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(57) ABSTRACT 

A method and apparatus for selective photothermolysis of a 
target tissue Within surrounding tissue. The target and the 
surrounding tissue are heated to a predetermined tempera 
ture of about 60° C. by a pulsed heat source such as a ?ash 
lamp Which creates a temperature gradient in the air 
included in a cavity formed betWeen the housing of the 
apparatus and the surrounding tissue. The surface tempera 
ture of the tissue is monitored by a sensor unit. When the 
tissue surface reaches the predetermined temperature the 
target tissue is heated to the point of coagulation, preferably 
by narroW band electromagnetic radiation. The temperature 
difference betWeen the coagulating target and the surround 
ing tissue is suf?ciently mild that heat diffusing out of the 
target does not damage the surrounding tissue, even in the 
case of a relatively large target such as varicose veins. The 
heating action may be terminated by automatically pumping 
air or another suitable coolant into the cavity When the 
surface of the tissue reaches a preset value or by lifting the 
apparatus off the tissue. The apparatus may include a pro 
grammable controller Which may be programmed locally or 
remotely With the treatment parameters. 
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METHOD OF SELECTIVE PHOTOTHERMOLYSIS 

RELATIONSHIP TO OTHER U.S. 
APPLICATIONS 

[0001] This Application is a continuation-in-part of US. 
patent application Ser. No. 08/707,562, ?led Sep. 4, 1996. 

FIELD OF THE INVENTION 

[0002] The present invention relates to dermatological 
surgery and, more speci?cally, to a method of selective 
photothermolysis that alloWs the destruction of targets, such 
as varicose veins, that are too large to be destroyed by 
presently knoWn methods Without damaging the surround 
ing healthy tissue, and targets such as plaque psoriasis. 

BACKGROUND OF THE INVENTION 

[0003] Selective photothermolysis is a surgical method, 
introduced by Anderson and Parrish in 1983 (“Selective 
Photothermolysis: Precise Microsurgery by Selective 
Absorption of Pulsed Radiation”, Science, Vol. 220, pp. 
524-527), for destroying certain diseased or unsightly tissue, 
on or near the skin, With minimal damage to the surrounding 
healthy tissue. The tissue to be destroyed must be charac 
teriZed by signi?cantly greater optical absorption at some 
Wavelength of electromagnetic radiation than the surround 
ing tissue. The method consists of irradiating the target and 
the surrounding tissue With pulsed electromagnetic radia 
tion, usually visible radiation, that is preferentially absorbed 
by the target. The energy and duration of the pulses is such 
that the target is heated to betWeen about 70° C. and about 
80° C., at Which temperature the proteins of the target 
coagulate. Because the target absorbs the incident radiation 
much more strongly than the surrounding tissue, the sur 
rounding tissue is heated negligibly. 

[0004] Usually, the radiation source is a laser, for example 
a ?ashlamp-pulsed dye laser. A laser source has the advan 
tage of being inherently monochromatic. Other sources 
include broad band sources used in conjunction With narroW 
band ?lters, as described, for example, by Gustaffson in 
Patent No. WO 91/15264. A similar device, called the 
“Photoderm-VL”, is manufactured by ESC Medical Sys 
tems. 

[0005] Suitable targets for selective photothermolysis 
include birthmarks, port-Wine stains, spider veins, and vari 
cose veins, all of Which tend to be much redder than the 
surrounding tissue because of their higher concentration of 
oxyhemoglobin-containing_red blood cells. Anderson and 
Parrish used light of a Wavelength of 577 nanometers, 
corresponding to the 577 nanometer oxyhemoglobin absorp 
tion band. It Was subsequently determined (Tian, Morrison, 
and Kurban, “585 nm for the Treatment of Port-Wine 
Stains”, Plastic and Reconstructive Surgery, vol. 86 no. 6 pp. 
1112-1117) that 585 nanometers is a more effective Wave 
length to use. 

