WO 98/ 334441111111111111111112111122121111111211PCT/ US98/ 00706 *159159*
DESCH PTI ON LASER ASSI STED TOPI CAL ANESTHETI C PERVEATI ON Thi s

application is a continuation-in-paWWMMMWHWNMWMg U.'S.S.N. 08/792,335, filed
January 3WO988%44 5 which is in tur ti on-i n- par t PEF/USHH/QA0246
States Patent No. 5,643,252, filed Septesber 24, 1993, which is in turn a
continuation-in-part of U S.S.N 07/968,862, filed Cctober 28, 1992, all of
whi ch are incorporated herein by refebgg@QIp@Qoﬁleld O The Invention

This invention is in the field of nmedrcal—procedures, nanely | aser nedical
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such as 30. a heetéah bgncefemenceed! e, biologlcal waste is created in the,
formof the "sharp" contami nated by the patient's blood and/or tissue. |f

the patient is infected with blood-born agents, such as human
i munodef 18i enEye¥fr 8§ ThelInyenptien 11111111 *G00001* WO

98/33444PCT/U398/00¥Q§52 invention is in the field of medical

procedures, namely laser medical equipment used in the

delivery of anesthetics or pharmaceuticals to, or the

removal of fluids, gases or other biomolecules from, a
15 _: patient. |

:Background

The tradltlonal method for the collection of small
- quantities of fluids, gases or other biomolecules from a
. patient utilizes;ﬁechgnical_perforation of the skin with
20 a sharp device such as a metal lancet or needle.

_ Additionally;- the typical method of administering
anesthetics or other pharmaceuticals is through the use
of a needle.

_ These procedures have many drawbacks, including the

25 . possible infection of health care workers and the public

.-.by the sharp device used to perforate the skin, as well

twf - s.as. the cost of handling and disposal .of biologically
Jr . hazardous, waste. o |

ngy}ggf"rg: When skin is perforated with a sharp device such as

?g;}430; -a metal lancet or needle, blologlcal waste is created in

- 5'r_;tbe;form of the ° ‘sharp” contaminated by the patient's

- blood and/or tissue} If the patient is infected with

blood-born agents, such as human immunodeficiency virus
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(H'V), hepatitis virus, or the etiological agent of any other diseases, the
contam nat ed sharp poses a serious threat to others that mght cone in
contact with it. For exanple, many medi cal workers have contracted H'V as 5.

a result g}{log%ﬂ'pg;nt al contact with a contam nated sharp. PCT/USSB®T06uSe
nt a

di sposal m nat ed 'shar ps i nposes both | ogistical and financial

burdens on the end user. These costs are inposed as a result of the social

10 consequences of inproper disposal. For example, jn the 1 ‘s raprpf?rl y
di sposed bi ol ogHdA) ,amaRat iesh e §S onChubficc HekRhe l%aﬁl n%grgrrlgus?rﬂ)

occasi ons. | nprepes, disposals Al sRepaidrititidesd, shach gwosem r averRILOW ug
users, to obtain contam nated needl es and spr 15di ) ith Ther.e
exi sts an addi tthareat d‘f’%mﬂ&gﬁréf %tq}‘?g: trph%lm?i 6%%]% ngﬁhggﬁggc&simbta needl e
for adninisterimg aneaigles, asary mediomkeucikars, hagenerntzadtad di i 3%

fluids, gases or ather. bi ool 08 +E1e R RE assad ated sdritemehaged
st abbed by A the HE t|nsotrE?uer'fllgzlr#tl%(%z?n I’1e a traumati zi ng procedure,

especially in pgdirgisric patients, causing significant stress and anxiety in
the patient. Mreoves,sdQisdr awispshliui 85, gaatsminavetershaopsl etmpesest he

st abbi ng procedure often nust_be 25 _repeate ef or ¢ fL{cl sadple is
obt ai ned. Thecdratent @ehdbl el BF‘épﬁF?ngjllS all%uarn%eg%%eﬂﬂc{:\}}mgt ﬁegltlﬁ the use

of needles typimaldy idossenrel t heppaptopasal ki doeaihbni REur BB (pFocia

i ont ophoresis, (c) carriers or_.vehjcl i co n te o0k f yhehe

cheni cal pt®per§ ré%e%‘feré??%e?ft%gbggggfnﬁl%g}oﬁsreaﬁlrﬁ, g?ggh%:{gﬁ*?nacgijté cal,
c

and (d) ;-- sonb@#OresispwepellynvdlsreseRdPLPLegiRd pAPPHEP MAEITOn " bf

stratum cor peurglpynﬁ%%Igéo%@a&@g eadn Cafid rowy | dclozaiorsis colmprpbper

used, especially i pediatric patients, but ne dsago { d&ﬂsfa&ulép

to 60 ninutes, @hePasektRésa I?esr“glr%?ju8éaef8’asd§cp h®3f oﬁi%

98/33444PCTLUS9§599§Q6 to obtain contaminated needles ~ and spread
o lgi.-disease,' . _ _

" "There exists an additional drawback of the
traditional method of using a needle for -administering
anesthetics or pharmaceuticals, as well as for drawing

_ _f’fiuids, gases or other biomolecules. The pain
| §O¢H éggociated with béing stabbed by a the sharp instrument
. ”Mé;ﬁ”be a traumatizing procedure, especially in pediatric
‘-'pétients, causing significant stress and anxiety in the
‘.pétieht. Moreover, for drawing fluids, gases or other
biomolecules, the stabbing procedure often must be

25 Eepeated pefore a sufficient sample is obtained.
The current technology for applying local
aneéthetic without the use of needles typically involves
either (a) topicai lidocaine mixtures, (b)
_ ,idnfophoresis; (c) carriers or vehicles which are
“§Oiuné6hpbundsbthat modify the chemical properties of either
| the stratum corneum, OX the pharmaceutical, and (d)
i?éé;bﬁhﬁfeéisﬁ ‘which ~‘involves modifying the barrier

l-~hf£ﬂction' of stratum corneum by ultrasound. A cream
>¥:“mé;ﬁtaihing lidocaiﬁe is Vcommqnly used,' especially 1in
__gg!i §§diéfric patienﬁs, but needs to be applied for up to 60
- ﬁinutes, and anesthesia is produced to a depth of only



3 15 about 4 nm The | ack of |idocaine penetration is a consequence of the
barrier function of the stratum corneum |nherent problens wth

i ont ophoresis include the conplexity of the delivery system cost, and
unknown 5wous/saaogy of prol onged exposure to el ectrical cuPEEAISIB/00706
Additionally, the use of icarriers or vehicl®s involves additional conpounds
whi ch m ght nodify the phar macoki netics of the pharnmaceutical of interest

or are irritatigg,  107hu 89 LISt 3 0 sackaqhi GUE-Le feTRe Gl ds.

gases or ot her & Iecu €es or m ni St er anestheti s or ot
phar naceut i cal sownisieciuetoss ot rtétﬁu ranrighar pfunst femen®f Theenefhsatand

apparat us di scl.ased fer el i rd fddd fa?bﬁl@ﬁgd mogﬁhﬁbﬁhﬁa}i@s’l@ﬁdlﬁgﬂ.uﬁ@e

di sposal of contam nated instrunents, thereby 'reducing the risk

. infection. Laséh® IaRPiseetyisel Fher QEéHYe%‘KaFé’S&e“h \Fé’ri/t'ef?’i“al Eﬁﬂmown
precise tog I&oazl\c%ﬂcﬁ}w 6f pubiotidgleddraxeskiies. tAneigqatisrdl athy reew.

sources of | aser adiatio the rare-earth eIe n re o

interest for é\dézl??el FW@ "G5St pfo?ﬁ‘%?h%r hé’zeehalcele; Y@g&ves '
(yttrium al umamiaintlgmaﬂet) croyrsioejncth)pedwmidh er bnulq:h(CEr) meAd £YW t h thise
use of this cr ad&kl Possi Rlse Heb%ﬂgrrﬁ@c&l@ié'mYQﬁ(Ernt%@sﬂ ager -

which can 25 b con lgured to emt electronmagnetic energy at a wavel ength
(2.94 mcrons) ame dirgistai¥mhgl y absorbed by, anpng other things, water.

When tissuyg which consists Muldd ekieRlser £orS ir r adcaheduei t hor adiaiiven
at or near --this vel engt h, ener ransferr tothetlss | f
the intensity R4 ad@ Sono?fs ??cfté’rﬂm‘ﬂrea%‘?ﬂe%eﬁﬁ n§°a H‘F\e %te
fol | owed by vaperdszdietaicof dr Ssatcher pharmad:eu‘au;ldaisonwhdeposd'oe(sn @fot
this energy Ca rﬁﬁ n ot; heal dirgruphieReaf atdésg SR 5
medi cal uses o% %élgsesr%a]ﬁ%vggg%% %ESCI’I TZ‘ I n tﬁ © heal t h -cgr(&a1 35'
di sdi Qi nes of danliaied, hgyateolfedfiddd Wpts h’é‘PﬁéI 88¢. ELate gthe need
Bogdasar 0\/15 B Vfor ethdl . dispB8akl f®Et dntaminated instruments, thereby
S reduc1ng the risk of infection.

- Lasers have been used in recent years as a very

efficient’ precise " tool in a variety of surgical

“'procedures. Among potentially new sources of laser
" 20" radiation, the rare-earth elements are of major interest
% for medicine. One of the most promising of these is a

- YAG - (yttrium, aluminum, garnet) crystal doped with
. erbium (Ef) ions. . With the use of this crystal, it is
possible to build an erbium-YAG (Er:YAG) laser which can
25 be configured to emit electromagnetic energy at a
~ * wavelength (2.94 microns) which is strongly absorbed by,
“among other things, water. When tissue, which consists
' mostly of water,'ié irradiated with radiation at or near
- "*“this wavelength, energy is transferred to the tissue.
“7307" If the intensity of the radiation is sufficient, rapid
“Y heating can result. followed by vaporization of tissue.
-lin'”additioh, deposition of this energy can result in
photomechanlcal disruption of tissue. Some medical uses
"of 'Er:YAG lasers have been described in the health-care
357 'dlsc1pllnes of dentistry, gynecology and ophthalmology.
'~ See, e.g., Bogdasarov, B.V., et al., “The Effect of



WO 98/ 33444PCT/ US98/ 00706 Er: YAG Laser Radi ation on Solid and Soft

Ti ssues," Preprint 266, Institute of General Physics, Mscow, 1987,

Bol ' shakov, E.N. et al., "Experinmental G ounds for Er:YAG Laser Application.
to Dentistry," SPIE 1353:160- 5 169, Lasers and Medi ci ne (188Bysestiezse and
all other ‘Yé?@"’éﬁ‘ces cited herein are exprqlssl y incorporated by reference
as if fully set forth in their entirety herein). 10 SUMWARY OF THE

| NVENTI ON The present invention enploys a |aser, tq r f "
alter the skingef: yaGatiaseir s®assatdarensve fHUiids, ad}%esscp ot %rsugé’

bi ool ecul es or_ to 611.%[- Ni>Heer anpstiteides o adirrgiharbiaceines caldoscow,
Perforation or TATP& a1 of 1 ¢ 15 produced by irrgadi ati.rﬁ%nté'éq s @cgs of ok he
target tissue wam;aﬁnm'@@fo‘bulge@'o?teﬁictro%ﬁ‘é)r?ertll C ener% froma
laser. Prior tq.t.rneat MBRkert Mppiareatgiorer tpr dpant ystey ett SBT hWavaf LAGTh,
energy fluence (energy of the pulse, .di.vide he i r{redli afiad) othelkse
tenporal 26 wilft%h a éSPFlsad?%‘gi dslpcci'tnesi gégggt)as(te%gg?ecai{sely erforate
or alter the tafg@irdricsatie clideal sbbeeindepté mréﬁsrﬁmatlé“?@ﬁ@é’sr% eeépdaXage
to healthy proxi mal_tissue,_ Accor di o] epdpehmeph othéhe persémetds
invention, a | &ECEHTS aaspullsgd ngle)? b%gtr?n focused to a small spot for
t he purpose of lpmrdiorlating or altering the target tissue.By adjusting the
output of the -laser, the |laser operator can control the depth, wi dth and
| ength- of the perforation or alteration as needed. 30 -1n" another
enbodi ment | gont § @Aty WVO¥eTRE UNVENTL@Ners may be used to duplicate the
effect of a pulsed Taser beam These |asers are nodul ated by gati %otrgq__ier
output, or, in the case pfreseditodaterseion hgmpLaysust Pt hetPads
- excitation current -in_a di,ode eps Ehe,30iéver abl aof flast remove ddhiiglee

. . . . a er
bri ef eradtatlggéeéFo? i§§2§¥§¥%%g¥z€ﬂfggﬁggozg6agminister anesthetics

‘or'othér'pharmaceuticals. Perforation or alteratiqn is

15 produced by irradiating the surface of the target tissue

% “'with a pulse or pulses of electromagnetic energy from a

“ laser. Prior to treatment, the care giver properly

~* selects the wavelength, energy fluence (energy of the

-M.”puisefdivided by the area irradiated), pulse temporal

' ébﬂi-width':and " irradiation spot size so as to precisely

o ﬁmﬁerfdfaté:or'alter the target tissue to a select depth

“‘and - eliminate undesired damage to healthy proximal

tissue.

' According to one embodiment of the present

25 invehtion, a laser emits a pulsed laser beam, focused to

"a small spot for the purpose of perforating or altering

" the target tissue. By adjdsting the output of the

-~laser, the laser opérator can control the depth, width
"*"and length of the perforation or alteration as needed.

- - éo kS In’ another: embodiment continuous-wave OrL diode
o f"m“'iééersfmay~be'used to duplicate the effect of a pulsed
~#3E58§ 556 beam.” These lasers are modulated by gating their

' output, or, in the case of a diode laser, by fluctuating
V*irthe “laser excitation current in a diode 1laser. The
'357 overall effect is to achieve brief irradiation, or a .

BT



series of brief irradiations, that produce the same tissue perneating
effeect as-a pulsed laser. The term "nodul ated | aser” is used herein to
indicate this duplication of a pulsed | aser beam 5The term "perforation”
is used hev@psBes i ndi cate the ablation of the stratum cor nBGEUS8SHAEBce or
elimnate its barrier function. The term- 'salteration" of the stratum
corneumis used herein to indicate a change in the stratum corneum which

d 10 el t f
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t he stratum cothssme tpeirficatipal %f@ﬁtpua%es?l cﬁulﬁ@ﬁarlé’@qraser Thedi 58

at a subablath%s %ﬂ%& Ofya e g, 0 MiséySi RErd i ARANMERQ (fikate this
151 nt ernati onal | "TRANSMVEDI CAM') Er: YAG | aser with a beam of radi ant

energy with a ﬂ@l@éll@@é:tll?rbefZ 3P Naser 2RPPs (i crosecond) pul se, and
a 2 mm spot . Si ze) "Fh'é t?éﬁrﬁ‘,r t‘b@rﬁbfétﬂﬁhcorlrbeulm$ed'hﬁetred.lmnitcmeimal;kcla&ae

used for transder mal del i v]g or fog tal nin ZOSarrq‘JI %I g

gases or ot her ®Hfon : tBe . BHEG TB f SPERE Why el engt R36 Iaser :
radi ati on and eaderigyatecvits basmelnarftmctgmat er Theartegtn,m)“ aheapsgon”
broduce the enfanceflperiEabiuh i 1o 41,615 W LBQU! ROFELANGd hendidhr25Bhe

mechani sm for this alteration of stratum corneumis, not cerfain. It may
i nvol ve changeshiamgsi pi @n-  drher oBEIrA LAY ur @OBREHBNCtICr BE fo0 ©OF

desi ccatigp of g iHdtEOr tABCHRIYGAHr abhgERL bAND SeeRsdatir dttum propagatd ng
el A VAE T E e e T e
through cell's mad/lor apatnial hgpnmabaatiell, ahd hsbughumaicorrfeyin i tteelf.
. 1-, The '|nperne%%hskty09f Bgigego $epiGatl Y apPli AL ArydRiiastion at a
S subablative energy of, e.g., 60 mJ (using a TRANSMEDICA™
15 . International, Inc. (“TRANSMEDICA™”) Er:YAG laser with a
.. beam. of radiant energy with a wavelength of 2.94
.7 microns, a 200 ps (microsecond) pulse,.and a 2 mm spot
‘size). will alter the stratum corneum. The technique may
> be: used for transdermal drug delivery. or for obtaining
20 samples, fluids, gases or other biomolecules, from the
<. body. Different wavelengths of laser radiation and
“energy levels less than or greater than 60 mJ may also
produce the enhanced permeability effects without
ablating the skin.
25 The mechanism for this alteration of the stratum
-r.corneum is not certain. It may involve changes in lipid
or. protein nature or function or be due to desiccation
.. of " the skin or -mechanical alterations secondary to
_ - propagating pressure waves or cavitation bubbles. The
~=i - 30w pathway that topically applied.drugs take through the
' 'Eﬂstratum corneum is generally thought to be through cells

':&ﬁand/or;around them, as well as through hair. follicles.

"ﬁ?&Thefimpermeability of skin to topically applied drugs is

ww.oziro-dependent on tight cell to cell junctions, as well as .
'~ 35 v the biomolecular makeup of the cell membranes and the
=~ intercellular milieu. Any changes to either the



::n:rdependent: on tight cell to cell junctions, as well as 35the .
bi onol ecul ar nmakeup of the cell nmenbranes and the intercellular mlieu. Any
changes to either the WD 98/33444PCT/ US98/ 00706 6 nol ecul es that make -up
the cel|l wendsrsasms or intercellular milieu, or changes to tREI/URIBMGI cal
structural integrity of tihe stratum corneug and/or hair follicles can
result in reduced barrier function. It is 5 believed that irradiation of

the skin with raﬂl a}% ener gy_prodyced by he &g YA%elhqser e JEasyabl e
changes in the TP hE i properties, as eV|dence anges 1 n the

Differential Sn:anarqgltallalrl nBtlérle@DSC)Orspééfta%Q%t% VEP | 5§€t h&eh@tigal

Transform Infr ¢ edLRILE) st G B of tALT Bbiaea s ehangay ok HAXE and
FTIR spectra occur as a consequence of n e(i i n_npl ecgl es, or
o‘-‘rﬁfﬁ'}é r

macr onol ecul ar et LiiELGFe CaBr rter%é‘lé?n\hr’r R BheSBOREFRRAI es TortS

structuresg Wbl@wtekushtngttolbeaaﬁzandoho arfy pauetu (sm:llaur mecdryra/dalm
tentatively attribute the

e rvatjon s
protei n nol ecuPBSTPY tHe> ‘E‘f%‘? Yeorheu §7’e|rr r%dﬁg%?or’ﬁnemﬁ ecul es
wi t h el ectronaghehigesr adnat icbe, l;hebmetlh byromrréatelw clR@ngiavddaneadil &Y as
wel | as by thecﬂéﬂgggt ! Qrg ‘Eh :@é&perpiféﬁurs%a\f‘{%\i% V@éfbrﬁﬁ@tékso(é’sb)

change nol ecul € oratl on and alteration_c
permeabi lity pépéﬁﬁﬁér§so1weclﬁe %Ekl‘?\hei’ L Fafhel TRRSEATEY 1 6\%5319‘5# &Fcﬁe%
passage ﬁ&ophgggaee&bl CSf S s ta% tW |c@§néhML ds, Cgaﬁg&sorlmt IDSC bandol ELIR es
- across the ' 25stratum corneum Accordin one cobject o

invention is t8PEFETRILE Weais faorc?fé??%f%‘??%g gr kﬁnegi[eléng'iFhé‘p(%tesapies
corneum of a’ patrl arcromal ecubar tshatictoes,nodr the ervikeninang| euekyrd
For exanpl e, rf 0 &y on ciephsdratyidigidar et b
tissue is accorrp :‘Q%hngé yé'gfegylo:’} St?%égrl?%géamthat penetwrlat els ({ahro ghethe
- stratUm cor nbemnday&e orniyot Paifd citladt uhesYeumieay &2thnd & "

epi derm’sy st helughy i Ha@UCivie o Shddpnatidws the bRahges flhthIﬂplrdS),f witeer

stratum corneum . This proceducte allows, the adnministration of an i or
ot her phar rraceﬁf‘idca‘?%o@%’snv\ﬁ‘f’ egU1efe Menblal s&frafﬁﬂfﬂ a0 a3Es C%%%} 59
98/ 33444PCT/- USQ&/xﬁﬁiﬁ&lbmrof)tr’m@lembeml en:tlhes,let:mr@u@lgmem,i% Kigdiabieoyer ,

this procedureal b ovs dﬁlj'.?%cttngb cr‘ﬂéj‘{% St aad cartd nual kysign ?gdw p@qgéent

basi s over. Iong perl d and/or efficiency o
del i very ‘i s t horepcsieanced fhratr @@@l V\HF@ﬁSWEiEe A Yeer WGk oFaDna%}%ot 0
penet rate 23ki' Achange mdifdddiey. object of this invention is to provide an

o be taken Thr ough Btier REHES 410 Toh 28 or TSP 1A oot S T Rer ebhe
i ncr ea5| ng pat lp@meamnﬂnt@ncpaaaﬂedecseasﬁ nghpatsleit dnsconfraner which
allows for increased passage of pharmaceuticals, as well

as fluids, gases or other biomolecules, across the

- 25  stratum corneum.

- Accordingly, one object of the present invention is

"to provide a means for perforating or altering the

stratum corneum of a patient in a manner that does not
" result in bleeding. For example, the perforation or
“77 30" "alteration created at the target tissue is accomplished
a _:by” applying a laser beam that penetrates through the
“;IStratum corneum layer or both the stratum corneum layer

and the " epidermis, thereby reducing or eliminating the
~**" 'barrier function of the stratum corneum. This procedure
“%7 35" "allows . the administration of anesthetics or other

'pharmaceuticals, as well as the removal of fluids, gases



An additional object of this invention is to allow

t het aki ngof neasur enent sof vari ousf | ui d
constituents, suchasgl ucose, ort oconduct 15 nmeasurenents of gases. A
further okyoeeyssads this invention is to avoid the - use of sRETRSIS/AATE6
absence of a contam nated sharp will -elimmate the risk of accidental
inLury aﬂd Its attendant risks to health care workers, patients, and 20

ot hers that na act th a £2bs S in
turn obV|ates ?%VNWQE CUlV% t $% g FgglFgghaza?ﬂ%ﬁzgiggfegﬁ&gus
t he present |npeotequmwamknwseﬁm@@@lbglbalh@mmnkﬂ$3ﬁﬁ4uﬁpm%ﬁnually on

adm ni stering es ; I
it ds. gases B otREPFishy Zt’a%?fspW@Cq”"#géﬁ%?ﬁé%%ﬁE%ﬁ?n%lnf?éﬁ;;”g?;l?

| aser is nodif speeco pReVede gffdfdsPsyr G t 4r8GchdgledREYi néf u

be added t@: (IhhiaR&eRBSEot hareki Giteiey werktheianldecsion ofr finaldbe gases
or other blonDIecuIes (é%i30 reduce the noi se created when the | aser beam
perforates . - - PERETY 175 tissue; and (3) collect the ablated

l|'r- gtlssue The optmomﬂrthﬁmamMychnof thial tieweattiicsl yi eveupredide an
expedite the call I ed ;i3 o he pisleui es
or other 35 b|o%§%%%1 %E%r%gn?%?neﬁgggﬁ SQ§§ng§yuggg§¥% ?gﬁféc?%ggﬁi
abl ated ti ssueotﬂﬁae:mcﬁ%eb@r ggad Hacont @ hbel datlien wohygrgs, LBray UB§8r60706

'8 beam s j nt gr4f i 98 \éﬂﬂatlltyteoﬁatllngrétct%osklaharmsbgatmzﬁmmupatclent

anxi ety. The optlonal contain $ unit reduc .se Intensity and

therefore al | eFORRSaANGE 2R eﬁﬁcﬁe%i&?%teaﬁﬁangt dSSO™R&E Seont ai ner uni t

al so An additional object of this invention is to allow
the taking of measurements of various fluid
constituents, such as glucose, or to conduct

15 measurements of gases. |
wwnlt=. UA further object of this invention is to avoid the
..‘use of sharps. The absence of a contaminated sharp will

"~

:eliminate the risk of accidental injury and 1its
attendant risks to health care. workers, patients, and

20 others that may come into contact with the sharp. The
- absence of a sharp in turn obviates the need for

" disposal of " biologically hazardous waste. Thus, the
present .invention provides an ecologically sound method

for administering anesthetics or other pharmaceuticals,

‘25 ~as well as removing fluids, gases or other biomolecules.
In another embodiment a typical laser is modified

to include a container unit. Such a container unit can

be ' added to: (1) increase the efficienéy in the
collection of fluids, gases or other biomolecules; (2)

30 : ‘reduce the noise created when the laser beam perforates
D adﬁﬁthe ~patient's tissue; and . (3) collect the ablated
LTl Miitissue. The optional container unit is alternatively
evacuated- to expedite the collection of the released
: iéuimaterials .~ such as the fluids, .gases or other
35 biomolecules. ' The container can also be used to collect
only . ablated tissue. The noise created from the laser



5 mnimzes the risk of cross-contam nation and guarantees the sterility of
the collected sanple. The placenent of the container unit in the use of
this invention is unique in that it covers the tissue being irradiated, at
the tinme sopss3adi ati on by the | aser beam and is 10 ther efRFEUSISO87q60
collect the fluid, gas or/ other bionol ecul @ sanpl es and/or ablated tissue
as the perforation or alteration occurs. The container unit may al so be

e bt BRaRSRINE AR 0 (TR 4 8l e SUCBLAR fel0Da e cinermy

be applied bef 581 mu ganeousl%/ or ] atfter irradiafion. A
typical |aser psédensr amktetviventTBR rQRfuionsl n6ogFeLNEr sRPEFs HRATRES It

can be small, Lightweight andteaRike usgsiw tharegWy osllechatgsablehe
batteries. The . greater the |laser's portabi I'}]y and gase of use, 1 - 20
--greater the pEtHeERF'st amfseinveRti GHaSFSr valfdt " Y3 eTT ndd Ssuth°as a
hospital r@om nahiifiiGesortHwnEisiSabLt yrbeataovasamanabéonneomdbguamanieed
the laser that _require .t.hat no. speci r b I

oper at or of t h& eassé:r":',mtll‘?‘gcypaqfl eﬁ%ej c%#l%%éﬁ%éef %@@@%5 n?’g}h\ge)_ﬁ\}iagerﬁ%@@o?fthe
| aser when it itheberngtesedr Bunét Describsti ewweOr ofhet Dk Awi hggention e

present invention £y ke el eft UREGeE s OpHeaRdskhe a@vaR agasdipped) aaed
by those skilled i'n the art 'by'referring to:the- acionganyl ngmdravm §gs; o
wher ei'n: Fi gur &he shdfS aCfasaFrapiAtirs pB¥er tRBurLdsehi gaeam, and™1
----J. -volitpage gpdresFdr@ Matd detvdr kolflleaashl athe | £lsiid) r aghs miox orsther
housi ng and focusing | ens s Figure 2, sho ti ring- | oaged
interlock and qnlS’grzﬂqL{}%eafglapgﬁBI i cazﬂcf{rqr %33f§§44%%%%§070§€%
Fi gure- 3 shows perfaitadrinat | ve reldrsrafiaxciociongsa | adére r 68NG3LRGTa BRdlHe

| aser. - Fig é%'4a§@QM5b%n AbberRaki VeoFOCHSE NG RBSH3RI ST FEahE£5nDAg&
5B show optional "beam splatters for creatin

It pl i mul
perforations: materiglgiyr eSBCRhERs dar‘fﬂﬁ'chwgﬁg?‘ EIEFV S‘thgugé’ﬁ%%gﬁﬁ???e

the site ofsirrgdAatdiaieously or shortly after irradiation.

-+ S.%¥. . A typical laser used for this invention requires mno
"Special skills to use. It can be small, lightweight and
"can be used with regular or rechargeable batteries. The
“‘greater the laser's portability and ease of use, the
20'i5greater the utility of this invention in a variety of

" settings, such as a hospital room, clinic, or home.
Safety features can be incorporated into the laser
that require that no special safety eyewear be worn by
- ' the operator of the laser, the patient, or anyone else

L 25+~ in the vicinity of the laser when it is being used.

Brief Description Of The Drawings

The present invention may be better understood and
its advantages appreciated by those skilled in the art
“ by referring to:the-accompanying drawings wherein:

300, Figure 1 shows a laser with its power source, high
=R PRYigoltage pulse-forming network, flashlamp, lasing rod,
= '#% mirrors, housing and focusing lens.

R ‘Figure 2 shows an optional spring-loaded interlock

9Tl ur fand optionally heated applicator.



Figures 7A & 7B show alternative patches for sterilization and/or delivery
of pharnmaceuticals, and/or 10coll ection of fluids, gases or other

bi onol ecul es. Figure 8 shows an optional container unit for

col | ecti ndv@P¥I3M44 gases or ot her bionol ecul es, abl ated tis®GE/USSHON706
other matter released fromthe site of irradiation, and for reduci ng noi se
resulting fromthe 15interacti on between the |aser and the patient's

tissue. Figure 9 showguaedl 80 saRahsPl 49 REEESHALIIQR GRIURS - ofF Lk £ 105 Shows
an optional contai ner u it for co Jqﬁé‘itl n%%abl ated tissue and reduci ng noi se

resul ting frome@KEL a\'tstlrrtﬂ'n D SYaser and the patient's 20-_
tissue. Fi gure F.h_’!;xﬁimvns shaowd | apna eyicet { oe fbeudehbvﬂlléyzh@hlsm.

anesthetics or phar |ca F i gu haws_ an el.,ast.oneri
nmount for a solid st liitaser cr¥ystR Hhe P%mpﬁﬁ F3RalSHH scr for

25sur f aces 5appIC|r@@ttl@gewltemile:)fsmnel@¢re¢mm$ perforatEpgare 13 shows an
exanpl e of a crystalpjrRdaM th -spggtie §i nbéﬂcﬂro%@x%tt h%a{r}"l Ip&i rgugker gpce

of the entire rod. Fidure 14 shows an exahple of a crystal rod wth matte
fini sh around tsf‘i@rflélizecltrl'\ﬁlrﬁle‘?%r&% h?r%@nbaﬁh@@ds . of. the_ rod.
"yigure 15 shows anraxaire ofaa &ryssal shed Watlt vt 6 1 i PeScREONTrbES

| ongi t udi nal axi.s 6. shows a cross-sectjon of a st al
| aser 35 rod ePEREAL &R &Eha%rb‘%g‘ gﬁ&fg?FXI Ot a R A S bt / ang/g
W098133444PCT/ USQ&/ewmﬁl 'ofl luids acgases gweavehet hahombéecndes . of
refraction of the redgure & HHBIELS A spilESNOVENRLL PHS ©XaRPLES 8L @

-contai ner unit.
collectlng fluids, gases or other biomolecules, ablated

tissue, and/or other matter released from the site of
irradiation, and for reducing noise resulting from the
15.. interaction between the laser and the patient's tissue.
| _Figure 9 shows a plug and plug perforation center.
CTmn Figure 10 shows an optional container unit for
~:is - -collecting ablated tissue and reducing noise resulting
from the interaction between the laser and the patient's
20, tissue. :
: Figure 11 shows a roll-on device for the dellvery
of anesthetics or pharmaceuticals.
Figure 12 shows an elastomeric mount for a solid
state laser «crystal element with optional mirrored
25 . surfaces applied to each end of the element.
_ Figure 13 shows an example of a crystal rod with
.. matte finish around the full circumference of the entire
rod.

