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(57) ABSTRACT 

A method and apparatus for performing a laser treatment of a 
patient includes applying a positive pressure impulse on a 
predetermined target site on the patient With suf?cient posi 
tive pressure arising from the momentum ?ux of sprayed 
material incident on the target site to momentarily lessen pain 
sensation during irradiation during or proximate in time to 
irradiation of the target site. The predetermined target site is 
cooled by applying a predetermined amount of coolant or 
cryogen onto the target site. The target site is radiated With 
energy to produce heat in tissue at the target site While leaving 
a super?cial part of the target site substantially undamaged 
due to dynamic cooling of the super?cial part of the target site 
by the coolant. Mediation of the pain sensation arising from 
the radiation is at least partially masked or lessened by the 
positive pressure impulse and/or by the temperature of the 
coolant. 
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DYNAMIC COOLING OF HUMAN SKIN 
USINGA NONTOXIC CRYOGEN WITH NO 
OZONE DEPLETION AND MINIMAL 
GLOBAL WARMING POTENTIAL 

[0001] The present application is a continuation-in-part 
application of copending US. patent application Ser. No. 
11/845,503, ?led onAug. 27, 2007, Which in turn is related to 
US. Provisional Patent Application Ser. No. 60/840,867, 
?led on Aug. 28, 2006, both of Which are incorporated herein 
by reference and to Which priority is claimed pursuant to 35 
USC 120. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The invention relates to the ?eld of therapeutic treat 
ment of skin or tissue by exposure to light or other electro 
magnetic radiation in combination With cryogen cooling of 
the irradiated tissue. 
[0004] 2. Description of the PriorArt 
[0005] An important issue in laser treatment of cutaneous 
lesions is to protect the epidermis from thermal damage. This 
heating, Which is primarily caused by light absorption in the 
melanosomes, can easily bring the temperature of the basal 
layer above the threshold damage value of 65-700 C. Precool 
ing of the epidermal basal layer from the normal value of 350 
C. to 00 C. increases the optical radiant exposure that can be 
safely delivered by a factor of tWo. 
[0006] Selective epidermal cooling can be obtained by 
exposing the skin surface to a cryogen for an interval of time 
corresponding to the thermal diffusion time from the stratum 
corneum through the epidermis and doWn to the basal layer. 
Thus, the upper layers are cooled While leaving the tempera 
ture of dermal and subcutaneous layers unchanged. Cur 
rently, selective epidermal cooling is achieved using a liquid 
spray of the cryogen R-134a (tetra?uoroethane) for 30-100 
ms immediately before laser exposure. A typical procedure is 
to spray the surface for 30-50 ms, and then expose the skin to 
laser irradiation 20-30 ms after the end of the cryogen spurt. 
[0007] Tetra?uoroethane (H2FC4CF3) is a chlorine free 
hydro?uorocarbon (HFC), thus representing no damage to 
the oZone layer. HoWever, recent studies suggested that the 
non-CO2 greenhouse gases such as methane (CH4), nitrous 
oxide (N20), hydro?uorocarbon (HFC), per?uorocarbon 
(PFC) and sulphur hexa?uoride (SF6)) can make a signi?cant 
contribution to global Warming in comparatively loW concen 
trations. 
[0008] Table 1 gives the global Warming potential (GWP) 
for frequently used gases. (The GWP of CO2 is de?ned as 
unity) 

TABLE 1 

Major GWP Gases in the United States (100-year global 
Warming potentials), 

Atmospheric 
Gas GWP Lifetime Source of Emissions 

HFC-23 11,700 264 HCFC-22 Production, 
Fire Extinguishing 
Equipment, 
Aerosols, Semiconductor 
Manufacture 
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TABLE 1-continued 

Major GWP Gases in the United States (100-year global 
Warming potentials), 

Atmo spheric 
Gas GWP Lifetime Source of Emissions 

Solvents 
Refrigeration/Air 
Conditioning 
Refrigeration/Air 
Conditioning, Aerosols, 
Foams 
Refrigeration/Air 
Conditioning 
Refrigeration/Air 
Conditioning, Aerosols, 
Foams 

Aerosols, Fire 
Extinguishing Equipment 
Refrigeration/Air 
Conditioning, Fire 
Extinguishing 
Electricity 
Transmission/Distribution; 
Magnesium 
Production; 
Semiconductor 
Manufacturing 
Aluminum Smelting, 
Semiconductor 

Manufacture, 
Fire Extinguishing 
Solvents 

HFC-43-10mee 1,300 17.1 
HFC-125 2,800 32.6 

HFC-134a 1,300 14.6 

HFC-143a 3,800 48.3 

HFC-152a 140 1.5 

HFC-227ea 2,900 36.5 

HFC-236fa 6,300 209 

SP6 23,900 3,200 

PFCs (primarily 6,500 
CF4, C2F6) 9,200 

10,000 
50,000 

PFC/PFPEsb 7,400 3,200 

aNote that this table lists major commercial gases and sources; other minor 
gases and uses such as lab applications are not listed here. The GWPs and 
atmospheric lifetimes are taken from Climate Change 1995, the IPCC Sec 
ond Assessment Report. 
bPFC/PFPEs are a diverse collection of PFCs and per?uoropolyethers (PF 
PEs) used as solvents. 

[0009] Tetra?uoroethane R-134a, Which is non-toxic, non 
?ammable, and non-oZone depleting, has a boiling point 
(b.p.) of —260 C. at 1 atm. These properties make it an excel 
lent choice for cryogen spray cooling of human skin. HoW 
ever, R-134a has a comparatively high GWP of 1 ,300. There 
fore, substitutes for R-134a for use in large scale applications 
such as air conditioners for cars, home appliances and manu 
facturing of thermally insulating polystyrene foams are being 
developed. As a result, carbon dioxide based air conditioners 
are being introduced for the car industry and non-?uorinated, 
but ?ammable, gases are used in home appliances today. The 
loWest GPW value (GWPI140) in table 1 is that of R152a 
(di?uoroethane, F2HCiCH3), but this compound autoi 
gnites at 4550 C. 

[0010] The GWP values for non-?uorinated hydrocarbons 
such as propane (C3H8, R-290, b.p. —42.10 C.), butane 
(C4H1O,R-600,b.p —0.50 C.) and isobutene (R-600a, bp —120 
C.) are very loW because they are rapidly broken doWn in the 
atmosphere. The global Warming potential of propane is 
GWP:3 and that of butane is less than 10. 

