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(57) ABSTRACT 

Skin disorders such as, for example, atopic dermatitis, 
dyshidrosis, eczema, lichen planus, psoriasis, and vitiligo, 
are treated by applying high doses of ultraviolet light to 
diseased regions of a patients skin. The dosage employed 
exceeds 1 MED, an MED being determined for the particu 
lar patient being treated, and may range from about 1 MED 
to about 20 MED or higher. The ultraviolet light has a 
Wavelength Within the range of betWeen about 295 nanom 
eters to about 320 nanometers and preferably is betWeen 
about 300 nanometers and about 310 nanometers. High 
doses of ultraviolet light are restricted to diseased tissue 
areas so as to avoid risk of detrimental side affects in healthy 
skin, Which is more susceptible to damage from UV light. 
Cooling the skin prior to and/or While exposing the skin to 
the UV light can be used to minimiZe tissue damage result 
ing from exposure to the UV light. Higher doses of UV light 
can therefore be employed Without injurious affects. 
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TREATMENT OF SKIN DISORDERS WITH UV 
LIGHT AND COOLING 

PRIORITY APPLICATION 

[0001] This application is a Continuation-in-part of US. 
patent application No. 09/694,086, ?led Oct. 20, 2000. This 
application also claims priority under 35 USC §119(e) 
from US. Provisional Patent Application No. 60/272,277, 
?led Feb. 28, 2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates a method and apparatus for 
treating skin disorders such as psoriasis, and more speci? 
cally, to a method and apparatus for treating skin disorders 
involving eXposing a patient’s skin to high intensity ultra 
violet (UV) light. 

[0004] 2. Description of the Related Art 

[0005] Skin disorders, including atopic dermatitis, 
dyshidrosis, ecZema, lichen planus, psoriasis, and vitiligo, 
are conditions that commonly affect large populations at 
some time in their lives. For eXample, about 2% to 3% of the 
population of northern Europe is estimated to be afflicted 
With psoriasis. Although the disease’s prevalence in the 
United States is not as Well understood, it appears that 
betWeen 150,000 and 260,000 neW cases are diagnosed each 
year. This suggests that at least several million people suffer 
from the disease in the United States. 

[0006] Psoriasis can range in severity from relatively mild, 
With some drying and ?aking of the affected skin, to severe 
cases With very severe outbreaks over large areas of the 
patient’s body. Even very mild psoriasis is uncomfortable 
and unsightly. Severe cases can be physically and psycho 
logically debilitating, presenting a very serious threat to the 
patient’s overall health. 

[0007] Although the underlying mechanisms of psoriasis 
are not yet perfectly understood, the disease involves abnor 
mally rapid cell proliferation in the basal layer of the skin. 
This hyperproliferation can be reduced and the disease 
ameliorated With What is conventionally knoWn as “photo 
therapy,” i.e., by eXposing the affected skin surface to a 
source of light, in particular, ultraviolet light. Phototherapy 
can be performed simply by eXposing the patient to natural 
sunlight, or in a more controlled Way by applying light from 
an arti?cial source to the affected areas. 

[0008] Commonly, a patient may be eXposed over sub 
stantially his or her entire body, or at least a very large 
portion of it, to arti?cial light from an electric lamp or a 
similar source generating light having a signi?cant ultravio 
let component. While this mode of treatment has been 
effective, it is less than optimal. In recent times patients and 
physicians have become increasingly aWare of the undesir 
ability of unnecessary eXposure to ultraviolet light. Ultra 
violet light causes damage to the skin and premature aging; 
it is also associated With melanoma and skin cancer. Addi 
tionally, conventional phototherapy treatment is imple 
mented over an eXtended time and requires the patient 
comply to a regimen involving frequent visits to the physi 
cian before experiencing even slight improvement in his or 
her condition. FolloWing such regimen is inconvenient to the 
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patient as Well as costly; furthermore treatment often fails 
due to lack of compliance to this regimen. Thus, What is 
needed is a treatment for psoriasis and other skin disorders 
that minimiZes side effects such as the risk of melanoma and 
skin cancer and that effectuates a rehabilitation of disease 
tissue expeditiously. 