. Figure 14 shows an example of a crystal rod with

!;f,métte finish around the full circumference of two-thirds
>v; of- the rod.

Csumomin we oo -Figure 15 shows an. example of a crystal rod with

“matte stripes along its longitudinal axis.
 §¢¢;m§§]ﬂ4 .. Figure 16 shows a cross-section of a crystal laser
35 ' rod element surrounded by a material having an index of



Figure 18 shows an atom zer for the delivery of anesthetics or
phar maceuti cal s. Figure 19 shows exanples of a container unit in use
with a laser. Figure 20 shows an exanple of a lens with a mask. 10Fi gure 21 -
is a charWepsR¥My a study using Corticosterone which showeBCERAERIZ
perneation (over controlis) at an energiesiof 77 mJ and 117 mJ. " Figure
22. shows the decrease in the inpedance of skin in vivo using various |aser
pul se energi es. g h n r t of '
tr| tiated water (effflc d:r{ @JE%%F%‘S I%glgzld érraﬁﬁg%?nr% kggg%gid%g forfomtgs
ml- (1.6 J/cnR) nosl. 1250 mJ (40 J/cnR). Fi gure 25 shows - hi stol ogi cal
sections of human skiiaidadipated at ener girgsy ofvoei sils ansk S@pIds 26Fi gur e
26 is a chart of a study using DNA showing ilfianced perneation through
skin irradi at eFoRtHRGFAWE of 150 mJ and 300- Fi gure 27 shows
| 'aser pul s& energy (Ei)guass sas vethews| ess thomigerhufan sitien delivexy of

25-Figure 28 is _a rt. s S gg,f) normal ly -hydrated (66%
human st r at um E8F ngcgﬁe]tlacn% a Ll%a CCel‘:"?é: %éser irradi ated stratum
corneum using a subéblqama/el‘-bmfs@@n@xglypbe%ofmﬁ CORtATET AnBY  1Rr Bse

charts show ng };he, rgealtagg -Eransi.ticin (pJ), center
of the transition (C andthe full-width at_half |rrum0$:thetr nsition
(C) of in the DSC sge@Y:e faf ShQWsi 3 SHRMRLM Ofr@a 8RSJMEFBr En™R

Fi gures 132- 33 are mihAartes 021 FTLR spectelmasf conbwaohgTl @ ) $t3bdynd haiad
Stratumcorneurgortlcosterone which showed .enhanced permeation (over
controls) at an energies of 77 mJ and 117 mdJ.
‘ Figure 22 shows the decrease in the impedance of
" skin in vivo using various laser pulse energies.

15--7 - " Figures 23-24 show in a permeation study of
: "tfitiatéd' water (. °H,0) involving lased human skin at
energles from 50 mJ (1.6 J/cm?®) to 1250 mJ (40 J/cm?) .

T”*Ef # Figure 25 shows histological sections of human skin

“fﬁif}adlated at energies of 50 mJ and 80 mJ.
20 - . Figure 26 is a chart of a study using DNA showing
'”‘;HJFéhﬂanéed permeation through skin irradiated at an energy
of 150 mJ and 300 mJ:
. Figure 27 shows laser pulse energy (J) versus water
- loss through human skin in vivo.
25 + "Figure 28 is a chart showing a DSC scan of normally
' :hYdfated (66%) human stratum corneum, and a scan of
'Er:YAG laser irradiated stratum corneum using a
subablative pulse energy of 60 md.
" *Figures 29-31 are charts showing the heat of
307 fransition - (pJ); center of the transitién (°C) and the
~ full-width at half-maximum of the transition (°C) of
“7 threei peaks- in the  DSC spectra for stratum corneum
"treated different ways.
7 Figures 32-33 are charts of FTIR spectra of control
1 35.% and lased stratum corneum.



WD 98/ 33444PCT/ US98/ 00706 1 1 Fi gure 34 shows Am de | band position
(cm1l) as'a function of stratum corneumtreatnent. Fi gure 35 shows
CH2 vibration position (cm1l) as a function of stratumcorn nt.
Fi gure 36‘7%93%534&4 hi st ol ogi cal section of rat skin that vva?%:?rn?%g@é#gd at
80 m. Fi gure 37 shows a histol ogi calllsection of human skin that was
irradiated at 80 mJ. Figure 38 shows in vivo bl anching assay results.

10Fi gure 39-41 showsrfireasiornsdwsy/ - At def e obandi nsadiitniemd (Eindbcaiare,a

t hrough human skin . in vitro., Figure 42 |l e of a beamsplitter
suitable for rréiﬂfbtls?rhu? a%%%%‘gwr?%ﬁ?g{]ﬁggﬁrglggg%%@i gure 43 shows one
possi bl e pattern of Fisydoz aBborshkBvs o€Hal vabaritdensiResitkemg (gMbeanps a

Splitter. Detaid g (RSETdPLLOR in- bofALin BYEBkI@AMY OVi des a met hod for
perforating or ,altering skin tor either the_sanpling of flui df’ agaseskionr

ot her bi ondl ecul es Fighee adfi §heMsatd opisko209icareSAFtITS 9 hers
phar maceuti cal spthed Hvepth@natitdl heesoamyaser beam specifically focused,

and lasing at an appro t I th, t t [ f '

Sl terations in the SKIAUEF @ hatrene. n BERFRFaprea erboat hEht Ot hd sb:
beam has a - waselengtidt beaseenradbated. atag@® w.mcrons. . Mre
-preferably, the ""a"ﬂ«g@%é haé%ﬁﬁ%&??@ 4@99‘dt b&-a%c%%gg-a%ﬁfr%w@?t

preferably the wavel €n IS a mcrons. 1n-one enbodi nent, the
| aser beartd s focusefigumnet h38-Héns shows odpeemaatipnadiodt ed-dpde it iy
skin 30 with a size of-_apptoxi Iyg i cr - cn r'pti_]g(greter:
Optional ly; th'e”%sp% TR ei§ ??-ggs'ﬁgpe h§\?m tg%‘ f?.jlal?nvandt )80 a o‘ﬁt .05 - 0.5
mm and a length of upigere. 542 shows an example of a beam splitter
- suitable for making simultaneous irradiation sites.
Figure 43 shows one possible pattern of perforation

"15 "* or alteration sites using a beam splitter.

.t Detailed Description

-

VWgna: v 237 0 This invention provides a method for perforating or

ts..w i altering skin for either the sampling of fluids, gases

w:.:, for  other  biomolecules or the administration of

20 -‘anesthetics or other pharmaceuticals. The invention

- +utilizes a laser beam, specifically focused, and lasing

at-- an appropriate wavelength, to create small
perforations or alterations in the skin of a patient.

~~In a preferred embodiment, the laser beam has a

25:. wavelength between about 0.2 and 10 microns. * More

" .preferably, the wavelength is between about 1.5 and 3.0

“ microns. Most preferably the wavelength is about 2.94

- microns. In.one embodiment, the laser beam is focused

&y .with a lens to produce an irradiated spot on the skin

#:.0 30" with a size of approximately 0.5 microns - 5.0 cm

onirdiameter:  Optionally, the spot can be slit-shaped, with .
(3 a%width of about 0.05 - 0.5 mm and a length of up to 2.5

H
3
3

TfhimT o " The caregiver may consider several factors in

35 defining the laser beam, including wavelength, energy



WO 98/ 33444PCT/ US98/ 00706 12 fluence, pulse tenporal wdth and irradiation
spot -si ze. In a preferred embodi ment, the energy fluence is in the range
of 0.03 - 100,000 J/cnR. More preferably, the energy fluence is Ope :
range of WOs344 6 Jicnp. The 5 beam wavel ength i s dependefft® ’Pﬁ’sf?g? on
the laser material, such'ias Er: YAG The pul2e tenporal width is a
consequence of the pulse w dth produced by, for exanple, a bank of

capacitors, the)fa %@Ia@%légukéﬁﬁbféﬁeﬁlﬁﬁﬂ ﬁﬁhemﬁﬂadiaﬁhdh”§ﬁbw&§ihelS
optimally bet vveen 1fs - 10(fem osecond cordj ng‘a{t)‘é
ed

the nethod of tB&& ﬁr@:ﬁ@rﬁeql?%n‘?%?l %’H%“Eer?é?a?ﬁ?ﬁgéfr fﬁqeé}caetl
by the | aser negellg@otobe qraBlucedl 0@ f toa sifui’e puINB:e:e‘rpureflee'abasfer tha a

f d enbodi t ot t 2t
i ough the ot FARGAYC drRat By Lk RoE Tl ERDFE Pdedr Gl aobe S cOlRiol wirgh.

per f orat es Sor hbleer s waviel emdtactisn dsfpardentar get  tPaste PR cklhesslaser To

this end, one ganJfqughl ys&%'wtert@ﬁeene&aé i%qe@ rt%ptdz_fwrvﬁmeﬁelgra
alter the stratum corneum wi t h 20 mul tiple uses L}W he energilna
ra

si ngl e pul se, C&@é%‘%ﬁ%%d’%ytl?%epﬂh%ewlé @ FoFaBRafp! e,
if a spot of aapasdnkubar cﬁap?aeslrw r eghé h@fsrﬂmr;gy 40d proeudeser rod

perforation or alteration thiro the.entire stra n n .ong_can
produce a 25 qi@GsTddivel y 12? %é‘rl Ser‘fb?é\?i o o?p%#{pg?g&l %%”é‘it’%g tlen%S
pul ses, eaeh ha\feny dekrtd )t mmen]e,r@g'o Because it is desirable that the
patient not nove thga lgﬁt I ggue. g kG e b%raﬁx@t %s@mﬁanmoeﬁﬁ&ban

tinmes are on the or nms or_so), and that the heat }g%o duced . 30,
during each- pdhse Hﬁﬁf%lﬁj%ﬂ@@c@ﬁtﬂ‘tﬁif\af:agé predycss: drertly L3P ﬁﬁﬁfi

the pul se repetjdd qcma r@i@du&@&‘ tWienh" a stm aﬁ@ls{ssh@tbhd the .dsdr § hatin
conpl ete perforation is

| ess. t han
Al ternatively, & hep5Flf8ﬁtr§fjl oneﬁ?ogﬁ’é‘eflgr ge’fh?l ssct?ereagtﬁ’?lf'ue %sogrrmc(?asn fo
98133444PGIYUSQ&mﬁQﬁﬁalon or alteration through the stratum corneum by

using multiple laser pulses, each of which perforates or

alters only a fraction of the target tissue thickness.
_ To this end, one can roughly estimate the energy
itrequired to perforate or alter the stratum corneum with
20/ 'multiple pulses by taking the energy in a single pulse,
and? dividing by - the number of pulses desirable. For
...example, if a spot of a particular size requires 1 J of
- energy to produce a perforation or alteration through
.. the entire stratum corneum, then one can produce a
25 :.qualitatively similar perforation or alteration wusing
ten pulses, each having 1/10th the energy. Because it
-is desirable that the patient not move the target tissue
~.during the irradiation (human reaction times are on the
~order of 100 ms or so), .and that the heat produced
<. 30 t1 during : each- pulse not significantly diffuse, in a
EE i . -preferred embodiment: the pulse repetition rate from the
_ .zzz3aser [ should. be.. such that- complete perforation is
_E.T :H Qsproduced in-a time. of less than 100 ms. Alternatively,
‘the orientation of the target tissue and the laser can
‘35.v~be mechanically fixed so that changes in the target



"13 location do not occur during the longer irradiation tine. To
penetrate’'the skin in a manner which does not induce -nuch if any bl ood
flow, skin is perforated or 5 altered through the outer surface, such as
the strat ¥R mlayer, but not as deep as the capil | aryPCA{HSP8/007A6,
| aser beamis focussed prieci sely on the skild, creating a beam di aneter at
the skin in the range of 0.5 mcrons - 5.0 cm The wdth can be of any

size, being 10)¢enitidd eddy nblte aeatienydakihbe ahea 1bhadirat gdrandathen
desired perneati,on rate of the pharmaceutical to be applied, or fluid, gas
or other bionol'é&fi-e to be renpved. The focal | ength of the focussing |ens
can be of any |engtlly pehetnadee wrbodkimntin t ai snéthemn whi chBydewsli hpitng
wavel engt h, pul, | eng e g (whi [ fupgti | aser
ener gy .out put(il%%fguq e}sn{]cgnglefsi égyo?L??%gdbg;n?%gt %r}fgnf oggl p%o}lfr)l{r#g%) )%§C
and irradi &ioaldsstedithroughi $hsoseubee sanface t heuehf @st Hhet BErati um

cor neum bet ween 3 Al Oy Jgebﬁﬁr Abiton)s afdefonsakinat ié%[bﬁl%t ié&rer.
abl ation (alteration).Both ablation and non-ablative alter- natlon of the
stratum cor neufPfesiaSSh SfEThceP perEaTFeh HPreahseydenPly &pfFIi E61in-
phar maceut i cal greatimenuw deari diamdtegaatorhet ribiionotlesuteng@5bdr 0.5

exanpl e, by reduci ng t he Egbse ener,gp( whi. | %QBOI di ngeoyger variabl es

constant, it i gll&{sSISbI_é cﬁénﬁge e?w"e"éﬂ%l |t vé®and fOh. abt &att v]eoeing
ti ssue-ef idct . cogitmp ilesd TRANSMEDRCARPEY: YAG Uhas eryeanhi chadhhstadpahde the

length of . aboulye30Q-fF, Plrdfeat 19L& 3§ Ok HeAdiARrmdeu QAN Ik ANBe

irradiating a 2 mmspot-on the skin, a pulse energy above approximately 100
m) causes part PEPIGEdicoH etfl Uit atIh, Whi | eLARY phiSBOsRENSY béPowPe
approxi matel y I@ehoakd.ausehepdblciadl lahlgdh opf OthBoFocud¥idld Veems t eaat ben
to the_straﬁuﬁb%og%§1 eé%%ﬂf"gﬂéyin one embodiment it is 30 mm.
| ~15 - By modifying . wavelength, pulse length, energy
,.mfluence_(which'is a function of the laser energy output
(in Joules) and size of the beam at the focal point
- ;(cmz)); and irradiation spot size, it is possible to vary
- the effect on the stratum corneum between ablation
2):-20 | (perforation) - and.-* non-ablation or partial ablation
(alteration). Both ablation and non-ablative alter-
"nation of @ the stratum corneum result in enhanced
permeation of subsequently applied pharmaceuticals, or
removal of fluid, gas or other biomolecule.
25 For example, by reducing the pulse energy while
- holding other variables constant, it 1s possible to
-change between ablative and non-ablative tissue-effect.
. Using the TRANSMEDICA™ Er:YAG laser, which has a pulse
L ;;wléngth of about 300 ps, -with a single pulse or radiant
; 30@a1enérgy and irradiating a 2 mm spot on the skin, a pulse
. i tLlu.energy above approximately 100 mJ causes partial or
LR ﬁ:;&ﬁcomplete - ablation, while any pulse energy . below:
' "'approximately 100 mJ causes partial ablation or non-
gﬁ .. ablative-alteration to the stratum corneum. Optionally,
~~ 35.r by using multiple pulses, the threshold pulse energy



35,J,.. by using multiple pulses, the threshold pul se energy WO

98/ 33444PCT/ US98/ 00706 14 required to enhance pharmaceutical delivery is
reduced by a factor approximtely equal to the nunber of pul ses.

Al t er nat | wa 98/33844 r educi ng the spot size while holding ot RETYSIB04H6es
constant, it is also possible to 5 change'Ibetween abl ati ve and non-abl ative
tissue-effect. For exanple, halving the spot area will result in halving

the energy requi §ﬁré8 RPduRRahbE %ﬁm&ﬁgééﬁﬁlcairﬁédh@@ﬁ¥31§0W%dutéH5
m crons can be obtained, for exanple, by coup |ng t he ragl ant J‘gutlgﬁt of t he

| aser 10 into byieaobpetorvePPERsiBAte Ly @H@@éo&é’ S

avai l abl e from N kog; t&pRaribehyi | | By N}_‘)gdublins;uclth@ Ca@@t | tsiizee podsild e
to focus the beam down t

pots .o t he or of Ihell laut i of
the ni cr oscopelOhRt B P§gﬁ§r &gd 3kt esh &5t ntdf Lot 6 n%grsgﬁfg)l%l nt06115
fact, if the b@ﬁﬂh@éohelt@:eem Gabbstave tinel siare-aihl 2 bivaf téssaeaftatitt ed
area can be Ies as a zeg &Fg C?fle XGEeth t hesdymlgi nch
resol ution of t %ﬁgﬂg%%peﬂ%‘qﬁgﬁ an%l?%tl y a ea‘ra tissue in this case,
it would be sulnahmegt sheseneyy yeendredetgy pHaduGR ethonhpéner GfLpct.
hal f-m cron spof,shd€atWBHkd dduaflutse 0a spuhs€r &MNET gunofbeabobtadned, Mo

| ow a pul se energy adi | ai |l ab from di ode | asers, and_can | s
obt ai ned from e?‘%’l“pé ng? C%IOHEP Iy A Fas’é?dbyiétté%@éﬁ nﬁ%t he"Bea rﬁ%vﬁ
an absorbipg fihter ,th%ueibjaéc’éﬁ& asens Opffi ecnahigrobyopdanpijegtiive (e.g.
wavel ength of radiant, gnergy Whiyi§d :df[ri‘&let NGe PLDELe Y fq&?b' eSnC YRR -

it is possible afo® Xﬁén € between an a and non- abl afi
ti ssue-effect. CEse,ex&r’erSe P gl ¢ot YAGoLHS! rﬁhﬁnb%d%‘ﬂ)n 2012’P%%r%s)

in place of the,Er  YAe &5di i YARi t2034 ﬁ%ﬂf@ﬁon'@ﬁe&he\/\m&dﬁdﬁé ln
o al terat| on which IS BeiEttona HE PEREs bR sds pPoGaced by 5
-l esers- tan-aksethe 1lfseﬂ1éobaramdl1ne>fallieerﬁsl éaussiabl, atilon shzekiof Tthe
can be aCCOnpl'%?ectedthirradlated area can be less than the measured
-beam size and can exceed the imaging resolution of the
" ’miéroscope. To non-ablatively alter tissue in this
“case, it would be suitable to use a 3.2 J/cm? energy
90 ¢ fluence, ‘which for a half-micron spot size, would
"3:. .: require a pulse energy of about 5 nJ. This low a pulse.
£.. 75" energy is- readily available from diode lasers, and can
i--also be obtained from, for example, the Er:YAG laser by
attenuating the beam with an absorbing filter, such as
25 -glass.
Optionally, by changing the wavelength of radiant
" ‘energy while holding the other variables constant, it is
possible to change between an ablative and non-ablative
tissue-effect. For example,_using Ho:YAG (holmium: YAG;
30 % 2.127 microns) in place of the Er:YAG (erbium: YAG; 2.94
%?inmlcrons) "laser, would result in less . absorption of
. w.»'r i . énergy by the tissue, creating less of a perforation or
£ .7 alteration. |
VRS s Picosecond and femtosecond pulses produced by
LE35 -lasers. can also be used to produce alteration or

ablation in skin. This can be accomplished with



WO 98/ 33444PCT/ US98/ 00706 15 nodul ated di ode or related m crochip | asers,
whi ch deliver single pulses with tenporal widths in the 1 fentosecond to 1
ns range. (See D. Stern et al., "Corneal Ablation by Nanosecond, :
Pi coseconWO W44 Fent osecond Lasers at 532 and 625 nm" CBFRASP8QN8Er
Abl ation, vol. 107, pp. 587-592 (1989), inkdrporated herein by reference,
whi ch di scloses the use of pulse |lengths down to 1 fentosecond). According

to one enbodi myduPitéde pregeNt o]xo irvEMtd N, mi Beoanept hakise ry, whlch
phar maceuti cal , can _be adm n %te @ i mredi alaely after laser .irradiat Tvvo

enbodi ment s of 9%t €T nvEHRY Tor & A PEAIRSe 1B) 'E)
roll-on devicefdritgseeond) .tobn 1 hmscammgfe .a rol(Been devigeertheet asaal ,beam

propagat es - 15.c4fioygh hole, 62,1 naoypondted. | bl | 164 ol Lligar ol 1500

device. In the ernative eV|ce can’ be p03| adjacent
to the path of Fereo s @cendhdaasers hraaugﬁ3t2hear@|dspﬁ9§abhe,é(pp¢q>mae@it dser

irradiation, tlﬁ?.l.éi@“)non 9@1" cerop, rcﬂﬂ ed WSé{Ie {Tdeggl at %.cil'nc%zt;?ora@@d

t her eby. adm n| steri ngw edesi red anestheticor armaceutical.in'the case
of an atomi zerPeX$kn es’EﬁE‘?F@W?adﬁW%t&@&%"ﬁ@rﬁ atH?uglsrees@ifvdPLfls.L%G
t hrough the usperojtnennbeﬁsed ga§emAb@%rcdnrd’)adl ation, .cylinder 168

cont ai ni ng conpr essgd .(such as, for X | e, car i oxi de
triggered to spray Zg %gfaiéﬁoun% of Aifest ﬁgﬁ % rB:har ﬂgceueh%al R srerﬁ..e
i rradi at e si tienveteenat i vbly, anestbmtik beobenphacimakeutiappl y osi thee
pressure to.a gijo,{eeerual rlmmepysla'f%ﬁ headEyg i a%utcﬂela#' N Rho

negatlve pressure 1n a ., | coll ection reservoir thus en ancr ng
di ffusi on of .GPYIEREREF oFLt Hdiski ANVARBLON ARFOSPRERLE p@essqrrcémtzerrl s

. 7.60 nm Hg, ofrigwieosmerer Becayse-eh fw@&paéat(lﬁqgm@suw in anstaugli ng
i ndi vi dual, the relative preﬁf ur e di,ff erence 0 f ‘?rr]%x be 10 %
bel ow a ref er 6T val e & ak& 1at®™t h8SV&GEr of PEhe *’h%% o IRAYRT
98/ 33444PGi{ - USQS#@@E?UGh%ehll@Berlnqmnﬂ@e:éfmi lﬂ'hhaaitnﬁ&f&apfbetrtwtmm]e]n—c& and
35 'nm Hg. Not t haty,begcgus frt,.%q: ti ty,_& d S e
(in-a nor mal , e‘% JF‘E)Fny |nIdr|va i %lct el\l‘;\*/géejl gg %gﬁl @q‘%{@%gt% SR
ci rcul ati:on:: MRSItiened pePﬁééF@né dft@g theoudtthe ofki Fhsalaser hdsam) ,

a positive presstéeghl tHeeatigspokhBneaophl {dS0cAM + BBt W) iHo- aWDiH 10 e,
suitable. A pressure ust sl i htIy over at nosphere woul d uitabje to
Y & ipf

enhance drug p %5&1& oL eVt wWdd nR¥fce effﬁ§|’:8 £6 t$EH ood

.. 20; thereby. administering the  desired anesthetic or

- pharmaceutical. In the case of an atomizer, the

.- ..anesthetic 1is administered from a drug reservoir 166

-through the use of compressed gas. After irradiation, a

~cylinder 168 containing compressed gas (such as, for

25 example, carbon dioxide) is triggered to spray a set

_amount of anesthetic or pharmaceutical over the
irradiated site.

) : Altérnatively,' it 'would be beneficial to apply

. :. positive pressure to a drug reservoir thereby pushing

- %:.302- the -drug into the skin, or negative pressure in a

.u..collection reservoir thus enhancing the diffusion of

: :;;gﬁlanAIytes out of the skin. Ambient atmospheric pressure

e £3¢is 7160 mm Hg, or 1 atmosphere. Because of hydrostatic

' pressure in a standing individual, the relative pressure

.;”535*5 difference in the head may be 10 mm'Hg below a reference

. value taken at the level of the neck, and 90 mm Hg

LI



10 stream because of the dynam c pressures in the blood stream A hi gher
pressure m ght beneficially enhance diffusion into the bl ood

stream However, pressures nmuch greater than perhaps 5 or so atnos heres for -
ext ended WOA883#M4ght actual |y produce side effects. 15 | n BTV $98100706

enbodi nent of the presenti invention, an i A6 jet or mark is used for marking
the site of -irradiation. The irradiated sites are often not easily

-Visible to thg gus iC:Qn@%IUE@éU t pReh@ahh nedr e HUIOWESIRr 8 NBYNANGE kROW
exactly where to apply the

nesthetic or a utical bsequent to
| aser -irradi dl9-on. NHFE ar]v'sé’nt Fgﬁ fﬁ?%?sﬁrﬁ#dggat 2‘% i\ %s%ﬁ? rk % he
skin so that tdimdni@adpaeisenre tems aapparmatl, Hoea]aflxlayrpllmdmdud(})j ebf

(anal ogous t Qse us g rd nger C d pr to,
-during or % e gngBO Ir?‘gr"se [ ?Lra Igt ?%)’r? %&fwﬁgﬁ[ r'gg'?:l rcI e can
be marked Saromnrmetaa:abaatdm sitheough ath%erSlke-@ of seynes at epcﬁilml)i nga

inward to the { nope e ald @l V¢7 éMendi $Pasakk
safety-tip/ ap;ﬁcl?%a?lo‘té)g%ﬁéigufé O? %ﬁg'?rélt nend (t he6 end t hat touch%s up

agai nst the si% ‘ﬁ@u%ﬁebﬁFﬁ‘%ﬂlt@k&ﬁ) \Aﬁf?”fﬁﬁ‘@?r%nﬂus Engadiat he¥kE n
agai nst the prateﬁos;;meﬁblrwagldorael mdb@tl@ yto afriteindasd ngg Ppérasaltion,n a

‘mark' on the ski t he si.t rp S ful
to create Ml talrb eyr?etrfcyroﬁ%cgng gflthgrnatlon tf%l ll%% ?L%%SO V\t)rhe b13d

98/ 33444PR@T/ Usgﬂfe:hﬁrYObel:‘m:slenubfartﬁws Idy n@m iicn papsdusequeme the abdowpl i sh
this, a beam splidter Caﬁ g;'é'l%gfl #i‘eggu?‘gd%é}%t RRAS1a 0ly aghﬁﬁ'n@'ey

pul sing | aser, such as a el ated mcrochip | asers,
used. Mul ti pl e &5 Fhekpmt édltsq t &be chiapdd %'?W‘Paneoﬁlé’l“’?"@rr'seaﬁéﬁtsluéflelsy

woul d result ighad |ifesLosed upéxakep@fh@poIQSSasOgorrpar eﬁtin@s@hélr@@ e for

hLng:ag;on Slt ténded E{hégcﬁfg € égtggiﬁ %%tgg e e eJFEtOtal
- 15 _ In another embodiment of the present-lnventlon, an

ink Jjet or mark is wused for marking the site of
-irradiation. The irradiated sites are often not easily
iyisible to the eye, consequently the health care

““provider may not know exactly where to apply the

-~ 20 anesthetic or pharmaceutical subsequent to 1laser

-irradiation. This invention fﬁrther provides techniques
to mark the skin so that the irradiation site is

- apparent. For example, an ink-jet (analogous to those
used in ink-jet printers) can be engaged prior to,

25 ‘during or immediately after laser irradiation.

' 'Additionally, a circle can be marked around the ablation
site, or a series of lines all pointing inward to the
‘ablation site can Dbe used. Alternatively, the

¢ - disposable safety-tip/applicator can be marked on the
30 “end - (the end that touches up against the skin of the
i v M¥patient) with a pigment. Engaging the skin against the
"“’E?éﬁpliCator prior to, during, or immediately after lasing

BioaTtVCresults in a mark’ on  the skin at the site of
£3n%c 2 fradiation. .
#0735%%:2 > ° 'Por certain purposes, it 1is wuseful to create

-t

multiple perforations or alterations of the skin



abl ated sites). An exanple of a beamsplitter 48 10suitable for naking
simul'taneous irradiation sites for use with a | aser can be found in Figure
42. Any ge | attern of spots can be produced on the skin using this

t echni que%%&é@égt he diffusion into skin of topically appl FCd@PRBY%an be-
approxi mated as 15. symmetric, a beneficial7pattern of irradiation spots
for .local drug delivery (such that a uniformlocal concentration would
result over asswundétaneausd yasorpossi brepidousdqbente.posiTooneeastpspsh
equidistant -._gzfromea h A S g 1 X. . patt (Eigu 20
, 43) . Al Ffel]';l%ét i%e’?)ryé,a%rruggll&%e?r r%%?a?%ggogl%tlég %‘? éan&li% agioatEe ©
area of arbitraegesgizemnd 11y ophdshagprichssed aieh use of diosisanper .

For exanpl e, osghhkabi NGniBFEHK S Wi §Bek8f | eqlayt h%@eaﬂbea.lasem@ﬁt%aﬁéant
energy can_operate as_a scann For application of the | aser device

2 er. p
for anestheticleFaphatesceut i 8hFedel i versFedis€hel | 8iMPLERBCOYSd Yor . oPFer
bi onol ecul e regegaknttiag lygsewousdmanépul 8t ech | AnsugAceewdied haptakpordfon
of the patient',s skinis 0 osi%i ned at, the sjte (gjl;athe Ias% CUS W thin
s

the appl i cat or STUESy aﬁer?%?‘gﬂ% 8r 2alFEAHS ohsT 32 HhRP gkt Fer (- o 2D
anest heti cs aniénorhesephiar maptakecgdmpastionaletbd ahef | wodal gasumpre ot GEr

bi onol ecul e re a o4 iyon of athe | i has L C it
hard 35 obj ectgggrgk\?vidt hsgg%rg():és of A%on?%%nhﬁé%?oﬁgi.sgprgeféelﬁ_r e%igﬁ%e%ﬂot %
requi red. 1Bxanprésakile skoh Srkim@ afipulkgneonwyp dgmzsiietricom usdges07Her 18
abdonen or backseOpwienal by, 1bBerskianhegéi ngogh@mem isiqetévaped atagfis
time in order to reduce the |aser nerg}/ requirgd for q;)iét%sinﬁ %rélabllzgtlng
the stratum coP RBURTI3Fr ST EHY ST hSFEES i $2Dr 8% RFPWMGH aHolThe skin

using this technique. Because the diffusion into skin

_ of  topically applied drugs can be approximated as
15.. symmetric, a beneficial pattern of irradiation spots for
~local drug  delivery (such that a  uniform local
concentration would result over as wide an area as
~possible) would be to..position. each .spot. equidistant
.+-sfrom each other in . a. staggered matrix:pattern (Figuré

20 ..43). ,, -
: ... . Alternatively, multiple irradiation sites, or an
irradiated area of arbitrary size and shape, could be
. .produced with use of a scanner. For example,
oscillating mirrors which reflect the beam of laser

25 radiant energy can operate as a scanner.

