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LASER TREATMENT OF WOUNDS

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This application claims prionty pursuant to 35 US.C. § 11940 U.S. Provisional Patent
Application No. 62/431,078, filed on December 7, 2016, which is incorporated by reference

herein in is entirety.

FIELD
[0002]  This invention relates o systems and methods for the treatment of wounds and, in

particular, to systems, devices, and methods for treating chronic wounds with tasers.

BACKGROUND
{00031 Many wounds, including chrome wounds, are not easily healed by “normal™ wound
treatment methods, sach as cleaning of the wound, treatiment with antibiotics, andéor reliance on
the patient’s or host’s own immune system response,  Additionally, some wounds associated
with an underlying condition or disease, such as disbetic uleers, resist healing even upon
treatment of the vaderlying condition or disease. Such chronic wounds frequently lead to
chronic infection and amputation, as well as other challenges such as pain, discomfort, sad
malodor. Accordingly, there is a need for improved methods, systems, and devices for the

treatment of wounds, particudarly chromic wounds,

SUMMARY
[0004]  In one aspect, methods of {reating a wound are deseribed herein which, in some cases,
can provide one or more advantages compared to some other methods, For example, in some
embodiments, a method described herein can provide wmore complete and rapid healing of a
wound, including a chronie wound. Additionally, a method deseribed herem can prevent or
reduce chronie mfection and/or eliminate the need to amputaie & wounded body party. A method
described herein can also reduce the pain, discomfort, and malodor associated with a wound.
Morcover, a method described herein can treat a wound more efficiently and cost-effectively,

compared to some other methods.
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[00035] A method described hereln, in some embodiments, comprises treating a wound, such
s a chronic wound, by performing a full field laser ablation in a wound bed of the wound and
subsequently performing a fractional laser ablation in the wound bed. Additionally, in some
cases, the fractional laser ablation step is carried out gt substantially the same time ag, or
mmediately following, the full ficld laser ablation step. For example, in some instances, the
fractional laser ablation is begun 10 minutes or less after the full field laser ablation is ended.
Moreover, 1 some cases, the full field laser ablation removes at least 9% of biofil andfor
necrotic tissue present in the wound bed immediately prior to the full ficld laser ablation.
Further, 1o some instances, the full field laser ablation andior the fractional laser ablation of a
method described herein is carried out using a laser scannor andior us’ing a laser having an
erbinn~-doped yitrium aluminum garnet lasing medium {(an ErYAG laser
{80061  In addition, in some embodiments, a method deseribed herein further comprises
performing debridement 1 the wound bed prior to performing the full field laser ablation in the
wound bed. Such “pre-treatment”™ debridement, 1o some cases, can be sharp debridement.
T Moreover, i some cases, a method described herein also comprises carrving out ong
or more additional wound treatment steps following completion of treatment steps mentioned
above. For example, in some embodiments, a method described herein further comprises
carrying out one or more additional wound treatment steps following debridement, full ficld laser
ablation, and fractional laser ablation. Such additional treatiments can include applying an
antibiotic to the wound, desiceating the wound, and/or irradiating the wound with ulivaviolet
{LIVY Hight,
[0008] It should he turther noted that methods described herein can also be used to treat
damaged tissue that may or may not constitute a “wound™ per se. For example, in some cases, a
method described herein comprises treating a damaged tissue site other than a wound by
performing a full field laser ablation in, at, or on a non-wound damaged tissoe site and
subsequently performing a fractional laser ablation i, at, or on the non-wound damaged tissue
site.
{0009 In another aspect, systems or devices for treating a wound {or non-wound damaged
tissue site) are described herein, In some embodiments, such a system or device comprises a
Jaser configured to selectively perform full field laser ablation and fractional laser ablation on a

wound {or other damaged tissue site) of the same pationt, including in an alternating or

o]
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sequential manner. In some such mstances, the laser is configured to perform fractional laser
ablation on the wouand {or other damaged tissue site) alter the laser performs full field laser
ablation on the wound {or other damaged tissue site). Morcover, in some cases, a system or
device described herein comprises a plurshity of lasers rather than a single laser. For instance, in
some embodiments, & system or device comprises a first laser configured to perform full field
laser ghlation and a second laser configured to perform fractional laser ablation. Additionally, in
some cases, the fivst {aser and the second laser are configured to perform foll field laser ablation
and fractional laser ablation, respectively, on a wound {or other damaged tissue site) of the same
patient sequentiatly. o particular, in some 1nstances, the second laser is conligured to perform
fractional laser ablation on the wound (or other dansaged tissue site) after the fisst laser performs
full field laser ablation on the wound (or other damaged tissue sile). Moreover, in some
embodiments, the laser (or the first laser andior the second laser) of a system or device described
herein comprises a laser scanner andfor an EnY AG laser,
G These and other embodiments are desertbed in more detail in the detatled
deseription which follows.

BRIEF DESCRIFTION OF THE FIGURES
[0011]  FIG. 1 schematically Hustrates a full ficld laser ablation process according to one
embodiment described herem.
[012]  FlG. 2 schematically lustrates a Tull Geld laser ablation process according to one
embodiment described heren
{0013 FIG. 3 schomatically tHustrates a sectional view of a wound following » full field laser
ablation process according to one embodiment described hevein.
{0014]  FIG, 4 schematically ilinstrates a perspective view of the wound of FIG. 3.
[015]  FIG, § illostrates a sectional view of 8 wound following a fractional laser ablation
process according to one embodiment described herem.
[0016]  FIG. 6 illustrates a perspective view of the wound of FIG. &
[017]  FIG. 7 illustrates a perspective view of a laser treatiment device according 1o one
embodiment described herein.
{00181  FIG. 8 illustrates a plan view of the device of FIGL 7.

