, that an AF laser
induces long-standing changes in collagen structure as well as new
collagen formation, or neocollagenesis.

In El-Domyati et al’s study of 12 patients treated with either
a fractional or fully ablative Er:YAG laser, skin biopsies for his-
tologic evaluation were taken prior to treatment and at 1 and 6
months post treatment. Immunohistochemistry showed increased
collagen I and III concentrations in both treatment groups at 1 and
6 months (without a statistically significant difference in concen-
trations between groups) as well as thinner, newer collagen bundles
supporting laser-induced collagen remodeling.’” In 2014, Makboul
et al demonstrated collagen remodeling following fractional CO,
treatment of hypertrophic scars as well with histologic evidence
showing the replacement of irregular collagen bands with orga-
nized new collagen fibrils.*® Confocal microscopy has also demon-
strated this transition of collagen to long, straight fibers in parallel
alignment following fractional CO, ablation.*” Clinically speaking,
these microscopic changes in collagen result in improved skin tex-
ture, pliability, and function.'

Furthermore, multiple studies have reported molecular changes
that support collagen remodeling. In a 2007 study, Hantash and
colleagues established that heat shock protein (HSP) 47 is detected
at 7 days post fractional ablative treatment and remains elevated
for at least three months.*” HSP 47 is important for wound heal-
ing in that it promotes neocollagenesis.*! Subsequent studies sup-
port the upregulation of this protein.*»* A fractional CO, laser also
induces upregulated gene expression of select MMPs, which are
important for the denaturation, degradation and reorganization of
collagen allowing for new, well-organized collagen bundles.* This
is true following fractional CO, treatment of burn scars as well.**

Typical care protocols for chronic wounds often include de-
bridement of devitalized tissue whether by surgical, autolytic,
mechanical, enzymatic, or biologic means.* Eschars may serve
as proinflammatory stimuli that inhibit normal healing and slough
can serve as a medium for bacterial growth.* It is likely that
mechanical debridement can be effective at decreasing bacterial
load and possibly biofilms that inhibit healing and contribute to
wound chronicity.**® It has been proposed by Shumaker and col-
leagues that fractional ablation may enact photomicrodebridement,
disrupting biofilms which are otherwise resistant to antibiotics.!
Fractional laser intervention may also decrease the burden of devi-
talized tissue and senescent wound fibroblasts because of its abla-
tive nature.

Finally, we know that AF lasers change the molecular milieu in
treated tissue. In addition to the upregulation of HSPs and MMPs,
multiple studies have supported the idea that fractional ablation
initiates other aspects of a proper wound healing cascade likely
due to thermal or photothermolytic® tissue injury. For instance,
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Prigano et al treated 18 patients with photodamaged facial skin
with fractional ablative CO, lasers and demonstrated elevated lev-
els of wound healing molecules including platelet-derived growth
factor (PDGF) and endothelial growth factor (EGF) by immuno-
histochemistry.*® PDGF is chemotactic for important inflammatory
cells in early wound healing such as macrophages and neutrophils
and also stimulates fibroblasts to create extracellular matrix.** EGF
is important for re-epithelialization.” Jiang and colleagues have
used a mouse model to further elucidate alterations in cytokine
profile following fractional laser treatments. They showed an in-
crease in vascular endothelial growth factor (VEGF) at 1 and 3
days post laser treatment in endothelial cells and keratinocytes.”!
VEGF is important for wound healing through multiple means
including collagen deposition, angiogenesis, macrophage recruit-
ment and epithelialization.>"-

Jiang’s group also utilized a mouse model to demonstrate el-
evated levels of transforming growth factor fl1 (TGF-f1) at
day 1 and 7 post fractional CO, laser treatment with normaliza-
tion of levels by day 14.% TGF-B1 is critical for wound healing
and produced by fibroblasts, macrophages and keratinocytes.
It plays a role in inflammatory cell recruitment, angiogenesis,
re-epithelialization, and connective tissue reconstruction dur-
ing wound healing.® When over-expressed, TGF-B1 can lead to
scarring but in the mouse study, levels of this cytokine began to
decrease again one day after fractional treatment. Interestingly, a
2014 study including 8 patients with hypertrophic scarring treated
with a fractional CO, laser showed that TGF-1 levels are actually
decreased within hypertrophic scar tissue six months after treat-
ment*® suggesting that fractional treatment may regulate TGF-f31
to more appropriate levels. Thus, in addition to promoting wound
healing, AF laser’s ability to decrease the severity of scar tissue
may also enhance wound healing in scar-related wounds.

Conclusions

The treatment of difficult-to-heal wounds can be exasperating for
both physicians and patients, and new and effective treatment regi-
mens are highly sought after. Though the use of fractional ablation
for chronic wounds is novel, there are sufficient reported examples
to suggest it is an efficacious intervention for at least certain pa-
tients. To best elucidate appropriate treatment protocols, it will be
important to conduct larger, randomized and controlled trials. Ad-
ditionally, a better understanding of its mechanism of action may
also help providers choose patients that are most likely to respond
to this treatment intervention.
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