For application of the laser device for anesthetic
or pharmaceutical delivery, as well as fluid, gas or
- ..other biomolecule removal, the laser is manipulated in
. . such a way that a portion of the patient's skin is
.30, . positioned at the site of the laser focus within . the

T e applicator. For perforations or alterations for the
é;?fi:fﬂ ‘delivery. of anesthetics and other pharmaceuticals, as
| “2.fv o well. as . fluid, gas or other biomolecule removal, a

31¢;j1y;g-gregiqn of the skin which has 1less contact with hard
"~z 35 % objects or with sources of contamination is preferred,

"~ . .. but not required. Examples are skin on the arm, leg,



coincident with the focal plane of the optical system Optionally, as shown
in Figure 2, a spring-loaded interlock 36 can be attached to the holder, so
that when the patient applies a small anobunt of pressure to the

10i nt er | oWO 9%3444ecess it to the focal point, a switch i s cPOYEFS4NIOG he
laser will initiate a pulise of radiation. 18 1n this setup, the focal point
of the beamis not in line with the end of the holder until that end is

depressed. | n difsf | BEIyadiel | Kejpk o4RNN of BRelSucidochaentay dlemhange
of the |laser before proper . _ positioning of the tissue-, at tﬁg end of the
| aser appl i cat®?, 2EhaVBpEAc AT aFRLFgEABSRt W | PTABT U TP U ehBF gy ¥ fence
rate that is sigeidycamdyitewy, fidrusaleaudingy ernegplytbhe effectstoratum
unintentional targets. 20 The nethod of this invention may be enhanced by
using a |l aser G1*°WAvel ength that is specifically absorbed by the skin
conponent s5 of i nt eres¢eférahly wat erholdei dsisr provdided whvkbhst rondiade

affect the per L0 skify t§ s 1095t D8a @ 29 skaser
that emts a s%?%%??eg s%?%gdl@m%vefliﬁgfhpilggﬁgﬁ et ui (r)(g%. A?t,er?r?%%eq
I he

lipids in strdRiFiedrhbYim mdy alSh@Wrenhdhc et PFFreatt on2whiSPE A

hi gher _. energiesribak 36echAgcessartddchaf fest thdehplatei nsoanthawatwdren

30lt would be benefici.al to be. able to_us articul ar .l asers er t t he
Er: YAG for st r%l?%mpé‘grlﬁé’d:rn aBPALFBn %rsﬁ?ﬁéfﬂ‘}o&}{& FoF xraerrspﬁug%é1l %gem

di odes enidti npntadiank, eter geadgh Bt waveltbegtivadl Foimm (0. §WiEehonisd

are inexpensiv h wavsl radi at i -LS rd 24 saisidbed
by tissue.In ag%%ggﬁefﬁﬂavb\?%sﬁf%%%&aﬂsggjlgg%%% !.alsgtm%leé E)(E?n,a)saulrface_,

ei ther by appliEatitddsoveetapt athestiegam BBAREURT ofPBY PSR i T3t POY oVer
an Er:YAG | asefjheealfehSitige (hd heft hahedeppldye peneilat teat Cagn@CCi ),

t hat absorbs such a wavel ength of .radi ation. . 5 For, .ex | e,._indocyani ne
green (1CO, \/_#?BﬁeFEeg'har ?ﬂ&{-}ssgaﬁe GEEE ST et i‘ﬁ?&l}ﬁg‘lvggrégp%ngc anc}/déll ig\}}ar

cl ear ancelStUda'a‘esideh*salbs;lmaxd:mtdgg ato810 tima whéasen pllehere St apreper
704,200 2 Y 8530 oL, CRTBARO" 1B VEEgE 0 s

Al exandrite LaseplicatpEasibhei Optdnsdy, arcasgemped. stillgremyt in an

. ®7 - ~““Bhergy fluence rate ‘that is significantly low, thus

" “causing a negligible effect on unintentional targets.

20 . The method of this invention may be enhanced by

' ,dsing a laser of a wavelength that  is specifically

- “absorbed by the  skin components of interest (e.g.,

- - water, 1lipids or protein) which strongly affect the
.'pefmeation of 'the skin tissues. Howevef, choosing a .

25 laser that emits a strongly absorbed wavelength is not

| ‘required. - Altering the lipids in stratum corneum may

allow enhanced permeation while avoiding the higher

 energies that are necessary to affect the proteins and

" water. - )

30 It would be beneficial to be able to use particular

T " lasers other than -the Er:YAG for stratum corneum

“.:"ablation’ ‘or alteration. For example, laser diodes

"?éﬁittihg radiant energy with a wavelength of 810 nm (0.8

“"microns) are inexpensive, but such wavelength radiation

3By ‘only poorly absorbed by tissue. In a . further

' ‘‘émbodiment of this invention, a dye is administered to



196, 1993).This dye, when in stratum corneum is expected to absorb the
810 rimradiant energy froma diode |laser (e.g. a GaAl As | aser) thereby -
rai sing the p.15tenperature of the tissue, and subsequently |eading to

abl ati on WO 98B&dul ar changes resulting in reduced barrier FeHEPIBENT06
Alternatively, it is possible to chenmicallhdp alter the optical properties of
the skin to enhance subsequent 20 | aser radi ant energy absorption w thout
chem cal s . actyugd | ys bl nsuresant alidher tigle efpglasertidd advwdd orintndt
exanple, 5-amnolevulinic acid (5-ALA) is.a precursor to_pogphyti.ns, which
are nol ecul es §HRAFVRACPAT SHBID T H ﬁPBﬁbEEF&ﬁnanod’eoreh%Si P&E%@Fp Vi s
are 25strong apseatbeds oftéi ghdo Adifieni Sthratt | deeyd SiyAl Apstniendadtieosn  can
production of porphyrins _in b | | u ' .
process. Subse ?1'1%%//’, t earte %\ngHﬁgg Legn%éarﬁcgd Ja%ﬁ%%%%?@?l o] r%ﬁ?%%t@l.gﬂér gy
inthis , 3issierat ewarellengt Hodgrranies phgreas abldérd (e. ghichooism ot
630 nm. harmless dye ARQREr May Lo danggqlBgrapsgr Pindn ofiver
radi ant energy 1 n stratunicorneum w thout the addi ?I on o

n exogenous,
absor bi ng conpeleRrRRCE o SRS t HRSeFPat X imaddihedim @9% P gg&ﬁ‘pl’é}
appl yi ng an ocslasmye hstepben - tFiddle skid psteveho Uaseueisyr adiTitdoml n

this Sltuatlogémégg m@%enggggucsgsg%&glni%heaboﬂ%tit%%i%-Flap Window

10 Chamber Using Indocyanine Green and a Pulsed Alexandrite
Laser : A Feasibility Study,” Laser Med. Sci. 8, 185~
196, 1993). This dye, when in stratum corneum, is

expected to absorb the 810 nm radiant energy from a
- - diode laser (e.g. a GaAlAs laser) thereby raisihg'the
=.-15 temperature of the tissue, and subsequently leading to
. ..ablation or molecular changes resulting in reduced
s ;&g_barrier function. :
com Alternatively, it is possible to chemically alter
the optical properties of the skin to enhance subsequent
.20 +-laser radiant energy absorption without chemicals
. . actually being present at the time of laser irradiation.
For example, 5-aminolevulinic acid (5-ALA) is a
precurSor to porphyrins, which are molecules involved in
- - hemoglobin production and behavior. Porphyrins are
25 strong absorbers of 1light. Administration of 5-ALA
..~ stimulates production of porphyrins in cells, but is
. - . 1ltself consumed in the process. Subsequently, there
__Qill be enhanced absorption of radiant energy in this
.. - tissue at wavelengths where porphyrins absorb (e.g., 400
.30 -~ nm or 630 nm).
Another way to enhance the absorption of radiant

:...>.. energy in stratum. corneum without the addition of an

.:;ﬁgrng exogenous absorbing compound is to hydrate the stratum
"{153ﬁ33<,gorneum by, for example, applying an occlusive barrier
- -.~35 ..to the skin prior to 1laser irradiation. In this

. situation, the water produced within the body itself



WO 98/ 33444PCT/ US98/ 00706 ' 20 continues to diffuse through the stratum
corneum and propagate out through pores in the skin, but is prevented from
evaporating by the occlusive barrier. Thus, the noisture is available to
further SWOWSAId4the 5 stratum corneum As the radiant enePGFEIBPY8Y by
the Er: YAG | aser is strongly absorbed by vidter, this process would increase
the absorption coefficient of the stratumcorneum and so |ess energy would

be required todpdusebhe &l LBIAHIQNS th-oalBhat tRES #rd it StdHnETR ORRUM
10 necessary for enhanced topical drug delivery tion Ilty, lthe

j
| aser abl at ed R¥PR2GIBAt uBMEy HEHIUHE aPPESRI t 16‘f .tﬁlﬁ I t?d'éJtl on
kerati nocyt es pnglv&etadli rEfomi elapakas iper haps theo weekastmecdvmzheieif, or

by the diffusi n, of gﬁr gf%ggﬁéuhg ough gbglﬁgkgge(%om%ﬁst%é _ygtg;la{._gr P

clot (or escha Vel y seal s7-. Iong:term
topi cal debi vestyr@tumjr gggnemm.f or Agulthiepl vadbemienenglr 9yd i st et Pin

topi cal drugs, %Hs{é(‘@uhgs@% henefd Hriya %B@&ﬁbé@%ﬁ@é@é@d %htlg %mefscy an

ext ended | engt us,in_an -addj ti onal _enmbodi nen
i nvention, the'@plat éBCE?aﬁGn% AP HTON CRBELOPRRE bY ké ﬁl i
-area of i rradt@th@GmDiagld sk bes$s eﬁéﬁqgmhbﬁlleld day mdjmmzdngocdmicarde of

air with the ated site and/or provi fdet kee | at

site noi st anS?brb‘? B beheRt taiPy 8 mal‘%f 2T HCRY r attim choer neum e g’p% | g‘gﬂlon
of a patclo(comecessagy for eevamgkd, tapicalt wemg sieddvesrpetrol eumjel ly
or an ointnment cont aAHh%lB}‘lerg‘izort’cﬁ@”eiagé(f’r e 8dd € I d Rl e Keep

It open. A hydrogel patch al so serve provide - = cytotoxic
(: | oxur ubi ci n, ?%ésné‘@es%alr?sh‘étstq}?elﬂééﬂ-FFéﬁéPPy,Of keratinctytes™ and

dr ugssuchasci S}l@éﬁétﬂnbl(wm&i ncajedl peEhabsexabe wddis exanpbpleepi)aldy
appl i ed in | ow coneentatjons vould Jocall y.prvent cellsi Lt bk Idrall on
"+ 15 which  form a clot (or eschar) which effectively seals
-*-- the ablated site.- - For long term topical delivery of
drugs, or for multiple sequential administrations of
i . Jiopical drugs, it would - be beneficial to keep the
37- ¢« -w%blated site open for an extended length of time.
BiopQer T Thus, in an additional embodiment of this
*-"invention, the ablated or non-ablated site is kept open
by - keeping the -area of irradiation moist. This is -
i“accomplished by minimizing contact of air with the
. ablated site and/or providing fluid to keep the ablated
25 “site’ moist "and/or biochemically similar to stratum
corneum. The application of a patch (containing, for
- -example, an ointment such as petroleum Jjelly or an
° ointment containing hydrocortisone) over the site would
- help to keep it open. A hydrogel patch would also serve
30 to provide the necessary moisture. Additionally,
22N YT cytotoxic drugs such as cisplatin, bleomycin,
75 £3 Pdoxurubicin, and methotrexate, for example, topically
IR applied in 1low concentrations would locally prevent
7 dellular infiltration and wound repair. Furthermore,
21935 . application of vitamin C (ascorbic acid), or other known

'©' ’inhibitors of melanin production, following irradiation,



c''-35."""-application of vitamin C (ascorbic acid), or other known
"inhtbitors of nmelanin production, following irradiation, WD

98/ 33444PCT/ US981 00706 21 woul d help to prevent additional Séllgﬂ h ration
in the arW@9mBB44dwi ng treat ment. Continuous-\Wave (Ow) Laser® ‘?‘?r%ﬁ .8)6 It is
possi bl e, under machine and mi croprocesso”15 control, to scan a | aser beam
(either continuous-wave or pul sed) over the target tissue, and to m nim ze
or elimnate thermel hdepage tprdvuntepidétvisnal adjiacerdl @t oom cah the

structures. For ex?#%ﬁ a scenne# %rrgde up of electro-optical 10 or
mechani cal corfdite WL FERAFBRRA to continually move the |aser beam
over a user-defined area. This area can be of arbitrary size and shape. The

path T or thef%gﬂhfnﬁgégfﬁéégi?@%l?ia%§§t§Eanhﬁnghe laser is pulsed, or

modul ated, th : . di screte random pattern
wher e the scanni ng ®Hpt iiSs/ REEEARILEs dRREEE s RHNRAMAT aMIFCEEPER ERE i n,

, the lasej | aggsrand theschheasqarrin®pant i 51 tRehasbasifdubestwatke dream
to a different site . (({)refer bl e not ,. adj acent_to the_f.ir.st. seoot SO

that the skinMHsS§dhe T 20d B a4 ent®¥hot™ 9 s HEBF Up)°F
Thi s scanni ng dleahima#te haerdredn damdgbeftos e thiet hepbdgpemigapor lagg@centi n

treating port-w L ps .S.LN use with CO2 |asers for the purpose of
faci al resurfaa\(I:Hl'—’l g?rﬁ#%éPhgetgggghg?gf he former, the sub- 25 epidernal, bl ood

vessel s are target elor wakRmpile,t Ife $eanRer dFode MR of cPdRS tEP RG] s
vapori zed @and gl t g M4 hi €38N | 8sRpoRaREs) Del kuary ok Angsidhgeined  to

continually move the laser beam over a user-defined

area. This area can be of arbitrary size and shape.
The path for the scan could be spiral or raster. If the
laser is pulsed, or modulated, then it would be possible
-..15 to -do a discrete random pattern where the scanning
£ ..optics/mechanics directs the beam to a site on the skin,
,ﬁhe laser lases, and then the scanning. optics/mechanics
~ '-.. directs the -beam to a.different site..(preferable not
;édjacent to the first spot so that the skin has time to

20 .. cool before an adjacent spot is heated up).

This scanning technique has been used before with
copper-vapor lasers (in treating port-wine stains) and
is in use with CO, lasers for the purpose of facial
resurfacing. In the case of the former, the sub-

25 epidermal blood vessels are targeted, while in the
' latter, about 100 microns of tissue is vaporized and

melted with each laser pass.

{a

--.+- Delivery of Anesthesia

A laser can be used to perforate or alter the skin
@a30w- through the outer surface, such as the stratum corneum
layer, but not as deep as the capillary layer, to allow

i w..o--localized anesthetics to be topically administered.
- Topically applied anesthetics must penetrate the stratum
- corneum layer in order to be effective. Presently,



A |l aser can be used to perforate or alter the skin through the outer
surface, such as the stratum corneum | ayer, but not as deep as the
capillary layer, to allow -localized anesthetics to be topicall :
adni ni st eMQI98/3¥d#t cal |y applied anesthetics nust penetrate ?ﬁ'@’”é’lsfoﬂ‘lfm
corneum | ayer in order to be effective.Pré&ently, WO

98/ 33444PCT/ US98/ 00706 ' 22 conpounds acting as drug carriers are used to
facilitate thecéﬁ?BﬁH@é”%bt@hﬁf@ﬁ<H}%? SOFE; SF $108re THESA €3f MaRfiS itate
soneti nmes changrg he behavi or. “of e . drug,_or are.thensel )fgls toxic. SWth
the other parah@feFE288AsIPRd D S 132°¢ LB IPump TEET P £AKHYS TS
determ ne the sphebsinty othhthgel ashe pbkhayvivlri clofi thel ndrury) detrer mme

t he depth of tgg res'ﬁrjl tan% gﬁrcforati on or alteration. Therefore, various
settings on the FUEEFVESN "B& &dj usted to all ow 10 perforation or alteration
of differeht thicknésthstbe sith&tmimaommesigns set, theivaghijyuds ledarkhdunp
can be positio 'ngﬁﬂﬁp a t l t u ; | gger r
perforation orﬂggtegr tion %?Wgzét?r anli{% eg.gt"le%gﬁg%an%%n%%fgngvﬁ% g%sotrﬁbé)any
stray el ect r onh@ReEi WA at YOHCR Yhlthel M bBARR wReER e Nfot ERBsERBER IRE t he
ltissueéI t hus "E%@VSﬂé$ﬂgtaﬂy Sp@if@f@ﬂibﬁysffHmmtétffimhdahagmgfﬁﬁbre,

j eam dunp can_be. desi gned .so_as_to_be easi r enove ro-ituatio en
t he presence oVaFﬁSuBe%rﬁ% %ﬁ?dtgﬁ-:-asi edd” e PTHLE clilnt 5"8f naaillbo_dy
part on the appkrfaretion or Hiitemstiod off déiffereny arebthetessesr et es
a very small zgﬁga{._g_\“v\/%ggebhs:sue is irradiated, and only an extrenely
smal | zone of thermal necrosis. A practical round irradiation site can
range from 0.1 - 5. 0PEAPPALAY didakaad- AUl |@m B¢ PoshhpeReAor8 SHFN dhge
from appr oxi mafgly @s05 motD. Stém impsbdt htaed uise t of apprexi makelky Xdx nm
in |length, although o;ther slit s%iszea}.and Ifn tgs cajg.be usq:gl. As a result,
healing is qui BREFOBHRTA qT eI o e Hbat n%‘ FERFCASEki n IpTnSSHE SR t h
a sharp-ibpl-enenil Abiserb mmadistian, elbeestimegueticanatdheniba dnen dhe
direct!y to:Ihgegs N i5dd 2i BhapRCeUlaidgaceept alle fo1aule) | onmpeh
as a cream_ "ol ntnment, otion or patch. ternatively, fhe

del i very zone BEAVBBtéRParged $pRBered r feggi £NofcLawhing faBager adiEg on
sites and’ by theawsauip @it iHY eisd fffed 080 exXaMPbEbeaechadilgn reindvierl AR
98/ 33444RCT/ U398/ 00706 23 skin rTEM be anestheti zed t}g-fi rst seanni S‘?othc?
desired area WthUSHAPSi nf FRseFP§udPFEREECBacht pult'le iIRCAUTIIR enfo4's
cause per20rat inpede- &heepdticementhicf @albbdey geoonpdn sttesl apphi cador at ed
di ode or rel ated This method of delivering anesthetic creates a very

" 'small zone in which tissue is irradiated, and only an

"extremely small zone of thermal necrosis. A practical
round irradiation site can range from 0.1 - 5.0 cm in

25 diameter, while a slit shaped hole can range from
- approximately 0.05 - 0.5 mm in width and up to

- approximately 2.5 mm in length, although other slit
sizes and lengths can be used. As a result, healing is
quicker or as quick as the healing after a skin puncture

_ 30 with a sharp implement. After irradiation, anesthetic
-lf"fi “" can then be applied directly to the skin or in a
P VR AT pharmaceutically dcceptable formulation such as a cream, .
"3 2ointment, lotion or patch. _

"+ " Alternatively, the delivery zone can be enlarged by
#:-357" strategic location of the irradiation sites and by the

' use of multiple sites. For example, a region of the



5 mcrochip |asers, which deliver single pulses with tenmporal widths in the
1 fenmtosecond to 1 ns range. (See D. Stern et al., "Corneal Ablation by
Nanosecond, Picosecond, and Fent osecond Lasers at 532 and 625 nm " Cor neal
Laser Abl WOAK33448] . 107, pp. 587-592 (1989), 10 i ncor por at EETHEIEPH0Hy
reference, which discloses the use of pul s23lengths down to 1 fentosecond).
Anesthetic (e.g., 10% i docaine) would then be applied over the treated

area to achi evgyanzong, OEearmfésl“nErﬁé@;z_eHleb?r g3t MBthRMiRgN the useslifea
transport of a 15 varl,g&ly of anest heti hese ﬁnest hetics gre defer ent
al

S.
in their. syst@ffand¥ at oRPCPERY di@?@é ofUGResthREi a8 prBEhE.d, 1Fi ne
to onset of angsfifegii@nd engtdawde tparfdhatianestrhediterptdvai.l S,This can
bi odi stributio and _si . ef fect amp] e cal,. sthetic j Lal
skin- - 20 resgref ac?ﬁ‘gsoaﬁ'ﬁsglefjase‘?iggnnvg&eocﬁ‘]olﬁgntdéc?n lgl'?)irhgeatr?%k %%15@8&
Wlliams B> Gohdeaodidip. , "Freeper atvivechnedehéyea amd rRdst ofrld¢ve with
Cbns'derat'opstbﬁ¥kﬁ§ﬁf FESHAEAGI NIt he SEM BenPBk@BonMEd: PUNY: md SeBhgk’0- 6,
1996. A partial st_consists of:cocaine, procaine, nhepivacaine,
25et i docai ne, r d§P®acRi nEtBEPI afcaRhe: | | doudiatd, RARiahiannbydi¥easeeond,
FI\)/IrEiGL(O?gi ne, 'ﬁthlb_@%re@baj_ id)e, ah@XE@aﬂt' ?%_,ed‘oem} au_lr,la/:l-,er_@(rj_@(tai)mnA' dﬁ? @2 paar ne,

es- et hy i docai-pe) an i pecal,y i di_ne). refere
| ocal anest het k@rinse es Egﬁrb}l?lg%%fug?’n Yleudg%‘zh (PeD'Jo%? Sl?gcapfgsgp’
Anest heti &8, " lhsbypdaatdtbokerstinl obys,refdendx) i wiriychof dPseioaesut thal s
The present nethad g & ' eliver ceitdcal sail er
simlar to thehrz‘i'(l%ovog;él d%%c??%gédl?%e{j?vgr%boﬁ 5%2‘2% esl a. yﬁ%é%%??gt@gg WO
98/ 33444PCT/ USS8/-@0706198 nbidesabirebn wsiilche thRerbe evdIP L i/ 8VetthetBBot

Si tze of Eh_et;.l a%@@gwaﬁﬁfﬁ ag@p{bs‘” ,@r? ai@@éacgr%ogﬁeggnfeggatrfgde whi ch do

- not penetrate as deep as e capi ry, | ayer ese, perforations or

al terations can be r?gkfe PRT3GQh BSS t oh‘?et“sselﬂ'fg‘%’és-}:r?ﬂéﬁo§g e 2

strat um-casneumalrdysry asf bahdsthet $ts at uThesenamad @i andatdedepfdeents.

Optionally an ti . be [ r (e] I eleC .

enpl oyed 'so 't hg?l' é:ﬁ}aelhlelP %\%&3 %%’Snﬁ?fgﬁg?lé%%gr 5 dt ?%%sﬂegérs cé t%?ea ?%%gla

wi thin a.10 deproshcada EaRcbeqmEBSeAf taf PBEFGN&SIGN olcadtRr &f oRimehe

phar maceuti.cal tpar bexppthedidi rgeblb¥ile, t heigdiktaidut idbhardmeeusigal Iy

acceptabl e fornul ation such as a cre n}tpm ntnent, |otjon,or ipat,c . 'sI'Ee
0

pr esent ' 7ret hod SEHF B us e F¥FP 1E5arl Cgf gnesthetic in tfacia in=

- 20 - resurfacing with a laser can be found in Fitzpatrick
R.E., ‘Williams B. Goldman M.P.,”Preoperative Anesthesia
and Postoperative Considerations in Laser Resurfacing,”
Semin. Cutan. Med. Surg. 15(3):170-6, 1996. A partial

list consists of: cocaine, procaine, mepivacaine,
25 etidocaine, ropivacaine, bupivacaine, lidocaine,
tetracain, dibucaine, prilocaine, chloroprocaine,

hexlcaine, fentanyl, procainamide, piperocaine, MEGX

(des-ethyl 1lidocaine) and PPX (pipecolyl xylidine). A

. ;- reference on local anesthetic issues can be found in

1;303; Rudolph de Jong, “Local Anesthetics,” Mosby—Year Book:
StrLouis, 1994,

- oa -3, Delivery of Pharmaceuticals

;.22 The present method can also be used to deliver

-- - pharmaceuticals in a manner similar to the above

~-.35. described delivery of anesthesia. By appropriate



15 varietyof system cal | yacti ngpharmaceuti cal -- substances. For exanple
nitroglycerin and anti nauseants such as scopol am ne; antibiotics such as -

tetracycline, -itreptonycin, sul fadrugs, kananyC|n neomnyci n, enicillin,
and chl orw@#88844dol ; various hornones, such 20.' -as parat tﬂﬁ'%&?sﬁﬁ?’ﬁmne
growt h hor none, gonadotropl ns, 24

-insulin, ACTH, soMat ostatin, proI actin, pI acental _. lactogen, nelanocyte
stimuiating o R84S OPLRe pa&a&hxg%q QNG Rk CEbORI Bize of
enkephal i n, na angi otensin;, stero or non-steroid anti-inflammtory

25agent s, and thyest ES er aRERBY otHQ?de?ﬁqlxﬂqsalo’éra&ﬁFFPﬁﬁ@QS &EhtRe Pefrvery
of Local ly ActjHig-rPhds MAeeUbket@ditTate asl_a@@épaasl sthed dqasiforaty onayér

alteration proyides a u site for t ake of pharnac

subst ances t o &SI P@GQPEG%&ﬁnSTh?Ig ari'] p Scé:r?éleﬁ??at“}aocﬁ E’;F‘ Sugg
subst ance smay djeuaclnhevedu\z\brcrsxmfeac&éectsm | asa tleyi et gatoxi nebroeutthe

I rradi ated Slt }pey V'%{*uebethl I rped ?ﬁ]!é’tt_ﬁuﬁn R Qhetuthe 45 Iof 20 I | gﬂ]él on.

- Thi s enbodi merﬁ e present Tnvention prow nmeans
treating | ocaleppla:lermS4 nf ecPPbhonagd yf o@n mw&1®444@®mt&9}99¢96 2%

appl i cation ofy,a Sybs a@%qsfe@ a1§888kl specidd egmﬁtl@@reddl s&ctdhat t Bdgher
elimnating the need to Vi di?hl gh, _potential ¥ C anpunts
Eﬁéﬁ

systenical Iy tHmigh ‘BFaF‘“ 1P, i35t YAR T of? HhS n‘@lthln a
phar maceutd caldedirsath aseal prast adid - (hade exarrplpeft@iverpenfofa‘onoﬁhablraci a

& Upi ohn). vard QU ANLLD! Othes. ppnthylLals 0L  antdd upg U a@ect1y

chenot her apy or it cancer can ellvere u3| netho to
treat regions thoxthaI tSdCJtIhe del i igry &i t@hdIFIIﬁ@uthﬂam acceptable

formulation such as-a cream, ointment, lotion or patch.
The present method can be used for transport of a
.15 ‘variety of systemically acting pharmaceutical
“he.rsubstances. For example nitroglycerin and antinauseants
' such as scopolamine; antibiotics such as tetracycline,
ygétreptomycin, | sulfa drugs, kanamycin, neomycin,
“Eénicillin, and chloramphenicol; various hormones, such
20 “as parathyroid..hormone, growth hormone, gonadotropins,
Y "linsulin,  ACTH, somatostatin, prolactin, placental
“-:lactogen, melanocyte stimulating hormone, thyrotropin,
-7 parathyroid hormone, calcitonin, enkephalin, and
“‘angiotensin; steroid or non-steroid anti-inflammatory
© 25" agents, and systemic antibiotic, antiviral or antifungal

agents.

Delivery of Locally Acting Pharmaceuticals

Laser-assisted perforation or alteration provides a

“%0 . “unique  site for local uptake of ©pharmaceutical
30 substances to a desired region. Thus, high 1local

- concentrations of a substance may be achieved which are.

- effective in a region proximal to the irradiated site by

“ virtue of limited dilution near the site of application.

“EYe 7% “This  embodiment of the present invention provides a

'"35 ""means for treating local pain or infections, or for



10 based bi opharmaceuti cal agents can al so be delivered using this nethod.

| mruni zat i-on As for delivery of pharnmaceuticals, antigens derived
froma virus, bacteria or other agent which stinulates an imune res onse
can be adMAPEIM#Ed t hrough the skin for immunization purpoE&L/US3§{E706
perforations or alterations are nmade throtfh the outer | ayers of the skin,
either, singly or nultiply, and the i nmunogen is provided in an appropriate
for mul at i on. 2bpFDEaboest Ff | AN drins, tvhed esﬁllatL[Lvegpre@yﬂea rardnd

of ,time increa esth ne re onse the i no can he, r ed.in a
f ormul ati on téﬁ\‘ét rates®s htﬂ%’ g?aortﬁ?l anrso ¢! HG,

al terations, tpﬁt@ﬂltﬁalh}re ﬁcastcerambantpogsysmanid:mbhgh tllnrrpe:lgfmraredi @r
unal t er ed 25Skark7. admlr'ﬁ‘éérée pRach 0£%§5§19' | Qi-¢ ARs gh@&\‘m ﬂ%éhéor
i mmuni zati ons by sol ving sone o the ens -~ encount ot rout es
of adnini s?ratsweh (e.af madprestadid pr éparat i ovampie ncﬁa‘éﬂlﬂ G| OLfsfom

t hrough 30 Oraéhgfmaaiéa\&engﬁohﬁvt e&)arfdﬁé hShtl'bH%tSJélsn i gneftepatlher
first line of defe i nvadi ng m crobes and he Anmune res Qnselnthe

skin is partia?yt Bﬂ%‘?)ged Etﬂe’}trﬁ‘mno@lrobu?li‘?lmﬁt??ﬁﬂy"yant‘?]ﬁodl 17988 G Hat
of the mucous- a@éﬁntaneScarScmeﬂt defld vieaeel | asgngoughiswaysthod 3o treat

i nducenucosal i ugi,. acgin 9 444PCT/ 007
preparations. Lf%%mt”h%aé Pg‘\i u,fs]%/wgg egir?l\rfgte ]% ?é %is(gg%crgsggbg@&se
in order 1@ gerrsede kam@@&rmespuhsealva@@en‘espr@@rar a-?tlsms haisdeda vered
delivered to nyephs PRIBrABEROWN the gut or sinuses which are difficult to
reach with standard formulations. By imunizing intradermally, unique
popul ati ons of anti bodi es may be generated which include 1gA a critical

el ement of nuchamhnigavbbhy. This | aser-assisted intradermal nethod of

antigen presentati on 10(# her ela%lrrav)é be usgd ag A neans fo pener aatnq:ilg%ér\ls
ant i bodi es’ agai nst T hnva ng organi SITE. P !

derived from a virus, bacteria or other agent which

:i153¢:st1mulates' an immune response can be administered
through the skin for immunization purposes. The
perforations or alterations are made through _the outer
layers of the  skin, either singly or multiply, and the

immunogen is provided in _én_ appropriate formulation.
20 . .For booster. immunizations, where delivery over a period
-of.time increases. the immune response, the immunogen can
5oL be. provided in a formulation which penetrates slowly
through the perforations or alterations, but at a rate
faster than possible through unperforated or unaltered

25 skin.