[0006] One constraint on the pulse duration is that the 
surrounding tissue must not be heated to the point that it, too, 
begins to coagulate. As the target is heated, heat begins to 
diffuse from the target to the cooler surrounding tissue. To 
keep the surrounding tissue from being heated to the point 
of damage, the pulse length must be kept on the order of the 
target’s thermal relaxation time. For relatively small targets, 
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such as birthmarks, port-Wine stains, and spider veins, 
typical pulse lengths are on the order of hundreds of micro 
seconds. For varicose veins, pulse lengths on the order of 
milliseconds should be used. 

[0007] A complication arises in the treatment of varicose 
veins by selectiv photothermolysis. The normal tissue sur 
rounding varicose veins typically includes other blood ves 
sels, notably capillaries, that also absorb the incident radia 
tion but, being much smaller than the varicose veins, have 
much shorter thermal relaxation times. Therefore, heat dif 
fusing from these other blood vessels into the surrounding 
tissue tends to heat the surrounding tissue to the point of 
damage, thereby causing scarring. Recently, selective pho 
tothermolysis also has been used to treat psoriatic skin 
tissue. 

[0008] Psoriasis is a non contagious skin disorder that 
most commonly appears as in?amed sWollen skin lesions 
covered With silvery White scale. This most common type of 
psoriasis is called “plaque psoriasis”. 

[0009] Psoriasis comes in many different variations and 
degrees of severity. Different types of psoriasis display 
characteristics such as pus-like blisters (pustular psoriasis), 
severe sloughing of the skin (erythrodermic psoriasis), drop 
like dots (guttate psoriasis) and smooth in?amed legions 
(inverse psoriasis). The degrees of severity of psoriasis are 
divided into three important categories: mild, moderate and 
severe. 

[0010] Skin cells are programmed to folloW tWo possible 
programs: normal groWth or Wound healing. In a normal 
groWth pattern, skin cells are created in the basal cell layer, 
and then move up through the epidermis to the stratum 
corneum, the outermost layer of the skin. Dead cells are shed 
from the skin at about the same rate as neW cells are 

produced, maintaining a balance. This normal process takes 
about 28 days from cell birth to death. 

[0011] When skin is Wounded, a Wound healing program 
is triggered, also knoWn as regenerative maturation. Cells 
are produced at a much faster rate, theoretically to replace 
and repair the Wound. There is also an increased blood 
supply and localiZed in?ammation. In many Ways, psoriatic 
skin is similar to skin healing from a Wound or reacting to 
a stimulus such as infection. 

[0012] Lesional psoriasis is characteriZed by cell groWth 
in the alternate groWth program. Although there is no Wound 
at a psoriatic lesion, skin cells, also referred to as kerati 
nocytes, behave as if there is. These keratinocytes sWitch 
from the normal groWth program to regenerative maturation. 
Cells are created and pushed to the surface in as little as 2-4 
days, and the skin cannot shed the cells fast enough. The 
excessive skin cells build up and form elevated, scaly 
lesions. The White scale (called “plaque”) that usually covers 
the lesion is composed of dead skin cells, and the redness of 
the lesion is caused by increased blood supply to the area of 
rapidly dividing skin cells. 

[0013] There is thus a Widely recogniZed need for a 
method and a device adapted for home use by a patient for 
selective photothermolysis that is effective in removing 
larger surgical targets, such as varicose veins, Without 
peripheral damage, and that can be used in treatment of 
psoriasis. 
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SUMMARY OF THE INVENTION 

[0014] According to the present invention there is pro 
vided a method of selective photothermolysis of a target 
Within surrounding tissue, comprising the steps of: (a) 
heating the target and the surrounding tissue above normal 
body temperature; and (b) heating the target to betWeen 
about 70° C. and about 80° C. 