SUMMARY OF THE INVENTION 

[0009] On aspect of the invention comprises an apparatus 
for treating diseased skin With ultraviolet (UV) light. The 
apparatus comprises a source of UV light Within the range 
of 300 and 315 nanometers and a cooler for cooling the 
diseased skin. 

[0010] Another aspect of the invention also comprises an 
apparatus for treating diseased skin tissue With ultraviolet 
UV light. This apparatus comprises a source of high inten 
sity ultraviolet light equal to or greater than about 1 mini 
mum erythema dose (MED) in the Wavelength range of 
betWeen about 300 and 315 nanometers having an output for 
emitting the UV light and a cooler capable of cooling said 
diseased tissue. 

[0011] Still another apparatus for treating an area of dis 
eased epidermal tissue With ultraviolet UV light also 
includes a source of high intensity ultraviolet light equal to 
or greater than about 1 minimum erythema dose (MED) in 
the Wavelength range of betWeen about 300 and 315 nanom 
eters having an output for emitting the UV light. This 
apparatus further comprises a conduit positioned to receive 
said ultraviolet light, said conduit having an output end that 
emits said UV light, a delivery device that includes the 
output end of the conduit, and a cooler in the delivery 
device. Preferably, the delivery device has a localiZed UV 
output suf?ciently small to illuminate a portion skin no 
larger than said area of diseased epidermal tissue. 

[0012] In another aspect of the invention, an apparatus for 
treating diseased skin With ultraviolet (UV) light comprises 
a source of UV light Within the range of 300 and 315 
nanometers having a plate comprising UV transparent cool 
ing material With a cooler thermally contacted thereto. 

[0013] In yet another aspect of the invention, an apparatus 
for treating diseased skin tissue With UV light comprises a 
source of UV light Within the range of 300 and 315 nanom 
eters having an output for emitting the UV light, Wherein the 
source includes at least one conduit With at least one opening 
for connection to a source of coolant. 

[0014] In still another aspect of the invention, a method for 
treating an epidermal region comprising diseased tissue 
includes cooling the diseased tissue and eXposing the dis 
eased tissue in the epidermal region to a dosage of ultraviolet 
light equal to or greater than about 1 minimum erythema 
dose (MED) in the Wavelength range betWeen about 300 and 
315 nanometers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 depicts a plot on aXis of Wavelength (in 
nanometers) and effectiveness in arbitrary of the psoriasis 
action spectrum, human erythema action spectrum, and the 
action spectrum for DNA damage (i.e., carcinogeneity); 

[0016] FIG. 2 shoWs a block diagram of a preferred 
embodiment for treating skin disorders; 
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[0017] FIG. 3 depicts a schematic vieW of one embodi 
ment of the present invention comprising a laser source, a 
coupling lens, and an optical ?ber for exposing diseased skin 
to doses of UV-B Wavelength (betWeen about 290 to 320 
nanometers) light suf?cient to effectively treat skin disorders 
like psoriasis; 

[0018] FIG. 4 is a schematic vieW of one embodiment of 
the present invention comprising an arc lamp, a re?ector, a 
Wavelength selection ?lter, and an optical ?ber for treating 
skin disorders; 

[0019] FIG. 5 depicts a schematic vieW of one embodi 
ment of the present invention comprising a plurality of 
?uorescent lamps, a re?ector, and a ?lter for directing UV-B 
Wavelength light to the diseased skin; 

[0020] FIG. 6 shoWs one example of a laser system 
employed to direct UV-B Wavelength light of suf?cient 
energy to effectively treat skin disorders like psoriasis; 

[0021] FIG. 7 shoWs a delivery device that forms a part of 
the apparatus depicted in FIG. 1; 

[0022] FIG. 8 is an exploded vieW depicting internal 
vieWs of the delivery device of FIG. 2; 

[0023] FIG. 9 is an exploded vieW shoWing parts of the 
delivery device shoWn in FIG. 3; 

[0024] FIG. 10 is an end vieW shoWing a delivery end of 
the delivery device of FIG. 2; 

[0025] FIG. 11 depicts a control panel used to control the 
apparatus of FIG. 1; 

[0026] FIG. 12 shoWs a minimum erythema dose (MED) 
template usable With the apparatus of FIG. 1; 

[0027] FIG. 13 depicts ink being applied to the delivery 
device of FIG. 2 by an ink pad; 

[0028] FIG. 14 illustrates hoW the delivery may be used to 
deliver therapy in a “tile mode”; 

[0029] FIG. 15 shoWs hoW the delivery device may be 
used to deliver therapy in a “paint mode.” 