[0011] Potential non-?ammable candidates for cryogen 
spray cooling could be carbon dioxide (CO2, R-744) or 
nitrous oxide (N 20, R-744a) but, unfortunately, these com 
pounds do not form boiling liquids at atmospheric pressure. 
Liquid CO2 results in dry-ice formation immediately after 
leaving the outlet noZZle. The skin surface Will therefore be 
covered With a layer of dry-ice crystals. Possible reduction in 
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the heat transfer coe?icient due to build up of a porous layer 
of dry ice crystals can be avoided by having an adequate high 
momentum ?ux of the spray. 
[0012] Liquid nitrogen (N2, b.p. —195.80 C.) is an environ 
mentally safe, non-toxic and liquid forming cryogen Which 
has been extensively used in dermatology. HoWever, the 
evaporation loss is high, and the cryogenic equipment for 
delivering liquid cryogen spurts in the 100 ms range might be 
technically very cumbersome. 
[0013] Interesting candidates are also in the group of ?am 
mable hydrocarbons, Which are used today in medical appli 
cations. The commercial product HistofreeZer®, Which is 
used for the treatment of cervical bleeding and removal of 
Warts, is composed of a mixture of dimethyl ether (C2H6O, 
hp. —220 C.), propane and isobutene. Further on, these com 
pounds are also used as propellants for hair lacquers, etc. 
[0014] The use of a ?ammable cryogen during laser expo 
sure for, e.g., hair removal requires special precautions. The 
pulse energy, Which typically can be in the range of 20-70 
J/cm2, can ignite the hair above the skin surface. Thus, the 
combined use of ?ammable cryogen and high laser energy 
might induce burns to the skin. 
[0015] The dynamic cooling principle as de?ned in Us. 
Pat. Nos. 6,669,688; 6,248.103; 6,171,301; 5,997,530; 5,979, 
454 and 5,814,040, Which are incorporated herein by refer 
ence, represent a controllable, reliable and e?icient method, 
denoted as “dynamic cooling”, for protection of the epider 
mis, and for some applications such as pulsed laser treatment 
of port Wine stain lesions it represents the only choice for 
e?icient protection. Port Wine stain is a congenital lesion With 
a frequency of one in tWo hundred births, often resulting in a 
high psychological burden for the child. 
[0016] What is needed is to ?nd an e?icient substitute for 
tetra?uoroethane that is compatible With requirements for 
loW global Warming potential. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The illustrated embodiment of the invention is a 
method for performing an energy beam treatment of a patient 
comprising the steps of applying a pressure impulse on a 
predetermined target site on the patient With su?icient pres 
sure arising from the momentum ?ux of sprayed material 
incident on the target site to momentarily lessen pain sensa 
tion during irradiation of the target site during or proximate in 
time to irradiation of the target site. The predetermined target 
site is cooled by applying a predetermined amount of coolant 
or cryogen onto the target site, such as by use of a method 
developed by the Beckman Laser Institute knoWn as 
“dynamic cooling”. The target site is radiated With energy to 
produce heat in tissue at the target site While leaving a super 
?cial part of the target site substantially undamaged due to 
dynamic cooling of the super?cial part of the target site by the 
coolant. The energy is preferably delivered through a laser 
beam, but the invention expressly contemplates any source of 
tissue or dermal heating. As such, the scope of the invention 
includes any source of electromagnetic energy Which is effec 
tive to heat tissue, Whether it is coherent or not. The sensation 
of pain arising from the radiation is at least partially masked 
or lessened by the pressure impulse and/ or by the temperature 
of the coolant or cryo gen or by their application. For example, 
in addition to pressure and temperature sensations Which are 
intermixed in the mind of the patient, there may also be aural 
sensations Which accompany the application of the cryogen 
Which factor into the subjective sensation of pain in any given 
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individual. The subjective sensation of pain is not perfectly 
understood and individual variation of pain sensation to both 
somatic stimuli as Well as cognitive stimuli can interact in 
complex Ways. 
[0018] In the illustrated embodiment the step of applying 
the pressure impulse on the predetermined target site on the 
patient comprises applying a momentum ?ux of sprayed liq 
uid carbon dioxide expanded or nearly adiabatically 
expanded through at least one noZZle applicator to form car 
bon dioxide snoW impinging on the target site. 
[0019] In one embodiment the step of applying a momen 
tum ?ux of sprayed liquid carbon dioxide comprises applying 
a momentum ?ux of a slurry of carbon dioxide snoW and 
liquid carbon dioxide. In another embodiment the step of 
applying a momentum ?ux of sprayed liquid carbon dioxide 
comprises applying a momentum ?ux of substantially all 
carbon dioxide snoW in a solid state. 

[0020] Preferably the step of cooling the predetermined 
target site by applying the predetermined amount of coolant 
onto the target site comprises cooling the predetermined tar 
get site With the same material used to apply the pressure 
impulse to the target site. HoWever, the invention expressly 
includes the embodiments Where the pressure may be applied 
by more than one agent or gas impulse. Namely, the step of 
cooling the predetermined target site by applying the prede 
termined amount of coolant onto the target site comprises 
cooling the predetermined target site at least in part With a 
different material than that used to apply the pres sure impulse 
to the target site, such as shielding gas. 
[0021] The step of applying a pressure impulse on a prede 
termined target site to momentarily lessen pain sensation 
during irradiation of the target site during or proximate in 
time to irradiation of the target site further comprises apply 
ing a cooling temperature impulse to the predetermined target 
site during irradiation of the target site during or proximate in 
time to irradiation of the target site. In the illustrated embodi 
ment, the step of applying a cooling temperature impulse to 
the predetermined target site during irradiation of the target 
site during or proximate in time to irradiation of the target site 
comprises applying a temperature impulse by means of a 
spurt of cryogen snoW. 

[0022] Similarly, the step of applying a temperature 
impulse by means of a spurt of cryogen snoW comprises 
applying a spray of froZen or nearly adiabatically froZen 
liquid carbon dioxide expressed through at least one noZZle. 
[0023] In one embodiment the step of applying the pressure 
impulse on a predetermined target site comprises applying 
0.005 to 0.15 MPa of pressure at the target site. 
[0024] In another embodiment the step of cooling the pre 
determined target site by applying the predetermined amount 
of coolant onto the target site comprises disposing the coolant 
on the target site in a solid state so that pooling of any sub 
stantial amount of coolant and consequent uneven cooling is 
substantially avoided. Typically, the cryogen or coolant is not 
sprayed onto the target site in a direction perpendicular to the 
surface of the target site, but at an inclined angle. The laser or 
energy beam source may be occupying a position Wherein the 
beam is directed perpendicularly onto the site, thus requiring 
the cryogen spurt to be applied onto the site at an angle. As 
result coolant or cryogen is applied to the site in an elliptical 
pattern as shoWn in the photograph of FIG. 17 in the case of 
R134a cryogen 260 ms after initiation. The edges of the 
pattern may tend to build up a pool or slight excess of coolant 
or cryogen as compared to the center or interior portions of 
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the pattern. The downstream side of the pattern may tend to be 
blown further downstream from the impact site with the 
upstream side maintaining the pooling. As a result, the cool 
ing pattern at the target site can be asymmetric or inhomoge 
neous. In the case of carbon dioxide snow as the cryogenic 
agent, little or no pooling occurs because the excess accumu 
lated snow has little surface tension and is more uniformly 
blown away from the edges of the target site or bounces off the 
skin in all directions or at all portions of the site periphery 
regardless of the angle of inclination of the spurt onto the site. 
[0025] In still another embodiment the step of operating the 
high pressure valve comprises operating the valve at liquid 
carbon dioxide storage pressures at room or elevated tem 
perature with openings controlled to an accuracy within 0.1 to 
25 msec of a predetermined time duration. 