[0015] According to the present invention there is pro 
vided a device for selective photothermolysis of a target 
Within surrounding tissue, comprising: (a) means for gen 
erating broad-band electromagnetic radiation; and (b) means 
for generating at least one pulse of substantially monochro 
matic electromagnetic radiation, each of said at least one 
pulse being substantially simultaneous With said broad-band 
electromagnetic radiation. 

[0016] The method of the present invention is based on the 
fact that the rate of heat diffusion from a Warm body to a cold 
body is proportional to the thermal gradient betWeen the 
bodies. Therefore, heating the surrounding tissue to a tem 
perature higher than normal body temperature, but not high 
enough to cause damage, and only then heating the target to 
the point of coagulation, creates an environment in Which 
the thermal gradient betWeen the target and the surrounding 
blood vessels, on the one hand, and the other surrounding 
tissue, on the other hand, is sufficiently small that the 
surrounding tissue is not damaged. In the context of the 
present invention, “higher than normal body temperature” 
means a temperature of at least about 40° C., but preferably 
betWeen about 55° C. and about 65° C. Furthermore, the 
pulse of monochromatic light used to heat the target may be 
of loWer poWer and shorter duration than in the prior art, 
because the target is heated from a higher initial tempera 
ture. 

[0017] The device of the present invention accomplishes 
this end by heating the surrounding tissue using broad-band 
electromagnetic radiation. The scope of the present inven 
tion includes all effective Wavelengths of electromagnetic 
radiation, and effective spectral bands for this purpose 
include microWave radiation; but the preferred spectral 
band, both for heating the surrounding tissue and for heating 
the target itself, is visible radiation. The preferred device for 
generating the broad-band (White) light is a high intensity 
lamp such as a Xenon arc lamp. The device includes a 
mechanism for pulsing the light from the lamp. This mecha 
nism may include circuitry for controlling the current sup 
plied to the lamp (e.g., the mechanism may operate by 
turning the lamp on and off); or may include a mechanical 
shutter. 

[0018] There are tWo preferred means for generating the 
substantially monochromatic radiation used to heat the tar 
get. The ?rst is a laser that operates at the desired Wave 
length, preferably a Wavelength betWeen about 570 nanom 
eters and about 610 nanometers. The second is to pass light 
from the high intensity lamp through a suitable Wavelength 
selection device, such as a narroW band ?lter or a mono 

chromator. 

[0019] The device of the present invention synchroniZes 
the monochromatic pulses With the broad-band electromag 
netic radiation, by means Well-knoWn in the art, to ensure 
that the surrounding tissue has been heated suf?ciently 
before the monochromatic pulse is turned on to heat the 
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target further, and to ensure that the target is heated further 
before the surrounding tissue has a chance to cool doWn. In 
general terms, this means that, if the broad-band electro 
magnetic radiation is pulsed, then each monochromatic 
pulse is substantially simultaneous With a broad-band pulse. 
As used herein “substantially simultaneous” means that the 
monochromatic pulse is turned on either While the broad 
band pulse is on, or substantially immediately after the 
broad-band pulse is turned off. 

[0020] There is also provided, in accordance With a pre 
ferred embodiment of the present invention, apparatus for 
selective photothermolysis of a target tissue Within the skin. 
The apparatus includes a housing having an opening therein. 
The housing formes a cavity enclosing a volume of air When 
the opening is placed in contact With the skin. The apparatus 
further includes a pulsable heat source disposed Within the 
housing for rapidly heating the volume of air to form a 
temperature gradient therealong. The apparatus further 
includes a pulsable source of narroW band electromagnetic 
radiation disposed Within the housing for irradiating the skin 
With narroW band electromagnetic radiation to selectively 
heat the target tissue. The apparatus further includes a 
sensing unit attached to the housing for sensing the tem 
perature of the skin. The apparatus further includes a con 
troller unit connected to the heat source, the source of 
electromagnetic radiation and the sensor unit for controlling 
the heat source and the source of electromagnetic radiation. 
The controller coordinates the sequence of activation of the 
heat source and the source of electromagnetic radiation and 
receives signals from the sensor unit. The apparatus further 
includes at least one poWer source for energiZing the heat 
source, the source of electromagnetic radiation and the 
controller. 