This approach offers clinicians a new approach for
immunizations by solving some of the - problems
~encountered with other routes of administration (e.qg.
v -2, Many vaccine preparations are not efficacious through
¢~ 30, .oral or intravenous routes). Further, the skin is often

i~ the first line of defense for invading microbes and the

4=z% . lmmune response in the skin is partially composed of
<. i ¢ Immunoglobulin A (IgA) antibodies 1like that of the
- -mucous- membranes. Scientists have long sought ways to

35 - induce mucosal immunity using various vaccine



Delivery of Allergens Traditional allergy testing requires the
allergist to make nultiple pricks on the patient's skin and appl yspecific
all ergens to nmake a determination regarding intradermal hypersensitivity.
The met howoois/3B444s : . i nvention can be used to deliver all erRffds98/00706
reproduci bly "for allergy testing. Multipl@eperforations or alterations can
be made through the outer |ayer of the 20skin w thout .penetrating to the
capillary | evel e variety a e a Ied t ki n
as in--a ski ni)ﬁ‘aét%ic rattelsd?'.Eé ne gbft%klet%glgﬁgﬁiytcseg%pt m%ﬁenelmrgoédrgl (r)%)(t} iggfﬁat -
the stratum cdrimEdigbasiicseFunLecensConpPon?s@eli (&0 198G Ta%% adPat £8R) i s
nore consi st eflesPodd@n prdEksndudsrabd ha€ishar pmust - Deki vaeyiokrlar meati on
-Enhancers Certain cqgﬁgunds n&x be gsed t Q enhance the .. ﬁrngatggg- of .
subst ances i nfAGHE t i BYERE2BEF ow' "Peff6r at o b AP 2Vt Ror Aelm
Such enharicer 1iAMS@u bt cotw| sremch sabish O sreandanpoufidsmodé&tfirnall' y 8id

per meat | on DasEyBli SHRFT | GnRLbERLS 190N A5 PYubICT SRHNGERLA | ONoer
inproving capitlhary imi €ing nflamdtion (1. €. salicylic acid).

.. 1:The'. met rmtidiocﬂ{ﬁ% i pagnt ben gandeatedd vbighl i vexclugs IgA, a
98133444PCT/ USQE/OTOP - ilethbgse HEr RatbOAL eNbnGRLsyMIl ti phesor 1akagle

erfo- L )
P assisted intradermal method of antigen presentation

10 © thereby may be wused as a means to generate IgA

antibodies against invading organisms.

Delivery of Allergens

- Traditional allergy testing requires the allergist

- 'to make multiple pricks on the patient's skin and apply

15 “- specific allergens  to make a determination regarding

| intradermal hypersensitivity. The method - of this

' .“{nvention can be used to deliver allergens reproducibly

“for allergy testing. Multiple perforations or

‘-* "alterations can be made through the outer -layer of the

720 - skin without .penetrating to the capillary level. - A

~-- ¥l yariety of allergens can then be applied to- the skin, as

‘- " in- a skin patch test. One of the benefits of this

- methodology is that the stratum corneum barrier function

 compromise (i.e. laser irradiation) is more consistent
25 than pricks made with a sharp.

L

-~ - Delivery of Permeation Enhancers

" Certain compounds may be wused to enhance the

“1 .. pérmeation- of substances into the tissues below

R 3beifbiated or ablated stratum corneum. Such enhancers
-fff¥30f”5iﬁélhdef'DMSO, alcohols and salts. Other = compounds
' ?9-_?§fﬁéﬁééifically ‘aid permeation based on specific effects

€CF 32 guch as by increasing ablation or improving capillary

“I o ¥VSSf1ow- by limiting inflammation (i.e. salicylic acid).

.50 The method of this invention can be used to deliver



rations or alterations can be made t hrough the outer layer of the skin

W t hout penetrating to the capillary |level. Subsequently, a variety of
perneati on enhancers 5can be applied to the irradiated site ' ki n
patch. DeMQ#3P Anti-inflanmatory Drugs Anal gesi Clgcg/?{abdg(}oﬁoecf
non-steroid anti-inflammatory agents, as well as steroid anti-i nf | ammat ory
agents nmay 10 be caused to perneate through perforated or altered stratum
corneum t o | ocghéyeaffeantedt ssueenhbhicrrpr.oxi Malyipfet fver i siadlat eexfide.
For exanpl e, aplisLAL! aTBLAW A0, SUGh a5e! RA Nch¥BuGh &c60. outer

non- st er oi dal ﬁ?ug, are effective ‘agents for treatnent 15 r heumat oi d

arthritis whenlamgen off athg, skdin sohEhowespeabitiratdniongtQashroi GRSk lavey

effects can ocgyy By a%ﬁ‘éé&@éﬁf‘ﬂfucﬁagﬂFﬁ:&W O&Ehb€§ﬁéa%§%}§teﬁ‘duancers
perforation or alteration__sites, hese .potential | y dangerous

gast r oi nt e8t i n@@nc M| PERIIGHS Ry W€ avdit@ddatesh BhEEherdS hitgh RocHfin
concentrationspgtchhe agents may be achieved nore readily near the site of.
irradi ati on as opposed to the system c concentrations achi eved when orally
adm ni stered. Drawing Fluids, Gases or Other Bionolecules - 25A |aser can
be used to perbelavergr odl fart itHlm fdlammatdmotidshe out er surface, such as
the stratum corneumhayges Ul 204 3tndeePnas-Le-6aa! i 4 Binnd ©2) | ow

the coll ection of [ gases or other bionolecules. The fluid, gas or
ot her bi onpl ecaPentgn 5 deblfaf SLALRLY ARt yIBELaBBRECTY PSS Jiher
par anet er ggset pet hgausBan tydep@imblee! aseFoRyRAP POUISLavbd] ¢t exliered

.--the intensity of the |l aser pulsg i ch [l inturn determne t dept h

of the resultaf rBEPf“ora??BﬁeB‘B alif%r\é%c’&?ﬂ%ergggFgF vari dus set ]Jl‘qtﬁrblsnon

the laser WO PB8bRIA44RCTSISEB/O0YDBa@Bated site. For example, anti-
inflammatory agents such as Indocin (Merck & Co.), a

- -non-steroidal drug, -are effective agents for treatment
15 . of rheumatoid arthritis when taken orally, yet sometimes
.- debilitating gastrointestinal effects can occur. By
administering . such  agents through. laser-assisted
”gkperforation or alteration . sites, these potentially
- dangerous gastrointestinal complications may be avoided.
20 Further, high local concentrations of the agents may be
achieved more readily near the site of irradiation as.
., opposed to the systemic concentrations achieved when
orally administered.

- Drawing Fluids, Gases or Other Biomolecules

25 -~ - A laser can be used to perforate or alter the skin
_.through the outer surface, such as the stratum corneum

. layer, but not as deep as the capillary layer, to allow

. the collection of fluids, gases or other biomolecules.

| . ;$1Ihe fluid, gas or other biomolecule can be used for a
':ﬂ4;30,3-wide-variety of tests. With the other parameters set,
) the- magnitude of the laser pump source will determine
ﬁffg;4..,mthe intensity of the laser pulse, which will in turn
fs+ .- determine the depth of the resultant perforation or

- ralteration. Therefore, various settings on the laser



can be adjusted to allow penetration of different thicknesses of skin.
Optionally, a beamdunp can be positioned in such a way as not to inpede ‘
the use of the laser for 5 perforation or alteration of extre % @8 The
beam dunpWQ $334t,sorb any stray el ectromagnetic radiation & 2008 2m

that is not absorbed by the tissue, thus BBeventing any scattered rays from
causi ng danmage. The beam dunp can be designed to be easily renoved for

si tuations whemnl0 gde @cﬂfﬁ@ﬂé@ ot ot ha1heam gwhetait i mpefle dhefprasenent
of a body part on the a at or Thi s nmet hod of draw ng fluids, gases or
ot her bi ool eddiieKns ‘{)‘g small zone in which tissue is irradiated,
and only an extrenﬂ)gtmmdll;zpn& béaﬁhSdumprnrah bec posiid.idimd eanpheh a

practi cal rourqjaéﬁolg cag.tange fr Q@eq}éouttrp 1 asd rrglfl N +§jANef £Lar WNELE a

slit shaped ho can range f rom about approximately 0.05 mmin wdth and up
to approxiimat @ler Lo ARl ror | ahfjehat AgnaofeeMtremtddiasng i BheuPeRrBrdBTPas

quick as O: t'uﬁﬁ1E%B§@kba£59rs€r§§'@l@%@?dﬂ&%d@ﬂﬂbEtéﬁEHﬂhon froﬂhehe
fluid, gas or ot bi onpl ecul e can be col tng[e into a suitable ve

such as a smal?ea®sthitipes oRoh aRsPEPSAY by iSO BE?Vﬁﬂﬁfng
pl aced 25 between tbattased and/d herémssuesdngdesamadped alithe. bdap-gnopess

does not. requidg, o0t gl Inenelgr g Slher el I &N o1iic LU, wgas O

ot her bi onol ecift’® he “i'nst'r ument creati ng e perforation
or alterdt0on tile cornesennat efl. tBe bEha-daspnivpuwd bfinprderekenplaaeBanion

may be used tcb§az;rprg@d e&f@cgﬁlgﬁgraﬁbmgatgr or der to quantify o
:gluccise. 'or the { d ucose | S present in extracel | ul ar f%HI din

the same concent ratTIbhs asm?%l?o‘iin af krﬁlﬁ\ﬁ]w’p?%poﬂ'ilb St 0)92ABSgl BEosB PEVel
in blood (e.g.bilchoBScutesonneatksP.a Stekpdaiag 1l . zoeé i dat iviniatf thesue

“inter nal, refef enclerllaé:lar%e%je fr% Co?’x'l'ybr aatnl n xrtl_ircegn%lq}- als}ﬁ%ilﬁ zone of
"~ 15 * thermal necrosis. For example, a practical round hole

-i"  can ‘range from about ‘0.1 - 1 mm in diameter, while a

“slit shaped hole can rénge from about approximatély 0.05
“2'70.5 mm in width and up to approximately 2.5 mm in
~““Yength. As a result, healing is quicker or as quick as

- 20°°" the' healing -after  a skin puncture with a sharp

implement. '
: -The - fluid, gas or other biomolecule <can be
‘collected into a suitable vessel, such as a small test
tube or a capillary tube, or in a container unit placed
25 between the laser and the tissue as described above.
The process does not require contact. Therefore,
“~"- - neither the patient, the fluid, gas or other biomolecule
) to be drawn, or the instrument creating the perforation
- or alteration is contaminated.

307 The technique of the present invention may be used
= e e sample extracellular fluid in order to quantify
' ~'glucose or - the 1like. Glucose is" present in the
sifILLlvextracellular fluid in the same concentration as (or in

¥ " a known proportion to) the glucose level in blood (e.g.
%7 357 - Lonnroth P. Strindberg L. Validation of the “internal

" reference technique” for calibrating micro dialysis



WD 98133444PCT/ US98/ 00706 , 29 catheters in situ, Acta Physi ol ogical

Scandi navica, 153(4):37580, 1995 Apr.). The perforation or
alteration of the stratum corneum causes a |ocal increase in the water |-oss
5 through WR&83¥44 (referred to as transepi dermal water | osECTOSIHFPG A
shown in Figure 27, with increasing | aser €hergy fluence (J/cnR), there is
a corresponding increase in water | oss. The tape strip data is a positive
control that pegvestbhat tie reasws engetai sSPAPsndeedisansi Scendimadwireased

skin water eva {0 of the energies used in Figure 27, 40 mJ
and 80 mJ (1. ZggézéBZSggsyl'c&T?)B\gg ®Tdr- abl ati ve and therefore show that

non-abl ati ve ener gi eFhal | pertflveradliteer atoon aitehatbanri ef f tbet | @t wftum
stratum cor neum, Lhgreby faresulting n eqhanead tr%@aseﬂh%er%té’ﬁt &od 0SS
whi ch can provrde a di agnostic sanpl e of extracell ular f ui d. Besi des
gl ucose, obherthoapatindshandkiat hére§ereardadent 35al SerRIPP b BB Ly P §SF

extracel lul ar §h4id. JForr@w@ | easHsHows BreSEduext pagell dharine ik vy be
2Q assayed according to the _present hoﬂ. The benefit to _obt aini grh%1
sanpl es for H ¥28Ral ﬁ??%t.ﬁgﬁt‘enﬁé’vi @?’B . dF3%F 81 dSd i tcf?TfessrPaﬂ:tfﬂt t
can subsequent iyiceeatam hat ewdherhebdbdd- car @her oteger stropvidata is a

Addi tionally, LhBe;present hpygntion can e dlsedpte 26 MLV LASRLR: 1o
non-abl ati vel y P31 Fédace Y &P hat e e barrier propérties of non-sKin
barriers 18 t handgsdnskodytiyige it aasindredsiasbd imnivation @v¥arer aehdn anes,

such as that positiepedJFetdRenddie; Ui nssd thir B1¥6pL" 29l e sanehat hhd 80
hypot hal anmus, the sclera of the eye or, any 30nucosal tjssue, such as_in the

e
oral cavity. -TJ7 (aZTeraRd o Wt W™ Ablddts dPnTartathye 38¢afRffiEA® t he
techni que of akhewi Rthat .non-abllatbtveakhatigigst d 1dw athen adtesamilon aof

DT Lo, ST Ao P B aer ol MU AU CoBfabliY Fhcuddy
-~ 15 . resulting in enhanced transepidermal water 1loss which
- can provide a diagnostic sample of extracellular fluid.
I Besides glucose, other compounds and pathological
agents also can be assayed in extracellular fluid. For
. example, HIV is present extracellularly and may be
-~ 20.» assayed according to the present method. The benefit to
- obtaining samples for HIV analysis without having to
--draw blood with a sharp that can subsequently
contaminate the health-care provider 1is. obvious.
Additionally, the present invention can be used to
25 employ lasers non-ablatively to reduce or eliminate the
barrier properties of non-skin barriers in the human
body, such as the blood-brain interface membranes, such
as that. positioned between the brain’s third ventricle
~.zz.and - the “hypothalamus, the sclera of the eye or any

30 mucosal tissue, such as in the oral cavity.

3.+ .. =7 Alteration Without Ablation -

’-* v ..o There are advantages to . the technique of altering
vzu.v..xc and not ablating the stratum corneum. In a preferred
1 v -y, embodiment, the skin is altered, not ablated, so that

-. 35 - its structural and biochemical makeup allow drugs to



WO 98133444PCT/ US98/ 00706 30 perneate. The consequence of this enbodi nent
is:(1) the skin after irradiation still presents a barrier, albeit reduced,
to external factors such as viruses and chenical toxins; (LZF%ﬁ | ess ener gy
is requi rm0 M4 s 5 required to ablate the stratum cor nelBET/VHO0Dg| | er
and cheaper | asers can be used; and (3) |8%s tissue damage occurs, thus
resulting in nore rapid and efficient healing. -Radiant Energy vs Laser

Radi ant Ener ggpéﬁé@t%ad' Rk RBIP RN ek bvh£§S@fn§,oaa§1eme iRy Ope(i) es of
bei ng coheren nonochromatic, collipmated and ( p| cal%e?/r{ﬁ i nt en aBFler

Nevert hel ess, &I eﬁﬂf&ﬁbeaFFﬁﬁsdéFﬁﬁﬁl@Fﬁ@“de‘-’r’i
bi onol ecul e CCHlt%?M Oﬁedhh@dr adicardx ety ﬂseﬂoﬂeeduﬂmt arzavelrm@e abhd

properties, al ternativel.y, can,have one of a t t| £54 gbut
can be pr oducecﬂ‘%g‘/l% o9 / '283?0 =2 I%lrere%?l % P?%'gl%% gﬁf
out put of @- pLﬂe&r@ﬁhm@d\onofhbihltarrmheamtlI@tﬁm tcensl:blm,t ht las oﬁmabéerf Bhder
20 or ot her gggg ti deyi an p I [ ¢ OGS O
wavel engt hs canéb sel %tggg%ou%hof&tghggfgdl ganl?d gl?lsergyl!y&%uttE ut . Wi Iﬁgmtaﬁg
i ncoherent and@flEs - HewdchFesaliEngut put @Pr§ucﬁaaléonﬁpéur 3tfiféﬁ1€5’n'not
be focussed daygniph@. small spot as can coherent radiant 25 energy, for
t he af orenenti oned purpose that nay not be inportant as it could be focused
down to a spot with a dianeter on the order of mllinmeters. Such Iight

. sour ces caer:tEiaxstedEhergLost LasensRadiaentp8aeirigydesi r abl e. -30The
|nfrared t put of an li Ll g tl t t r
out put 10(kjhe Vi si b*ﬁ& Q%E&gg{t s&%%gayghte@(}@mgc%s f ié/%??g‘%l yﬂfglgl tlgrﬁgd to
el i i nate ' Undeopebt teanedgybeing 60BSIRBE  r AARQCIHERTA BFC £ uRBLLdmatedul d

be used fortfﬁﬂﬂpUY@?ﬁ?cahmygnoﬁﬁﬁ%nse Nevertheless, to enhance

transdermal drug delivery or fluid, gas or biomolecule

collection, the radiant energy used need not have these

15 'properties, or alternatively, can have one of all of

these properties, but can be produced by a non-laser
“Source _

i For - example, the pulsed light output of a pulsed

" 'xenon flashiamp can be filtered with an optical filter

20 ‘or other wavelength selection -device, and a particular

. range of wavelengths can be selected out of the radiant

energy output. While the incoherent and quasi-

monochromatic output of such a configuration cannot be

* focussed down to a small spot as can coherent radiant

25 enerqgy, for the aforementioned purpose that may not be

" important as it could be focused down to a spot with a

‘< 'diameter on the order of millimeters. Such light

""" % sources can be used in a continuous wave mode if
desirable.

30 The infrared output of incandescent lights is

31gn1flcantly more than their output in the visible, and
“so* such light sources, if suitably filtered to eliminate
TEILNI "indesirable  energy that does not reduce barrier
3¢ function, could be used for this purpose. In another
35- - embodiment of the invention, it would be possible to use



35- -enbodi nent of the invention, it would be possible to use an intense
i ncandescent |ight (such as a halogen lanp), filter it with an optica
filter or simlar device, and used the continuous-wave radi ant e}

out put toWfReY¥B44t the barrier function of stratun1corneun1ﬂ??%§ﬁﬁmg6
causing ablation. Al of these sources of 3ladi ant energy can be used to
produce pul ses, or continuos-wave radi ant energy. Laser Device The

practice of thg, p{geeAtel M¥RANd¥sdeaT eEdhtl 0 (5QuRd als0 denelbeehi vealmp) ,
performed by varjous tﬁpes f |asers; ffrfe gmgl e, the TRANSVEDL CAL" Er.; YAG
| aser perforatiorlteF the T ORF R o-h}'; PEalCTErs 18PV I PFef &bl v,

any pul sed | asgsedr odhel nGaneimgyoudradavres stadnghy aksedynd | autpytue tway
be used in the,15": pracgtic f .the pr i went o] e St 3ae
-, resul't at ac}u%%’é%?g?i géewg’\?%lreltr?gt ﬁ?m%&qs%gl I engﬁ%ggﬁ sgegﬁg{rjﬁy,‘&gq se
nunber, ansl pwmesinge.abbakier; |adekls Wi chhas®lucevasasyy afhatradd andt

strongly absor can bd | $SHE FBY p2baeche giseths al bei kohesthuos-wave
ef fectively, i%‘?ﬁgyzﬁa& actice of thlps i nventlji%n. Additional ly, as
descri bed her efadi2pht PREEEY-wave | asers may al so be used in the practice

of this invention. Figures 1 and 2 are diagranmatic representations a

typical |aser fhat _can bg used for this invention. As 25 shown in Figures
1 and 2, a ty%ﬁ%—ﬁiﬁ—gg&i—@onpri ses a power connection which can be either a
standard el ectri cal Tsapppyaddicer oft itdrmal Ipresentechartgodbien B edeerpack
12, optiongl | yeyhl &POBE! di¥ddd Qe SWhbERoMhLOM §albal G4l POFESs el o

vol t age pu form ng networ aser punp-cavity 18 containing a
_laser rod 20,lpsersyabfprEr :Wp%rne%fo?wgmggﬁ??aséFF@& laser
preferably a fhashbagpo2? supporitrd - schiwiahicz t heléeses-ppEpeaavi Bt : YRG
optical resonafor WO 93/ 33444PCT/ US98/ 00706 32 26 _positioned. anterd o
the | aser rod; %S?Fansrrglrfe%ﬁfj gér’ml?‘uréyl @ﬁ’gsféjzpiglsgfor%ﬁo%eyon the oc‘{}{put'
coupl i mg- mi rr othaoptiisonst tgn@l geebadrbedusimge ty$uadmayalbd emse@7in the
posi tianegdsbet ueen: t RE Qi PeheC MRl d ik Mihk8ht3R% 18 produce the same
o «- .-result at a nonablative wavelength, pulse length, pulse
‘. energy, pulse number, and pulse rate. However, lasers_
..which produce energy that is not strongly absorbed by
. ssszivotissue may. also be used, albeit less effectively, in the
. 20 . practice of this invention. Additionally, as described
_herein, continuous-wave lasers may also be used in the
practice of this invention.
Figures 1 and 2 are diagrammatic representations a
typical laser that.can be used for this invention. As
25 shown in Figures 1.and 2, a typical laser comprises a
power connection which can be "either a standard
electrical supply 10, or optionally a rechargeable
.. _battery pack 12, 'optionally with a power interlock
-switch 14 for safety purposes; a high voltage pulse-
+..30 -forming network 16; a laser pump-cavity 18 containing a
. laser rod 20, preferably Er:YAG; a means  for exciting
+--.the . laser rod, preferably a flashlamp 22 supported
fore a;gwithin the laser pump-cavity; an optical resonator
st . . comprised of a high reflectance mirror 24 positioned
- 35 posterior to the laser rod and an output coupling mirror



5 transmtting focusing lens; an applicator 30 for positioning the subject
skin at the focal point of the |aser beam which is optionally heated for
exanple with a ,thernoel ectric heater 32, attached to the | aser housing 34;
an i nt er | Wek98834430si t i oned bet ween the 10 applicator and t HRETREOOObppI v:
and optionally a beam dunp 38 attached to3zhe applicator with a fingertip
access port 40. The |l aser typically draws power froma standard 110 V or

220 V AC powerzéuyg8£¥t§: ntdl A& BRAS o SPner 18Qek5-rdds) -a WkEAsh$tting
rectified and used to charge up a bank of acito ncl.uded i

1 ANk o a rs i n _the high
vol tage pul se-FFw Hyd ndERGT k24 6POGHELGREL PE¥OR cﬁgfggeqébq%UtbaF?nglBgck
12 -Can be usagh } A5t eadpt TBRabaRk aofsceaparifianss iasd abylshdsicalalangh2DC
vol tage across a hi gh output flashlanp 22. 20 ti | v, | n | ock
L2, oten as a REYSHERE BREIPEE bPovi GNP h SRR St BRBe acnde s hs
charging 8 theramgactting ambddsisngiccldeatal drasepppiéceaspiron.3N f fother
i nterlock can be . I : appl i o] c h
spring-1 oaded I?On?%g %212}“365:*?%0 %ﬁ%ﬁ% é?ggh%%geé:o Fﬁgﬁgaggﬁ%r%fré%ﬁi res
both i nterl ockka3er beeaRabwddich Vs hoPhéocBapL¥ssiegtesh PR vR¥aRPLle Valtfage

pul se can be ég%ﬁéﬁﬁQéEQCQ&iEhel@lart%&dy F| stdtgastdd ageo  BREOSSaklee
flashlanmp in aorder, to cause the flashla t 9 _30conduct nd S a _

consequence, iMY$HEe tﬁbej‘flagh.”?ﬁgrhf)gght ggnePaﬁl }8%eaheb1el%g§ﬁpan6hies
| ocat ed i10t heappbecaterawrid/ tiBet pawelmasuwpmhapeasdciopthianaidst af beam

i ght energy i figd ently directed th d 20 aMisgh_keqrbs-
the Iight ener%‘i}?‘g an%q l%;t&r?cﬂ{e%cht:t?’t 'a%ﬁgn,g%é?fsgsﬁégeq@ulent ly | aseg. Thg'b
| aser cavity m¢cess pprtoh026 -and high 24 reflectivity, positioned

collinearly with . V@\88i§§é4:4|%9yilé§aq]ﬁ@x%s33power from a standard 110

V or 220 V AC power supply 10 (single phase, 50 or 60
.15 -~ Hz)  which is rectified and used to charge up a bank.of
- capacitors included in the high - voltage . pulse-fqrming
.network 16. - Optionally, a rechargeable battery pack 12
"~ ..7¢an be used instead. The bank of capacitors establishes
33 high DC voltage across a high output flashlamp 22.
. 20" Optionally a power interlock 14, such as a keyswitch,
- can be provided which will prevent accidental charging
of - the capacitors and thus accidental laser excitation.
A further interlock can be added to the laser at the
applicator, such as a spring-loaded interlock 36, so
25-7" that - discharge of the capacitors requires both.
"interlocks to be enabled.
With the depression of a switch, a voltage pulse
‘can be superimposed on the already existing voltage
‘across the flashlamp in order to cause the flashlamp to
“* 30 . conduct, and, as a consequence, initiate the flash. The
- -+1ight energy from the flashlamp is located in the laser
~~fcavity 18 that has a shape such that most of the light
. -\i"energy is efficiently directed to the laser rod 20,
"“"'which absorbs the light energy, and, upon de-excitation,
35" "subsequently lases. The laser cavity mirrors of low 26
' and ~high 24 reflectivity, positioned collinearly with




the long-axis of the laser rod, serve to anplify and align the | aser beam
Optionally, as shown in Figure 12 the laser cavity mrrors conprise
coatings 124, 126, applied to ends of 5 the crystal el ement_and which have
the desira&WOP#IMettivity characteristics. In a preferred enBEHUTRHI07%,

Er: YAG crystal is grown in a boule two inch&s in dianmeter and five inches
| ong. The boule is core drilled to produce a rod 5-6 mllineters in

di aneter and 1pfive dqehesi dong The andserof rbhe csysial tar eagpdufig et
pol i shed. The output end, .that is the end of the elenmentfromwhich the |aser
beamexits,is petPBndPEULdFeoPS 3 center axis of the rod within 5 arc

m nut es. The fl at nesepefiohad lgyt pug sinowh sih/ Flgurks Wavehendelser2 @avity

m crons) over 90%of the aperture. Th [ ef ta at S t

end opposite tﬂérSSFSUtCOéanDar,elécgong?ﬁggggg ?l\%oi’neé‘gfg'c%%&lg%gj h%ér;li tceéll:d%'r a{ih?us.
The pol i shed ehts arerpstiakheclsmaritat ahdre wrichn »pdcagethe t fesired

scrat ches and gkxfieﬂitq%iw AR Mdddara Speci figabi @ eldrrQdl 38 i sk@t ch

and dig are subjective neasurenents that neasure tkg1 i si bi Iitg. of large
surface def ect 3nsueh: ¥AG AT MR by 18, ITAVR| tdr y 2stRNHEF dSY RatPHGEScohi st
of two nunbersqibhetkir stnbei igvkheivichebi | Lbygof scThadchesubdad the ¢tateer

25 being the cqunt .of digs (small pits). A#1 apReay: 3dt[e&%l to
a 10 micron wi gélé‘llgﬁld%rog ps[(cor(:gfa%% %{ﬂf?é 3 glmgr%ﬁ@%%%grssgi%dgc%%r%a oglgé. 01
mm di anet ep st gadar dipities Faongol | | Theedrdseof bades, conet abr @alel yonewnd
use optics wt et . a 40Q:20 ch-djg tLR0.+H NayF th
coatings are a\ggllal é%f%l%l?% Roc gl\gﬁﬁ%g?n%ng'l n%l?éﬁrr%%t st,heCOtIagra 0 the

X

d .
Springs, Col or gd6meTite cdddhg iWiden Erium RIS t PFR t HEENs. FotSa

2.9 nmicron  wawehendiikding coRtingscéRtethaxieabnitheoned surfioe 85424
shoul d have a reflectivity

of eater than 99% The, _coating,far_t ut put
end surface, bJPOHESast, SABulYe %%1?%44%@%5%?@07%‘%13%%32@ 8
reflectangs of whsiclesrytd3%2ane A5¥robs) otteer ¥0% rof edhsumpegdsing.t h The
reflectivity ag low g3 AQpanedsehid  Gher yacuyRedesnsi togpaBiaL! i ene
coatings wth kn reflect ance chardcteristics are widely avail apl e,
output _end, comprises a two meter convex spherical

o ‘radius. The polished ends are polished so that there
- -qré an average of ten scratches and five digs per
20 Military Specification Mil-0-13830A. Scratch and dig

afe subjective measurements that measure the visibility

of large surface defects such as defined by U.S.
military standards. Ratihgs consist of two numbers, the

first being the visibility of scratches and the latter

25 Dbeing the count of digs (small pits). A #10 scratch
appears identical to a 10 micron wide standard scratch

while a #1 dig appears identical to a .01 mm diameter

" standard pit. For collimated laser beams, one normally

~ .. would use optics with better than a 40-20 scratch-dig

: 30f¢ rating. '

o 'ﬁ_ . Many coatings are available from Rocky Mountain

N fhstruments, Colorado Springs, Colorado. The coating is

| . then vacuum deposited on the ends. For a 2.9 micron

:  wé@eleﬁgth the coatings for the rear mirrored surface

:35 '_124 should have a reflectivity of greater than 99%. The

“coating for the output end surface, by contrast, should



5for use with other | aser wavel engths. The general equation which
defines the reflectivity of the mirrors in a |laser cavity- necessary for
the threshold for population inversion is: RIR2(1-aL) 2 eXP [ (g2l-a) 21d
=1 10wherwg 9sm3ls and R2 are the mirrors' reflectivities, @®CT/NSISOAWS6 ot al
scattering | osses per pass through the ca®4y, g21 is the gain coefficient
which is the ratio of the stinmulated em ssion cross section and popul ati on

versi on densitye 3 | ScENECRURREPIIONAL,LER 1 agh Aken 38x oware oBenength

of the | aser caV| ser cavity. Usj ng t he
above equati onnlbmr%@n ssg1fage s h’b‘éhl ﬁ@%eﬁqﬁ%‘ﬁéﬂépﬁﬁoﬂﬂ"bt ésspee%t r §fFe

reflectivity fyoagthe fcrb&w ngalz:emr i 4d Drksaoll ki cantbal intpsigharth
"Handbook of Optlcs " E‘cfg' 20M:§

h w Hill: NY ( 197 M vgﬂ“.ﬁabl%t
al ., "HandbookKRPWEpt e'CtrﬁPC%SC 848°c eﬁ&été\ﬁSHl ??e o571
Opt i onal | y5 asfet sesshwwbhi ntkeguilesi?, walkelengshal. el ement nmay be