00191 FIG. 9 illustrates a sectional view of the device of FIG. 8, taken along bines 9--9,

P
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{6020  FIG. 10 illostrates a perspective view of a laser tregtment device according to one
embodiment described herein.

{00211 FIG. 11 illustrates a partially exploded view of the device of FIG. 10,

DETAILED DESCRIPTION
{0221  Embodiments described herein can be understood more veadily by reference to the
following detailed description, examples, and figores. Elements, apparatas, and methods
described berein, however, are not Iimited to the specific embodiments presented in the detatled
description, examples, and figures. It should be recogunized that these erabodiments are merely
Hustrative of the principles of the present invention, Numerous modifications and adaptations
will be readily apparent fo those of skill 1 the art without departing trom the spinit and scope of
the invention.
[0023]  In addition, all ranges disclosed herein are to be understood 10 encompass any and all
subranges subsumed therein. For example, a stated range of ©1.0 to 10,07 should be considered
to tnclude any and all subranges beginning with & mintmum value of 1.0 or more and ending
with a maximuom value of 10.0 or fess, eg., 1010 5.3, or 4.7 to 100, or 3.6 10 7.9, Similarly, a
stated range of 1 to 107 should be considered to include any and all subranges beginning with a
minimum value of 1 or more and ending with a maximum value of [Q orfess, eg, 1 to 5, ord to
ior3wm7 ordto8.
{024 All ranges disclosed herein are also {o be considered to include the end points of the
range, unless expressly stated otherwise, For example, a range of “between § and 107 or “from §
to 107 or *S-107 shonld generally be considered to include the end points 5 and 10,
fO0258]  Further, when the phrase "up 107 is used i connection with an amount or quantity, #
is to be understood that the amount is at least a detectable amount or quantity. For example, a
material present in an amount “up to” a specified amount can be present from g detectable

amount and up to and including the specified amount.

i Methods of Treatng a Wound

[0026]  In one aspect, methods of treating & wouond are described heren. As stated above, a
muethod deseribed herein, in some embodimends, comprises treating & wound, such as a chronic

wound, by performing a full field taser ablation in a wound bed of the wound and subsequently
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performing a fractional laser ablation in the wound bed. In some cases, the fractional laser
ablation step is carried out af substantially the same time as, or immediately followmg, the full
field laser ablation step. In addition, in some instances, a8 method described herein further
comprises performing debridement in the wound bed prior to performing the full ficld laser
ablation in the wound bed. Morsover, in some cases, a method described herein Ruther
comprises carrying out one or more additional treatments in the wound bed following
debridement, full feld laser ablation, andfor fractional laser ablation steps deseribed herein.
[0027]  Many wounds, including chronic wounds, exhibit an accunmlation of slough
{consisting of various proteins souch as fibrin) and exudate, as well as exhibiting biofilm,
particularly a microbial biefilm. Such a biofilm generally includes a large number of
microorgamism cells adhered to one another and to a substrate. Additionally, 1 some cases, the
adhered cells are embedded within an extracellular polymeric substance (“EPS,” also known as
“slime™) produced by the microorganisms.

[0028]  Not intending to be bound by theory, it is believed that methods deseribed herein can
dramatically improve wound healing, especially chronic wound healing, by hindernng or
destroying the ability of biofibm present in & wound bed from reforming andfor otherwise
limiting the effectiveness of antibiotic treatments, other treatments, host inmune responses o the
wound, In wound treatment, particaiarly chronic wound treatment, all or substantially all slough,
stime, necrosis, and the like are generally removed from a wound via scissors, curette, and
wiping to the greatest extent possible without traumatizing the wound bed. Unlortanately, even
with thorough scrapimg, wiping, and other such treatments, some amount of biofilm typically
remans in g chronie wound bed. Such “restdual” biofilm comprises biofilm components that do
not necessarily form a mature or complete biofilm but that once were part of a mature or
complete biofilm, Moreover, this residual blofilm can typically reform into mature biofilim in as
hittle as 24-36 hours. Again not intending to be bound by theory, it is believed that methods of
treating a wournd described herein can destroy such residual biofilm and/or hinder the ability of
residual biofilm to reform quickly, thereby improving the effectiveness of antibiotics, other
treatment modalities, and/or the host swmune response i healing the wound. Thus, in some
embodiments, a method described herein can “reset” the wound microbiota and the wound bed

suriace.
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[0029]  Turning now fo specific steps of methods, methods deseribed herein comprise
performing a full field laser ablation. As understood by one of ordinary skill in the art, “full
freld” laser ablation refers o a laser ablation process in which laser inferaction with Hssue
corresponds to 100% or substantially all of g targeted area being treated {e.g., a wound bed) by
irradiation with an ablating laser beam, where an “ablating”™ laser beam 1 understood to refer to a
laser beam of sufficient peak power to ablate, vaporize, destroy, andfor remove biological tissue
frracdiated by the laser beam. In some cases, the ablating laser beam {which may have a spot size,
for example, of about 4 mum) covers or “scans”™ all or substantially all of the targeted area with an
overfapping serpentive pattern of “passes” of the laser beaw or spot. For instance, in some
embodiments, the ablating laser beam covers or scans at Ioast 90%, at least 95%, at feast 98%%, or
at least 9959 of the targeted area (e.g., the woumnd bed of the wound being treated). In some
cases, the ablating laser beam coves or seans 1009 of the targeted area. It is further to be
understood that full field laser ablation can be carried out with a variety of spot sixes, scan or
exposure patierns, and lasers. In general, a fudl feld laser ablation step described hevein can be
carried out in any manner not inconsistent with the objectives of the present disclosure,