[0021] Furthermore, in accordance With a preferred 
embodiment of the present invention, the apparatus the 
cavity is a sealed cavity. 

[0022] Furthermore, in accordance With a preferred 
embodiment of the present invention, the heat source also 
provides pulsed light for irradiating the region of skin. 

[0023] Furthermore, in accordance With a preferred 
embodiment of the present invention, the pulsed light is 
broad band pulsed light. 

[0024] Furthermore, in accordance With a preferred 
embodiment of the present invention, the heat source is a 
?ash lamp or an arc discharge lamp. 

[0025] Furthermore, in accordance With a preferred 
embodiment of the present invention, the ?ash lamp is a 
glass Xenon lamp. 

[0026] Furthermore, in accordance With a preferred 
embodiment of the present invention, the ?ash lamp is a 
disposable ?ash lamp. 

[0027] Furthermore, in accordance With a preferred 
embodiment of the present invention, the ?ash lamp is a 
quartZ Xenon lamp and the housing further includes a ?lter 
attached to the housing and disposed betWeen the ?ash lamp 
and the opening for absorbing a preselected portion of the 
pulsed broad band light. The absorbed preselected portion 
includes radiation in the ultra-violet light range Which may 
be harmful to the skin. 
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[0028] Furthermore, in accordance With a preferred 
embodiment of the present invention, the source of narroW 
band electromagnetic radiation includes a ?ash lamp or an 
arc discharge lamp and a ?lter attached to the housing and 
disposed betWeen the ?ash lamp and the opening for absorb 
ing a preselected portion of the pulsed broad band light, to 
produce narroW band electromagnetic radiation selectively 
absorbed by the target tissue. 

[0029] Furthermore, in accordance With a preferred 
embodiment of the present invention, the target tissue is 
blood vessels Within psoriatic skin and the source of narroW 
band electromagnetic radiation emits radiation betWeen the 
Wavelengths of 550 to 610 nanometers. 

[0030] Furthermore, in accordance With a preferred 
embodiment of the present invention, the housing further 
includes a sealing gasket attached to the housing along the 
circumference of the opening for forming a sealed air cavity 
disposed betWeen the skin and the heat source. 

[0031] Furthermore, in accordance With a preferred 
embodiment of the present invention, The apparatus further 
includes a cooling unit suitably attached to the housing and 
controlled by the controller for controllably cooling the skin, 
to prevent overheating of the skin. 

[0032] Furthermore, in accordance With a preferred 
embodiment of the present invention, the cooling unit is 
activated by the controller When the skin has reached a 
predetermined temperature after the heat source is ener 
giZed. 

[0033] Furthermore, in accordance With a preferred 
embodiment of the present invention, the apparatus further 
includes a pump suitably attached to the housing and con 
trolled by the controller for controllably pumping air into the 
housing to displace the volume of air heated by the heat 
source With air having a temperature loWer than the tem 
perature of the volume of air, to prevent overheating of the 
skin. 

[0034] Further yet, in accordance With a preferred embodi 
ment of the present invention, the pump is activated by the 
controller When the skin has reached a predetermined tem 
perature after the heat source is energiZed. 

[0035] Furthermore, in accordance With a preferred 
embodiment of the present invention, the housing further 
includes a re?ector for re?ecting the pulsed broad band light 
and the narroW band electromagnetic radiation. 

[0036] Furthermore, in accordance With a preferred 
embodiment of the present invention, at least part of the 
housing is coated by a layer of material having a high 
re?ectivity for re?ecting the pulsed broad band Light and the 
narroW band electromagnetic radiation. 