[0026] The illustrated embodiments of the invention also 
include an apparatus for performing laser or other thermal 
treatment of a biological tissue comprising a laser or other 
energy source directed to deliver energy to a selected location 
of the biological tissue or skin and a source of liquid carbon 
dioxide. A controller is coupled to the laser and a spray 
applicator having at least one noZZle communicated with the 
source of liquid carbon dioxide. The controller controls the 
spray applicator in coordination with the energy source to 
apply a predetermined amount of liquid carbon dioxide 
through the at least one noZZle in order to apply a pressure 
impulse on a predetermined target site on the biological tissue 
or skin. The pressure impulse arises from the momentum ?ux 
of sprayed carbon dioxide incident on the biological tissue 
suf?cient to depress the tissue or skin by more than one 
millimeter at the target site. Any pain sensation arising from 
the radiation is at least partially masked by the pressure 
impulse and/or by the temperature of the carbon dioxide 
snow, or other cognitive stimuli also delivered. 
[0027] In the illustrated embodiment the spray applicator 
applies a pressure impulse of up to 0.15 MPa on a predeter 
mined target site on the biological tissue. 
[0028] In the preferred embodiment the apparatus is for 
performing laser treatment of a biological tissue or skin and 
comprises a laser directed to deliver energy to a selected 
location of the biological tissue, a source of liquid carbon 
dioxide, a controller; and a spray applicator having at least 
one noZZle communicated with the source of liquid carbon 
dioxide. The spray application and laser are coupled to and 
controlled by the controller to spray a predetermined amount 
of liquid carbon dioxide through the at least one noZZle to 
expand or nearly adiabatically expand the liquid carbon diox 
ide to create a controlled amount of carbon dioxide snow 
which impinges onto the selected location of the biological 
tissue in coordination with laser irradiation onto the selected 
location. The carbon dioxide snow is substantially all depos 
ited on the biological tissue in a solid state. The deposition of 
the carbon dioxide snow on the biological tissue substantially 
all in the solid state avoids pooling of any substantial amount 
of liquid state carbon dioxide and consequent uneven cooling 
of the biological tissue. 
[0029] In another embodiment the apparatus is forperform 
ing laser treatment of a biological tissue or skin and comprises 
a laser directed to deliver energy to a selected location of the 
biological tissue; a source of liquid carbon dioxide under high 
pressure at room or elevated temperature; a controller to 
accurately control a predetermined time period of liquid car 
bon dioxide release from the source; and a spray applicator 
having a high pressure valve and at least one noZZle commu 
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nicated with the source of liquid carbon dioxide, coupled to 
and controlled by the controller to spray a predetermined 
amount of liquid carbon dioxide through the at least one 
noZZle to expand or nearly adiabatically expand the liquid 
carbon dioxide to create an accurately controlled amount of 
carbon dioxide snow which impinges onto the selected loca 
tion of the biological tissue, so that precise control of the 
duration of the time-controlled pulses of carbon dioxide are 
achieved by use of the high pressure valve. 
[0030] It is to be expressly understood that while the illus 
trated embodiment describes liquid carbon dioxide which is 
adiabatically cooled to form a sprayed snow, that any liquid 
cryogen can be substituted and adiabatically cooled to form a 
sprayed cryogenic snow to be applied and used in a substan 
tially similar manner for a substantially similar result. 
[0031] While the apparatus and method has or will be 
described for the sake of grammatical ?uidity with functional 
explanations, it is to be expressly understood that the claims, 
unless expressly formulated under 35 USC 1 12, are not to be 
construed as necessarily limited in any way by the construc 
tion of “means” or “steps” limitations, but are to be accorded 
the full scope of the meaning and equivalents of the de?nition 
provided by the claims under the judicial doctrine of equiva 
lents, and in the case where the claims are expressly formu 
lated under 35 USC 112 are to be accorded full statutory 
equivalents under 35 USC 112. The invention can be better 
visualiZed by turning now to the following drawings wherein 
like elements are referenced by like numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a diagram illustrating a method of liquid 
cryogen cooling using an inert shielding gas. 
[0033] FIG. 2 is a diagram illustrating a method of using a 
mixture of liquid ?ammable cryogens and carbon dioxide 
supplied from a pressurized container. 
[0034] FIG. 3 is a phase diagram of carbon dioxide. 
[0035] FIG. 4 is a diagram illustrating an apparatus for 
providing carbon dioxide supplied from a pressurized con 
tainer as a solid cryogen sprayed onto the skin. 
[0036] FIG. 5 is a graph of temperature of a target surface as 
a function of distance from the center of the impingement as 
measured in the apparatus of FIG. 4 for a spray duration of 
100 ms provided by a noZZle bore 0.7 mm at a 30 mm distance 
from the target surface. 
[0037] FIG. 6 is a graph of temperature of a target surface as 
a function of distance from the center of the impingement as 
measured in the apparatus of FIG. 4 for a spray duration of 
100 ms provided by a larger noZZle bore of 1.6 mm at a 30 mm 
distance from the target surface. 
[0038] FIG. 7 is a graph of disk temperature versus spray 
time for a noZZle bore 0.7 mm, 30 mm distance in a heat 
transfer measurement device. 
[0039] FIGS. 811-80 are simpli?ed side cross sectional 
views of three embodiments using multiple noZZles or noZZle 
ori?ces. 
[0040] FIGS. 9a and 9b are graphs of the disk temperature 
versus spray time for propane using a noZZle bore 0.7 mm at 
30 mm distance and 50 mm distance respectively. 
[0041] FIG. 10 is a diagrammatic depiction of the structures 
within human skin, showing the location of some nerve end 
ings. 
[0042] FIG. 11 is a photograph of a laser and spray appli 
cator in which the illustrated embodiments may be imple 
mented. 
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[0043] FIG. 12 is a side cross sectional vieW ofa diagram of 
a prior art vacuum chamber applying negative pressure to the 
skin. 
[0044] FIG. 13 is a side cross sectional vieW ofa diagram of 
positive pressure being applied to the skin using a noZZle or 
jet. 
[0045] FIG. 14 is a side cross sectional vieW ofa diagram of 
a sphere in Which positive pressure is used to apply a momen 
tum ?ux density. 
[0046] FIG. 15 is a graph of the skin impact pressure 
induced by spurts using R134a and liquid CO2. 
[0047] FIG. 16 is a bar graph of the pain scores of ?ve 
subjects to Which laser irradiation Was applied folloWed by 
dynamic cooling using R134a and liquid CO2. 
[0048] FIG. 17 is a photograph ofpooling on the surface of 
an epoxy skin phantom at t:260 ms using R134a Which is 
incline 300 from the vertical. 
[0049] FIG. 18 is a graph oftemperature ofthe center C of 
the spot of FIG. 17 and the radial point X 1 shoWn as a function 
of time using R134a. 
[0050] FIG. 19 is a graph oftemperature ofthe center C of 
the spot of FIG. 17 and the radial point X 1 shoWn as a function 
of time using liquid CO2. 
[0051] FIG. 20 is a graph oftemperature ofthe center C of 
the spot of FIG. 17 for a 50 ms spurt shoWn as a function of 
time using liquid CO2 and R134a. 
[0052] The invention and its various embodiments can noW 
be better understood by turning to the folloWing detailed 
description of the preferred embodiments Which are pre 
sented as illustrated examples of the invention de?ned in the 
claims. It is expressly understood that the invention as de?ned 
by the claims may be broader than the illustrated embodi 
ments described beloW. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] The principles presentedbeloW provide a solution to 
the problem of ?nding an e?icient substitute for tetra?uoro 
ethane that is compatible With requirements for loW global 
Warming potential. In order to prevent cryogen ignition dur 
ing pulsed laser exposure, one or more of the folloWing meth 
ods are used. 