[030]  An cxemplary full ficld laser ablation process 1s Hustrated in FIGS, 1-4, Specifically,
FIG. 1 and F1G. 2 schematically tlustrate a top or plan view of a scan or pattern of laser beam
spots (10) during the course of carrving out & full ficld laser ablation according to one
embodiment described herein. As further iltustrated in FIG. 3 and FIG. 4, the spots {10} cover
an exientor surface (21) of a wound bed {20) of a host or patient (30). With reference once move
to FI1G. 1 and FIG. 2, the spots (10) overlap as the ablating laser beam (represented by spots
{10)) traverses the surface (21} in a serpentine pattern, as indicated by the directional arvows
overiaid on the spots (10) in FIG, 2. As the ablating laser beam traverses the surface (21), tissue
andfor other material forming the surtice (21) wre ablated, vaporized, destroyed, or otherwise
removed from the wound bed (20), causing the surface {21) to be “lowered™ in a depth direction
perpendicular to the surface (21) and perpendicular to an adjacent, non-treated surface (22) of the
patient or host (30). As specifically iHlustrated in FIG. 1 and FIG. 2. the ablating laser beam
performs three back and forth “passes™ in the wound bed (20). However, it i3 to be understood
that any desired nunther of passes can be performed to cover the entire surface (21). Simularly,
the entire surtace {21) can be traversed as many times as needed 1o “lower™ the sarface (21 to a

desired depth beneath the original surface of the wound bed or beneath the adjacent non-treated
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surface (22). It is further to be understood that each pass of the ablating luser beam ablates,
vaporizes, destroys, or removes tssue (such as necrotic tissue} from the wound bed, such that the
depth of full field laser ablation corresponds (o a depth of tissue ablated, vaporized, destroyed, or
removed. As illustrated in FIG, 3, the depth of full field laser ablation 18 °d1.” It should be
noted that FEG, 3 illustrates a sectional view of the wound bed (20) afier completion of the full
field laser ablation to depth d1, while FIG. 4 illustrates a perspective view of the same wound
bed 20) afler completion of the full field laser ablation to depth d1.

[0031]  The depth of ablation in a full field laser ablation step can vary. Any depth not
tneonsistent with the objectives of the present disclosure may be used. For example, in some
embodiments, the full field laser ablation step removes at Jeast 90%, at least 93%, at least 98%,
or at least 9% of necrotic tissue 1y the wouond bed to a depth of up to 1000 pm or to a depth of
up to 2000 wm. In some cases, the full tield laser ablation step removes at least 90%, at least
95%, at least 98%, or at least 99% of Uissue in the wound bed to g depth of 50-2000 wm, 50-1000
sy, S0-30G0 wm, 56-300 wm, $0-200 pm, 100-2000 gm, 100-1000 pm, 100-300 pm, 100-300
pm, 100-200 wm, 200-2000 wm, 200-1000 wm, 200-500 wm, 400-2000 @, 400-1000 pm, 500-
2000 pm, 500-1000 am, or 1000-2000 pm.

{00321 Additionally, in some cmbodiments, a full field laser ablation step of a method
described herein removes or disrupis all or substantially all of variouns undesired components
within a wound bed. In certamn preferred embodiments, for example, a full Held laser ablation
step removes at least 90% of biofilm andfor necrotic tissue present in the wound bed
immediately prior to the full field laser ablation, where “remeoving” biofiim andfor necrotic tissae
inchudes ablating, vaporizing, destroyving, and otherwise removing the bofilm andfor necrotic
tissue. In some cases, a full field laser ablation step removes at least 939, at least 98%, or at
least 99% of biofilnt and/or necrotic tissue present in the wound bed immediately prior to the fuli
field laser ablation. In some instances, a fall field laser ablation step removes 90-100%, 90-99%,
90-95%, 95-100%, 95-99%, or 98-100% of biofilm andfor necrotic tissue present in the wound
bed mmmediately prior to the foll field laser ablation. Not intending to be bound by theory, il
believed that removing biofihn and/or necrotic tissue in this manner can facititate andfor improve
the effectiveness of subseguent stimulation of host wound-healing andfor immune responses,

sach as through fractional laser ablation.
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[0033]  The spot size of a full field laser ablation step may also vary, Any spot size not
mnconsistent with the objectives of the present disclosure may be ssed. 1n some cases, for
instance, the spot size is 0.53-10 mum, 6.5-3 muny, 1-10 nun, or 1-3 mm. Other spot sizes may also
be used.