[0030] FIG. 16 shoWs a delivery device that additionally 
includes a plate and a thermoelectric cooler attached to the 
plate to provide cooling thereto; 

[0031] FIGS. 17 and 18 are front and cross-sectional 
vieWs of the chilled plate of FIG. 16; and 

[0032] FIG. 19 depicts a delivery device that includes a jet 
that provides cooling. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0033] Deleterious effects of various skin disorders 
including atopic dermatitis, dyshidrosis, ecZema, lichen pla 
nus, psoriasis, and vitiligo can be ameliorated by directing 
high doses of ultraviolet light onto areas of skin affected by 
the disorder. The effectiveness of this technique utiliZing 
ultraviolet light depends in part on Wavelength, dosage, and 
What region of skin is exposed to the ultraviolet light. 

[0034] Light Within a speci?c range of Wavelengths has 
been determined to be both effective in rehabilitating dis 
eased skin and also in avoiding harmful side effects such as 
cancer and erythema (i.e., sunburn). This Wavelength range 
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coincides With a spectrum conventionally knoWn as UV-B, 
Which extends in Wavelength from approximately 280 or 
290 to approximately 315 or 320 nanometers. The Wave 
length of light that is most successful at treating affected skin 
areas Without causing harmful side effects is de?ned With 
reference to action curves 1000, 1002, 1004 for psoriasis, for 
erythema and for carcinogeneity, Which are shoWn in FIG. 
1. Psoriasis af?icted tissue can be effectively rehabilitated 
With light having Wavelengths betWeen approximately 300 
to 310 nanometers. As shoWn by the psoriasis action spec 
trum curve 1000, light having a Wavelength spectrum 
betWeen about 295 or 300 and about 320 or 325 nanometers 
can be effective in healing the tissue as Well, but to a lesser 
extent. Incidence of erythema and skin cancer, as shoWn by 
the respective action spectrum curves 1002, 1004, hoWever, 
increases in general for shorter Wavelengths in this range 
betWeen 295 and 325 nanometers. Risk of skin cancer, for 
example, is signi?cantly higher for Wavelengths at and 
beloW about 295 to about 300 nanometers than for Wave 
lengths above this range. Erythema is also more readily 
produced by light having a Wavelength of 290 nanometers 
than light betWeen about 300 to 310 nanometers in Wave 
length. Therefore, to provide optimal treatment preferably 
diseased skin on a patient is exposed to light having Wave 
length that maximiZes a likelihood of healing of diseased 
tissue yet minimiZes risk of erythema and DNAdamage, i.e., 
cancer. Accordingly, light ranging, for example, betWeen 
about 295 to about 315 or 320 nanometers and more 
speci?cally, betWeen about 300 to about 310 nanometers is 
preferred. 
[0035] High, not loW doses of light Within these preferred 
ranges of Wavelength have been determined to be most 
desirable. Diseased skin exposed to high doses of light heals 
quicker, that is, a feWer number of high dose treatments are 
required in comparison to conventional, loW dose photo 
therapy treatments. Signi?cant advantages derive from 
reduction in number of treatments. Since less treatments are 
necessary for high dose treatments, the total quantity of 
UV-B light to Which skin is exposed to achieve healing is 
substantially smaller than for loW dose treatments. This 
dosage can be quanti?ed in total number of photons, or in 
total amount of energy such as in units of Joules. For 
example, preferably at least about 500 milliWatts of 
light having a Wavelength of betWeen about 304 and about 
310 nanometers is directed onto the diseased tissue. It is Well 
knoWn that the risk of cancer and skin damage depends on 
the total number of photons or amount of UV-B radiation 
directed on the skin. Thus, by raising the dosage in a single 
treatment and thereby reducing the number of treatments, 
the overall UV light exposure and thus the risk of cancer and 
other skin damage is loWered. Additionally, loWer number of 
treatments may also provide a higher degree of compliance 
of a patient to an otherWise dif?cult regimen involving a 
signi?cant number of visits to the physician. Such a simpli 
?cation in treatment is favorable as patients are less Willing 
or able to adhere to a regimen involving multiple treatments 
per Week for months. 