[0054] Shielding Gas 
[0055] The method of using a shielding gas to prevent oxy 
gen from arriving at the heated spot is Well established in 
electrical Welding. Oxygen from the surrounding air is pre 
vented from oxidiZing the Welding spot by using a shield of 
inert gas. A circular ori?ce mounted concentrically With the 
electrode can deliver the shielding gas. Examples of this 
technique are MIG (metal-iner‘t-gas) Welding Where an inert 
gas surrounds the electrode, or TIG (tungsten-inert-gas) 
Welding Where a tungsten electrode heats up the Welding 
materials. Typical shielding gases are inert gases such as 
argon, but nitrogen and carbon dioxide can also be used. This 
principle could be used to prevent ignition of ?ammable 
cryogens during dynamic cooling such a diagrammatically 
depicted in FIG. 1. Liquid cryogen from a source 10 is sup 
plied under pressure to a central tube 16 While a shielding gas 
from a source 12 is supplied to a concentric tube 14. The 
liquid cryogen exits from a noZZle or ori?ce 22 Which is 
located doWnstream from a concentric outer noZZle or ori?ce 
20 through Which the shielding gas exits. What results is a 
shielded spray 16 Which impinges on skin or tissue 18 in 
Which the contingently in?ammable cryogen is surrounding 
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by a shielding cone of noncombustible gas. Laser light or 
another energy source Which is then directed to the same 
impingement point on skin 18 thus does not ignite the cryogen 
even though ignition temperatures might be temporarily 
reached, because the cryogen is shielded from access to oxy 
gen in the ambient. 
[0056] The arrangement shoWn in FIG. 1 enables the use of 
?ammable cryogens such as dimethyl ester, propane, 
isobutene or any mixture of these compounds. The inert 
shielding gas can be argon or carbon dioxide gas. TWo sepa 
rate gas valves, one for the liquid cryogen and a second one 
for the shielding gas must be used. In principle, the shielding 
gas valve should be opened before the cryogen valve and left 
open until after the laser energy has been delivered. The 
?ammability ranges of hydrocarbons in air are quite narroW 
as the range limits for ignition is 2.2 to 9.6% in a propane/ air 
mixture, 1.5 to 8.5% for butane/air mixture and 3.4 to 17% for 
dimethyl ether/ air mixture. The ?ame extinguishing concen 
trations for n-heptane (C7Hl6) ?ames in air have been 
reported to 33.6, 43.3 and 22% for, respectively, N2, Ar and 
CO2. The required amount of shielding gas for ?ame-extin 
guishing or ignition-preventing properties is dependent on 
the details in the mixing process of hydrocarbon, shielding 
gas and air. 
[0057] Mixture of Liquid Flammable Cryogen With Shield 
ing Gas 
[0058] Another embodiment of the method is based on 
mixing a ?ammable cryogen With an inert gas before appli 
cation of the mixture. The technique of mixing non?ammable 
propellants With ?ammable ones is frequently used, eg 
R-134a is mixed With a ?ammable propellant such as propane 
and butane to prevent ignition. In the present case, carbon 
dioxide can be mixed With liquid cryogen in the same pres 
suriZed container and sprayed onto the skin surface through 
the same valve and noZZle as depicted in the diagram of FIG. 
2. The premixed gases are contained With a pressurized con 
tainer 24 and controlled by a valve 26 to a noZZle 28 from 
Which exits a spray 30 of the gas mixture impinging on skin 
18. 
[0059] Adiabatic expansion of liquid carbon dioxide When 
leaving the noZZle 28 Will not cool the constituents of the 
?ammable mixture beloW their respective freeZing points, 
since the freeZing points for propane, butane, isobutane and 
dimethyl ether are —190, —138, —159 and —1420 C., respec 
tively. The properties of a mixture of propane and carbon 
dioxide are also strongly dependent on the mixing ratios. A 
pressurized mixture of, e.g., 50% liquid propane and 50% 
liquid carbon dioxide at room temperature has a pressure of 
3.7 MPa, i.e., Which is 35% loWer than for 100% CO2. Fur 
ther, propane at less then 9.4% in carbon dioxide is by federal 
regulation classi?ed as a non-?ammable mixture. 