[34]  Moreover, a laser or laser beam used for a full ficld laser ablation step described
herein can have any power and any peak or average emission wavelength not inconsistent with
the objectives of the present disclosure. For example, in some embodiments, a laser or laser
beam used for fudl ficld laser ablation has a peak or average emission wavelength in the infrared
{IR) region of the electromaguoetic spectrum. In some such cases, a laser or laser beam used for
full field laser ablation has a peak or average emission wavelength in the range of 1-4 um, 1-3
wm, 2-4 g, 243 pm, §412 m, or 911 wme Por example, in some embodiments, the full field
Jaser ablation is preferably carried out using an EeY AG laser or laser beary, wnchuding a
neodyminm-doped Er:Y AG laser or laser beam having a peak or average emission wavelengih of
2940 mm. In other cases, the fudl field laser ablation is carried out using a carbou dioxide faser or
laser beam. Further, in some instances, 8 laser or laser beam used for full field laser ablation has
an average power of 3 to 200 W,

[B035]  Additionally, in some preferred embediments, a full ficld laser ablation s carried owt
using a laser scanner, A “laser scanner,” for reference purposes herein, refors o an apparatus
which can be attached to a laser system for delivery of a laser beam over an area defined by the
operator and assisted by a computer control svstem which is larger than a single spot of the laser
beam. A typical construction of this apparatus involves an opto-mechanical arrangement of two
orthogonal motors with mirrors mounted on them which receive the laser beam and are
controlied by a computer control system. Each motor or actuator is capable of divecting the
beam in an axis. The combination of twe orthogenal motorsinurrers allows the scanner to draw
any arbifrary patiern in two dumensions {e.g., X and y) on the fissue or other fargeted area.

[3036] 1t is further to be understood that a full field laser ablation step described herein can be
carried out using any laser system not inconsistent with the objectives of the present disclosure,
Such a system may, for instance, include a laser operable to produce a laser beam having
characteristios described hereingbove, as well as one or more lenses, mirrors, actuators, or other
hardware or sofiware for directing the laser beam to a desired location on a patient andéor within

a wound bed. One exemplary system is described further hereinbelow in Section 1L
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[0037]  Methods deseribed herein slso comprise performing a fractional laser ablation.
“Fractional”™ laser ablation or coagulation, as understood by one of ordinary skill in the art, refers
to a laser ablation or coagulation process in which an ablating or coagulating laser beam is used
to selectively ablate, coagulate, vaporize, destroy, or remove colamns of tissue, or “drill holes,”
i a targeted arca such as a wound bed. Further, such coagulated columns or cohumnar vacancies
or “holes™ formed by fractional laser ablation can define a pattern or arrav of columas or
vacancies or holes in the targeted area, where the colummus or vacancies or holes have a desired
diameter, depth, and areal density (of less than 100%) on a surface of the wound bed. Fractional
laser ablation can be carvied ont with a variety of spot sizes, scag or exposure patterns, and
lasers. In general, a fractional laser ablation step deseribed herein can be carvied out in any
wanser not inconsistent with the objectives of the present disclosure.

{80381  Aun exemplary fractional laser ablation process i3 ilustrated in FIG, S and FIGL 6. In
particular, F1G. 3 and FIG, 6 schematically illustrate the results of ¢ finctional laser ablation siep
carried out i & wound bed {'Ei'}_} of a host (30) following the fidl field laser ablation step
Hlustrated in FIGS, 14, As illustrated in F1G. S and FIG. 6, a fractional laser ablation beam
{not showny forms colomnar vacancics or holes (4@) having a dcp‘ib (dE} below the exiertor

laser beam forms a 2 x 2 array of holes {4{}‘} in the wound bed (20}, However, this pa}*ticuiar
array is shown for iHustration purposes only; it is to be understood that any desired number or
pattern of holes (40) can be provided by a fractional laser ablation step described herein, It
should further be noted that FIG. § Hlustrates a sectional view of the wound bed {20}, while
F1G, 6 iHlustrates a perspective view of the same wound bed (20) after completion of the
fractional laser ablation to depth d2.

{0391 The depth and arcal density of ablation in a fractional laser ablation step described
herein can vary. Any depth and areal density not inconsistent with the objectives of the present
disclosure may be ysed. For example, in some preferved enmsbodiments, the fractional laser
ahlation generates holes in op to 25% or up to 35% of the surface grea of the wound bed, the
holes having an average diameter of 150-600 pm and an average depth of up to 2 mam. In other
cases, the fractional laser ablation generates holes in 15-35%, 15-30%, 15-23%, 20-35%, or 20-
30% of the surface area of the wound bed, wherein the holes have an average diameter of 156-

500 pm, 150-450 pm, 150-400 pm, 200-600 pm, 200-300 pm, 200-4350 @wm, 200-400 i, 250-
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00 pm, 230-500 pm, 230-450 um, 230-400 pm, 300-600 pm, 300-500 ym, 300-450 pm, 300-
400 pm, 400-600 pum, 400-500 um, or 430-600 wm, and a depth of 0.3-2.5 mm, 0.3-2 mn, 0.3~
LS8, 0.3-1 mim, (05-2.5 oy, 0542 mam, 00515 g, 0.5-1 pum, 19225 e, or 142 s,
[0040]  The spot size of a fractional laser ablation may also vary. Any spot size nol
meonsistent with the objectives of the present disclosure may be used. In some cases, for
mstance, the spot size s 0.1-1 mm or 8.1-0.5 mam.

{8041} Moreover, a laser or laser beam used for a fractional laser ablation step deserthed
herein can have any power and any peak or average emission wavelength not inconsistent with
the objectives of the present disclosure, For example, in some embodiments, a laser or laser
beam used for fractional laser ablation hax a peak or averags emission wavelongth in the IR
region of the electromagnetic spectnnn. In some such cases, a laser or laser beawn vsed for
fractional laser ablation has a peak or average emission wavelength in the range of 1-4 um, 1-3
o, 2-4 pm, 2-3 pam, 812 pm, or 9-11 pum. For example, in some embodiments, the fractional
laser ablation is preferably carried out using an EnY AG laser or laser beam. In other cases, the
fractional laser ablation is carried owt using a carbon dioxade laser or laser beam. Further, in
some nstances, a laser or laser beam used for fractional laser ablation or coagulation has an
average power of 1 to 100 W,

[0042]  Additionally, in some preferred embodiments, a fractional laser ablation is carried out
using a laser scanner. Such a “laser scanner” refers to an apparatas similar o or the same as that
described above w the context of full held laser ablation. In addition, a fractional scanner may
have elements which either deliver 8 single small beam to a portion of the arves of interest or an
array of multiple small spots which can be direcled as a patiern to interact with a fraction of the
area of interest. Such a fractional scanner may be similar to the fall Held scanner with additional
optical components, removed, added or adjusted accordingly.