‘non-rigidy nount edTh(L}n th'ﬂ‘asse%@% %I A 2% ffrtl % gﬂ]e b Qgcq:g%.llt%, I n

a slot in the 25 | aser Rousi ng at 't ehlgh
refl ectance enuf ofthde mormysin elnen‘EntlaﬁeSemW‘eYaﬂW%:thf@m althe

O-ring 130 is mrélsﬁsﬁen@oel gbphﬂawenl asokragas agsenbly at the output end
of the crystal elenent. rings contact the crystal el ement by 30

concentrically receivi ngRtf?*le( 1e'laer)ren?xﬁé ghof 21dGdever, el astomeric

material p§ any Sha@ﬁegaygﬁg §§egn§0R£QQBea§hetmPEQHkg@SrékﬁéhQHB&ths,
support for t he el enent Irectly or rndirectly) and thereb }germts

thermal expans®onidf tife %‘P%"{’%ntscaGSFFéﬁgl II;PSSE% PFéslPaiszfrrpt 50ugh he;| 5o

be non-ri gi dl yeapupygdgh g ecHe? @ermscome&eﬁé%?m UB98£RB7@E L85 of

el astoneric O-rings 134, each in its own slot wthin_the_| d
assenbly hOUSIEB %%@ﬁ}%g em1351on cross  section %n po%%ﬁ HT%%

inversion den51ty, o is the absorption of the radiation
15.” over one length of the laser cavity, and L is the length
- ef the laser cavity. Using the above equation, one can
select a coating .with the appropriate spectral
reflect1v1ty from the following references. W. Driscoll
»f' and W. Vaughan, “Handbook of Optics,” ch. 8, eds.,
20f McGraw Hill: NY (1978); M. Bass, et al., “Handbook of
;'  OpthS," ch. 35, eds., McGraw Hill: NY (1995). .
' _ Optlonally, as also shown in Figure 12, the crystal
element may be non-rigidly mounted. In Figure 12 .an
) . elastomeric material .O-ring 128 is in a slot in the
257 Iaser' head assembly housing 120 located at the high
o feflectence end of the crystal element. A second
'elastbmeric material O-ring 130 is in a second slot in
;; ;ﬁe laser head assembly at the output end of the crystal
:elemeht. The O-rings contact the crystal element by
. 30  concentrically receiving the element as shown. However,
N 'LL elastomerlc material of any shape may be used so long as
—“iiﬁ_ prov1des elastomeric support for the" element
{{@1rectly or indirectly) and thereby permits thermal
. ekpansion of the element. Optionally, the flash lamp 22
35‘—.ﬁe§. also be non-rigidly mounted. Figure 12 shows



the O-rings 134 and 136 concentrically receive the flash | anp. However, the
flash | anp may be supported by 5el astoneric material of other shapes,

i ncl udi ng shapes w t hout openi ngs. " Optionally, as shown in Figure 3, a
di ode | asWwoO 98233#4 ch produces a punp-beam col linear with t hBCT/HSP/WI6s  of
the | aser crystal can be used instead of t3%® 10 flashlanp to excite the
crystal. The punp-beamof this laser is collimted with a collimating | ens

44, and transniiledoharie BLLARGK | 2581 Todel Nrough the Miah el eotqnce
infrared mrror 45, This hl?h refffectance mrror allows the diode punp |aser
beam to be 15 wiehshi tithed, IaAeKe add erEFAGPLLHF MAWRENT ght I okt ORESpridrary

laser. The Er:¢WG bagshpgsmatar iald i 534 heome&heriedl 1yt eecali veor neher lager
rod because tgf wavel erl%t h of th el %ﬁ‘t rgrmgnet i C enerkg% em ttedt bg tbhi S
| aser, 2.94 20-3Rrons, TNy S ABPpeRRY aber ptiRIA T =€ Y
-wavel engths (appsbaineatiel ynBrexrcabne)f ofthet eshipes, tbhnslwdirbergtdpes

strongly absor‘pfghggtwg %Biﬂ%@ tissue. The rapid heating of water and tissue
causes perforation or afteration of the skin. 25Q her useful |asing

material is any rat@PraPnaRilyh, as wHeeWD ndbc8dorEel abe, 2 eflipdea Lladedl iyt h
that is stronglyiaRsRRfmdes ta Spufip-bHER 3% 1NMRUGN APSRI PhieON ordy- et £r ,

nuct el ¢ acids, proteins o J1 pids,  dnd -cgonsgguently’ causesther e red

10 flashlamp to excite the crystal. The pump-beam of this

laser is collimated with a collimating 1lens 44, and

- transmitted to the primary laser rod through the high

reflectance infrared mirror 45. This high reflectance

~ mirror allows the diode pump laser beam to be

- 15 transmitted, while reflecting infrared light from ‘the

primary laser.

oy The Er:YAG lasing material is the preferred

material for the laser rod because the wavelength of the

-=.electromagnetic energy emitted by this laser, 2.94

20 ;microns, is very near one of the peak absorption

- -wavelengths (approximately 3 microns) of water. Thus,

this wavelength ié strongly absorbed by water and

; tissue. The rapid heating of water and tissue causes
~perforation or alteration of the skin.

25 - .  Other useful lasing material is any material which,

. when induced to 1lase, emits a wavelength that is

strongly absorbed by tissue, such as through absorption

.by water,. nucleic acids, proteins or 1lipids, and

.consequently ‘causes the requiréd perforation or

-, 30.. alteration of the skin (although strong absorption is

..ot required). A laser can effectively cut or alter

' ¢5; .. tissue to create the desired perforations or alterations

=w;¢{where tissue exhibits an absorption coefficient of 10-

s 100 10,000 em. Examples of useful lasing elements are

. 35... ‘pulsed CO: lasers, Ho:YAG (holmium: YAG), Er:YAP,

Er/Cr:YSGG (erbium/chromium: yttrium, scandium, gallium,



30. alteration of the skin (although strong absorption is - not required). A
| aser can effectively cut or alter j tissue to create the desired
perforations or alterations where tissue exhibits an absorption coefficient
of 10- 10waPeR/a3aadl. Exanpl es of useful |asing el enents are PCT/US98/00706

35_, pul sedC2l aser s, Ho: YAG hol m um YAGQ) , ER6eYAP, Er/ Cr: YSGG

(erbium chromum yttrium scandium gallium WO 98/ 33444PCT/ US98/ 00706 36

garnet; 2.796 mcr @S)azl I:R,Ysg(fcgag\ M ung . Ye&i: ZE%_F r?fOQGE‘)GG Er »Go8e

(erbium gadolqafﬁ I'i'um “§can gar net erbium yttrium
lithium fl uorm:d@l;oQSB, m cEanEGSGrm YA@-’}QI-WBF i umoadsd i un, allium,

5m crons), Ho: Bh UM YAG ¢ L 27NE£E@NB) | (erbium: ttrium, llthlum,
Ho/ Nd: YA103( hoﬁAgg n%neod %(1 um y'zL rium al urni nat e; Y

2.85-2.92ni cr offﬂsl}o’éb%%{t %&2(56E§I°P~°’hgng§} WAG | ubrhyktun: 75Y8GE n2eOdns) |
HF chemi cad (hyﬁé@@eg)fl uomcbdeAG 6- gholaians) , DEAGheni 2allgdeut mikcuwns) ;

10f | uori de; S) ar.ban nox de (5-6 d ers,
and frequency 1'1?‘?;1%? egi‘ﬁg Aé?‘(" W{Z) d?’l\r&‘ﬁn t hg%?r}éser ggggﬁylnéﬂ%assed
t hrough cryst at s8wh2 cH2 caumthesfreqm’m‘ylt@@@ tri(god@Lt :Ut | maghggium

current technolagyys s af Ad1ose | apesrdne) , MRbEr | aherpron] de (hhacadded
benefit of sm Sl ze, Gg the laser to be small and ort b or

exanple, in adbleenhde o ErZYﬁ\ HR NN Hver s D socﬁ‘teEi'\}lcti‘e1 t hildeREeLH Wye.
Solid staje | aspasrides! gdsng lmtcmts)l l rﬁalrﬂibri m@Bokhese (bi-st ad caboeg, nmay

enpl oy a poli shed barg&/nl stal r od. fd"b‘i‘?%%‘?fﬁe@&shéa cor&tdaerAGa

matte finish a$€ ’e13 sé
(neodymium: YAG, where the laser beam is passed through

- crystals which cause the frequency to be tripled).
"Utilizing current technology, some of these laser
"~ 15 - materials provide the added benefit of small size,
' allowing the 1laser to be small and  portable. For
““example, in addition to “Er:YAG, Ho:YAG lasers also

"*prov1de this advantage.

AT er - 591id state lasers, including but not limited to
20 - those listed above, may employ a polished barrel crystal
- rod. The rod surface may also contain a matte finish as
"~ shown * in - Figure 13. However, both of these
configurations can result in halo rays that surround the
central output beam. Furthermore, an all-matte finish,
25" although capabie of diminishing halo rays relative to a
polished rod, will cause a relatively large decrease in
the overall laser energy output. In order to reduce
halo rays and otherwise affect beam mode, the matte
" ~finish can be present on bands of various lengths along
+ 30°- “the rod,” each band extending around the entire
* '+ - circumference of the rod. Alternatively, the matte
“finish may be’ present in bands along only part of the
rod's circumference. Figure 14 shows a laser crystal
- “element in which the matte finish is present upon the
+--.357" full circumference of the element along two-thirds of

"its length. Alternatively, as shown in Figure 15, matte



configurations can result in halo rays that surround the central out put
beam. Furthernore, an all-matte finish, 25 although capable of di m nishing
hal o rays relative to a polished rod, will cause a relatively |arge
decrease woosizsadveral |l | aser energy output. In order to reRBESIA0H6 ays
and ot herw se affect beam node, the matte’'3i ni sh can be present on bands of
various |engths along . 30 '"the rod, each band extending around the entire
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i n bands al ong on S circunference ure shows a
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as shown in Fi gure 15, matte WO 98/ 33444P 8/ 00706 '3 g’a es maﬁ32a
present. | ongi t Befnal PR o t b f uFFrf‘Bﬁﬁt hosf tHEYDE T %n9 grt udi
stripes may al tembahaveby exf sthal cmg;e(grmllyxgpatréckmhqthml magt tbef usbd reo,

such as in strl f o] ngt h n t
t echni ques may E%gﬁgeﬁ%ﬁagﬁi&ﬁ% beasn?%kﬁéarge%% hEr Vé}%l a ng]&ég te S
may al so be enplepedd nempgpvedf itrhel bl ShapgdaiebPrBd Shﬁfee sﬁ@éP-Fieé

pattern may bergdgt eshi Aed; bases @iy henaSt abtal naeeeefnhgeaatwge@f dhe dpam
froma 100% polished 10 elenment in light of the desjred fi n bea la{kaqpcﬁ
e

and ener gy IevéFarAlBSr’rﬂoé‘tfé-%h’%actequ n‘i’%ht}é?eﬂ?\?ﬁf“ I‘hl%o

Sta][tl ngflef eLémféﬁeaQI Nin lﬁght Fof mHepoaﬁsleédb%ma]gapeamnsh@be amd
surface finish o tertan30m inc I S-.con e t

m cr oi nch equaFg 5% Ve|lont h (6 88888?) 8 %%ﬁa %I Ch | sigg%%%%&um]té%of
nmeasur enent enpeoyeedi aseshablatamtnglgsmf@memqa)mn‘éfss unit val ues. The
degree of roughnessglg%eggggﬂggggd @gaatnhe hggg ng@iqt]ggyar eawersa_g_efacgethe

di stances in microi ove or bel ow 2 e nean reference 1ine
t aki ng 't he squliBifbot °6f I¥RatAEantBANt h%o sd‘fﬁQﬁOJtr}Fé’es?qué‘rses Cﬁnstlfﬂ%’ge
di stances1sAl t haugl . .mat tg sii & acEsciof @jmser drhan r3QQ irsretoi nehexd 0yl Jbe

used to affect,bbeam Z‘r?'ltozir such a finish Y £ seri ougeli( rgd the unt
of light energy™fHat st 258 h&EPYE Al ]T a° trﬁ%?% ‘i nS YNE] ashr s
energy.-: . - e€otpbiuvdinge fiemddrad goughmese anth malagproxﬂ'ﬂf@t elggsee

m croinches is @ref&f%hﬁéﬁyndlé h%a lc\f'la%' rdcuaw NCehOf 1 ek d @seFe 1 0d
for two-thirds the sleéngt he non- tte areas of the rod are
30, |ess thana¥Yerader tckis.. %mq%eﬂﬂew%ﬁmﬁ@eﬁorﬁbomt P& kekPwan

be first. gondughed rigaletefairaacehel ine papel itk hepmabapayainte erebgy of

L?;S{g? The ”%htenkkﬁﬁﬂ? SthéesamengQ%%'§§L§¥érou9hkﬂgsthe p@éﬁ%&%{
Although matte surfaces of greater than 500 microinches
. may be used to affect beam shape, such a  finish will
seriously reduce the amount of light energy that enters

25 the crystal rod, thereby reducing the laser's energy.

To remove the . beam halo, a matte area of
A approximately 50 microinches is present around the full
circumference of an Er:YAG laser rod for two-thirds the
length of the rod. The non-matte areas of the rod are
.30 .- less than 10 microinches. A baseline test of the non-
'_Vﬂp ~»!-matte .rod can be first conducted to determine the
) baseline beam shape and energy of the rod. . The matte
- areas are then obtained by roughing the polished crystal
g er laser rod, such as with a diamond hone or grit blaster.
© .35 The specific pattern of matte can be determined with

respect to the desired beam shape and required beam



| aser rod, such as with a dianond hone or grit blaster. 35 The specific
pattern of matte can be determ ned with respect to the desired beam shape
and required beam WD 98133444PCT/ US98100706 ' 38 energy level.This results
in a greawges/mdyced beam' halo. The rod may al so be devel pEERUSIB00TIBr €
drilling a boule of crystal so that it |easpes an overall matte finish and
then polishing the desired areas, or by 5refining a partially matt e,
partially pollshed bo Ie t.o ac heve t he

Si red r S e of
a crystal | asetT"Tod el gm,?r‘h e él telf%%‘ffif/sel VAR rréal F@% c?@g%ggrgg
by surroundi nghahe. r o@h20 rad anarmtemal b¢6©lew|e|l©m>e|ct by a@@lperemll@nghe 10

exciting 11 ghip fuj o hase ana TfHACt A GERLer dfaydis 10dnaueh

nodi fication can reduce th ha o o eam by I ncreasing t escape
probabi | ity offbrishax@rdpHehems RRkHiM the 18/ stdasirad s afiedSeducE mRY be

used in place pfrprihg AdPdHOmI0, thee f o) eparRgamait g;olllméwes@we to
‘achieve the desired pattern.

The beam shape of a crystal laser rod element may
alternatively be modified as in Figﬁre 16 by surrounding
the rod 20 in a material 160 which is transparent to the

10 = exciting light but has an index of refraction greater
“than the rod. Such a modification can reduce the halo
of the beam by increasing the escape probability of off-
" axis photons within the crystal. This procedure may be
used in place of or in addition to the foregoing matte

"°'15 ' procedure. '
‘ : - The emitted laser beam is focused down to a
* millimeter or submillimeter sized spot with the use of
*“‘the focusing 1lens 28, Consideration of laser safety
“issues suggests that a short focal length focusing lens
Y be used to ensure that the energy fluence rate (W/cm®) is
© 7 low except at the focus of the lens where the tissue

- - sample to be perforated or altered is positioned.
-'éonsequently, the hazard of the laser beam is minimized.
The beam can be focused so that it is narrower
25 . along one axis than the other in order to produce a
slit-shaped perforation or alteration through the use of
“a 'cylindrical focusing 1lens 27. This 1lens, which
focuses the beam along one axis, is placed in series
" . with the transmitting focusing 1lens 28. When
71730 -~ perforations or alterations are slit-shaped, the patient
-‘discomfort or pain associated with the perforation or
f:alteratlon is considerably reduced.

Swoh Optlonally, the beam can be broadened, for instance
| ‘fthrough the use of a concave diverging lens 46 (Figure
"~ 35""14) prior to focusing through the focusing lens 28. This

“broadening of the beam results in a laser beam with an



The emtted | aser beamis focused down to a MIlinmeter or submllineter
sized spot with the use of -the focusing | ens 28. Consi deration of |aser
safety -issues suggests that a short focal |ength focusing lLens be used to
ensure t haYOPR34tergy fluence rate (VVché is |ow except At {heSPYs of
the lens where the tissue . sanple to be péPforated or altered is '

posi tioned. Consequently, the hazard of the |laser beamis mnimzed. The
beam can be foewsed lsswdhaknklgys flardramer rabealaonghone aiistanftan bégondher
in order to produce a _slit-shape rforation_or. alteration throug use
of a cylindri cggef %@&?ﬁ‘nf?leﬁr}g’ Zgég%?lgeﬁéjﬁg, r P%ﬁkgo%&s?eglat{ae&geg?ﬁsg ong
one axis, is pFacéteirmogeri esthish tdp icahsnattiamgemerdsi ngeHegss28. then
perforati ons oppgheenaldigls: ot Loall tnShapediaLhe RAldenle’ dhecoorindhe
pai n associated with the perforation or alteration i s considerably reduced.
- Optional Py, PREiBAQM/carfBEITWRRIehed, TeDRlFHRTandd . thr ARFIE t HRESSESBf a

concave divergEggbe@$i®@(aﬁgymﬁéraggbﬁo prior to focusing through the
focusing | ens i

8. Thi,s broadeni of the peamresults in a | aser beamw.th
D 98] 53444PCT] BaSS) GOToEoRaBL Sy ke o RE AT ey | BBRCE PX BT
di stance beyond theamesgll ipdient , toonsegaeat | yul ediptengbéamws hazapablevedf
Furt hernore, thi i I a AL r t he. i rratj i
The I'aser spot ot foRe it £ SR9EUETha! SUYETHE (61000 BImA SR &F
nmore precil8e peepar FimplbanaPuetdti orEiguse Sptpwriealdss the e abhone

split by meansqef ysahRamead i dpeItiorsl catr BHb! vidh® iRRATEMCAPEN & Bédam
-perforating or alterin se%gral si.tes sinultaneaqusly or

. 10near
si mul t aneous| y SBAAEEETS probi dédThwo F3ri R OY usétdvesgdm IptFEPEss.
I n one versi ondirhirbip e hEareosp) i t ber s bednsuwgliascjreg ti pkligmsi | wared be
mrrors, dichpolg iy ofpeoor hEAB A 1L IGRII™ O LRSS ALher
the beamis focused. ternatively, an
- 15 . acousto-optic modulator 52 can be supplied with
modulated. high voltage to drive the modulator 52 and
bend the beam.  This modulator is outside the laser
o~ - .cavity. It functions by deflecting the 1laser beam
v..+ rysequentially and rapidly at a variety of angles to
» 20 . simulate the production of multiple beams.

- Portability

Currently, wusing a portable TRANSMEDICA™ Er:YAG
laser, the unit discharges once per 20-30 seconds. This

can be increased by adding a battery and capacitor and

- 25 cooling system to obtain a quicker cycle. Multiple

capacitors can be strung together to get the discharge

rate down to once every 5 or 10 seconds (sequentially

. charging the capacitor banks) . Thus, getting a higher
. =eg: v - repetition rate than with a single capacitor.

“=¢30 ro.. The TRANSMEDICA™ Er:YAG laser incorporates a

Ty .flushlamp, the output of which is initiated by a high-

..voltage pulse of electricity produced by a charged

- ..- .capacitor bank. Due to the high_voltages required to

‘- excite. the flashlamp, and because the referred to

35 version of the laser incopporates dry cells to run (thus

Moo
r



15 acousto-optic nodul ator 52 cah be supplied wi th nodul ated high vol tage
to drive the nodul ator 52 and bend the beam This nodul ator is outside the

| aser _cavity.Ilt functions by deflecting the | aser beam sequentially and
rapi dl'y awWQ98@3#4ety of angles to 20 sinmulate the producti diEBYSHIPIp e
beans. Portability ; Currently, usiHd§ a portable TRANSMEDI CATh Er: YAG

| aser, the unit discharges once per 20-30 seconds. This can be increased by
adding a batteny angth £aPRGT EQEraAd 253 moehi NG sy KIRM 10 whL Blplag qubakar
cycle. Miltiple capacitors can be strung togeth rt et tzpe di sch rgg rate
down to once ®EI¥AdRlr tBeBeddHfisCRRRGUEBAEP altidy e %i“ﬁg hesec‘écﬁéfgﬁt P
banks). Thus, @gtfidgesty ghaargepet i thas, rdtfe 4 hanleet hrepetiitgien rate
capacitor. ;L-31:)The .TRAN CAT" Er.YAG ] asgr... por.at e

,flushl amp, tIR ot pﬁiulgfe \Azll\/(lzzfl?bl ss?crl?rtl?%t et b;jeeaﬂhfla&ci%’_. ,l:q:vol‘%f)gléjg pBFse
of el ectriscit yyirtcahibed tiyy Bavbamyedd ipM@ 9848344 4PCT/i89RE 013G 40hakage
char ging curr el snitigth | eSp; Lhan 2 Walla PlidguCodideR’ o¥hde) £15 8RNk
capacitors t ake mbout 20 seconds to sufficiently charge. ‘Thus, if a, pulse
repetition rataqfthar phrak,/ W dechads DeendessrRareings kdges bernd SO
suitabl e to hayg multhpke eppapulice hapks itthain chatge sequehtéal bylyi be. as
one bank fires the flashla anot her_ bhank, i ch_has _been rech in

fires, and so QH. “FH%%e,rt[gf pARE et i Ea%r atBPEPPEHHESY (ﬁlrt% bgh{ehe
nunber ofiapaistice bdakd iimscarlxor al fdi ted obyhéh&0dehfice draayd ¢ wbhsbe-

limted by th i Ci o] sLe: r al,yfromthe | aser cavity).
A smal | heat e(rgr}eegs%c‘ﬁ rggséltﬁgé?ﬁm{éﬁgc?g?%rhgg?gr gléz is optionall

positioned at the ehdsS®Rlinbepisar SaGH ia&t%rtﬁﬁ%%?ﬂa?c*%ﬁl?h’ée#?é af

perforation. Thes - 1§p¢ DeALEL vyl bR thibRckiempar atuHe aind heofi seHe t Qaber _
perforated or altered prior to I%Jze_rt irradiation. This igcre ses the_ yol ume
[

of fluid col | GRRY GREATt RFFEAEE £ uERY ™S h8E RFPbRe3 A% uggedtsd
range forlski mé®nger ataigess bheweeamBér&Cuand 45 ECheal thesgk atp 2be

Fon vt hout ATSFTAEC e BT GOk G B 147 | Soaar g 8 e (oot 2 e “URLL
A cont ai ner “unincesasesofheovalyng | ¢f eflphdo coldepted N hbhiRi AGVARE i s
posi ti oned proximakelo #d¥€ that purpose. A suggested range for skin
R '~ temperature is between 36 EC and 45 EC, although any
. 20 temperature which causes vasodilation and the resulting
increase in blood flow without altering the blood

chemistry is appropriate.

Container Unit

" A container unit 68 is optionally fitted into the

25 -laser housing and is positioned proximal to the
‘perforation or alteration site. The container unit
"reduces the intensity of the sound produced when the
laser beam perforates or alters the patient's tissue,

increases the efficiency of fluid, gas or other

30" “biomolecule collection, and collects the ablated tissue

P g’aﬁa other matter released by the perforation. The

f ..‘y

dﬁ contdiner” unit can be shaped so as to allow easy
" *iinsertion- into the laser housing and to provide a
7 3rZfriction fit within the laser housing. Figure 8 shows a



Perforation or alteration site. The container unit 'reduces the intensity of
t he sound produced when the -l aser beamperforates or alters the patient's
tissue, increases the efficiency of fluid, gas or other 30',.rBiggmghdgcul e
col I ecti oWO B30l 1 ects the abiated ti ssgﬁs Other matter released by
the perforation. The contiainer unit can b haped so as to all ow easy
‘iri6ertion- into the |aser housing and to provide a .':-1-friction fit

Wi thin the | aseyphoaki ogntEigere nEhowssertwd 981B3440RCTIASY8/ DORGE N1

typi cal cont ai%}% nyé&e&nﬁgégeghgpbgrkggaggggr sheesi ng and placed over the
perforation site. The contaiher unit 68 conpprises a pain receptacle
82, including a | enBhg@4confaingin Watkptdc| EPBRF128%s 3 MR FRGERTAGAS or

ot her bionol ecg e saeph@inyhes abkated4t.i Ssupe aRdrOrreidetasbét evlielaased
by the perforation

.. The lens is placed such that .the | aser beam
through the | et &1bh 'pgrafsor%lfiiiﬁﬁ?’ft E’lﬁ’ﬂ‘f’tl&?“tlﬁats%%fen’atﬁg? ggﬁ‘iégé%?z by
the perforati onisloes, nahdgprabtéerlthaizek oreled$ed appl kbet perfokation.
contai ner uni tTl’?'%Sq.e%tli)Qal lyacJ LEQSﬁ q:l'%_setgg’ laétéo h%@aho xf:%'fofpass

receptacl e. The base can optiona e formed so as t e capab bei ng
i nserted into tiheouphl that denso te FARYRAT P RT QY FEtRaRAPENSEf thRE Ithser,

thereby 15 al | .o\ pgrt heelasdd beAM tBebepeptbigtion doeds ridOWplatiiegur e
17, the shape and size of the .container unit 68 are such as to .all

0
pl acementl®extPR@koroRFRerthon 3RRBLEFCTpp! | Etor SCO/TF I Tl 160 olalvyescﬁi on
of the fluid, gasiohadiher handesul @ 20basanpléss, abkabetieti ssue, did or

other matter rel easged th erforat] | ternat) )k es . of, .S es
that the main ’F%%%% %8?%'na;ﬁ'r{éakgea%éﬁc{?%gegé§ﬁoh_ éﬁy %ul%@ﬁg%aggsfascgﬁgs,
pol ygons and fbee dapabkhapds. brrisider Abbprtede &bheaitee ARRLIERLQL ndih

receptacl e, 25d¥‘%éng§g¥0| 4MesQkealoupdchagiBhl | bld t @he Hawewsr, hdg@byand
smal l er receptacles”™will _ also funcCtion ap The I ens 84, which ‘

, E}ropr i.at eI(i/.
al l ows t h&3| asetlpuandt 6hBaddSeRr B&GR WY P& FEVRYng bi ol ogi cal and ot her

matter .. . . As shown in Figure 17, the shape and size of the
o _container unit 68 are such as to allow placement next to
3; -~ -or insertion . into the. épplicator, and to allow
collection of the fluid, gas or . other biomolecule
7205“ samples, ablated tissue, and/or other matter released by
~the perforation or alteration. Examples of shapes that
the main receptacle may take include cylinders, bullet

shapes, cones, polygons and free form shapes.
Preferably, the container unit has a main receptacle,
25 with a volume of ‘around 1-2 milliliters. However,
larger and smaller receptacles will -also function

. appropriately.