[0060] Liquid Carbon Dioxide Cooling. 
[0061] The use of ?ammable cryogens With shielding gas 
requires separate FDA approval foruse in medical treatments. 
Therefore, it Would be advantageous if all ?ammable com 
pounds could be avoided. A potential candidate, Which Would 
satisfy the requirements for loW global Warming potential and 
is completely non-?ammable, is carbon dioxide, i.e., R744. 
Carbon dioxide is toxic in high concentrations, i.e. above 
10% in air and might be lethal in concentrations above 20%, 
but it is completely safe and harmless in loW concentrations, 
e.g., exhaled air contain up to 4%. 
[0062] Carbon dioxide has a triple point Where liquid, solid 
and gas coexist at —56.40 C. at 5.11 atm. pressure as graphi 
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cally depicted in the phase diagram of FIG. 3. Below this 
pressure only the solid and gas phase coexist, and solid carbon 
dioxide, i.e. dry ice, Will sublimate directly into gas. The gas 
pressure for the liquid at room temperature is 5 .72 MPa (56.4 
atm.). When liquid CO2 is released into air at atmospheric 
pressures it evaporates adiabatically forming dry ice at —78.5° 
C. With a latent heat of sublimation of 571.3 kJ/kg. 
[0063] In an experimental setup as diagrammatically illus 
trated in FIG. 4, a high-pressure steel container With 5 kg 
liquid CO2 Was connected to a valve via a 1 m long high 
pressure ?exible tube 34 connected to a valve 36, Which in the 
illustrated embodiment Was a Parker Hanni?n Corp. Fair?eld 
N.J. series 99, 8.62 MPa (85.1 atm.), 0.8 mm ori?ce. In order 
to ?ll the entire connecting system With liquid carbon dioxide, 
the steel container 32 Was mounted up side doWn and the valve 
36 Was thoroughly purged. The valve 36 could be equipped 
With several different noZZles made by cylindrical steel tubes 
38 having a distal outlet noZZle 42. The bore of the tubes 38 
Were 0.25, 0.5 and 0.7 mm in diameter and the length Was 39 
mm. Additionally, experiments Were done Without tubes 38. 
In that case, the outlet noZZle 44 comprised a mounting nut 
With 1.6 mm diameter bore and about 5 mm length. The 
length of spray 40 or the distance from the noZZle opening 42 
or 44 to the object or skin 18 being cooled Was variously set 
at 30 or 50 mm. The temperature distribution of a sprayed 
object Was measured With a ?lm-microthermocouple 
mounted on a 10 mm thick epoxy slab. The thermal properties 
of epoxy are close to those of skin, thus the epoxy slab served 
as a tissue phantom. 

[0064] The results from spaying With the 0.7 mm diameter 
bore noZZle at 30 mm distance is shoWn in the graph of FIG. 
5. The graph shoWs the temperature distribution during and 
after a 100 ms long spurt at ?ve different distances from the 
center of the spray, namely curves 46-56 correspond to dis 
tances from the center of 0-5 mm in 1 mm increments respec 
tively. The temperature at the center exhibits someWhat 
erratic temperature ?uctuations, Which is believed due a ten 
dency to build up dry ice in that region. At 1 mm from the 
center the temperature ?uctuations are signi?cantly reduced. 
The temperature at 1 mm from the center drops doWn to —47° 
C. after 50 ms and further doWn to —520 C. at 100 ms. The 
corresponding values at 5 mm from the center are —200 C. and 
—31° C. at 50 and 100 ms respectively. 
[0065] The corresponding results for the 1.6 mm bore 
noZZle 38 are given in the graph of FIG. 6. This noZZle 38 
gives better uniformity. As in the case With the graph of FIG. 
5, FIG. 6 shoWs the temperature distribution during and after 
a 100 ms long spurt at ?ve different distances from the center 
of the spray, namely curves 58-68 correspond to distances 
from the center of 0-5 mm in 1 mm increments respectively. 
The temperature drop at 1 mm from the center after 50 ms and 
100 ms are, —400 C. and —480 C. The corresponding values at 
5 mm from the center are —30° C. and —38° C. respectively. 

[0066] The cooling e?iciency ofthe 0.5 mm bore noZZle 38 
Was someWhat less than for the 0.7 mm, but still had accept 
able performance. HoWever, the 0.25 mm noZZle exhibited 
poor performance. This noZZle 38 produced very little dry ice 
and the surface Was primarily hit by cold CO2 gas. 
[0067] The e?iciency of the noZZles 38 at a distance of 50 
mm Was also investigated. HoWever, neither the lateral cov 
erage of the spray 40 nor the temperature drop Was improved. 
If a Wider area than about 10 mm diameter needs to be cooled, 
application of multiple simultaneously spraying noZZles 38 
could be employed. 
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[0068] The heat transfer Was measured by spraying a cylin 
drical silver disk embedded in the surface of an epoxy slab as 
described in Us. Pat. No. 6,669,688, Which is incorporated 
herein by reference. The diameter and height of the disk Were, 
respectively, 7.2 mm and 0.42 mm. The speci?c Weight of 
silver is 10,500 kg/m3 and the speci?c heat is 232 J/kgK. 
Thus, the heat capacity of the disk is 0.042 J/K. The tempera 
ture drop versus spraying time for the 0.7 mm bore noZZle 38 
at 30 mm distance is given in the graph of FIG. 7. Spay Was 
directed normal to the disk and centered at the disk. The heat 
transfer coe?icient H betWeen the dry ice at —78.5° C. and the 
silver disk at initially 23° C. can be determined from the 
thermal relaxation time "c of the silver disk using 

[0069] Where p, C and d are, respectively, the speci?c 
Weight, speci?c heat and the thickness of the disk. The results 
of FIG. 7 are summariZed in table 2. 

TABLE 2 

Spray duration 

50 ms 100 ms 150 ms 200 ms 

Heat transfer 4500 W/rn2K 3600 W/rn2K 3100 W/rn2K 3700 W/rn2K 
coei?cient 
Total heat 0.8 I 1.2 I 1.5 I 1.8 I 
extraction 
Average heat 2.0 .I/cm2 3.1 .I/cm2 3.8 .I/cm2 4.4 .I/cm2 
extraction 
Required dry 1.4 mg 2.1 mg 2.6 mg 3.1 mg 
ice 
consumption. 

[0070] The heat transfer coe?icient for tetra?uoroethane, 
R134a, sprayed onto a 10 mm diameter, 1 mm thick silver 
disk With a 0.7 mm bore noZZle at 50 mm distance has been 
reported to H:7500 W/m2K for a spurt duration of 100 ms. 
The measured heat transfer coe?icient for carbon dioxide Was 
about 50% less than this value. One contributing factor to this 
reduction might be the nonuniformity of the temperature 
distribution for the 0.7 mm bore noZZle 38, Where the tem 
perature drops for 50-100 ms spurts Were about 30% less at 
4-5 mm distance as compared to the center as shoWn in the 
graph of FIG. 5. The heat extraction for the 1.6 mm bore 
noZZle 38, Which had more uniform temperature distribution, 
Was someWhat higher than for the 0.7 mm noZZle 38, e. g., the 
heat extraction after a 50 ms spray With the ?rst noZZle 38 Was 
about 15% higher than for the latter one. HoWever, the much 
loWer sublimation point of dry ice of —78.5° C. might partly 
compensate for the reduction in heat coe?icient as compared 
to tetra?uoroethane since the boiling point of the latter is 
—26.5° C. at 1 atm. 

[0071] The measured heat extraction is, hoWever, quite 
adequate for cooling the 60-100 pm thick epidermis of nor 
mal human skin from ambient skin temperature of 350 C. to 00 
C. This corresponds to a heat extraction in the range of 0.9-1 .5 
J/cm2, Which according to the results given in Table 2 can be 
obtained by spurts in the range of 25-45 ms duration. 
[0072] The liquid carbon dioxide consumption and the 
amount of dry ice in the spray Was evaluated by collecting the 
mixture of gas/dry ice in a closed plastic bag. The volume of 
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the content increased more then 10 times When all dry ice had 
sublimated after about 30 s as compared to the volume imme 
diately after the spurt. Thus, the cryogen spray contained 
more than 90% of dry ice by Weight. The consumption for the 
various nozzles 38 for a 100 ms spurt are summarized in Table 
3. 