{80431 It is further to be understood that a frachional laser ablation step desenbed herein can
be carried out using any laser system not inconsistent with the objectives of the present
disclosure. Such a system may, for instance, include a luser operable to produce a laser beam
having characteristics described hereinabove for fractional laser ablation, as well as one or more
lenses, mirrors, actuators, or other hardware or software for directing the laser beam to a desired
Jocation on a patient and/or within a wound bed. One exemplary system 18 described further

hersinbelow in Section I
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[6044]  Not intending to be bound by theory, it s believed that carrying out a fractional laser
ablation step described herein can stimulate host immune responses or other wound-healing
responses of the host, such as responses leading to anglogenesis, host ECM formation, reduction
of inflammation, reduction in cellular senescence in the wound bed, and/or improved number
andfor penetration of host nentrophils, other white blood cells, cytokines, sndfor growth factors
mto the wound bed from deeper, healthier host tissue,

{80451 Moreover, in some ewbodiments, the fractional laser ablation of a wethod deseribed
hersin is begun at essentially “the same time™ as the full ficld laser ablation is ended, and the two
treatment modalities are delivered sequentially, from a chinical perspective. For instance, in
some cases, the fractional laser ablation is beogun | howr or less, 30 minutes or less, 20 miinutes or
less, 15 minutes or less, 10 minotes or less, 3 munutes or less, 3 minstes or fess, or 1 minute or
Jess after the full field laser ablation is ended. It is also possible, in some cases, tor the fractional
laser ablation to be carried out stmultancously or nearly simoltancousty with the full ficld laser
ablation, or partially temporally overlapping the fell Held laser ablation. For example, in some
embodiments, a laser described herein has a besm shape that simultancously contains the
propertics necessary {e.g., peak power, number of spots, spot size, spot location) to treal a wound
bed in both a full field and a fractional manuer in the same laser firing, In other cases, a laser
scanner 1s controlled or configored to swilch rapidly between two optical configurations, namely,
a full field mode and a fractional mode during the scan itselfl In still other instances, fractional
ablation is begun in the wound bed {e.g., in a {irst region or location within the wound bed) while
full field ablation is finishing elsewhere (e.g., in a second region or location within the wound
bed). Moreover, in some embodiments, any blood that enters the wound bed after or due to full
fiekd ablation is removed prior to beginning fractional lager ablation. For instance, in some
cases, airy such blood ix removed by blotting or wiping in between performing full fiek las
ablation and fractional laser ablation in a given location or region within the wound hed,
[0046]  Methods described herein, in some entbodiments, further comprise performing
debridement in the wound bed, including prior to performing full ficld laser gblation in the
wound bed. Moreover, in some cases, performing debridement produces punctate bleeding i
the wound bed. Performing debridement can prepare the wound bed for subsequent steps of a
method deseribed herein. Moreover, such a debridement “pre-treatment” can be used to remove

substantial amounis of callous dead tissue from the wound bed, particularly at the wound edge.
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For instance, in some cases, debridement can remove up 1o 2 mm or up to 3 mu of tissue, where
the recited length corvesponds o g depth from the sarface of the wound or wound bed prior to
debridement. In some embodiments, the debridement step removes 0.5-3 mm, 0.5-2.5 mm, 0.53-2
mm, -3 mm, 1-2.5 mm, -2 nam, or 2-3 mm of tssae from the woand bed.

0471 Debridement can be performed in any manner not inconsistent with the objectives of
the present disclosure. For example, in some cases, performing debridement comprises
performing sharp debridement. Alternativedy, in other instances, performing debridement
comprises performing laser debridement. Tt is to be understoad that such laser debridement as a
“pre-freatment” debridement step can differ from other laser treatment steps of methods
described herein. In particular, such laser debridement differs from full field laser ablation and
fractional laser ablation steps described heven.

[0048] i is further to be understood that, in some cases, debridement can be entirely omitted
from a method described herein. In some embodiments, for example, less severe wounds may be
treated by climinating or omitting a debridement step such as a sharp debridement step and can
mstead use a full Deld laser ablation step, such as deseribed gbove, to sufficiently prepare the
otherwise untreated wound bed for fractional laser ablation, In some such mnstances, the full
field laser ablation can be carnied out using a scan depth and desived number of “passes™ of the
full field taser as is necessary to remove tissue to the point of punctaie bleeding.