~The lens 84, which allows the laser beam to pass
_ .. through while preventing biological and other matter
:-30., -from splattering back onto the applicator, is at least
$o j¢partially transparent. The lens is constructed of a
material that transmits the laser wavelength utilized

~.and is positioned in the pathway of the laser beam, at

e
<

wz ;. the end of the container unit proximal to the beam. The
-35 - ..transmitting material can be quartz, but other examples

-of suitable infrared transmitting materials include rock



-fromsplattering back onto the applicator, is at least _partially
transparent. The lens is constructed of a material that transmts the |aser
wavel ength utilized and is positioned in the pathway of the | aser beam ' at
the end oWQ¥B3éhtainer unit proximal to the beam The - -Pfg/USI8/00706

.transmitting material can be quartz, but 48ther exanples of suitable

infrared transmtting materials include rock WD 98133444PCT/ US98/ 00706 42

salt, gernmani WAR1®) agsrmahisimyl |dNessapphysealpohyvisappiciter i delgmdnyl
pol yet hyl ene. wever, these naterial.s shoul d not ntapp Lopuriil at
absorb the | aset BebAT et Gy PO SHXEE TS Fi giirge %%'tthFS%E #‘r%%éﬁa&g
optionally 5 dhwhldenatmasktafinndmpurangeist tihag redsrital tiss basért haamt he

| ens may shape orti,Qn . be t »hS nsrg o]
perforation si?ﬁe&g?' EA‘%hes(ﬁcnc%a“%lﬂelrr;e)cep %%?ezgz ?tgl%f ?ignr‘%a%qg?/}}tﬁ%glggﬁglé%’d a
wal | 88, pbef ekradlydexa emaskg ods Homitaansmdwdyi nfg gia el ab per sHekefndt the

llens. The open.and 10fnd haaRAl Bhé?@ep&?@ St ildrnn 8@ i shel aseth adjhagent st 0
the perforation or altergtl n site rea defined by the |ens, wall of
e

0 . The a
the main receptZRPEEhEePeFPofF FiBﬁrgPraFE@PatsF fi-site is thereby
substantial |y encl osked dainhngeteptaelepaationfotmeeblyasdre lens aflleabase

go ls the part, o1 {88, CUNMIo 1M dxl IRl £8NQBERSRA LY BS,NLESRA LhEL O
t he applicator. e base may conprise a cy nger, a plurality of prongs or
‘ot her stlQct werithetenseofmythopt itenrsly. Fse 2pen t gnchdodg. EPpEi oRarPy,

the base, whenfully.insertsd, figengpges a4 sgfstyqanesbanicentof the kaser,

allowing the emssion of the | aser beam | Ar';%pl cal %ogt ai geg unht can
conprise a cylR¥EFPEAFIARI ATr BLEFFALLLNS1TE -cy I THurdTRA PRELN8S, P¥nd En at

lens, wall of the main receptacle and perforation or
alteration site is thereby substantially enclosed during
15 the operation of the laser.
The base 86 is the part of the container unit that-
" can optionally be inserted into the applicator. The
base may comprise a cylinder, a plurality of prongs or
- -other structure. The base may optionally. have
““ 20 - ‘threading. Optionally, the base, when fully inserted,
"% gi'sengages a safety mechanism of the laser, allowing the
emission of the laser beam. '
; A typical container unit can comprise a cylindrical
' main receptacle 82, a cylindrical base 86, and an at
"25 least partially transparent circular lens 84 in the area
between the main receptacle and base. Optionally, the .
lens may include a mask that shapes the beam that
perforates the tissue. The interior of the main
receptacle is optionally coated with anticoagulating
30 “‘and/or preservative chemicals. .The container unit can

~be constructed of glass or plastic. The container unit

“isiijghoptionally disposable.
7 " - Figure 19 shows examples of the use of a container

#nit with a laser for the purpose of drawing fluids,

- 'gases . or other biomolecules or to administer
- pharmaceuticals. In this embodiment the applicator 30



25 |least partially transparent circular lens 84 in the area between the
mai n'receptacl e and base. Optionally, the |l ens may include a mask that

. shapes the beamthat perforates the tissue. The interior of sofohs
recept acl Y8 onal Iy coated with anticoagul ating 30 andior preservative
chem cals. The container unit can -be condtructed of glass or plastic. The
container unit is optionally disposable. Figure 19 shows
exanpl es of thes userpbusdednbyi nere Gsoudind” 34 Uni Thei tdorecdiaser Goitt he

pur pose of drawi ng fluids, .. -g . r.ot bj I adrg ni St
pharnaceutic&%ﬂﬁ%%?%lsqém&§ﬁn%ﬁ?ﬁ%ﬁggggpFﬁga%ggnfggiﬁ% bgadd st ge
98/ 33444PCT/ USgdol@6043 defeafrimsunteel bptendoksusithg 3FheThasond @i fér

unit is insertgd indfie i ey 30 apdial i gnsshsReRs tis beiganabl enef
defeating the interlock 36. The hase 86 of the cantainer unit %ﬂ tgés.
enbodi nentd i s aRRMAEPE 38ppMitddtortiso, Tithi PR Phe HiEmRFHITIHES r Béepfacl e

82 is |ocated psfacent adPatbatt t6stRet @ibeuperbobat eérforatedadditional ly,
t he container unit @ﬁ@%€$ﬂ§%$§§?tﬁ é;%gh%?iﬁg$ﬁéné c%gﬂqlgetggagggggbner

unit exerts a | ess essure” of "gases inthe
10 Dbl ood overThdeopeiborit varuom ain etla¢i opnsptiaert heridbyexekt2asi Agsthe

efficiency in ﬁcIHr’rindingél?a‘e&.t%ﬁGrleJierDéx[eCHﬂmé 5%5%%0% ThesE9NL Al Rele
unit is optionally coated w th anticoaqul ating and/or preservative
cheni cal sl0 Theokood apver Uphe' Pesf@rptaamedrt altgsation shepf ofRELERYor

al teration sitghtse@pthgnakhy sead@etpdncy . t1hghte1wid) a gisig ¢90. Teehelug
is constructed of terial of, suitable fl xibilit%?to conf.ormto the

‘contours of tHECPRAIFORLEI GPIEAFIR g, Thife FORRHIICT THE dest F e§PTION"
perforati on orablyeradavadsi weths antirtyagdQlptesgedaaddiomst pres eplvadg.iviee

plug's material,lg; LeLer ablyd MBSLERARLE L 005 tIAuS! SEoRURLICTYDI @nd he
plug's materiar 1S i'n"enough to permt pertoration of tﬁe mat eri al as
me||.asﬂpbﬁf0rg@tﬁgr@tipheogmaiﬂg;ation site is optionally sealed air-
.- _+-tight with a plug 70.. The plug is constructed of
material of suitable flexibility to conform to the
_:contours of the perforation site (e.g.,'the ‘finger).
The . desired perforation or alteration site is firmly
20 . pressed against  the plug. The plug's material is
preferably impermeable to gas transfer. Furthermore,
-the plug's material is thin enough. to permit perforation
- of the material as well as perforation of the skin by
the laser. The plug can be constructed of rubber, for
25 example. _
The plug perforation center 74, as shown in Figure
-9, 1is preferably constructed of a thin rubber material.
The thickness of the plug is such that the plug can
. maintain the vacuum prior to perforation, and the laser
-30... can. perforate both the plug and the tissue adjacent to
. the plug. For use with an Er:YAG laser, the plug can be
- -, =zin the range of approximateiy about 100 to 500 microns
- thick.
w5 The plug perforation center 74 is large enough to
735 .- cover the perforation or alteration site. Optionally,

- - the perforated site is a round hole with an approximate



the |l aser. The plug can be constructed of rubber, for 25exanple. The
plug perforation center 74, as shown in Figure 9, is preferably constructed .
of a thin rubber material. The thickness of the plug is such that the plug -
can mai nt WiO9%33é4vacuum prior to perforation, and the | aserPCT/4¥8/00708,

perforate both the plug and the tissue adfécent to the plug. For use with
an Er: YAG | aser, the plug can be the range of approximately about 100

t03500 m Crﬁn%italfﬂ;ceq:iér 'féJ@ﬂu@: dgoRe At | @M centlermm4 bshlsarigffﬂm@dh to
, -35cover the perforation or, alterati site.,.Optio Y, rfqrat

site is a roufdtiolan v@EHﬁr%’ﬁlr&?}E?o%?ﬂ'gBeOfV\ﬁh%’/tsﬁiél CT/ BSSB%%b'/B&?aA%Q

di amet er r angiapgp rfoxdmaaizoulefgth- up g avowst i 2.5haped wrbhsan tdygprpkegmt e
wi dt h of about Q. - 0.5 an.apprQxd th o] ut &r MM
Thus, the pl u§ S5 %r(ﬁtaltolnonn& SR %@c‘{%%r%/ 1598E Ut

center iS sufti arge to0 cover
Sper f or at i5Son pergo et tdresa gy exf these F1izd®wWwn in Figure 10, the

container unit 68 gan tpglHde A ROLErd6 1lhr ough Wainghitke | aset ma&ssesn In
this exanple, the container unit ogtl onal I'y sql elé C%LaI ects abl at ed tf'[ssue.
As in the ot hémcdusfpl @shodfe 1ostpgoyah Mhddiat FBR €595 nP§SpPBssed ™

agai nst the caMial nesxanjple, Theheontahnatinemi t uedn optptinEid)ly ncsobeln
plug proximal taq.th erfopratiop.site, h ver i _i i b use
there is no né:é%lteocetr‘ii ?‘Hg?%e% gééﬁ‘dﬁf T%‘gc%rﬁlt{é%lﬁe?tﬁ%%t re _cieégé't hgﬁ%oi se
created 18fromiitet er@t | brrddtakkont hés| asérmByampuetsde -agatnght ' she
Lissue and thus,Ald Gl e idie patheht ' Soaid Ry A etress. opriondiiey
contai ner may al so ‘be ‘modi T ed to hold, or receive through an openi ng, a
phar maceut i calirslusied RbIsRBekAMBE, tRhILES RS HHFST AT (2t FSerorever

si mul t aneousl Vit Ofs Sho¥ téysaht eali peaduaki @Re@eCUlss ndirgise dd mabmsasn
For del i very. T EAFETE ShOks PRGHAR ey oF | R apITT Sarsr: St SFembeturn
conpri sed%an 2Gainon ietewathiant adievdemh phessrasgras bghinndeand  the
| - -.patient's tissue and thus alleviates the patient's
"anxiety and stress.
' The container may also be modified to hold, or
receive through an opening, a pharmaceutical or other
20+ -substance, which may then be delivered simultaneously,
- or shortly after irradiation occurs. Figure 11 shows an
“example of a container with a built-in drug reservoir
and roll-on apparatus for delivery. Figure 18 shows a
container with an applicator which in turn comprises an
25 atomizer with attached high pressure gas cylinder.
Optionally, the cohtainer unit 1is disposable, so
that the container unit and plug can be discarded after
use.
In order to sterilize the skin before perforation
"30 . or alteration, a sterile alcohol-impregnated patch of
'_ paper or other thin material can optionally be placed
it oyer the site to be perforated. This material can also
prevent the blowing off of potentially infected tissue
*" in the plume released by the perforation. The material
35 “must have low bulk absorption characteristics for the
' ‘wavelength of the laser beam. Examples of such material



Optionally, the container unit is disposable, so that the container unit
and plug can be discarded after use. In order to sterilize the skin before

perforatign alteration, a sterile alcohol-i npregnat e paper
or ot her ?318'??8‘?‘%“ al can optionally be placed '.'-over tgﬁgﬂbg{e&/@g%
perforated. This material: can al so pr event?3t he bl owi ng off of potentially

infected tissue in the plune rel eased by the perforation. The material nust
have | ow bul k iabslorqe i obutharactnert stintistdadrtoheanahéhnengyenfof hglbhaser

beam Exampl o5, of ejchygBber Lal o 0,98/ 23444PETLISIBLANYO0 45 kel yegebut

are not limte n’ | ayer uartz, nica
Al ternativel y,ofa rhiastigyper SEPhpI st ﬁ: fé&é‘h af PIhyvhmyrl p(ﬂl'\/llqr)ﬂ-ld%hloé'rl de

or polyethyl er};eolmpfe@éﬁcs,ﬂnomerpua@eakld%erAlttﬂpmrt he ﬁlthaﬁgh Raam
may perforate the plastic, the plastic prevents nost of the gl ume_from

flyi ng out® and-3%ftfs %?%as‘@?yanPeﬁgf’éﬁttleal thesk Rfatotftan haei oRIREGHC
infected tissuyerevAsitlt & i cmmlﬂ ypfa thyemplaimea \ﬂrsmouﬂyiﬁm | @utsuksicaneausuch

as vasel i ne cajbe. added 10t hgo10, Lransparent gt erlal gl pLASL] ¢ bifm to

i ncrease adherence or pI astic to urt het
decrease pl unsicien bed na:tuscmle AddiAdadial dyallyich aa pavelr cah ke wiedous

del iver all ermli@cghbeegablaetg\f& 05508k &%%r NBGEULLC 2P @'@S%'ebed

bel ow. 15 Exanpl es of such a patch are provided in Flgures 6 and 7.
Fi gure 6,1 coHANTRPFeYhat EF HSPerL 540F s Q}ﬁs&}f?dedfbima tfé?rpoﬁaﬁyease
adhesive stripdiferéhée \Wfewshef manemidersat ipeapaiehes atBesrmmi And

Figure 7, Wner§ %&sterlllzm al ¢ ant ] bi ot| . 0l nt men

200 o Sl ofetth: Fhifhe SohbrRfheELPhn of pHeftiSpdidy. %G
This ma'?e?lr g?cswckhelad pantElhacarbyba paﬁgm tp pdieabive:rl al;érerﬁg&ns),pt iLonallI y
with a laser- ta( @I‘J‘:s ”@Le&tﬁéﬁém%%@h%icg&ssH%hd'é"%fc‘if a il

but are not |imte nica, quart sapphire ransparent to’
the | aser Ebeam at t%’éa’éfé%?%roﬁ $Hd paRTEChoMEPeProVHathtist | Bignsed fot

be total ly tranisparent inTheigateh ganaheocpbacednphefhetsli NpalséRd 54 is
- surrounded by a temporary adhesive strip 58. Side views
- 0f two alternative patches are shown in Figure 7, where
i7.- . a sterilizing alcohol, antibiotic ointment, allergen, or.
-+ 20... pharmaceutical 1is present in the central region of the
.: patch 60. This material is held in place by a paper or
plastic layer 62, optionally with a. laser-transparent
material 64. Examples of such material include, but are
not limited to, mica, quartz or sapphire which is
. 25 . transparent to the laser beam at the center of the
., patch. However, the material need not be totally
. transparent. The patch can be placed on the skin using

- .an adhesive 66.

<« -:- Modulated Laser
- 30 - -In addition to the pulsed lasers listed above, a

ogweszi, modulated laser can be used to duplicate a pulsed laser
'@?q '1ffor;the purpose of enhancing topical drug deliyery, as
+:z77e¢ Well.as enhancing the removal of fluids, gaées or other
fe--- “biomolecules. This is accomplished by chopping the
1. 35 _ output of the continuous-wave laser by either modulating



an adhesive 66. Mddul ated Laser -In addition to the pulsed |asers |isted
above, a nodul ated | aser can be used to duplicate a pulsed |laser -for the
pur pose of enhanci ng topical drug dellvery, as well as enhanC| ng t he :
renoval oWQ 983344 gases or other : 7L .bionolecul es. This iEC %’98 1% shed
by chopping the % 35 output of the con_ti ndéus- wave | aser by elther_

nodul ating WO 98/ 33444PCT/ US98/ 00706 46 the | aser output nechanically,

optically or kphet h@rse'lfeaaatpueh zﬁ@cl@aﬁﬁwmme SPsDEdEry (Seebye. gthedef f
Hecht, "The Laser GCui debook, " % b NY, % é Ee%ra | es of off
cont i nuous- wa¥akSerrdS ﬁde@c@? whE r]reSI%Ei\gr Vér a ge 58 ween®d 11

m crons (e. g Heeiintbur g‘l‘ersLaaaent(mldEEbmm Gh Md@aw- ¥tk IMAG Y , Thdd%0m YAG

(Tm YAG), fﬂ(’s(aar@ﬁ s alo £ ;cﬁ] rﬁ@s( Sidle %@?J&Og oni %slddzec ,co§0um4§&h00)

sen conduct or | aser ase over range froml .0 mcrons
(SDL I nc.,5 SarlaspseVetApR. range bmév%%para\é . areas| ag%fgouﬁ%tl Erab
example, wth mﬁé}h@gl chogpesufgem Sterf ord feseacch | PEGIUDNERE $AENC. |

Sunnyval e CA) ref er apl esult”in_di screte nongnts o ation
with tenporal W“&itwg )f'ro‘r’r?hcg'{e 85t ght Ks oM AT etforfls, %EEBLOMCS
nanoseconds orIme cos@uidikerAl Connatserel gonductbe cadbisodH) dllecterSI asBish the
| asi ng proces acﬁa@ g‘gegngulr%tn?% t%/r&pdin@tl ng bhﬁ‘l 11A%81s eeg:m’g aﬂgn

or :

current. A noduld bra’la ode power ~Suppl'y can be purchased ?ro
SDL 20-- lGc. ,J8n JO&k; CA Alternatively, the continuous-wave beam can be

optically modul at edrsi Boph@hgeseRhe 133 e8! QRIEAIOPH S CokhmbBe . Wit
New Focus Inc., Santa
a mechanical chopper from Stanford Research Instruments

Inc., Sunnyvale CA) will preferably result in discrete

moments of irradiation with temporal widths from a few

15°" tenths  of milliseconds, down to nanoseconds or

¢ ' picoseconds. Alternatively, in  the case of diode

~7¢-Y “lasers,  the lasing - process can be modulated by

‘modulating the laser excitation current. A modulator

- - "iUfor-a laser diode power supply can be purchased from SDL

“20°* Inc., San Jose, CA. Alternatively, the continuous-wave

" 'beam can be: optically modulated using, for example, an

"*eiectro—optic cell (e.g. from New Focus Inc., Santa

Clara, CA) or with a scanning mirror from General
'-lscanning, Inc., Watertown MA. _

25-- ' The additive effect of multiple perforations may be

exploited with diode laSers. Laser diodes supplied by

SDL Corporation (San Jose, CA) transmit a continuous

beam of from 1.8 to 1.96 micron wavelength radiant

energy. These diodes operate at up to 500 mW output

30 power and may be coupled to cumulatively produce higher

© . «wVitenergies useful for stratum corneum ablation. For

'
@

“example, - one diode bar may contain ten: such diodes
-7'“coupled to - produce pulsed energy of 5 mJ per
Tt “millisecond. It has been shown that an ablative effect
©.35" may be.seen with as little as 25 mJ of energy delivered

#7-7% ‘to a 1 mm diameter spot. Five 5 millisecond pulses or



Clara, CA) or with a scanning mrror from General Scanning, Inc., Watertown
MA. 25The additive effect of mul tiple perforations nmay be exploited wth

di ode | as r di odes supplied by SDL Cor poration (Sanplp
transm t 3'5&?8?{ nﬁous beam of from1.8 to 96 m cron wavel engﬁ]ﬁ r@glaant

ener gy. These di odes operate at up to 500 out put 30 power and may be
coupled to cumul atively produce higher '''---.cenergies useful for stratum
corneum abl at i 6% Fopnkeexwinpl issecorghepdl sde Haommey donadei ntasar saéh tdiigdes

coupled to prqggf RHJﬁ?dt?HﬁJgMaQE 5aﬂ“’dﬁ¥étr§@| EE%%%QﬂdaproQa%aQ@QW
shown that an ative effect é be_ seen with as little as 25
pB

energy del i vereanivakent nﬁ?dpaﬁe?érm plse 48 Shej sprgedgme Fﬂﬂrs‘é%d VO
98/ 33444PCT/ US98/ 007@1§e £811623hgoRKaltpllleiss ea@N st sH5t { 608 afdltﬁée uls@er

of this type wll us have an abl ative effect appr. e gnL to
ohe 25 n1 bul oF | A LRSSArEC: LRETpases oS FOERBRL A et 58 55
descriptions ofotheumnsefdr oftle | asepotse i ofredusmiﬂn@ pﬁa]rumdm I |geyse:ff tdre
stratum cor neum f of t%?.oﬁx%rl%%ﬁe%f dr gha%%eutlcal

bi onol ecul es, as wel | or ar faceu |caF gellver e exanples are
not meant to |dedivene. sco'ﬁéeéﬁ teanpvRht BsE, boE éle@rﬁfer &py Elbbei fle s

10EXAMPLE 1 scope THE tREEHNGEARH bAGSLALI haehhdme 14 PemdReentebst er,
NY), an Er:YAG crystal (Union Carbi de Crystal Products, Washagoul, WA,

optical-resonator mrrors (CVvl .Laser Corp., Al buquerque NM), an infrared
transmttimg 15 Il ens (Esco Products | NEXAMEBE Ri dge, NJ), as well as

numer ous st andard e&.ﬁgtrl c@ 100”88{H§93§e§mh as i%g%&l {,n?) ﬁ;§é| st%rm s
i nductors, transistors, cf’ ¢on<eontT ol If Frectrfi e fuses arfd
swi t ches, whi chelahebe Mr)ohaeed EfrddGanyreseat r |(&J@llo@or@@nleh@es@gm%}:al

20firm such asrdevatk, Elrashneohas. wahttl& ek -Afsonator mirrors (CVI

. .Laser Corp., Albuguerque, NM), an infrared transmitting

+ 15 - lens : (Esco. Products Inc., Oak Ridge, NJ), as. well as

numerous. - standard . electrical components such as

capacitors, resistors, inductors, transistors, diodes,

~.+silicon-controlled rectifiers, fuses and switches, which

. ... can be purchased from any electrical component supply
--20 - - firm, such as Newark Electronics, Little Rbck, AR.-

EXAMPLE 2
An infrared.laser radiation pulse was formed using
‘a solid state, pulsed, Er:YAG laser consisting of two
u-flat resonator mirrors, an Er:YAG crystal as an active
25 . medium, a power supply, and a means of focusing the
-.laser beam. The wavelength of the laser beam was 2.94

. microns. Single pulses were used.
' The operating parameters were as follows: The
-energy per pulse was 40, 80 or 120 mJ, with the size of
©#+30;:.- the beam .at -the focal point being 2 mm, creating an
- weogii .ienergy  fluence of.1.27,2.55 or 3.82 J/cm{. .The pulse
' - 7). temporal width was 300 us, creating an energy fluence

. rate of 0.42, 0.85 or 1.27 x 10° W/cm®.



EXAMPLE 2 An infrared, |aser radiation pulse was forned using a solid
state, pulsed, Er:YAG |l aser consisting of two flat resonator mrrors, an

Er: YAG crystal as an active 25- medium a power supply, an f
f ocusi ng 8/33¢44ser beam The wavel ength of the |aser bea?ﬁ(&é‘g@%@ﬁg

m crons. Single pulses were used. The ope’t‘%ti ng paraneters were as foll ows:
The energy per pulse was 40, 80 or 120 mJ, with the size of ?i.30 the, -
beam at -the focal Tpeindedigienal Maater edbissg ErEWher gyathuenestsf were

enerty fluence®hare BF 0TS, WHE 0P B, Aloathiponpotoqpis SF CHlridh an
08/ 33444PCT/ USB3ABOEBE SIS  SubseTrmmddi dehealfagaagms o¥sre TRADLtioned

measurenments werechakepooft e Ml abraspret Disdhe feieatne of abeFBivas

vol unteers. Subsequently the forearns were positioned at the focal point of
the laser S andlltsﬁélalr&?g- waslBs epeenar GEHL Sﬁﬁ§éﬁﬁ@ﬁpt?EWrﬁeé:§‘jr%e§‘f§?ﬁ£

were col | ect e¢lorpm the i rirneidtdoiosi t esteand fanm t Hedm t hehepasurement s
of unirradiated controls were subtracted. The results o] i,.n _Fi e 27)
P CR R o b A0 B0 BhA L AP NI LhevBar T FOP ey

show t hat at arrier function of
10 the strat umheor nesmlwvas feboerd iand FigareesaVi i rghorat &haltosatwazilse

nmeasured to b(aerﬁje:}élgz%e%gzognqo}?% HRARABp LRSPeaid VELYridhe fludRe it i pe

positive contro pi eces of Scotch Transpore tape serially applied and
qui ckly Adnovéde remrat yat EATBPUBKWA)S eduRed 1R tBep& e IFIRdy % hr

greater than upfsuched cpehkakrsd thys bbe 13mer § mana efifici egin/at/hr
reduci ng the barrier function E‘mth stratum.corneumithan tape: i ppdg.
d i ni cal asse§§r’ﬁ§’r‘ﬁcfv?:a"'sen]é()'nducﬁw §F 2 aﬁSurggﬁf‘Pgr 9???’%%11’% i D nEﬁﬁ/ apés‘?ral I
eschar was appdrerrds oo ft hec@fsht ertasepbrt iiggie eserggllandappléddneands
present . None of: i, AL EE" -6 PE" bERERTOlE" EiiAh! GO mdRAHid P 4k cal
treat nment. _ 5 ~

B - 9.0 gm/m°/hr, greater than untouched controls; thus the
- laser is more efficient at reducing the barrier function
of the stratum corneum than tape-stripping.

Clinical assessment was conducted 24 hours after
‘irradiation. Only a small eschar was apparent on the
20 site lased at high energy, and no edema was present.

None of the volunteers experienced irritation or

required medical treatment.

EXAMPLE 3
An infrared laser radiation pulse was formed using
- 25 a solid state, pulsed, Er:YAG laser consisting of two
' flat resonator mirrors, an Er:YAG crystal as an active
" medium, a power supply, and a means of focusing the
laser beam. The wavelength of the laser beam was 2.94
microns. ‘A single pulse was used.
“730 -~ * " The operating parameters were as follows: The
‘% L% "energy per pulse was 60 mJ, with the size of the beam at
=% 377 the focal point béing 2 mm, creating an energy fluence
=0t i of 1,91 J/cm?. The pulse temporal width was 300 us,
creating an energy fluence rate of 0.64 x 10* W/cm®.



An infrared | aser radiation pulse was forned using 25 a solid state,

pul sed, Er:YAG | aser consisting of two flat resonator mrrors, an Er: YAG
crystal as_an active nedium a power supply, and a neans of f ocusi n

| aser beanVOME34Mvel ength of the |aser beamwas 2.94 nicroRET ’%%’P‘%@

pul se was used. - 30- The operating paramef@rs were as follows: The 'energy
per pul se was 60 mJ, with the size of the beamat the focal point being 2
mm creating an enerithe fvekaceaspedt9dbfl/ahe?. fd}l‘@mlsé e pdnalt eddt dasas

300 ps, CreatiggfggygggﬁgﬁglL%%gg%hgggﬁy é%Géhé &% r?%d %Qe aser

98/ 33444PCT/ US ) olar "aspect 0 %He FOFear m o
vol unt eer was plascedisichargeadcal poter oﬂlsnbalraserofantlheheléhaser wa&e

di scharged. Af fa%rlaCHesfh%&% oaashecé %h%ﬁmrﬁt&%@&eawa%wpif@ia
adm nistered a_30% liquid 5_lidocai ne soI ion for two _m nutes
needl e was SsubdéRSRIRE | ﬁ@éPFéanl MQF t REO| LR at ed sPPE~Ri-Oh pRedle

ggseiarlvabl gl pai Iﬂzas:\dléubséq&bh!tlyafiﬁeﬁ%@d Mimiioe %P@Stlg@d_xc hb@é?}:@ﬁnts:l.ﬁe
needl e was fu insert into.the .a ed site wt

observabl e pai 't t‘fbnl% %’T"Em? ]e‘? BXpRri e%?é tr]i8“f3ra¢iyt'a_tai & Farfd %’rﬁ“h‘t‘ffe
require medi calanesgdiatein . tEAWREEL A a 22G-IAptedbn vaseshdlly ermsgyted
Nor mal |y hydr atjed 6@%%851%%@ n&ﬁ?éf‘&&”"s%% %egoek?%i“@@%%‘eﬁam

m croscope 5cover sl exposed to single pul ation
fromthe BO vyaBheasarl uahe@ernc@xwra@m%donn\ssaasléé%éamﬁéd apdhotitidngnete

sanpl e up to addghiiraantbdiaa N Mttt any stratum corneumwas |eft at the
irradiated site. Fromthis experinent, it was 20 determ ned that the

irradiation threshold energy (for a 2 nmirradiati on spot) was
approximately 90 - 120 mJ. The thresholEKAMBLE 14 kel y be hi gher when the

stratum corneumi s %Blal%oé’r?chMkQQhSEad% ﬁ%yoms%%{}ﬁgﬁe%ah ﬁ@a@efopﬁif L

t akes energy to renopvé the stratum cof neum f ri s,
it is adherent STV ECOINBUY evadt i sAnBEahehgbeieennetvg (MDSQJOSFPRRIN e

28 'shows. 3 sDSC sty Of snoa&B! | y aiydr adgsb 4689 tBUMBN 55k 4 8L UMb AQNeUNE
and a Scan Of Strat 1r2t010c§nne xr%rz?the Er:YAG laser. Ev1dence of ablation
- -was det_ermlned by holding the sample .up to a light and
~seeing whether any stratum corneum “was left at the'
irradiated site. From +this experiment, it was
20 © determined that the irradiation threshold energy (for a
-2 mm irradiation spot)' was approximately 90 - 120 mJ.
The threshold will 1likely be higher when the stratum
corneum is still overlying epidermis, as in normal skin,
since it takes energy to remove the stratum corneum from '
. 25 the epidermis, to which it is adherent.

EXAMPLE 5

Differential Scanning Calorimetry (DSC): Figure 28

shows a DSC scan of rnormally hydrated (66%) human

so . i-stratum  corneum, and a scan of stratum corneum
7% 30, 'irradiated with the Er:YAG laser using a subablative
_ ';.fp_ulse__.energy of 60 md. Defining the thermal transition
~W pe::.aks at approximately 65, 80 and 92°C, we determined
.1 ,.-~=the heat. of transition (hJ), center of the transition
(°C) and the full-width at half-maximum of the



3Qn th the Er: YAG | aser. using a subabl ative pul se energy of.60 mJ. Defining
the thermal transition peaks at approxi mately 65, 80 and 92C, vve determi ned
,..the heat of transition (pJ), center of the transition (7C ? &ri}

Ul | - wi it WOWS33844 - naxi mum of the VIO 98] 33444PCT/ US98/ 007 G5 TESFOYAR ¢ i on
(O (Figures 29-31). The results shown ar&0on nornal 66% hydrated stratum
corneum dehydrated 33% stratum corneum steam heated stratum corneum

SERG SR qféﬁkf%fﬁhskﬁésquﬁgﬁ&%§m29m3ﬁﬁraivnbcaé@aumBSSHuunmase
i mmersed i n chlorof orm net hanol

vent or bet t pethanol
(a protein derfdt uPAPRL /RS e\“i’@é?tﬁg S §€2ui“} r%%?%?'i‘%h on ﬁ%t%%r%oc%?neum
i s consistent Jiepentl raguonamhl chbteaandidatosd y &t dadoin acorteum, orEB) YAFt h
changes seen due to ther d h
del i pi di zat| o(rjll AFRE et o n@i % E%%l% %t%ﬁlglﬁsg%%deﬁrglge?m ggﬁggum
experiments ortlskin weeat eahrrteh@e;hrrellvvaycbh@méotfﬁ‘afﬂeﬁ'-héntoésuI of LtRide

treatnments (hegj %% yent O[)rdenafblért%nh\)arl’cggﬂo@(ﬂlddb]] ncregsed protein
per neati on. Thus

changes - 15 induced e strat orneum wi t.h ese
treatnents, cfﬁ?fg%%u’&\m%h ar &hgoRSiteCEnLt wqtat?e[%dsrerascg]eant%?‘f]l%%eyc ERebh
irradi ated st r@@m@ﬁr mguajbn@a@t@hanga&p\dmddlmgdcommhicrresmamsnts¢>nab’gm
cOrneum abl ati on, ul t injincreg r eiE}QIYBL th 1
Fourier Transfb?®¥i ﬁ‘f%r’ar%d (ZFT?I?Q) gpecﬁpcﬁjogggébBQETﬁ% spect rogtccgpy a/glsnaused
to study Boratdamsgenelime r eatetetihersenestepmas | and hadedd@isligstion.

experinments pt en us was Lt rae'i._é‘m@pd ifRpBdantle
25spectra (seePerI,nea@{jg—'ggur‘{alls%%Z ?H?M)shoaqfihatst absor ' 30! Egaga;}hat
t

are due to vvat%?ipev‘\h@ﬁnf—ﬁeoélt BELBMEEATEEmM %r% ‘3‘6?1@ wth
| aser treat”?n£e9u1Eh%fd%wégéﬂﬁﬂéhtdéﬁﬁgnﬁhékmmg@olvemmeonsdandtumpndg
change |rrad| a%gglhl%ge pf these cha anges seereig)gr_l ng AL,

in increase permea

the changes
-~+15 -'induced in the stratum corneum with these treatments,
‘ changes which are consistent with those seen in laser
- {rradiated stratum corneum, and changes which do not
téfeSUlt in stratum corneum ablation,_result in increased

permeation.