TABLE 3 

Nozzle bore 

1.6 mm 0.7 mm 0.5 mm 0.25 mm 

CO2 0.7 g 0.7 g 0.45 g 0.15 g 

[0073] The carbon dioxide consumption for the 1.6 mm and 
the 0.7 mm nozzles 38 Were about the same. The reason Was 
that maximum output Was limited by the 0:8 mm diameter 
ori?ce of the valve 36 itself as depicted in FIG. 4. The 
required dry ice formation for cooling a tissue surface 18 is a 
very small fraction of the liquid cryogen consumption, e.g. 
the required amount of dry ice for cooling a 100 pm thick 
epidermal layer of 5 mm radius from 37° C. to 00 C. is about 
2 mg. Thus, the CO2 consumption could in principle be 
reduced by proper optimization of the nozzle 38. HoWever, 
the present consumption might be quite acceptable, e.g. 
spraying With the 1.6 mm or the 0.7 mm bore for 50 ms 
corresponds to a cooling capacity of about 3000 spurts per kg 
carbon dioxide. 
[0074] In the case of laser irradiation of larger spots, e.g. 18 
mm diameter, multiple nozzles or speci?cally designed 
nozzles might be necessary. FIGS. 8a-8c shoW sketches of 
various nozzles design for improving the uniformity of the 
spray over large spot sizes. FIG. 8a is an embodiment Where 
a plurality of nozzles 38a are provided in a parallel array With 
a corresponding pattern of parallel sprays 4011. FIG. 8b is an 
embodiment Where nozzle 38b is diverging or provided in the 
shape of an inverted cone to provide a diverging spray 40b. 
FIG. 80 is an embodiment Where nozzle 380 is provided With 
a plurality of ori?ces communicated to the same tube to 
provide a patterned spray 400 as determined by the pattern 
and angulation of the bores de?ned in the nozzle 380 like a 
shoWerhead. Similarly, nozzle 38 may be provided With an 
adjustable spray head so that the user may change the spray 
pattern from one use to another. It is to be understood that 
these embodiments do not exhaust the possibilities for nozzle 
arrays or designs, all of Which are expressly contemplated as 
being Within the scope of the invention. 
[0075] Consider also the acoustical noise generated by the 
adiabatic expansion of carbon dioxide. This noise level, 
Which can be disturbing to a patient, can be reduced by a 
conventional silencer, if desired. Similarly, the force of the 
spray 40 onto the skin surface 18 can be varied not only by 
means of the delivery pressures, but by use of various types of 
conventional gas diffusers combined With nozzle 38. In some 
embodiments as described beloW, there is an advantage to 
having both a distractive type and level of sound created and 
to apply a distractive level of pressure to the target site When 
the laser pulse is applied to mask or lessen the perceived pain 
created by the laser pulse. 
[0076] Liquid Propane Cooling. 
[0077] The cooling ef?ciency With propane Was investi 
gated With the same silver disk detector as discussed above for 
carbon dioxide measurements. The propane Was of commer 
cial quality for soldering/heating application marketed in a 
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pressurized canister containing 0.4 kg liquid propane as sold 
by Bernzomatic, of Medina N.J. Typical results are shoWn in 
the graphs of FIGS. 9a and 9b. The results are summarized in 
table 4. 

TABLE 4 

Spray duration/distance 

50 Ins/30 100 ms/ 
mm 30 mm 50 Ins/50 mm 50 Ins/50 mm 

Heat transfer 15 000 17 000 3900 W/rn2K 4500 W/rn2K 
coef?cient W/m2K W/m2K 
Total heat 1.5 .I 2.3 .I 0.5 .I 1.0 .] 
extraction 
Average heat 3.8 .I/crn2 5.7 .I/crn2 1.2 .I/crn2 2.5 .I/crn2 
extraction 

[0078] The heat transfer coef?cient for a 50 ms long pro 
pane spurt at 30 mm distance Was about tWice as large as 
reported for tetra?uoroethane under the similar conditions. 
One reason for the high heat transfer coef?cient could be that 
the propane spray adhered very Well to the surface 18. It is not 
clear Whether this phenomenon Was due to propane itself or to 
the sulphuric odor compound added to propane by the manu 
facturer for leak detection. The e?icacy dropped off rapidly 
With distance, and the coef?cient dropped doWn by about 
75% at 50 mm distance, i.e., to about the same value as for 
carbon dioxide at 30 mm distance. (See Table 2). 
[0079] The gas consumption Was very loW. A 100 ms long 
spurt of propane delivered by the 0.7 mm bore nozzle 38 Was 
80 ml gas at atmospheric pressure, Which corresponds to 0.14 
g liquid propane. Propane has, as discussed before, a range of 
?ammability of 2.2-9.6% by volume in air. Thus, to remain 
beloW the range of ?ammability the propane spurt has to be 
mixed With about 4 l of air. 
[0080] Human Skin Exposure. 
[0081] Evaluation of possible damage to human skin dur 
ing spray Was examined by spraying human forearms for 
spurt duration up to 200 ms With the 1 .6 mm bore nozzle at 30 
mm distance. No damage Was observed either immediately or 
after several days of folloW up. The maximum force onto the 
skin for the 1.6 mm nozzle 38 covering a 10 mm diameter spot 
is up to 2.6% of the pressure in the container, i.e., about 0.15 
MPa (1.4 atm). The cryogen impact on the skin Was moni 
tored With a high speed video camera (Fast Cam PCI R2, 
Photron, San Diego Calif.). This momentum ?ux depressed 
the skin surface by several millimeters, but the skin returned 
to original position less than 10 ms after the spurt. This 
bouncing back of the skin also removed all debris of ice from 
the surface. This is in contrast to spurts of liquid cryogen 
Where a liquid deposit and ice formed from the ambient air 
frequently remain for several tens of milliseconds after the 
spurt. 
[0082] A compression of the dermis could, in principle, 
force blood out of the vessels. This phenomenon might be an 
advantage in treating deeper located targets such as the bulb 
of the hair follicles since the optical absorption of the upper 
layers is reduced. HoWever, it might be a disadvantage in 
treating shalloWly located blood vessels such as in the case of 
port Wine stains. This effect Was studied by evaluating the 
purpura introduced by laser exposure typically used during 
treatment of port Wine stains. The laser (Sclero-Plus, Candela 
Corp. Inc. Wayland Mass.) Was set either to 7 J/cm2 or to 8 
J/cm2, pulse duration 1.5 ms and Wavelength 585 nm. The 
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results from exposure to normal skin of Caucasian forearms 
(palmar side) are summarized in Table 5. The diameter of the 
irradiated spot Was 7 mm, and the cooling of the spot Was 
aligned With carbon dioxide spray 40 from a 1.6 mm bore 
noZZle 38 at 30 mm distance from the skin. See noZZle per 
formance in the graph of FIG. 6. The results Were evaluated at 
22 h and 50 h after exposure. Purpura Was evaluated visually 
on a scale from 1 to 10 Where 10 Was set to the value for the 
noncooled control. 