[0036] In light of the foregoing reasons, doses as high as 
a patient can tolerate are preferred. More particularly, dos 
ages at least as high as 1 minimum erythema dose (MED) 
have proven to be extremely advantageous. As de?ned 
herein a minimum erythema dose or MED corresponds to 
the minimal dosage at Which a noticeable change in color 
occurs With distinct edges. The amount of energy necessary 
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to induce redness varies from patient to patient and depends 
on many factors including race, age, and skin color. Con 
sequently, in treating a particular patient, a level of localiZed 
exposure equivalent to 1 MED can be determined for the 
patient. This level of exposure may be characteriZed by 
?uency or the amount of energy delivered to a de?ned area 
in, e.g., Joule/cm2. Diseased tissue is thereby exposed to 
doses at least as high as that dose that creates a change in 
color bounded by distinct edges on healthy skin is applied. 
Exposure of 1 MED or higher, i.e., doses of about 2 to about 
4 or even to about 6 or 8 MED are effective in remedying the 
diseased condition. Moreover, a direct correlation has been 
also observed betWeen occurrence of blisters and particu 
larly successful treatments. For example, levels of exposure 
to UV radiation as high as 16 to 20 MED, cause UV 
radiation bums that produce blisters on the skin. HoWever, 
only a single treatment at this exposure level is necessary to 
rehabilitate the diseased tissue. Thus, employing dosages 
that cause UV radiation burns accompanied by blistering 
appear to yield successful single treatment phototherapy. For 
these dosage levels, hoWever, the patient must necessarily be 
able to endure the blistering. 

[0037] Although the amount of energy that corresponds to 
1 MED depends on the skin characteristics of the speci?c 
patient, for effective treatment of skin disorders like psoria 
sis, the recommended ?uency of light having Wavelengths 
distributed betWeen about 300 and about 310 nanometers 
has been determined to range betWeen about 10 milliJoule/ 
square centimeter (mJ/cm2) to about 4.0 Joule/square cen 
timeter (J/cm2). More speci?cally, the range of ?uency 
preferably ranges betWeen about 100 mJ/cm2 to about 1.8 
J/cm2, and more preferably betWeen about 600 mJ/cm2 and 
about 1.2 J/cm2. Accordingly, doses as high as 500 mJ/cm2, 
1 J/cm2, and 1.5 J/cm2 of light having Wavelengths at least 
as large as 300 nanometers but less than or equal to about 
310 nanometers may be employed to treat skin disorders. 
Less doses of shorter Wavelength light are required in 
comparison to longer Wavelength of light. For example, 
?uencies in a range of about 50 mJ/cm2 to about 1 J/cm2 of 
light With a center Wavelength of about 305 nanometer (e.g., 
betWeen 304.5 and 305.5) may produce similar results as 
?uencies ranging from about 300 mJ/cm2 to about 4 J/cm2 
of light having a Wavelength centered about 310 nanometers 
(e.g., betWeen 309.5 and 310.5). The action spectrum for 
erythema 1004 dictates in part hoW the required dose varies 
With Wavelengths. As shoWn in the action spectrum 1004 
depicted in FIG. 1, erythema is more readily induced by 
shorter Wavelengths than longer Wavelengths. In particular, 
the erythema response is about ten times stronger for light 
having Wavelength centered about 305 nanometers (e.g., 
betWeen 304.5 and 305.5) than for light centered about 310 
nanometers (e.g., betWeen 309.5 and 310.5). (Note that 
effectiveness as plotted in FIG. 1 corresponds to the degree 
the tissue is affected by one joule of optical energy.) 