[0037] Furthermore, in accordance With a preferred 
embodiment of the present invention, The apparatus further 
includes an extension. The extension has a ?rst end attach 
able to the opening and a second end placeable on the skin. 
The extension has an aperture therethrough de?ning an area 
for treating the skin. 

[0038] Furthermore, in accordance With a preferred 
embodiment of the present invention, the housing is made of 
a heat insulating material. 
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[0039] Furthermore, in accordance With a preferred 
embodiment of the present invention, the poWer source is an 
electrical poWer source. 

[0040] Furthermore, in accordance With a preferred 
embodiment of the present invention, the poWer source 
includes at least one battery, at least one capacitor and an 
electronic control circuit. 

[0041] Furthermore, in accordance With a preferred 
embodiment of the present invention, the poWer source 
includes a mains operated direct current supply, at least one 
capacitor and an electronic control circuit. 

[0042] Furthermore, in accordance With a preferred 
embodiment of the present invention, the sensor unit 
includes at least one optical sensor for sensing the tempera 
ture of the skin the optical sensor receives infra-red radiation 
emanating from an area of the skin positioned under the 
housing through an optical element attached Within an 
aperture in the housing. The sensor senses the intensity of 
the infra-red radiation and provides signals indicative of the 
intensity to the controller. 

[0043] Furthermore, in accordance With a preferred 
embodiment of the present invention, the optical sensor 
includes an infra-red light sensitive photo-diode. 

[0044] Furthermore, in accordance With a preferred 
embodiment of the present invention, the sensor unit 
includes at least one contact temperature sensor for contact 
ing the skin to sense the temperature of the skin, and for 
providing the controller With signals indicative of the tem 
perature. 

[0045] Furthermore, in accordance With a preferred 
embodiment of the present invention, the contact tempera 
ture sensor is a thermistor. 

[0046] Furthermore, in accordance With a preferred 
embodiment of the present invention, the apparatus ?ts into 
the palm of a hand. 

[0047] Furthermore, in accordance With a preferred 
embodiment of the present invention, the controller unit is a 
programmable controller unit capable of receiving data 
determining at least one treatment parameter selected from 
a plurality of treatment parameters for coordinating the 
timing and the duration of activation of any of the heat 
source and the source of narroW band electromagnetic 
radiation. 

[0048] Furthermore, in accordance With a preferred 
embodiment of the present invention, the controller unit is a 
programmable controller unit capable of receiving data 
determining at least one treatment parameter selected from 
a plurality of treatment parameters for coordinating the 
timing and the duration of activation of any of the heat 
source, the source of narroW band electromagnetic radiation 
and the pump. 

[0049] Furthermore, in accordance With a preferred 
embodiment of the present invention, the programmable 
controller unit includes a removable storage device on Which 
the plurality of treatment parameters are stored, the remov 
able storage device is capable of being disconnected and 
removed from the programmable controller for changing the 
value of at least one of the plurality of treatment parameters 
prior to reconnecting the storage device to the program 
mable controller. 
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[0050] Furthermore, in accordance With a preferred 
embodiment of the present invention, the storage device is 
selected from a ?ash memory device, a magnetic bubble 
memory device, an EPROM memory device, an EEPROM 
memory device, an optical memory device, an opto-mag 
netic memory device and a magnetic memory device. 

[0051] There is further provided, in accordance With a 
preferred embodiment of the present invention, a method for 
selective photothermolysis of a target tissue Within the skin. 
The method includes the steps of providing a cavity formed 
by a housing overlying the skin. The cavity includes a 
volume of air having a ?rst end proXimal to the skin and a 
second end distal to the skin. The method further includes 
the step of heating the skin by pulsing a heat source disposed 
Within the cavity to heat the air surrounding the heat source 
to create a temperature gradient in the volume of air. The 
temperature gradient has a ?rst temperature at the ?rst end 
and a second temperature at the second end. The ?rst 
temperature is loWer than the second temperature. The 
method further includes the step of continuously monitoring 
the surface temperature of the skin. The method further 
includes the step of irradiating the skin With a pulse of 
narroW band electromagnetic radiation When the surface 
temperature of the skin reaches a ?rst predetermined value. 
The pulse has a duration suf?cient to selectively raise the 
temperature of the target tissue to the coagulation tempera 
ture of the target tissue Without coagulating the skin tissue 
surrounding the target tissue. The method further includes 
the step of terminating the step of heating of the skin. 