TABLE 5 

Delay 

10 ms 30 ms 50 ms 

Spurt duration 8 (9) 7 (4) 6 (3) 
25 ms 

Spurt duration 7 (4) 6 (3) 6 (3) 
50 ms 

Spurt duration 8 (9) 6 (4) 0 (0) 
75 ms 

Spurt duration 8 (9) 4 (3) 0 (0) 
100 ms 

[0083] All exposed spots exhibited a Well-demarked edema 
2 h after exposure. Purpura developed during 12 h after expo 
sure. HoWever, the results indicate that purpura only Was 
minor affected for the shortest cooling duration and delay, 
i.e., from a maximum score of 10 for the non-cooled control 
site to 7-10. This seems to indicate that the blood remains in 
the vessels during the cooling spray. The smaller score values 
are observed for the spots irradiated 125-150 ms after onset of 
the spurt. This time correspond to the delay for a thermal Wave 
to propagate through an epidermal layer of about 100 um. 
Thus, the results indicate that the time dynamic is too fast to 
force blood out of the capillaries in papillary/reticular dermis, 
and that the reduction of purpura for long delays is due to 
protection of these vessels by the cooling. 
[0084] In summary, With respect to the global Warming 
potential propane (GWPI3) seems to be an excellent replace 
ment for tetra?uoroethane (GWPI1300). HoWever, the high 
?ammability of propane is believed to be unsatisfactory for 
medical laser treatments Whenused Without a shielding gas. A 
commercial brand of liquid propane adheres very Well to the 
surface, resulting in a high heat transfer coef?cient. This very 
high transfer coe?icient might indicate that the cooling e?i 
ciency might be acceptable even When reduced by the pres 
ence of a shielding gas. 

[0085] A premix of propane/butane With a non-?ammable 
compound before spraying rather than using a shielding gas 
has several advantages. A pressuriZed mixture of, e.g., 50% 
liquid propane and 50% liquid carbon dioxide at room tem 
perature have a pressure of 3.7 MPa, i.e., 35% loWer than for 
100% C02, and a mixture of propane at less than 9.4% in 
carbon dioxide is by federal regulation classi?ed as a non 
?ammable mixture. Secondly, the requirements for an e?i 
cient adiabatic expansion of carbon dioxide for forming dry 
ice after leaving the noZZle are reduced. A slurry consisting of 
a mixture of dry ice crystal and liquid propane has a very good 
Wetting of the skin surface, resulting in a high heat transfer 
coe?icient. Thus, the momentum ?ux transferred to the skin 
surface is reduced. These properties are expected to be pre 
ferred for treating lesions as port Wine stains in regions With 
thin skin such as in the ocular orbit. 
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[0086] Liquid carbon dioxide (GWPIl) can also be used as 
the only cryogen. HoWever, the momentum ?ux of the spray 
is high, and the skin surface is someWhat depressed. This is an 
advantage in treating deeper located target such as the bulb of 
the hair follicle, but it might represent a problem for shalloWly 
located targets such as the ectatic capillaries of port Wine 
stain. HoWever, preliminary measurements on normal skin 
indicate that the blood remain in the capillaries for spurt 
durations in the range of 50- 1 00 ms. All residual dry ice or ice 
from ambient air humidity bounced off the skin surface as it 
relaxed back about 10 ms after the spray, leaving a clean skin 
surface. No skin damage Was observed due to the cryogen 
spurts up to 200 ms duration. Finally it should be noted that 
although carbon dioxide by de?nition has a global Warming 
potential equal to one, the real value GWP is Zero for CO2 
made from sources other than burning of fossil fuels. Indus 
trial CO2 production is, e. g., made from fermentation of corn 
in alcohol production. Thus, the use contemplated by the 
invention represents a recycling of CO2 made from solar 
irradiation. 
[0087] Pain Management 
[0088] It has become apparent that use of liquid carbon 
dioxide With dynamic cooling of the skin results in pain 
reduction during laser hair removal and potentially in all 
dynamic cooling and laser or energy beam applications. The 
illustrated embodiment disclosed beloW relates to prelimi 
nary testing of the pain reduction experienced by the patients 
during hair removal With an Alexandrite laser at 755 nm 

Wavelength (GentleLase® Candela Corp. Wayland, Mass.). 
Signi?cant reduction in pain Was observed With liquid CO2 
cooling, dispensed as CO2 snoW or slurry, as compared to 
R134a cryogen cooling and as compared to no cooling. 
[0089] Consider noW the effect of pain masking or lessen 
ing in more detail. An important issue in laser treatment of 
cutaneous lesions is to protect the epidermis from thermal 
damage and minimize the discomfort to the patient. This 
heating, Which is primarily caused by light absorption in the 
melanosomes, can easily bring the temperature of the basal 
layer above the threshold damage value of 65-700 C. Pre 
cooling of the epidermal basal layer from the ambient value of 
35° C. to 00 C. increases the optical radiant exposure that can 
be safely delivered by a factor of tWo. Selective epidermal 
cooling can be obtained by exposing the skin surface to a 
cryogen for an interval of time corresponding to the thermal 
diffusion time from the stratum comeum through the epider 
mis and doWn to the basal layer. Thus, the upper layers are 
cooled While leaving the temperature of dermal and subcuta 
neous layers unchanged. This heating/cooling protocol is 
included Within the de?nition of “dynamic cooling”. 
[0090] Currently, selective epidermal cooling or dynamic 
cooling is achieved using a liquid spray of the cryogen 
R-134a (tetra?uoroethane) for 30-100 ms immediately before 
laser exposure. A typical procedure is to spray the surface for 
30-50 ms, and then expose the skin to laser irradiation 20-30 
ms after the end of the cryogen spurt. Tetra?uoroethane is a 
chorine free hydro?uorocarbon (HFC), thus representing no 
damage to the oZone layer. HoWever, the global Warming 
potential (GWP) of tetra?uoroethane, Which is de?ned as 
ratio for the contribution to global Warming over a 100 years 
period as compared to the same amount of CO2 (carbon diox 
ide), is comparatively high. (GWPI1300 for R134a). 
[0091] An alternative and probably a better choice of cryo 
gen for medical applications, Which Would satisfy the require 
ments for loW global Warming potential and is completely 
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non-?ammable, is liquid or solid carbon dioxide, i.e., R744. 
Carbon dioxide is toxic in high concentrations, i.e. above 
10% in air and might be lethal in concentrations above 20%, 
but it is completely safe and harmless in loW concentrations, 
e.g., exhaled air contain up to 4%. Carbon dioxide has a triple 
point Where liquid, solid and gas coexist, at —56.4° C. at 5.11 
bar pressure. BeloW this pressure only the solid and gas phase 
coexist, and solid carbon dioxide, i.e. dry ice, Will sublimate 
directly into gas. The gas pressure for the liquid at room 
temperature is 5.72 MPa (57.2 bar). When liquid CO2 is 
released into air at atmospheric pressures it evaporates adia 
batically to form dry ice at —78.5° C. With a latent heat of 
sublimation of 571 .3 kJ/kg. If disposed in atomiZed or droplet 
form through one or more noZZles, the dry ice forms as carbon 
dioxide snoW. 