[0049]  As stated above, i 1s believed that methods described herein can dramatically improve
wound healing, especially chronic wound healing, by hindening or destroying the ability of
biofilm present in a wound bed from reforming and/or otherwise liniting the effectiveness of
antiblotic treatments, other treatments, snd host immune responses to the wound, Thus, in some
embodiments, a method described herein can “reset”™ the wound microbiota and the wound bed
surface. Again not intending to be bound by theory, it is believed that a method described herein
can provide this bepefit in a nuomber of ways. For instance, m some cases, the method removes
at least 85% of hiofilm or residual biofilm present in the wound bed prior to performing the full
fleld laser ablation. In some instances, the method removes at east 90%, at least 95%, or at least
98%% of biofilm or residual biofiln in the wound bed immediately prior to performing the full
ficld laser ablation,

0N Moreover, methods described herern, i some cases, further coraprise carrying out one

or more additional treatments in the wound bed following debridement, full field laser ablation,
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andfor fractional laser sblation steps, Aay such additional treatnrents not inconsistent with the
objectives of the present disclosure can be used. For example, in some instances, an additional
treatment ineludes applying an antibiotic to the wound, desiccating the wound, andior irradiating
the wound with UV light. As described further herein, it is believed that performing full field
and fractional laser ablation steps described herein can not only enable the host to self+heal a
treated wound, but can also increase the efficacy of traditional, non-laser ablation wound
treatments, such as antithiofic treatments.

[0031]  Addinonally, as stated above, it should be further noted that methods deseribed herein
can also be used to freat damaged tssue that may or may not constitule a “wound™ per se. For
example, w some cases, a method described herein comprises reating a damaged tissue site
other than a wound by performing a full field laser ablation in, ai; or on a non-wound damaged
tissue site and subsequently perfornung a fractional laser ablation in, at, or on the non-wound
damaged tissue site. In such instances, it is forther to be understood that any of the steps
described above for treating & wound can be performed fn the same way or substantially the same
way for treating 8 pon-wound damaged tissue site.

[0052]  Moreover, 1t s further to be understood that a method deseribed herein can include
any combination of steps or other features described above not inconsistent with the objectives of
the present disclosure, For example, any debridement step desertbed herein can be combined
with any full field or fractional laser ablation step and/or laser feature described herein.
Similarly, a method described herein can be carried oot with any system or device described

herein.

1R Svstems or Devices for Treating a Wound

{053]  In another aspect, systems or deviees for treating a wound {or other damaged tissue
site} are described herein. H s to be understood that such sysiems or devices can be used to
carry out a method described hereinabove in Section I 1n some cases, such a system or device
comprises & faser configured to selectively perform full field laser ablation and fractional laser
ablation on a wound {or other damaged tissue site) of the same patient, including in an
alternating or sequential manner. In some such instances, the taser is configured to perform
fractional laser ablation on the wound {or other damaged tissue site) alter the laser performs full

ficld laser ablation on the wound (or other damaged tissue site). Moreover, in some Cases, a
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system or device described herein comprises a plurality of lasers rather than a single laser. For
mstance, in some embodiments, a system or device comprises a first laser configured to perform
fiall field laser ablation, and a second laser configured to perform fractional laser ablation.
Additionally, in some embodiments, the system or device further comprises one or more first
lenses, mirrors, actuators, or other hardware or software for divecting a first laser beam generated
by a laser of the system or device (such as by a first laser) to a desired focation on a patient
andfor within a wound bed {or nos-wound damaged tissue stte). The system or device may also
comprise one or more second lenses, mirrors, actuators, or other hardware or software for
directing a second laser beam generated by a laser of the svstem or device (such as by the same
laser used to generate the first laser beam, or by a second laser) o a desired location on a patient
and/or within a wound bed {or nop-wound damaged tissue site). Moreover, in some instances, a
system or device described herein further comprises hardware andfor software for coordinating
or gutomating the operation of one or more lasers of the system or device (such as first and
second lasers), including to provide & plarality of laser beams {sach as first and second laser
beams) in a simultancous or sequential manner desertbed herein.

[0034]  In some cases, a laser or ploarality of lasers (e.g., the first laser and the second laser) of
a system or device described herein perforos full field laser ablation and fractional laser ablation
on g wound of the same patient sequentially, In some such instances, for example, a laser {or g
second laser) performs fractional laser ablation on the wound afier the same laser {or a first laser)
performs full field laser ablation on the wound, I is also possible, in some cases, for the
fractional laser ablation to be carried out simultaneously or nearly simultancously with the full
field laser ablation, or partially temporally overlapping the full field laser ablation, as described
abhove 1a Section L.

{055]  One exemplary device, generally designated 50, according to the present disclosure is

-
H

Hlostrated schematically in FIGS, 7-9. FIG, 7 illustrates an external asymmetric view of a
“combination”™ full field and fractiopal scanning handpiece device. FIG. 8 shows a top view of
the combination scanning handpiece device, FIG. 9 iltustraies a sectional view of the device of
FIG. 8, taken along the clongated axis of the tube 66 as viewed along Hnes 9--8. With specific
reference to FIG. 9, both the full field scanner and the fractional scanner employ common
elements consisting of the electrical connector 52, x-galvo 34, y-galvo 36, x-nurvor 38, y-mivror

39 and focusing lens 60, In g fractional scenario, the moveable lens 62 can be moved out of the
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active optical path to create a fractionated beam array at the wound. A full field large beam can
be achieved in al feast two ways. In the first scenario, both the Fly's eve assembly 64 and the
movable lens 62 can be removed from the active beam path resulting in a full feld (non-
fractionated) beam. In a sccond full field scenario, both the Fly's oye assembly 64 and the
moveable leny 62 are loft in the beam path. Additionally, the focusing lens 64 and moveable lens
62 can be readjusted along the axis of the tube 66 to determine the proper beam parameters for
the two scanning modes, fractional and full field. The bayonet standoff 68 insures a desired
distance from the scanning handpicce to the arca targeted for ablation. One or more fixed lenses
69 can be disposed proximate the bayonet standofl 68 and spaced apart from the area targeted for
ablation.