[0052] Furthermore, in accordance With a preferred 
embodiment of the present invention, the step of terminating 
includes manually lifting the housing aWay from the skin to 
alloW air at room temperature to cool the skin. 

[0053] Furthermore, in accordance With a preferred 
embodiment of the present invention, the step of terminating 
includes the step of activating a cooling unit to cool the skin 
to prevent overheating of the skin. 

[0054] Further yet, in accordance With a preferred embodi 
ment of the present invention, the step of terminating 
includes activating the cooling unit When the surface tem 
perature of the skin reaches a second predetermined value. 

[0055] Furthermore, in accordance With a preferred 
embodiment of the present invention, the air cavity is a 
sealed air cavity disposed betWeen the housing and the skin. 

[0056] Furthermore, in accordance With a preferred 
embodiment of the present invention, the heat source is a 
?ash lamp or a gas discharge lamp and the step of heating 
further includes the step of additionally heating the skin by 
irradiating the skin With broad band incoherent radiation 
produced by the ?ash lamp or gas discharge lamp. 

[0057] Furthermore, in accordance With a preferred 
embodiment of the present invention, the step of addition 
ally heating further includes the step of ?ltering the broad 
band incoherent radiation, prior to irradiating the skin there 
With, to remove a preselected portion thereof. The prese 
lected portion includes radiation in the ultra-violet light 
range Which may be harmful to the skin. 

[0058] Furthermore, in accordance With a preferred 
embodiment of the present invention, the ?rst predetermined 
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value is betWeen 55° C. and 65° C., and the coagulation 
temperature is betWeen 70° C. and 90° C. 

[0059] Furthermore, in accordance With a preferred 
embodiment of the present invention, the step of terminating 
includes automatically pumping a coolant into the cavity of 
the housing When the surface temperature of the skin reaches 
a second predetermined value. 

[0060] Furthermore, in accordance With a preferred 
embodiment of the present invention, the step of terminating 
includes automatically pumping air at a temperature loWer 
than the temperature of the surface of the skin into the cavity 
of the housing When the surface temperature of the skin 
reaches a second predetermined value. 

[0061] Finally, in accordance With a preferred embodi 
ment of the present invention, the target tissue is blood 
vessels and the skin is psoriatic skin and the pulse of narroW 
band electromagnetic radiation includes radiation betWeen 
the Wavelengths of 550 to 610 nanometers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] The invention is herein described, by Way of 
eXample only, With reference to the accompanying draWings, 
in Which like components are referred to by like reference 
numerals Wherein: 

[0063] FIG. 1 is a schematic diagram of a preferred 
embodiment of the device of the present invention in Which 
the source of monochromatic light is a laser; 

[0064] 
FIG. 1; 

[0065] FIG. 3 is a schematic diagram of a preferred 
embodiment of the device of the present invention in Which 
the source of monochromatic light is the same as the source 
of the broad-band light; 

[0066] 
FIG. 3; 

[0067] FIG. 5 shoW an alternative embodiment of the 
device of FIG. 4; 

[0068] 
FIG. 5; 

[0069] FIG. 7 is a schematic cross sectional vieW illus 
trating apparatus for selective photothermolysis, having a 
heat source and a source of narroW band electromagnetic 
radiation, in accordance With another preferred embodiment 
of the device of the present invention; 

[0070] FIG. 8. Is a schematic diagram illustrating a pulse 
schedule for the device of FIG. 7; 