[0092] The illustrated embodiment is based on preliminary 
testing of pain reduction experienced by the subjects during 
hair removal With an Alexandrite laser at 755 nm Wavelength 

(GentleLase® Candela Corp. Wayland, Mass). The skin of 
healthy volunteers Was exposed to cooling With R134a and 
With CO2 shortly before exposure to the laser beam. Human 
skin has several kind of sensory receptors, Which respond to 
mechanical, thermal and chemical exposure. There are four 
main types of mechanoreceptors in the glabrous skin of 
humans: Pacinian corpuscles, Meissner’s corpuscles, Mer 
kel’s discs and Ru?ini corpuscles. Pacinian corpuscles are 
responsible for sensitivity to deep pressure touch and Meiss 
ner’s corpuscles (or tactile corpuscles) are a responsible for 
sensitivity to light touch. The Merkel nerves are found in the 
basal layer of glabrous skin, such as on the ?nger tips and in 
hair follicles. The Merkel cells (along With Meissner’s cor 
puscles) occur in the super?cial skin layers, and are found 
clustered beneath the ridges of the ?ngertips Whereas Pacin 
ian corpuscles and Ruf?ni endings, are found primarily in 
tissue. 

[0093] The mechanoreceptors have myelinated A[3-?ber 
axons With fast conduction velocity. The sensory receptor that 
responds to temperature, i.e. a thermoreceptor, primarily 
responds to temperatures Within the innocuous range. In the 
peripheral nervous system Warm receptors are thought to 
have unmyeiinated C-?ber axons With a sloW conduction 
velocity loWer than 2 m/ s, While those responding to cold have 
thinly myelinated Ao-?ber axons With a faster conduction 
velocity of 2 to 30 m/s. Nociceptors, Which respond only to 
noxious stimuli, alloW the organism to feel pain in response to 
damaging pressure, excessive heat, excessive cold and a 
range of chemicals, Which are damaging to the tissue sur 
rounding the receptor. The nociceptors are found in external 
tissues, such as skin. The cell bodies of these neurons are 
located in either the dorsal root ganglia or the trigeminal 
ganglia. There are several types of nociceptors and they are 
classi?ed according to the stimulus modalities to Which they 
respond, i.e., thermal, mechanical or chemical. Some recep 
tors respond to more than one of these modalities and are 
consequently designated polymodal. Thermal nociceptors 
are activated by noxious heat or cold, temperatures above 450 
C. and below 50 C., and mechanical nociceptors respond to 
excess pressure or mechanical deformation. Nociceptors may 
have either Ao-?ber axons or C-?ber axons. 

[0094] Thus, pain often comes in tWo phases, and acute 
pain mediated by the fast-conducting A6 ?bers and sloW 
burning pain associated With C ?bers. The majority of A6 
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?bers and C ?bers end as free nerve endings (FNE), Which are 
unencapsulated and have no complex sensory structures. 
They are located in the skin, and also protrude into the epi 
dermis and end up in the stratum granulosum. The FNE in 
epidermis is indicated by the double line arroW on the left 
hand side of FIG. 10. 

[0095] Turn noW and consider the materials and methods 
used to demonstrate pain masking or lessening in the illus 
trated embodiment. The laser Was a 755 nmAlexandrite laser 

100 With 3 ms pulse duration. (Candela GentleLase®) as 
shoWn in FIG. 11. The laser 100 Was equipped With a hand 
piece 102 for cooling With tetra?uoroethane (Dynamic cool 
ing device DCD®), and the beam diameter at the skin surface 
Was approximately 12 mm. An identical hand piece 102 Was 

used for the CO2, and the high pressure CO2 container 24 Was 
mounted upside doWn, thus alloWing liquid carbon dioxide to 
reach the high pressure CO2 valve 26 diagrammatically 
shoWn in FIG. 2. The valve 26 (Parker Hanni?n Corp. Fair 
?eld NJ.) Was equipped With 39 mm long noZZle tube 28 of 
0.5 mm inner diameter, and the end 22 of the noZZle ori?ce 
Was positioned 30 mm above the skin 18. It is to be expressly 
understood that the illustrated embodiment described here 
includes the non-shield con?guration of FIG. 2 as Well as the 
shielded con?guration of FIG. 1. 

[0096] The pain Was assessed by the patients on a scale 
from 0-10, Where 0 is no pain, 1-2 is mild pain, 3-6 is mod 
erate pain and 7-10 is strong pain. The results from exposure 
to the forearm of tWo healthy volunteers are shoWn in Table 6. 
The R134a cooling Was set at the typical ratings used in the 
clinic, i.e. 50 ms cryogen spray and 30 ms delay. In case of the 
CO2 cooling, no liquid is deposited on the skin, but snoW 
?akes of dry ice are deposited. This dry ice snoW is carried 
aWay With the high-velocity CO2 gas How very quickly, 
enabling a delay of 10 ms to be enough to clear the skin from 
deposits. The adiabatic cooling also cools the snoW beloW the 
boiling point. 

TABLE 6 

Exposure to rigl_1t forearm, palmar side, 

R134a cooling CO2 cooling 50 ms 
50 ms spurt, Spurt, 

No coolin_g_ 30 ms delay 10 ms delav 

Skin Skin Skin 
Pain response Pain response Pain response Fluence 
score at 6 h score at 6 h score At 6 h J/cm2 

*7-8 Slight 5-6 Very 0-1 Very 40 
edema slight slight 

edema edema 
**n/a n/a 4-5 n/a O-l n/a 40 
**n/a n/a 3-4 n/a 1 n/a 30 

*Patient: North European, Fitzpatrick skin type II-III, melanin index 143 
**Patient: Asian, Fitzpatrick skin type III 

[0097] After 24 hours all edema Was gone in all spots. No 
erythema Was seen in the cooled spots, Whereas a very slight 
erythema remained at the spots With no cooling. 

[0098] i. Corresponding results for exposure to the dorsal 
side of the forearm is given in Table 7. The arm Was 
carefully shaved before exposure to the laser 100. 