036 A further exemplavy device, generally designated 70, ts itlustrated m FIGS, 10-11.

~
j

With specific reference to FHG. 11, the device 70 comprises a lens housing 72 configured to
house a movable assembly 74 therein. The assembly 74 can comprise a movable lens and a Fiy's
eye tens, which are individually or simultancously movable relative to an optical path formed

5y

mside the tube 79, The housing 72 and assemibly 74 can be at least partially sealed between g
front cover 76 and a rear cover 78, The assemibly 74, or portions thereof, can be positionable in
or out of the active optical path using an actuator 80. In a fractional scenario, sither the moveable
lens or the Fly's eye lens of the movable assembly 74 can be moved out of the active optical path
to create a fractionated beany array at the wound. In another full field scenario, a full field large
beam can be achieved via sctuating the moveable lens and the Fiy's eyve lens of the assembly 74
out of the active beam path resulting i a full field (non-frachionated) beam. Alternatively, both
the moveable and Flv's eve lenses of the assembly 74 can be left in the beam path. The havonet
standott 82 insuwres a desired distance from the scanning handpiece device 70 to the area targeted
for ablation.

{0057 Turning now to specific components of systems or devices desenbed herein, a system
or device described herein comprises one or meore lasers, such as a first laser and a second laser,
It is to be understood that a “laser” can refer o a single device that produces a single beam of
laser light from a single lasing medium. Any laser not inconsistent with the objectives of the
present disclosure may be used for the frst laser andfor the second laser, In particolar, any laser
described herelnabove in Section Iway be used. For example, in some preferred embodiments, a

laser {such as the first laser andior the second laser) comprises a laser scanner, Additionally, n
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some preferred embodiments, a laser (such as the first laser andfor the second laser) comprises an
ErYAG laser.

[BOS8] A system or device described herein, in some embodiments, further comprises ong o
more fenses, mirrors, actuators, or other hardware or software for directing one or more laser
bheams to a desired location. Any lenses, murrors, actuators, or other hardware or soflware not
mconsistent with the objectives of the present disclosure may be used. Many suitable lenses,
mrrors, actuators, or other hardware or software will be readily apparent to those of ordinary
skill in the art.

[0059]  Moreover, In some instances, 8 system or device desernibed herem further comprises
hardware and/or software for coordinating or automatinng the operation of ong or more lasers of
the system or device (such ag first and second lasers of a system desceribed herein). Auy such
hardware andfor software not inconsistent with the objectives of the present disclosure may be
used. Moreover, various suitable hardware and soltware components will be readily apparent 1o
those of ordinary skill in the art.

[0060]  Additionally, it is to be understood that a system or device deseribed herein can
include any combination of components or features deseribed above. For example, any laser (or
combination of lasers) described shove can be used in combination with any additional hardware
andfor sottware deseribed herein

{161} Some embodiments described herein are further iHustrated in the following non-

limiting examples.

EXAMPLE 1

Method of Treating a Chronic Wownd
{062] A method of treating a chronic wound according to one embodiment described herein
was carnied oot as follows, The patient was a very pleasant S0-year-old diabetic with severe
peripheral neuropathy and peripheral vascolar disease. The patient had had a right below knse
smputation, The patient developed g severe Wagner's HI diabetic foot ulcer of the lefi fnteral
foot in September 2015, The patient underwent biofilm based wound management and, on
Ociober 23, 2013, the patient continued to have a deep diabetic foot ulcer which involved the
metatarsal of the et lateral foot. The patient was started on laser ablation freatments as

described bherein in Section I Within one month the wound had filled in, covering the bone, and
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was almost up to the wound surface. By December 23, 2015, the patient’s wound was healed.
Prior to the beginning of treatment according o a method described herein, the patient was
recommended to have his left leg amputated. Such amputation was not needed due to the

efficacy of the wound tfreatment deseribed herein.

EXAMPLE 2

Method of Treating o Chronic Wound
[00063] A method of treating a chronic wound according to one embodiment described herem
was carried out as follows. The patient was a very pleasant 3%-vear-old male with severe
diabetes mellttus which s uncontrolled. The paticit developed a Wagner™s 1V diabetic foot uleer
of the left lower leg. The patient had involvement of the calcaneus and the Achilles tendon and
was recommended 1o have a major imb amputation, sither above knee, or at the very minimum,
helow knee. The patient wanted to try conservative management first. On December 14, 2015,
there was involvement of the calcaneas and the Achilles tendon along with significant loss of
skin of the calf and significant sdough and maceration on and around the pert wound arca. The
patient was started with laser ablation treatment as described hereinabove in Section § faser
management and has had 5 treatments to date. By roughly three weeks after mitiation of
reatment, the maceration was gone, the wound bed had markedly improved and there was
reepithelialization across the calf region. By February 1, 2016, most of the defect deep around
the calcaneus had healed. There had been reepithelialization of over 80% of the wound., There
was still stough formation in the calcaneal region but clear evidence of healing. 1t was clear that
this wound wonld heal and the patient would not lose his limb.
[0064]  Additional exemplary embodiments confemplated herein are as follows:
Embodiment 11 A method of treating a wound, the method comprising:
performing a full field laser ablation in 8 wound bed of the wound; and
subsequently performing a fractional laser ablation in the wound bed,
Embodiment 2; The method of Embodiment 1, wherein the fractional laser ablation is begun 10
minutes or less after the full ficld laser ablation is ended.
Embodiment 3: The method of any of the preceding Embodiments, wherein the full field laser
ablation removes at least 9096 of biofilm and/or necrotic tissue present in the wound bed

immediately prior to the full field laser ablation.
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Embodiment 4: The method of any of the preceding Embodiments, wherein the fractional laser
ablation generates holes in up t0 35% of the surface area of the wound bed, the holes having an
average diameter of 156-600 wm and an average depth of up to 2 mm.