[0038] Since high doses of ultraviolet light enhance the 
risk of skin cancer and erythema as Well as cause other skin 
damage generally associated With premature aging, the 
extent of a patient’s epidermis to Which light is directed must 
be limited. Since the diseased tissue needs to be exposed, 
light is not delivered to regions of skin other than affected 
areas, Which particularly With psoriasis, are more tolerant to 
higher doses of light Within the preferred Wavelength 
regions than is healthy tissue. In treating psoriasis, for 
example, the UV light is preferably directed onto the 
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lesional as Well as surrounding paralesional tissue, Which 
although appearing normal is diseased tissue. Treatment, 
hoWever, should be restricted only to these affected areas of 
skin, and areas uninvolved are preferably not exposed to the 
ultraviolet light. Certainly, the patients entire body is not 
subjected to the ultraviolet light as is true in some conven 
tional phototherapy treatments. Instead, the ultraviolet light 
must be delivered to each separate affected region of the 
body. By avoiding treatment of unaffected portions of skin, 
the dosage can be raised Well above conventional dosages as 
the affected areas Will tolerate substantially higher doses 
Without increased risk of side effects. Accordingly, the high 
doses of UV illumination are directed to an area on the skin 

that is preferably less than about 3000 cm2, more preferably 
less than about 1000 cm2, and most preferably less than 
about 500 cm2. 

[0039] The temporal extent over Which exposure occurs is 
also important. Exposure of the affected area to the UV light 
results in heating of the tissue. Unless this heat is suf?ciently 
dissipated, thermal blistering Will result. In particular, blis 
ters are formed if the temperature of the skin is raised to 
about 50° C. Thermal energy absorbed by the exposed 
portion of skin, Which may reach a depth betWeen about 5 
and 100 micrometers (um), must be conducted aWay from 
that region before it heats up the skin to excess. Speci?cally, 
the region should not heat up to the critical temperature of 
about 50° C. or more Which Would result in the formation of 
thermal blisters. Whether the thermal energy is suf?ciently 
dissipated depends in part on the thermal time constant 
'CTHERMAL of the skin, Which governs the rate of heat dissipa 
tion. The rate at Which thermal energy is introduced into the 
skin is also a relevant factor. Preferably, therefore, the high 
dose of energy provided by the UV light is distributed over 
a length of time greater than one or tWo times the thermal 
time constant associated With the removal of heat from the 
tissue. This duration of exposure may for example range 
betWeen about 500 milliseconds (msec) and 1500 millisec 
onds for radiation delivered at 308 nanometers at ?uences of 
less than 1 W/cm2. The illumination needs to be Within a 
short enough time to be practical yet long enough to prevent 
blistering cause by thermal overload. 

[0040] An excimer laser can generate short high poWer 
pulses of light having a Waveglength of about 308 nanom 
eters. These pulses can be high in poWer, eg about a half a 
million Watts, but short in duration, for example, maybe 
lasting much less than 100 nanoseconds (e.g., 30 nanosec 
onds). The laser, hoWever, may produce a plurality of such 
pulses at a repetition rate of about 200 HZ, i.e., one pulse per 
5 milliseconds. Tissue exposed to a plurality of these short 
pulses Will increase in temperature slightly With application 
of each pulse. The cumulative effect of the plurality of pulses 
being to raise the temperature of the tissue an amount that 
depends in part on the heat capacity of the tissue. The heat 
capacity is directly related to the thermal time constant 
'CTHERMAL of the skin described above, Which governs the rate 
of heat dissipation of heat from the skin after the series of 
pulses is complete. Preferably, therefore, the energy from the 
laser is spread over a long enough period of time With 
respect to the length of the thermal time constant 'CTHERMAL 
so as to permit suf?cient dissipation to avoid excessive 
build-up of heat from the plurality of short pulses. Thermal 
damage caused by raising the temperature of the skin above, 
for example, the blister temperature of 50° C., can thereby 
be prevented. The amount of time required to expose the 


