200 - ' EXAMPLE 6
. Fourier Transform Infrared (FTIR) Spectroscopy:
FTIR spectroScopy"was used to study stratum corneum
'treated the same way as in the above DSC experiments,
;XCept the energy used was between 53 and 76 mJ. The
25 spectra (see, e.g., Figures 32-33) show that absorption
bands that are due to water, proteins and lipids change
when the stratum corneum is irradiated. Some of these
3‘dhange5' are consistent with changes seen during non-
‘laser - treatment of the stratum corneum (e.qg.
“. 30" desiccation, thermal damage, lipid solubilization or
#.TEBrdtein denaturation). For example, the Amide I and II
©-7% % bands, which are due to the presence of proteins (most
i i kely keratin, which makes up the bulk of protein in
"o %" istratum corneum), shift to a larger wavenumber,
35" consistent with the effect of desiccation alone (in the



stratunctorneun(e.g. lipid solubilization or -- 'Protein denaturation). For

exanple, the Amde | and Il bands, which are due to the presence of
proteins (nmost "'I'ikely keratin, which nakes up the bulk o [ D Jn-
"stratum A v shift to a |l arger wavenunber, 35 consi st ‘ﬁ’p{’%ﬁ?g‘%e

ef fect of desiccation alohe (in the W 98133444PCT/ US98/ 00706 51 case of
Am del | ) or desi ccat i onandbet a- nercapt oet hanol treatnment (in the case of

Amide 1) (see,.8s8., Bifguramddle The )CH2,owi bradsdosat ioie t oahdnds bieta-

|'i pids) always shift to,a smaller venunher .i.ndi cating.t. i ther, the
i nt er nol ecul arm‘3§§88|t8teitgﬁnggt \Fégﬁ\gﬂé{‘&f‘&éﬂf‘ 155§ T e(gﬂl %’giﬁgs&%ee(r?e}%’
di sturbed and/etgt he Faruineordnt afbandH:hevibpad iwpisecldus tasbendsgdd i n

such a way that.th i Qriat.d L Or : a d=%8
e.g., Figure 3 }glﬁﬁéxmaéﬂgaéhwa%ﬂ St (%fmoatgl??e un%?%&h\?ﬁ?%bv:i\g}%% 9
experi nent 8 havbabeereiddirr onthat s iaterAedessiladsua? $50Ct Rkl QR| nbetween

irradiated w thgQ%eErti YAG {dsge1apd1ias? HEB Speénard swividbedt pandy el athe
pul se energy, and then the irradiated 15 site is bi psieﬁ i di ately .or 24
hours later. TRBVAXSRPEES oRTPYRHcdier ebttkPtd & es‘ﬂ‘&ﬁr?i agj haRIZE At
37. Figure 36 shews raat wkyn thaadi ahed atitdGitmibnathi dhehaviaor enefgy the

sufficient to make the skin %%r nq@l%lee (et% | 'I_Qee,35f or instance) and yet
‘medm

does not show ZRy & rerSZ(S;hgfn St at Um’cor aplation.'Figure 37 depicts

human skin 24 hours after being irradiated at 80 mJ. In this case, sone
change in,phe appearance of the stratumyagpaeum has taken place (perhaps
coagul ation of sone | ayers of stratum corneuminto a darkly staining single
251 ayer), and yet tHésSHol@daym cWRRBLANF s 18k i YHVP acFOey et Eﬁﬁeig)er?d}
abl ated. |rradigahieon of hege® skhd, homéngo, andisudiskeguenthy esdinnedis

upder 3,0 s2ect LR JILELSPCORen SR LRS! AP 84S C2ogR capbkeamd han
skin. The i rradwdtdad stpatuicebanepolappeaesgy, and then the irradiated
| .. 15 - site is biopsied immediately or 24 hours later. Two
examples of typical results are shown in Figures 36 and
37. Figure 36 shows rat skin irradiated at 80 mJ, which
is an energy sufficient to make the skin permeable (to
lidocaine, for instan“ce)‘ and yet does not show any sign
20 of stratum corneum ablation. Figure 37 depicts human
skin 24 hours after being irradiated at 80 mJ. In this
_case, some change in the appearance of the stratum
corneum has taken place (pérhaps coagulation of some
layers of stratum corneum into a darkly staining single
25 layer), and yet the stratum corneum is still largely
intact and is not ablated. Irradiation of human skin,
- in wvivo, and subsequently examined under a dissection
microscope, show that at subablative energies (less than
about 90 - 120 mJ), the stratum corneum is still present
300 on the skin. The irradiated stratum corneum appears
-_'.-fz.:.' : -.'.slightly_- whitened in. vivo, .which might be evidence of
-+ desiccation or separation of the stratum corneum from
;. the underlying tissues. '

. P



fl. slightly whitened in vivo, which mght be evidence of desiccation or
separation of the stratum corneumfromthe underlying tissues. WO '
98/ 33444PCT/ US98/ 00706 52 EXAMPLE 8 ‘One way to quanti%y the
reducti onM9¥Bd4parrier function of the stratum corneum i FATSHEAY e the
reduction in the electrical inpedance of bBe skin as a 5 consequence of

| aser irradiation. In this experinment, separate 2 mm spots on the vol ar
aspect of the forearm of a human vol uniyegipierge irradiated with a single
pul se of radiant energy fromthe Er; a_range nergi es. An

Y. S usi ng. f
ECG el ectrode was tHeénh BRYcdd og\éf“_nFﬁéyldﬁig aﬁ?atlﬁglgpt e”hnﬁgﬁn arrier
uni rradi at ed Sidretahout A0 ahawayt eitume camedor eay mtA ki ddresi nehevave

of magnitude 1 vplt .peak:to;peak was t.hen use asy et he_i mpedance of
the skin. The rreéjg‘lﬁrtlsonoflﬁ $8Fi eesleocf%rr%ecaagurlerﬁgﬁégnggegﬁhgtv\%@i ﬁkgﬁg%?se 2,
whi ch shous t ltainsekfarms eof s lasgerrbasadiat sk n i npedbhée igkpskiiment,

i rradiated at§%§§ | @SmgO% gihﬁﬂtﬁgsQQQQH“%Jﬂéé@dOEUEW%tfbrearm_

i nterpol ate dat 4. VPLE I eces of human skin were placed in diffusion
cells -20 an®f & i edVatERtear sYagPelptpdéabedr Hdthne AL RBRRed

by an E(r]I ; YAGh|<ﬁSQFaIdigéTt6t SPOEr §¥ Zﬂr&hﬁstﬁenﬂ]\c_’amAGt masgmengyan a}] heaofra_ﬁ S&f Was
nmeasured with a cal.i brated energy ter. After ir i ati,on e_di sion
cells were pl &&F9ISH 37d‘Hbgr%Sg"s g?%’fﬂ%d%eéﬁaisng{%?%cﬁla-deé%Pﬁggﬁhatf%ee
‘buf fered 19al i ne neaki svied sticet hend ecept onichadbetebel vire hebskitn dAd cm
asmall stir baf, e SRRl edankn LOECLAREP! O CHABDCHS! O5KAEP hhge ot d
continually mXxed. Control skin was eft uni rradi ated. Sral T

, vol unesof r adimAKEHdiudgic bnySditd SR ke ~ReAK | Fa5t &M BFeDNAP RSTSY¥Rn

added to the doporimsbashes amd-dmef tsikoi. 15 THenWam tef o6 Beiskg ilrmyed

(in the case of corticosterone) qr were left for EEe entire %I ratio aog the
experi ment (i MEEREG BRE [ﬁ%}@"?n SaRp BTN e her’f’r}ila%n HPHﬁlt

recept or lhanbererat 35 yadeousasents aktier iappdiacael dm efkifrhel tesdi@oegound

and ©  at energies as low as 10 mJ, using the fitted curve to

interpolate data.
EXAMPLE 9

Pieces of human skin were placed in diffusion cells

+ 20 and irradiated with:a single pulse of radiant energy

produced by an Er:YAG laser. - The spot size was 2 mm and

“the energy of the pulse was measured with a calibrated

energy meter. - After irradiation, the diffusion cells

were placed in a 37 degrees Celsius heating block.

25 - Phdsphate buffered saline was added to the receptor

chamber below the skin and a 'small stir bar was inserted

"in' the receptor chamber to keep the fluid continually

- -mixed. Control skin was left unirradiated. Small

" _volumes of radiolabelled compounds . (either

i 30%- - corticosterone or DNA) were then added to the donor

- ‘chamber and left for 15 minutes before being removed (in

*.the case of corticosterone) or were left for the entire

duration of the experiment (in the case of the DNA).
Samples were then taken from the receptor chamber at
35 various times after application of the test compound and



WO 98/ 33444PCT/ US98/ 00706 , 53 neasured in a scintillation or ganma
count-er. The results of this experinent are shown in Figures 21 and 26. The
results illustrate that enhanced perneati on can occur at sgﬁ ?Bg%? 0%‘% | aser
pul se eneM§P3384e the 77 5 mi/ pul se data for corticosteroh® W %ug

in the case of the DNA experinent the enerdy used may have been _abl at| ve
enhanced perneation may still occur when | ower energies are used. EXAMPLE
10 10Hi st ol ogpestudicds on rat sechtiobat Sdan,of r roedinet et cirttear. i n Viheo or
invitro, showlittle or ewdene |o n,Er: eb1pul 5
energi es |ess Fﬁﬁhﬁﬁt?mﬁf =206% ér%gnuse x\é]ﬁ«‘ .lﬁ Eyl’l%%ll@é g% it
Repeat i ng t hi s26t udyhehoweeth ittse Jslalr@trmﬂttsh%ﬁs eh}@allge@réﬁirmﬁgtspﬂldl@gl An

in vitro permegtion Sé'&ldé’uﬂséﬁﬂa{ﬂré' alfa%‘érﬁgé@isé 3éné%8)1e'an@é/é gg@unﬁn

skin | ased at energies fromb 1250 (40
det er ni ned5( Fi gdvYeslse a‘ﬁ@ltf24)fct1haﬁ°§ﬁllcﬁc§tt@a’~§é‘q n per%‘é&‘?%ﬂ wasl%eé:ﬁ‘eat

| ow energy flugRees o4p the BNNItepAhiaie, t}\l@eéﬁ‘élﬁ@yl tsedprareabiven been
This shows that there a_lased.i nduc

nore-or-1ess copstant. be

enhancenent of—agila%éé(tel'or?“(h&ncteﬂ tﬂeart“é‘?f%cirbrr?a%t ghﬁlg%gufhglhe&r é‘ower
sub- abl ati ve. EXAMBliEslhre2%Eleel.out put of the Er: YAG | aser was passed

t hrough an aperture to define it's dianeter as 2 mm Human skin, purchased
froma skin bank, was positioned in Franz diffusion cells. The receptor
chamber of the cell was filled with 0.EXAMPEECI@d saline. A single pul se,

30 of meagyred ener gy.stWaSMSQE IO dS i Al€ HRQ BknBni Bxaparidiidiated
diffusion cells.Control skin was left - ---un rra |att§_flﬂ When t he

perneation of EAdGEH nd® WALVPoOF p& tBLEEY, 5N9H4 S@F waS l?svétfieréch%

mul tiple sanpl @ ablation when Er:YAG laser pulse energies less than
about 100-200 mJ are used. (See, e.g., Figure 25).

- Repeating this study showed the same results as the

15 . previous studies._. An in vitro permeation study using

=~. - tritiated water _(%hO) involving human skin lased at

- -~ energies from 50 mJ (1.6 J/cmﬂ to 1250 mJ (40 J/cm?)

determlned (Figures 23 and 24) than an increase in

permeation was seen at low energy fluences up to about 5

20 J/cm?, whereupon the permeation is more-or-less constant.

- This shows that there has been a 1lased induced

enhancement of permeétion {of tritiated water) at

energies that are sub-ablative.

EXAMPLE 11 ,
25 The output of the Er:YAG laser was passed through
an aperture to define it's diameter as 2 mm. Human

skin, purchased from a skin bénk, was positioned in

Franz diffusion cells. The receptor chamber of the cell

"was filled with 0.9% buffered saline. A single pulse,

30 ©#7of measured energy, was used to irradiate the skin in
o - separate ~ diffusion cells. Control skin was 1left
“unirradiated. When - the permeation of lidocaine was to

7. be tested, a 254 mJ pulse was used, and multiple samples

" were irradiated. In the case of yY-interferon, a 285 mJd



WO 98/ 33444PCT/ US98/ 00706 .54 pul se was used, and nultiple sanples were
irradiated. In the case of insulin, a 274 mJ pul se was used, and nultiple
sanples were irradiated.ln the case of cortisone, either 77 mJ or 117 m
was used. AVOOB/3%4dr adi ation, a stirring magnet was pl ace i nPEHUSIBAHES Or
chanmber of the diffusion cells and the cel%4 were placed in a heating bl ock
held at 37 C. The radiol abell ed |idocai ne, ganma-interferon and insulin

were diluted i utilé%f er&d ﬁ@laﬁne’an%f‘dm&ﬂplﬁ’i-e OgaﬂlBQe%eWﬁé nﬂrﬁthéteas 10

was placed in onor chanber of separate_diffusion cells. The donor was
left on the skilR fghet F@SQurek i SRSUSENY hé e%ﬁérl%nl?u%fevé’lal SoudSefnednd
post-drug- appuil&aiplen, ssamllees were takeadiaewd.he rdeeptbore caseri guff es

39, AOand 41. %%%T%%%élltgl%gnstap;s Q?f0||0¥f7 mJ was used. After
5 irradiation, a stirring magnet was place in the receptor
| chamber of the diffusion cells and the cells were placed

in a heating block held at 37 °C. The radiélabelléd
lidocaine, gamma-interferon and insulin were diluted in
buffered saline, and 100 pL of the resulting solutions

10 was placed in the donor chamber of separate diffusion
cells. The donor was left on the skin for the duration

of the experiment. At various times post-drug-
application, samples were taken from the receptor
chamber and the amount of drug present was assayed with

- 15 either a gamma-counter, or a liquid scintillation
;. .céunter. - Graphs of the resulting data are shown in
- - Figures 39, 40 and 41. From this, and similar data, the
TTpermeability constants ‘were derived and are shown as

~ifollows:
20« -
. Drug Permeability Constant, kp (x1073 cm/hr)
Lidocaine = 2.62 +/— 6.9
y-Interferon 9:74 +/— 2.05
25 Insulin 11.3 +/— 0.93
EXAMPLE 12
This data was collected during the same experiment
as the TEWL results (see Example 2 and Figure 27). In
v .i.; -the case of the blanching assay, baseline skin color
nz 30:. (redness)  measurements were then taken of each spot

“i=1  v.using a Minolta CR-300 Chromameter (Minolta Inc., NJ).
=% -7 The Er:YAG laser was then used to ablate six 2 mm spots
2 on one forearm, at energies of 40, 80 and 120 mJ. A

spot (negative calorimeter control) directly adjacent to



or aliquid resulting data are Fromthis, and simlar were derived and are
shown in data, the shown as . DrugPerneability Constant, kp (x10-3

cm hr) Lidocaine2.62 +/- 6.9 7-Interferon9.74 +/- 2.05 25Insulinll.3 +/-
0. 93 EXAMW@9¥3444hi s data was col | ected during the sane exBPeFUREA0706 o
the TEW results (see Exahple 2 and Figure527).In the: case of the

bl anchi ng assay, baseline skin color 30 , (redness) measurenents were then

taken of each gpet ushsgra Mﬂ%&?at%30%p@trsonaﬂ‘€h§ﬁ.néw nolhBohBRed. NJ)

The Er.: YAG Iaser was then used {o abla e si n_one forear
energi es of 40SUBSSENENAY mP ALRBt Gh { ﬁ gg&agPﬁﬁngSSGEtQﬂ tment
directly adj aceats tappmd)St83é44dDG‘5lﬂ US98/ 1ased =pdte dasehei rtrrazhtaﬂatt

spots renmi ned_unt ouc éﬁnl baaégnghgwégﬁg ;fg{g cqLti SO
oi nt ment - vvasa f“ed 03|xo | §5€ spot s on 5 arm e
unt ouched ﬁpotadmﬂdusﬂammiabaiemam drayemasof Diprolene (B- methasone),
which is a strong steroid that can permeate the intact
stratum corneum in an amount sufficient to cause
measurable skin blanching. An occlusive patch,
consisting df'simple plastic wrap, was fixed with gauze
10 and dermatological tape over all sites on both arms and
left in place for +two  hours, after which the
administered steroids were gently removed with cotton
swabs. Colorimeter measurements were then taken over
every unirradiated and irradiated spot at 2, 4, 8, 10,
"15 ~ 12 and 26 hours post-irradiation, these  results are
S .Shown in Figure  38. Finally, the skin was clinically
.. assessed for evidence of irritation at the 26 hour
" evaluation. '
The results of the chromameter measurements show
20 that some erythema (reddening) of the skin occurred, but
because of the opposite~acting blanching permeating
hydrocortisone, the reddening was less than that seen in
the control spots which did not receive hydrocortisone.
The Diprolene control proved the validity of the
~ 25 measurements and no problems were seen in the volunteers
at’ the 26 hour evaluation, although in some of the cases
‘the site of irradiation was apparent as a small red
. spot.

- EXAMPLE 13
-7:30 = "...The radiant output of the Er:YAG laser is focussed
4 r:iinand collimated with optics to produce a spot size at the

:surface of the skin of, for example, 5 mm. The skin of
"! the patient, being the site of, or close to the site of
z. . .disease, is visually examined for anything that might
"7 35 affect the pharmacokinetics of the soon" to be

[



5 admnistered a thin | ayer -of D prol ene (P-nmethasone), which is a strong
steroid that can perneate the intact stratum corneumin an anount ' '
sufficient to cause neasurabl e skin blanching. An occl usive patch,

consi sti nWQ/Biddol e pl astic wap, was fixed with gauze 10 P&%&’S”/‘"m“
dermat ol ogi cal tape over all sites on bott6rns and left in place for two
hours, after which the adm nistered steroids were gently renoved with

cotton swabs. &%&9&&5@&@&d”@§§grqaeats W@@%ﬂﬁ%ﬁ&ﬂﬁi ﬂhéﬁa &¥ehYwide-
uni rr adi at ed I rradi at ed nd 26 hours

at 1
post-irradiati %W,—'e?ﬁeéé’srses‘iﬁstgh%r é“t§96€m’:f3’| g bﬁ?e g2 |uﬁ‘alcr‘§/rn?%) ski n
was clinicallyrhigassdssed diotcievigence 0é ithel teit®nodt itthmadfathionn, is

| uat Th It f t h
cval et on, ToSGhESY! Lotk SRR o RSO sy 2o

opposi t e- aBt i ngompanndanUp@r @@ama@mrmmtbg@hdupt o hedher? s was Al ess
than that Seendig ﬁb@.enttrgJ SAUSH M €5 ¢nd YL LCBENEsBUARRLOFS saec.

The Di prol ene con roved the validity of the 25 measurenents E‘;L\
probl ens were §Eéﬁ PﬁlPﬁet90lll§ﬁtaé’éP§l8P e BEhdf AR 8RY &P F}G&ah in

some of the caﬁeélbaecaut ed@érig,r adisat wel 1wassappar &ﬂ:tnt&&rﬁ s | elf:edn$p0t
EXAMPLE 13 ~ 30-

%’ adi_ant out of t?} E?%YA? | aser focu ggg

col i mated wi t h28pfPes etr}?ﬁ%yodﬂ %%o Ysi A& - su f ace of- % SKi n
of, for exanpleulSemtapplrexskianedly B5Ohespatangit,, v\blelhngam h@ns;gye of, 260
close to the shye ofs - dk38ase L3:uhiudll vepaliaed fompnyEBLaget had |l oht

35 affect the p é.rmaco I netics of the soon
reduction or elimination of the barrier function of the

. stratum corneum. Subsequently, an amount of
pharmaceutical, hydrocortisone for example, is spread

~.15 =~ over the irradiation site. The pharmaceutical may be in
" the form of an ointment so that it remains on the site

“ of.. irradiation. = Optionally, an occlusive patch is
fblaced over the drug in order to keep it in place over

‘the irradiation site.

20+ v : : _ - EXAMPLE 14 _
_ An infrared laser radiation pulse was formed using

a solid state, pulsed, Er:YAG laser consisting of two
flat resonator mirrors, an Er:YAG crystal as an active

medium, a power supply, and a means of focusing the

25 - laser beam. The wavelength of the laser beam was 2.94
microns. The duration of the pulse was approximately
300 ps. The spot size was approximately 2 mm, with an

energy fluence of 5 J/cm’. Single pulses were used.
Three 2 mm dia@éter spots were created on a flaccid
+.30: - penis..: - Subsequent to ablation a pharmaceutical

- preparation of alprostadil-. (Caverject from Pharmacia &

» in

- Upjohn,: .Kalamazoo, MI) was applied to a small patch
.. consisting of tissue paper. The patch was applied to
?ic i+ the multiple perforated  areas of the skin on the then

35 ¢ flaccid penis and held there with adhesive tape for 45



WO 98/ 33444PCT/ US98/ 00706 56 adm nistered drug (e.g., significant erythem
or a widespread |loss of the integrity of the stratumcorneum. This site,
which is to be the site of irradiation, is gently cleansed to renove all
debris andV@8Y334¢ r aneous 5 conpounds such as perfume or a HA/PHRIPOHS body
oil's. -A disposable tip attached to the | aset pressed up to the skin prior
to irradiation is used to contain any abl ated bi ol ogi cal debris, as well as
to contain anymghiaris. radlpfﬂﬂexenepgyoﬁmdueey B5 t henhaeer,. thsi neitei draser

10pul se (approxgaleln 330 PReLOrgL: (HhLN.T Sneak Ay 9RO Mork SR 1 ©

irradiate the e resu or “el'im nat’i on arrier
function of thé&ostr.at um cor neum Subsequent I y ananount of phar rraceutl cal ,

hydrocortisone for etamMmidedit Scpfe@?‘ls-lﬁout?é/eéftQ&niﬁiégkéUlBB §ig techaTthﬁ

pharmaceutical may be in the formof an ointnent so that it remains on
site of irPadidti drf EPpiRbAaFty, TR SM3di vreetﬁm%rpf safpirdegrardrn 1t

drug in order tapseriadil nlﬁbageegveinjet@tizﬁq a(ilh%tl@dﬁmﬁbhﬁd Z@EQ%\NH&EOM
An infrared | a%i}'& radi ation pul se was f ma]g u5| a sogh ul sed
Er: YAG | aser ¢ stPRBUBF TS FIARUTF eSdnat SRS as

an active nedi nmecﬁ.epomeNOQ;umJﬂw asd salcmieaanspubcéduum mgntrtﬁaﬂZ,SI hs@r igeam

The wavel engt h gfg thgtéﬁlq%ﬁ]ge%glovﬁétgnglamgr ogﬁfggglgprsat I3, £Qfm it t!{]becéqyl se

was appr oxi rrately 30 t" size was approximately 2 mm wt
energy fldéncesdar®.J/cnR. Single pul ses were used. Three 2 nm di anet er
spots were created on a flaccid .30penis.- .Subsequent to ablation a

phar maceuti cal preparation of al prostadl | (Caverject fromPharmacia & .
Upj ohn, . Kal anazoo, M) was applied togéﬁéfail_%l atch , consisting of tissue

paper.The pat ch was mapplingd#atted laser radiation pulse can be formed
using a solid state, pulsed, Er:YAG laser consisting of
...two flat resonator mirrors, an Er:YAG ‘crystal as an
15 active medium, a power supply, and a means of focusing
...the laser beam. The wavelength of the laser beam is
..prgfefably 2.94 microns. . The duration of the pulse is
- preferably .approximately 300 ps. Thé. spot size 1is
_pfgferably approximately 2 mm, with an 1mpulse energy of
20 . approximately 150 mJ creating an energy fluence . of
.. approximately 5 J/cm?. _

Single pulses of radiant energy from the
~ TRANSMEDICA™ Er:YAG laser, With the operating parameters
described above, is preferably used to irradiate 2 mm
25 diameter 'spots on areas of the scalp exhibiting hair

- loss. Multiple irradiation sites can be |used.
-~ _Subsequent to irradiation, minoxidil (for example
f_wgogaine from Pharmacia & Upjohn, Kalamazoo, MI) may be
-~ applied to. access. interstitial spaces in the scalp,
' Qg;SQab;qllpwing’ greater quantities of the pharmaceutical to
=5 - ;Stimulate root  follicles than is - available by
(F;anscutaneous abspfption_ alone. Alﬁefhatively,
) supsequent_ to ablation, androgen inhibitors may be
-. applied through the laser ablated sites. These

"



. the multiple perforated areas of the skin on the then 35- flaccid peni s
and held there with adhesive tape for 45 WD 98133444PCT/ US98/ 00706 57
m nutes. After approximately 35 minutes, the patient obtained an erection
that was swobssmed for nore than 1 hour. The benefit of thiRET/&28/807%96
admnistration is that 5it is painless. Be normal nethod of

adm ni stration of alprostadil I nvol ves injecting the conpound deep into the
corpus cavernosum of . Lbe Ben Scyi L caupodes M iead eor Nadlgerss stch a
procedure paln i t ‘also results in potentially infectious

cont am nat ed mahaerSEXANPLE 15 An infrared | aser radiation pul se
can be fornmed using a solid state, pulsed, Er:YAG |aser consisting of two
flat resonator mrrors, an Er: YAG crystal a 15 active medium a power
supply, and a neans of focusing the |§§§@:§gﬁ& The wavel ength of the | aser
beam i s preferabl y 8k94 niesonsacThe dis atd owiafelyheusekdseand , cormbaisbl y
appr oxi mat 300 is, The spot_size i f bly. I mat 8l th
an i npul se eneFﬁ? §Pt50 appt % HaT elé %ggd%%cre%}??ﬁ% n enerrg(l%‘s{nlreﬁgg of
approxi matel y Bedpuad. Srngl e (paheesldy) r athant fager g9ffrem Pﬂglent

TRANSMEDI CATh gﬁl%@‘ﬁnbaﬁﬁbmo‘ﬁ'ﬂ‘ngt%h% PRy %dﬂ&n&%’@%(ﬁrrﬁlcrons oﬁESRlithd
above, is preferapl

Used to irradi ate 2 q?anetf pghs on g gas of
the scal p exhi Bithn§hRarRdigas. Mﬂﬁﬂ%&(?q Yorf st38T can®beruse
Subsequent to Hfﬁadldiuoo Wndy@ﬁ(BHldeﬁs&mﬁﬁqmmg,Fb@annw.f@uhaﬁhaMadcla &
Upj ohn, I amazo b e acce e | SpayESd Nat he
scal p, t 8||OéP gréﬁ X ﬁgﬂ'éé,eg9§ )the §§Fﬁécé€%%%%€£t i

“mask” made out of hydrogel whlch is a gelatine-like

material that consists mostly of water) is applied to

the irradiated area to provide both a feeling of

coolness and also to prevent undesirable desiccation of
15 the treéted skin and “weeping” of bodily fluids.

' The pain associated with this procedure would be
“intolerable without the use of local or general
“anesthesia. Generally, 'multiple (perhaps up to 30)

" local injections of lidocaine are completed prior to the

20 iffadiation of the skin. These injections themselves

take a significant amount of time to perform and are
themselves relatively painful.

| Single pulses of radiant energy from the

TRANSMEDICA™ Er:YAG laser is preferably used  to

25 irradiate 2 mm diameter spots on areas of the face

required for the multiple applications of lidocaine

prior to skin resurfacing. The energy used in each

laser pulse is ©preferably 150 mJ. Subsequent to
irradiation, = 1lidocaine is applied for general
30“;éﬂésthesia Furthermore, by incorporating 1lidocaine

¥ (preferably, " the hydrophillic version which is

*1idocaine- -HCl) into the hydrogel, or other patch or gel
" means of containment, and applying this complex (in the
thsical form of a “face-mask”) to the patient's face
35 prior to the laser irradiation but after ablating the



stinmulate root follicles than isavail able by

t ranscut aneousabsor pti onal one. Alternatively, subsequent. to abl ation,
androgen inhibitors may be WO 98/ 33444PCT/ US98/ 00706 58 inhibitors act to
count er t hWOS83d¥¥s of androgens in hair | oss. EXAVPLE 16 SkIA/SO%E9706 aci ng
is a wdely used and commonly 5 requested: &8sneti c procedure whereby
wrinkles are renoved from (generally) the face of a patient by ablating.

approxi mately tmmrerae%e&ao wﬂtcr{omeotrsim@ Wddert hersmdaantatenet 9% £
produced by a | aser (Dover J Hru - "Laser Skin Resurfaci

n
Semin. Cutan. NBEE €S0 éi}?’bougrﬁf%) 1t 88 tlfL entaf t #r%F eat neh flgF?Bﬁ a
"mask” made outarpdstiyels dgewilbhbeh 1|nﬁua:e@ia|ﬁﬁ1t nehé i peoaetarealtd ed done

consists nostly of aVed ey |s g ?J'yedaltsoo t}pg ééﬁgﬂ%}ig? qrea t 013:5 %g§590th

a feeling of cdUt Hess amd” al 3 revent 8STTabl e desi cea
treated skinh arsedalkeiye ng*'lfd"flrboml’lley hb/dlr@gel to Thetpeirn psepsairet ettheit h

this procedure M%‘.@ef }_.n;,gggr alhepy TahQi‘itsézl%%éﬁFg %ed%@i ;?fo&éﬁﬁ?é'

anest hesi a. Genera mul ti p e (perhaps up to 30) local injections o
li docai ne are cdRiERLbYi or the t NE2SHMRPkdi aCRdn & t REEEHEeShedBtO
i njections t her@@wﬁﬂtabetaesugnumtants@rﬂtuﬂme ofoti @ﬁntg(lepeézf)plmzaﬁdoﬁr e

t hensel ves rel t|ve al fuI ul.ses .of radiant e from_the
TRANSMVEDI CATH ;E(i’ylitéllseurnl 'S pr e rz:bqoft&eﬁ: t&eﬂgonrsr adiat g}/lf F{Camet er
spots on akkas Eﬂfnahbya‘ acanohes r Yt 4 or-ndwmwek frul inpdepeppt inat i besebdicial

l'i docai ne pri Orpﬁélr éhtf_féé’iéac's%%hThgse%‘%{ >b Usadd n(ga h '§§8£tPHE§ﬁ s

preferably 150 "'mJ. sequent to irradiation, ocal nei sap or genéer af
Neosporln, Polysporin, and Sulphadene) or long term

topical or systemic analgesics, such as fentanyl or
demeral, can be applied to the patient after skin
15 . resurfacing treatment.

EXAMPLE 17

The growth of hairs in the_nose_(p:ime;i}y in men)

is a common cosmetic problem. .. The current therapy,

.which involves pulling the hairs out with-tweezers, is

20 painful and nonpermanent. An infrared laser radiation

'pulse can be formed using a solid state, pulsed, Er:YAG

laser consisting of two flat resonater mirrors, an

Er:YAG crystal as an active medium, a power supply, and

a means of focusing the laser beam. The wavelength of

25 the laser beam is preferably 2.94 microns. The duration

of the pulse_épproximately is preferably 300 us. The

spot size 1is preferably approximately 2 mm, with an

..impulse energy of approximately 150 mJ creating an
energy fluence of approximately 5 J/cm’.