Embodiment 5; The method of any of the preceding Embodiments, wherein the full field laser
ablation and/or the fractional laser ablation is carred out using a laser scanner.

Embodiment 6: The method of Embediment 5, wherein both the full field laser ablation and the
fractional laser ablation are carried out using a laser scanmer.

Embodiment 7: The method of any of the preceding Embodiments, wherein the full field laser
ablation and/or the fractional laser ablation is carried ont using an ErYAG laser.

Embeodiment & The method of Embodiment 7, wherein both the full ficld faser ablation and the
fractional laser ablation are carried out using an ErY AG laser.

Ewbodiment 90 The method of any of the preceding Embodiments forther comprising
performing debridement 1 the wound bed prior to performing the full field laser ablation in the
wound bed.

Embodiment 10: The method of Embodiment 9, wherein performing debridement produces
punctate bleeding in the wound bed.

Embodiment 11: The method of Embodiment 9, wherein performing debridement comprises
performing sharp debridement,

Embodument 120 The method of Embodiment 9, wherein performing debridement comprises
performing laser debridement.

Embodiment! 31 The method of any of the preceding Embodiments, wherein the method
removes at least 85% of biofilm or residual biofilm present in the wound bed prior to performing
the full ficld laser ablation.

Embodiment 14: The method of any of the preceding Embodiments, wherein the wound is a
chronic wound.

Embodiment 13; A device for treating a wound, the device comprising.

a laser configured to perform full field laser ablation and fractional laser ablation.

Fmbodiment 16: The device of Embodiment 15, wherein the laser performs full field laser
ablation and fractional laser ablation on a wound of the same patient sequentiaily,

Embodiment 17: The device of Embodiment 16, wherein the laser performs fractional laser

ablation on the wound after the laser performs full field laser ablation on the wonnd.,
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Embodiment 18: The device of any of the preceding Embodiments, wherein the laser comprises
a laser scanner.

Ewbodiment 19 The device of any of the preceding Embodiments, wherein the laser comprises
an ErrY AG laser.

Embodiment 28: The device of any of the preceding Embodiments, wherein the device further
comprises one or more fenses, mirrors, andf/or actuators for divecting one or more laser beams
produced by the laser to one or wore desired locations on a patient having the wound andéor
within a wound bed of the wound.

0065 Various ewnbodiments of the present invention have been described in fulfillment of
the various objectives of the Invention. It should be recognized that these embodinents are
werely tustrative of the principles of the present wvention. Numerous modifications and
adaptations thereot will be readily apparvent to those skilled in the art without departing from the

spirit and scope of the invention.
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CLAIMS
i. A method of treating 8 wound, the method comprising:

performing a fall field luser ablation in a wound bed of the wound; and

subsequently performing a fractional laser ablation in the wound bed.

2. The method of claim 1, wherem the fractional laser ablation 15 begun 10 minudes or fess
after the full field laser ablation is ended.

3. The method of claim 1, wherein the full field laser ablation removes at least 90% of
biofilm and/or necrotic tissue present in the wound bed immedintely prior to the full field laser

ablation.

4, The method of claim 1, wherein the fractional laser ablation generates holes i up to 35%
of the surface arca of the wound bed, the holes having an average diameter of 150-600 ym and

an average depth of up to 2 mm.

5, The method of claim 1, wherein the full Beld laser ablation andfor the [ractional laser

ablation 18 carried out using a laser scanner,

6. The method of claim 5, wherein both the full field laser ablation and the fractional laser

ablation are carried oot using a laser scanner,

o=y

7. The method of ¢laim 1, wherein &t least one of the full field laser ablation and the

fractional laser ablation is carred ouf using an ErY AG laser,

8, The method of claim 7, wherein both the full field laser ablation and the fractional laser

ablation are carried out using an Fr: Y AG laser.

3 The method of claim 1 further comprising performing debridernent 1 the wound bed

prior to performing the full field laser ablation in the wound bed.
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10, The method of claim 9, wherein performing debridement produces panciate bleeding in

the wound bed.

11, The method of clum 9, wherem performing debridement comprises performing sharp

debridement.

12, The methed of claim 9, wherein performing debridement comprises performing laser

debridement.

i3 The method of clanm 1, wherein the method vemoves at least 85% of biodithm or residual

biofilm present in the wound bed prior to performing the full field {aser ablation.

14 The method of clam 1, wherein the wound 1s a chronic wound,

15, A device for treating a wound, the device comprising:

a laser configured to perform full field laser ablation and fractional aser ablation.

b6, The device of claim 15, wherein the laser performs full field laser ablation and fractional

laser ablation on a wound of the same patient sequentially.

17, The device of claim 16, wherenn the laser performs fractional laser ablation on the wound

after the faser performs full field laser ablation on the wound.

I8, The device of claim 15, wherein the laser comprises a laser scanner,

19, The deviee of claim 15, wherein the laser comprises an EnYAG laser.

20, The device of claim 15, wherein the device forther comprises one or more lenses,
mirrors, anddéor actuators for divecting one or more laser beams produced by the laser to one or

more desired locations on a patient having the wound and/or within a wound bed of the wound.
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