30 Single. pulses of radiant energy from the

| - TRANSMEDICA™ Er:YAG laser is preferably used, with the

above described operating parameters, to irradiate 2 mm

diameter spots on the nasal - mucosa exhibiting

cosmetically unappealing '~ hair  growth. Multiple

35 irradiation sites can be used. The irradiation by



30 anesthesi a. Furthernore, by incorporating |idocaine

" (preferably, thehydrophillicversionwhichis - -lidocaine-HCl) into the
hydrogel , or other patch or gel nmeans of containnent, and applying this
conpl ex (wWO®si84physical formof a "face-mask") to the pat iBGHUSORHE 35
prior to the laser irradiation but after add ating the WO

98/ 33444PCT/ US98/ 00706 59 stratum corneumwi th the Er: YAG | aser froma
matrix of SitegrLBigualont JheshrealiBnt Aeaa il | Chent ARK Neskd oty |
be induced for the procedure to be done painlessly. It nay also be
beneficial to inbéPpEiage STSQWIRRYT vBadrt HFPYHR hP¥PogeIrad i PPemay
prepare the pappenitfor £ Whals Ciahidier atd shiessi neherediicalueyr ocadibating
Optionally, the "face-mask"” can be segment eﬂ into_several %%st het i S urtl:iots
suitabl e for sEHEFENEPN cBRTbn T i cMAFeTAREHVET¥atr MRS B Dhs 6
the face. 30 Eirmradipntianot kerdyd,acks meskdmphe oi pdoayamgndegeeni awhich
prar Maceut | Cal SheRtER AMFHIRIAL! (8dtdhaRe! 14ACT Pagll08BR] | Noan . be
Pol ysporin, an S phadene) or long term %pl cal or system c anal gesics,
such as fentangbpdiedemedditecdimdhdyphriedeent pespabe@ninhpt Epesgpiasal

15resurfaci ng pheatgent . sE¥AVBRE YAdiant ehRegyr OWrBmof ahadisden Lhegerose

(primarily in nmen) _i_s ;commn cosnetic obl em ,The currgent thejéagg, \%’ui ch
i nvol ves pul | i A§2PHEShai3Seolut St RSt rs0 F&815§ &jl%fﬁ?m%ﬁﬁa ure- o
nonper manant . Ahel Rfuraicethdiagert isgieaat | oTh sl set sanobseloechidelyi nigmagsol i d
state, .pul sed, _Er: YAG. | r,.Consi stin t sQnat or @i Lr n
Er: YAG crystal tgs? gr?%é:cﬁso\jellﬁg%sunﬁﬁ a%@m%#%ﬁ%%?y?ﬂin%y% m]é\%]sgo%ref&’&l&si ng
the | aser beamth®henawak| sagsheofipompHéfiaderschetingt s hdaf e3 BV yh 2 does
mcrons. The duiat iRt hePUSe AP oxbaBt by Fscprehsr ghlixk390aRs itThe
spot size is preferably approximately 2 nm with an inpul se energy of

appr oxi mat el y 896 Smp f&edafiany3dn Néidr fF™MAViddnce of approximately 5 J/cng.
30Si ngl e pwl ses of madilantvenes@y fapphildae i chRANSVERhCAM fiivaid das éravies
preferably used, with the abpve described. operati ng par , +£.0

irradi ate 2 ai é)rwnspaﬁcg %ens?%le_erl(gfsajrt ?erhué%%% kég_hfﬁggl%gé%cgtgrrécﬁogaﬁ ly
unappeal i ng haiskkigrleat hivl tthel e 8% i thadi amaoy siogd fégatiiengse@frhehe
irradiation-bygescribed techniques are possible without departing from

~the inventive concepts herein.



WO 98/ 33444PCT/ US98/ 00706 ' 60 itself can be sufficient to alter the tissue
t hereby i nhibiting subsequent hair growh thus irradiation nay be itself
sufficient to alter the tissue, inhibiting subsequent hair

growt h. Al WO #83¥44| y, subsequent to 5irradiation, a dye, f(}’rﬂ&sgﬁl&)@6

i ndocyani ne green, which jabsorbs differenttlwavel engths of radiation, can be
applied. After the dye has been absorbed into the nasal passage, 810 nm
radi ant energy froma diode | aser (GaAl As | aser) can be used to raise the
tenperature of 10.the surrounding tissue. This acts to sel ectively damage
the hair fol | it8&™¥n contact with the dye. As a result the nasal tissue is
nodi fied so that hair growth does not reoccur, or at |east does not recur

as quickly as it dogs affper, | £B3i 1o resmua) - sk OUSty  that
applications of this invention have been showr and described, it should be
apparent to thpsstirlLvedabhatRrs, - apt tHaeSmaRgtnoaPLrESt i ohBeof SERETUM

descr bed t echal,gHgsmar eoRessibhe whbhowbgdepatting from the inventive
W0 4

concepts herein. _vy. 98133444PCT/ US98/ 00706 , 61 C ai ns 1. A

nmet hod for altering skin pernmeability that partially ablates, or does not

abl ate; the' stratum corgeum reemRihg ng thasstepbeaf: Harhocusifdgcdenaser
beamwi th sufficient energy fluence to irradiate Ihe(§¥LQ a IeastiasaQeep
as the stratum corneum but n&PCI9YdeePHECE h&Ceapiiiars efa&glg; et

b)firing the |l aser to create aeaiste agf deep as the stratum corneum, but
not as deep as the capillary layer; and

b) firing the laser to create a site of
.10 alteration, the site having a diameter of

between 0.5 microns and 5.0 cm.

2. The method of claim 1 wherein the laser beam
‘has a wavelength of 0.2 - 10 microns.
‘3. The method of claim 1 wherein the laser beam

15 has a wavelength of betwéen 1.5 - 3.0 microns.

4, The method of claim 1 wherein the laser beam

has a wavelength of about 2.94 microns.

5. The method of claim 1 wherein the laser beam

is emitted by a laser selected from the group consisting

20_":§ﬁH_Er:YAG, pulsed CO;, Ho:YAG, Er:YAP, Er/Cr:YsGG,

" "Ho:YSGG, Er:GGSG, Er:YLF, Trn:YAG, Ho:YAG, Ho/Nd:Yalos,

1 605élt:MgFé,,HF_qhemibal, DF chemical, carbon monoxide,
 deep UV lasers, and frequency tripled Nd:YAG lasers.

e f;é;;;uThe metﬁodhof claim 1 wherein the laser beam
;ﬁ"25 iTi§“éﬁi§téd 5Y an Er:YAG laser.

THIS SHEET HAS BE
REFLACED




10al teration, the site having a dianeter of between 0.5 mcrons and 5.0 cm
2. The nethod of claim1 wherein the | aser beam has a wavel ength of 0.2 -

10 m crons. 3. The method of claim 1l wherein the | aser beam 15has a
wavel engt W@$s/3sd¢4veen 1.5 - 3.0 nicrons. 4. The met hEFTHIS¥PHO6 1
wherein the | aser beam has a wavel ength of62about 2.94 microns. - 5. The

met hod of claim 1 wherein the | aser beamis emtted by a | aser selected
fromthe group consisti n%ome‘%f}'no@r o \Ge1RYhSed v@@reﬁp tYﬁ@ l@’se\@\Pbeam
Er/ Cr: YSGG, Ho: YSGG Er Tr n; YAG, 5/

cobal t : MyF2, HEScRBATESE, bm:%HE?ﬁl‘é]sﬁte%a?‘%%‘ﬁrnﬁﬁ&?FB@d &S5 L'J%’? a8EPY¥P and
frequency tri p&sﬁsh@tm@ lFseesnt idheuseiivd ab,cl aldnyhGyheTlenbhlitm: YAGer
beamis emtted an Er:YAG | aser. WD 98/ 33444PCT/ US98/ 00706 62 7. The
met hod of cl ai ‘F‘rﬁ“i %8?1& haFRESFaser beamis enmitted by a nodul ated | aser
selected fromthe group consisting of continuous-wave CO2, Nd: YAG

Thul I'i um YAG and di gde | gsers. 8Therrehod f Iaim rein..the, er
beamis foeused at 4-site’8n™ %fvmcﬁﬁlg g]a Ter \élgg ela[%é% bedh
9. The nethod 08 chaiuxed \mheraelsntmeoren'ehgyskln with a dlameter of 0 1

- 5.0 mm.
9. The method of claim 1 wherein the energy
fluence of the laser beam at the skin is 0.03 - 100,000

10 J/cm?.

10. The method of claim 1 wherein the energy
fluence of the laser beam at the skin is 0.03 - 9.6
J/cn?.

11. The method of claim i wherein the pulse width-
15 is between 1 femtosecond and 1,000 microseconds.

12. The method of claim 1 wherein the pulse width

is between 1 and 1000 micreseconds.

i3. The methed of claim 1 wherein multiple
alterations are made to prepare the skin for

20 "pharmaceutlcal delivery.

e 14:_ The method of claim 1 further comprising a
_gubeam splltter p051tloned to create, 31multaneously from
R Fhe laser, multlple 51tes of alteratlon
et e LD The_ method of claim 14 wherein the beam
drhéS'“Tsplltter is selected from a serles of partlally silvered
mirrors, a series of dlchr01c mirrors, and a series of
beam-splitting prisms.

REPLACED

prarp———t
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fluence of the |aser beamat the skin is 0.03 - 100,000 10J/cn®. 10.
The nethod of claim1l wherein the energy fluence of the | aser beam at the
skinis 0.03 - 9.6 J/cnR. 11. The method of claim 1l wherein the
pul se wi diWO2833#4bet ween 1 fent osecond and 1, 000 mi cr oseconkfST/US8/007061 7
The met hod of claim 1l wherein the pulse wiegBh is between 1 and 1000
m cr oseconds. 13. The nethod of claim1l wherein nultiple

alterations are madeg o @fRPapethBa sk N 11?0 1phes FEEEHt | €athp Elps i vET Ya
-14. The method of claim1l furtheé CB”Q“ si_ng j&%eam splitter gosml oned to
create, sinultBf88SsINP 199ht¢Re FagePeaRuPS 1L ARG ERr 50 SERAE
The nethod of glidiferkhwhdrtaisn dhelheamdn 3pl itHerskin sel ected from a
series of partially silvered mrrors, a series of dichroic mrrors, and a
series of beamsplitting prisns. WD 98/ 33444PCT/ US98/ 00706 , 63 16.
The nmethod of cl ai miy.f uritheer meahpdi soHg damang tdurehiéectcdner betny ata
different angles _to create different sites of alteratiaon t he J

17. The ne?’hodmgfanéc’l at Cfaﬁlrt%%ér ggrsr%rri gbler?én a{%l r?larger?é:%t oglg%a%%tnr?e&r{ha%uesr
beam t o creat epetd edntElhieostjsath of alteration. 18. The net hod of
claim1 further conprising the step of applying a therapeutically effective
anount of a pharnmaceutical conposition at the site of alteration. 1019.
Therret hodof cl ai N8 fher d&hwt heethhdr wdcettd oul Eorfpudineontempsiaingadiiag
phar maceuti cal 5¢2p ,O@Oaﬂgw@ﬁqogoéﬁé@w@@w@m?t ngalsewaca%mﬁl of a

conposition is an"anestheti'c. 1521. Thenet hodof clai RO - wherei nt he
pharmaceutical composition at the site of alteration.

10 . 19. The method of claim 18 wherein the
‘pharmaceutical composition ° 1is a locally acting
pharmaceutical.

<25 7 20. The- method of - - claim 19 - wherein - the
i pharmaceutical composition is an anesthetic. -
15 21. The '~ method of claim 20 - wherein the

pharmaceutical composition is lidocaine.

22.  The method of claim 19 wherein the
pharmaceutical composition is selected from the group

- consisting of alprostadil, minoxidil, localized

20 ~antibiotic, antiviral or antifungal agents, chemotherapy
~or anti-cancer agents, and protein or DNA Dbased

biopharmaceutical agents.

©. 23+ The. method - of claim 18  wherein the
EIS %:.pharmaceutical.-composition- is a systemically acting
25 compound.. -

- 24. The method of claim 23 wherein the
pharmaceutical. composition is an antibiotic. '

THIS SHEET FAS BEEm
l _ REPLACED |



pharmaceutical conposition is |idocaine. 22.
Thenet hodof cl ai mML9wher ei nt he pharmaceutical conposition is selected from

t he group consi stingofal prostadil, mnoxidil,localized 20 anti bioti c,
antiviral wosBMi#4 ungal agents, chenotherapy or anti-cancePC§éEsERI708nd
protein or DNA based bi opharmaceutical agesds. 23.

Thenet hodof cl ai mML8, wherei nthe pharnaceuti cal conposition- is a

system cally acting,25 cenpo ; mhenet hdafic| ai i 23wkepeichtike
phar maceut i cal corrp%é‘i'tigﬁmi thod of Eair D 087 33444PCT/ US98/ 00706
64 25. ThésmadlRrioid cEapm Hhengrenp cResaftilBdotel FETEBF¥ELEd® rom

t he group consg§§gggoglfycti@1t,racygﬁif@, athgRY ONy Gtdhamypt 19, dr ugeomycin,
kanaryci n, neonycin, pénicilljin, _and chl or.amlheni col. 526. Thenet hodofclaim
23wher ei nt he pﬁ&P&&&éﬂH’balangoﬁﬁ‘&ﬁrWﬂ?%n&cz? Hor none. 27. The nethod

of claim 26 wherein the hornone is selected fromthe group consisting of
par at hyroi d hornone, growt h horngne,, gonadotropins, ipnsulin. ACTH 1

somat ost at ’n, prol a@@i'n,\%%‘ieaceﬁ“ced:l et dYfen, ?Hﬂocy?g st YREF S ng the
hor mone, t hyr opbhapivacepariaialy rooirgdsdrione,iscal didmmmng. enkephal i n, and

angi ot ensi n. 28. Thenet hodof cl ai m 23wher ei nt he phar maceuti cal
conposition is selected fromthe group 15consisting of steroids,

non- st eroi ds, anti - i2if.| afiet ongtragbne £, syaimni2éanttidyiaitn cshanhpyinpakagent s,

anti f ungal ageQEEECQQ%iﬂ%éﬁﬁusgﬁgtsgroup consisting of parathyroid
hormone, growth hormone, gonadotropins, insulin, ACTH,

10 somatostatin, prolactin, placental lactogen, melanocyte
stimulating hormone, thyrotropin, parathyroid hormone,

calcitonin, enkephalin, and angiotensin.

28. The method of claim 23 wherein the

“‘pharmaceutical compbsition is selected from the group

15 ﬁédnsisting'of steroids, non-steroids, anti-inflammatory

| %égénts, systemic antibiotics, antiviral agents,
‘antifungal agents, and antinauseants.: ’

29. The method of claim 23 wherein the

pharmaceutical composition is nitorglycerin.

20 ° 30. The method of <claim 18 wherein the
pharmaceutical composition is selected from the group
consisting of - antigens, allergens, and permeation

enhancers.

31.° The method of claim 18 wherein a patch
E¥i253 containing the pharmaceutical composition is placed over
the site of alteration before firing the laser.



29. Thenet hodof cl ai m 23wher ei nt he pharnmaceutical conposition is
nitorglycerin. 2030. Thenethodofcl ai m8whereinthe pharnaceuti cal
conposition is selected fromthe group consisting of antigens, allergens,
and per mewo asB3¢dshancers.. 31. The method of clai m 18 PREAISIBA0TA patch
cont ai ni ng the pharmaceuti cal conposition®ebs pl aced over the S|te of
alteration before firing the laser. WD 98/ 33444PCT/ US98/ 00706 ' 65

32. The net hod of c§%|n1%§ewhﬁ@@hgda %%tchiﬁgﬂﬁal@Bngwhggegbarmgcepbtgal
conposition is placed over the site of alteration after fJFIﬂfﬂ % | aser.

33. A method otodepinéREn§hs PHEEMPFEHELFAd SOPRASHCEOR iLhIPTATBAgRVEEI n

tissue, conprighpdsihe stepstetatddnfocuerngiaihgsehebeasew.th sufficient
energy fluence to ablate the skin at | east as deep as

the stratum corneum but 10not as deep as the capillary layer; b) firing

the laser to create3a.sihe afetdbldaticm, ddéeisétendaviang ochbhet ercefing
between 0.5 m crons an c) adnlnlsterln o) ti

thera- 15 éeutPE%FW?CEFFéEF}ngﬁﬁﬁgn S Pra e &0 Iﬁ%%_§féip5§§t5§%p§
the site of abbation. 34. The nethod of claim 33 wherein the |aser
beam has a wavel ength of 0.2 - 10 mcrons. 2035. The nethod of claim 33
wherein the | aser beam has a wavel ength of between 1.5 - 3.0 m crons.

36. The nethod of claim a3 whéoeusihbe haskasbeanbha®m awihtbel en§ith cdfendbout

2.94 merons. - _ energy fluence to ablate the skin at
least as deep as the stratum corneum, but

10 not as deep as the capillary layer:

b). firing the laser to create a site of
ablation, the site having a diameter of

between 0.5 microns and 5.0 cm; and

c) administering a locally acting thera-
.15 peutically effective amount of a
~pharmaceutical composition at the site of

ablation.

34. The method of claim 33 wherein the laser beam

) ﬁés a wavelength of 0.2 - 10 microns.

20 35. The method of claim 33 wherein the laser beam
""" has ‘a wavelength of between 1.5 - 3.0 microns.

36. The method of claim 33 wherein the laser beam

" has a wavelength of about 2.94 microns.

7 fﬁféﬁf” The method of clalm 33 whereln the laser beam
25"f is emltted by ‘a laser selected from the group consisting
' of contlnuous wave-lasers Er:YAG, pulsed CO2, Ho:YAG,
Er YAP; |Br/Cr:¥SGG, Ho:YSGG, EriGGSG, Er:YLF, Tm:YAG,



37. The nethod of claim 33 wherein the |aser beam 25 is emtted by "a

| aser selected fromthe group consi'sting of continuous wave-| asers

Er: YAG pulsed CO2, Ho: YAG Er:YAP-, Er/Cr:YSGG Ho: YSGG Er: GGSG Er: YLF
Tm YAG, \NED98B3B444PCT/ US98/ 00706 ' 66 Ho: YAG Ho/ Nd: Yal 03, RGHHFIWBONPE2 HF
chem cal , DF chem cal, carbon nonoxi de, deep6UV | asers, and frequency
tripled Nd: YAG | asers. 38. The nethod of claim33 wherein the

|aser beam 5i s yafiivalced byioaRaEiaYRG, | a%8ibale:gF;, 39 nENe dRosh of  Clo m
33 wherein the laser ‘beamis focuséd at a site on the skin Wlt& a di amet er

of 0.1 - 5.0 mahemical, caghormrpeRRtHRY ofeeP aV¥n 335GREr ePA%

10f | uence of t&&ﬂﬁﬁgﬂ Neeam@tiddwerskin is 0.03 - 100, 000 J/cn®. 41
The net hod of claim 33 wherein the energy fluence of the | aser beamat the
skinis 0.03 - 9.6 J/cnR. 1542.. The nethod of claim 33 wherein the pul se
width is between 1 f3mt oa&@nde@m@ldloeoalamr Geoddisein the 43sethéewmt hod

of claim 33 wherein bet ween 1 and 1000 m croseconds.
44. The method 'of & &]eﬁmrﬁcggj eE?%%qgt]lapﬁer’ZO abl atl ons are nmade to
prepare the skin for |ocal _pharmaceutical delivery. 45. The

nmet hod of beam spli tsl%e 5| trlmgt ed th? cﬁge 3@“&{&1 if}g% glagiérp 3am
further conprising ato creat'e; Si rruf3 aneous y fromo
is focused at a site on the skln w1th a dlameter of 0.1

- 5.0 mm.

40. The method of claim 33 wherein the energy
10 fluence of the laser beam at the skin is 0.03 - 100,000
’ J/cm?.

41. The method of claim 33 wherein the energy
_ "fluence of the. laser beam at the skin is 0.03 - 9.6
g /emt. |

15 42. The method of claim 33 wherein the pulse width

is between 1 femtosecond and 1,000 microseconds.

43. The method of claim 33 wherein the pulse width
is between 1 and 1000 microseconds.

' 44. The method of claim 33 wherein multiple
20 ablations are made to prepare the skin for local
ﬁpharmaceutlcal delivery.
45. The method of claim 33 further comprising a
,ﬁ;beam splltter positioned to create, 51multaneously from
:‘the laser, multlple sites of ablation.

e L]

 ;¢_2§:_ "1:_ 46. The method of claim 45 wherein the beam

splitter is selected from a series of partially silvered



WO 98/ 33444PCT/ US98/ 00706 , 67 mrrors, a series of dichroic mrrors, and a
series of beam splitting prisms. 47. The net hod of clain133
further gﬁgléhpg a nmeans to deflect the beamat different_angles to
create 5di YPer sites of ablation on the skin. 48. PERUSROKY of
claim33 further conprising a means to scaf’the | aser beamto create one
conti nuous path of ablation. 49. The nethod of .claim 33 further
conprising the nﬂ:&::ﬁzeqo, o4 appligisngpf dhehapbat mdairoy sef facd | we sardwy of a

| ocal ly acting [ co. ition at the site of ablation.
boa% ﬁ%ﬁ%l%egeln i iti

50. The method Of ¢ 'he pharmaceutical conposition is a
| ocal ly acting anest hetic 15conposition. - 51. The nethod of claim

49 wherein a patch cent al,lr}{gg @tkggaléfy %cita Rg ggesttul}q:thg% ‘?ﬁgp%éggggvg?r

the site of ablation before fi
cl ai m 49 wher elﬂreaal%)a"t@hdﬁﬁééﬁtaithﬁn@%m G?dal differemy angdebetticc ¢septaced

over the sige Qflﬁféx%dtor'sﬁéé?rof'aml%ié}? d@3S@&fe skin. ~°3. The nethod of
claim 33 further conprising the step of applying a locally acting steroid

or non- ster0|d antl-lnflammtory, agent, or an antibiotic, antiviral, 25

antifungal 'or protejgn’ ofndNAethageddi @@Qafnrm@?mﬂ\ﬁ%lheror c@hﬁ&@%&ﬂ@'
..agent at the site of

m noxidil, or a chenotherapy i -cancer :

abl ation. WO %%442@ %@8?%7 §S6§ beam E2 GreafigofANSf TRITVHIRE a
phar maceuti cal gatrough siKiatidssue, conprising the steps of: a) focusing a
| aser beam from a nodul ated |aser, with sufficient energy fluence to 5

abl ate the skin at | east as deep as the stratum corneum but not as deep as
the capillary | ayer ;4%nd The mebhodi bfng:ltaliﬁl | 3B efut Bhér eabtpa iHilngy Otfhe

.abl ati on, t f 1 ¢raons_and 5.

55. The rrejtql %clhogi?/n%%?g?ngéﬁga a‘gg ng% Ff%nﬁ:ttltvgd AP IR Od%l%t ed
| aser sel-ect ed quaiahmeacgﬁrm I@b@@n@@m‘glml coompaadtisonans @D@ Nt erAs :
Thul l'ium YAG - gblation.

50. The method of claim 49 wherein the pharma-
ceutical composition is a locally acting anesthetic
15 . composition..

51. The method of claim 49 wherein a patch
contalnlng a locally acting anesthetic is placed over
the site of ablation before firing the laser.

52. The method of claim 49 wherein a patch
20 containing a 1locally acting anesthetic is placed over
the site of ablation after firing the laser.

53. The method of claim 33 further comprising the
step of applying a locally acting steroid or non-steroid
:iﬁﬁﬁi”-«”énti—inflammatoryi agent, .or an antibiotic, antiviral,

25'_:antifungal*or proteiﬁ or DNA'based biopharmaceutical, or
; ' alprostadil, minoxidil, or a chemotherapy or anti-cancer
~ .i%..5 . ragent. at the site of ablation.



-- and diode lasers. 1556. The nethod of claim54 wherein the |aser beamis
focused at a site on the skin with adianmeter of 0.1 - 5.0 mn 57.
The net hod of claim54 wherein the energy fluence of the | aser beamat the
skin i s OWSB98/33460, 000 20J/ cnL. 58. The nethod of cl BFMUSSHHES ei n
the energy fluence of the/laser beamat t%8 skin is 0.03 - 9.6 J/cn2.
59.-;.. The. nmethod of claim 54 wherein _,the pulse wwdth -.sc., 25. ,!.is
between 1 fentosecopd, ang 1.,Q00,d8 creseceidsiverig 9843344 ¢85961 68706
69 61. The nethoﬂ,of ¢l ai m54 wherein Lting gbé@tionsare
madet opr epar et FBERPEROF bﬂaFﬁﬁEEﬁtiEa?pﬁéFfngg.e p 62. The nethod of
claimb54 further conprising a 5 beamsplitter positioned to create,
simul taneously fromthe laser, nmultiple sjtes_of ablatipon. he
met hod of clai m 62 whereP théoﬁéﬁﬁngFﬁtiﬁ?er SEct Ep?r5h1%9%%$$5§£of
partially silvered mirrors, alaeekeswifthdishfficient r ensrgiand laegute esoof
10beam spl Ltting prisns. ap1ffe The MALNPUael 1AM D¢ LUEbhds the
conprising”a neans to defl ect P%e Beam at™ dif f erent angles to Create
.different sites of ablation strghemsiarneum, but g9t A% HABERod Df LBFai m
54 further conprising a 15 neapsitargcanythe hager beamto create one
conti nuous path of ablation. 66. The nethod of claim54 further
conprising the step of applying a therapeutically effective anount of a
phar-maceuti cal conpositi by at filkéngi t ehef bideti o 20@AteThe nstited of
claim 66 wherein the pharma- ggyLical, cQUROSLE{@N Hatihd 0§ad dariildNIos
phar maceuti cal .

10 between 0.5 microns and 5.0 cm.

55. The method of claim 54 wherein the laser beam
is emitted by a modulated laser selected from the group
"consisting of continuous-wave CO2, Nd:XAG, Thullium:YAG

-~ and diode lasers. .

15 - 56. The method of claim 54 wherein the laser beam
is focused at a site on the skin with a -diameter of 0.1

- 5.0 mm.

. 57. The method of claim 54 wherein the energy
fluence of the laser beam at the skin is 0.03 - 100,000

20 J/cm?.
_ 58. The method of claim 54 wherein the energy
fluence of the laser beam at the skinl is 0.03 -~ 9.6
- J/cm?. '

..59.:. The method of claim 54 wherein the pulse width

S 25Fﬁiis:betWéenal femtosecond and 1,000 microseconds..

1y

ry

60. The method of claim 54 wherein the pulse width

is between 1 and 1000 microseconds.



68. The nethod of claim67 wherein the pharnmaceutical conposition is an
anest-hetic. 69. The nethod of claim68 wherein the

phar ma25ceutical conposition is |idocaine. WO 98/33444PCT/ US98/ 00706 ' 70
70. The niMeRB3d44 cl ai m 67 wherein the pharmaceutical compRGHYHRPW6
selected fromthe group consistingofal prod®dil, mnoxidil,|localized
antibiotic, antiviral or antifungal agents, chenotherapy 5 or anti-cancer

agents, and protei ngqr Difebased iophs# meegdtimcals@agemiérein multiplhe
met hod of claim66 wherein the pharpmaceutical conposition is %klsl\éSt enrjocral |y
e

acting conpoungblations —argy ~fRdenet HR ofPTFRETT 71 WhGr ei

phar malOceut i cghagfapesittican ideldreayti biotic. 73. The nmethod of
claim72 wherein the antibiotic is selected fromthe group consisting of
tetracycline, streptonycin,sulfadrugs, kananyci n, neonycin, penicillin, and
chl oranpheni col . 1564.. Thaemahdowodf ofl atbayi Hder Eunthbe phempmisiegt izal

conpositiop is,_a_hornone., 75._The d,of iJn 74 I ordmppe i's
, sel ect edgf r oREERe Smr)‘lrf}:ptecro ?%H_'{r%ﬁ% 1p-'gr act%e;a/arg(%’d S%‘?%ﬁ@?gg%&n h

hor none, gonadtheopiser,i meultiipleAGTHes20 fs adpdtadsitom-i n, prol acti n,

pl acental |actogen, nelanocyte stinmulating hornone, thyrotropin,

parat hyroi d hornone, calcitonin, enkephalin, and angiotensin. 76. The

met hod of claim 71 Wder eThet havgdthchacdut ek iron®dsi ¥hereis sé&bhect &ea® om

the group 25 cg@iii%tt!e&g i IR £ AN-StEEPI LS, oaNphrtAkhaAPRAREred
agents, system ¢ antibiotics, antiviral agents, anti fun%al agents, and
anti nauseant s. mirrors, a series of dichroic mirrors, nd series of

10 beam-splitting prisms.

, - 64. The method of claim 54 further comprising - a
~means to deflect the beam at different angles to create

.different sites of ablation on the skin.

65. The method of claim 54 further comprising a
15 - - means to scan the. laser beam to create one continuous

path of ablation..

_ . 66. The method of claim 54 further comprising the
step of applying a therapeutically effective amount of a

pharmaceutical composition at the site of ablation.

20.- .. 67. The method of claim 66 wherein the pharma-
ceutical composition is a locally acting pharmaceutical.

w2 - - 68s The method of ¢laim 67 wherein the pharma-

¢tz ceutical composition is an anesthetic.

Ceennap "..69. The method of claim 68 wherein the pharma-

25 ceutical composition is lidocaine. -



WO 98/ 33444PCT/ US98/ 00706 ' 71 ~77. The nmethod of claim 71 wherein the
phar maceuti cal conposition is nitorglycerin. 78. The nethod of claim
66 wherein the pharmaceutical conposition is selected fromthe group

5consi sti ngoos3masi gens, all ergens, and perneati on enhancerRCT/US98/007069. The
met hod of claim66 wherein a patch contai mog the pharnmaceuti cal
conposition is placed over the site of ablation before firing the | aser.

1080. The nethod of ¢l ai m 66 Qﬁ%@ﬁ&ge °g§ pat fall{n gﬁﬁgﬁ%g%ﬁ h%h@aggggﬁléu cal

conposition is place ‘over rin | aser.
ceutical comp031t10n lS selected from he group
consisting of alprostadil, minoxidil, localized

antibiotic, antiviral or antifungal agents, chemotherapy
5 or anti-cancer agents, and protein or DNA Dbased

biopharmaceutical agents.

71. The method of claim 66 wherein the pharma-

ceutical composition is a systemically acting compound.

72. The method of claim 71 wherein the pharma-
10 ceutical composition is an antibiotic. '

73. The method of claim 72 wherein the antibiotic
is selected from the group consisting of tetracycline,
streptomycin, ~ sulfa = drugs,- kanamycin, neomycin,

_penicillin, and chloramphenicol.

15 ‘74, The method of claim 71 wherein the pharma-

ceutical composition is a hormone.

""'75. The method of claim 74 wherein the hormone is
selected from the group consisting of parathyroid
"hormone, growth hormone, gonadotropins, insulin, ACTH,

20 somatostatin, prolactin, placental lactogen, melanocyte
stimulating hormone, thyrotropin, parathyroid hormone,

"calcitonin, enkephalin, and angiotensin.

76. The method of claim 71 wherein the pharma-

ceutical composition is selected from the group

25 consisting of steroids, non-steroids, anti-inflammatory

g . agents,. . systemic:.. antibiotics, . antiviral agents,
antifungal agents, and antinauseants.
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77. The method of claim 71 wherein the pharma-

ceutical composition is nitorglycerin.

78. The method of claim 66 wherein the pharma-
ceutical composition is selected from the group
consisting of antigens, allergens, and permeation

enhancers.

79. The method of c¢laim 66 wherein a patch
containing the pharmaceutical composition is placed over

the site of ablation before firing the laser.

80. The method of <claim 66 wherein a patch

. contalnlng the pharmaceutlcal composition is placed over

}the site of ablatlon after flrlng the laser.