[0071] FIG. 9 is a schematic cross sectional vieW illus 
trating apparatus for selective photothermolysis, including a 
glass-Xenon ?ash lamp, in accordance With yet another 
preferred embodiment of the device of the present invention; 

FIG. 2 shoWs a pulse schedule for the device of 

FIG. 4 shoWs a pulse schedule for the device of 

FIG. 6 shoWs a pulse schedule for the device of 

[0072] FIG. 10 is a schematic cross sectional vieW illus 
trating apparatus for selective photothermolysis, having 
contact temperature sensors, in accordance With yet another 
preferred embodiment of the device of the present invention; 

[0073] FIG. 11 is a schematic cross section illustrating an 
apparatus for selective photothermolysis adapted for use 
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With a plurality of differently shaped extenders, in accor 
dance With yet another preferred embodiment of the present 
invention; and 

[0074] FIGS. 12-14 are schematic isometric vieWs of three 
differently shaped extenders useful for hair removal When 
used With the apparatus of FIG. 12; and 

[0075] FIG. 15 is a schematic functional block diagram 
illustrating a programmable system including the apparatus 
for selective photothermolysis of FIG. 7, in accordance With 
still another preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0076] The present invention is of a method and device for 
selective photothermolysis of relatively large surgical tar 
gets. Speci?cally, the present invention can be used to 
remove varicose veins and similar diseased or unsightly 
tissue With minimal damage to the surrounding healthy 
tissue. The present invention can also be used for treatment 
of psoriasis. 

[0077] The principles and operation of a method and 
device for selective photothermolysis according to the 
present invention may be better understood With reference to 
the draWings and the accompanying description. 

[0078] Referring noW to the draWings, FIG. 1 is a sche 
matic diagram of a preferred embodiment of the device of 
the present invention. A high intensity lamp 10 functions as 
a source of broad-band (White) light 14. Because lamp 10 
emits light in all directions, a parabolic re?ector 12 and a 
concave lens 16 are provided to collimate broad-band light 
14, so that substantially all of the energy emitted by lamp 10 
is directed at the target and the surrounding tissue. Alaser 20 
emits substantially monochromatic light 24, preferably at a 
Wavelength of 585 nanometers, also toWards the target and 
the surrounding tissue. A control system 30 supplies poWer 
to lamp 10 and laser 20, and also turns lamp 10 and laser 20 
on and off in accordance With the pulse schedule shoWn in 
FIG. 2. 

[0079] Preferably, lamp 10 is a xenon arc lamp. Preferably, 
laser 20 is a ?ash lamp-pulsed dye laser, for example the 
ScleroLASER manufactured by Candela Corporation of 
Wayland Mass. 

[0080] FIG. 2 shoWs a pulse schedule for the device of 
FIG. 1. The solid line in FIG. 2 represents the duration and 
intensity of a pulse of broad-band light 14. The dashed line 
in FIG. 2 represents the duration and intensity of a pulse of 
monochromatic light 24. Broad-band light 14 is turned on at 
time T0 and is kept on long enough, until time T2, to heat the 
target and the surrounding tissue to about 60° C. As the 
temperature of the surrounding tissue approaches the desired 
?nal value, monochromatic light 24 is turned on at time T1, 
and is kept on until time T3, long enough to cause coagu 
lation of the target but not long enough to damage the 
surrounding tissue. Preferably, the duration of the mono 
chromatic pulse is betWeen about 0.1 milliseconds and about 
10 milliseconds. 

[0081] FIG. 3 is a schematic diagram of another preferred 
embodiment of the device of the present invention. In this 
embodiment, lamp 10 serves as the source of both the 
broad-band radiation and the monochromatic radiation that 
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are incident on the target and the surrounding tissue. In this 
embodiment, a mechanical shutter 32 serves to alternately 
block and pass broad-band light 14, thus causing the light 
emerging from the device to be pulsed. A rotating circular 
?lter 34 having tWo sections, a White section 36 and a 
colored section 38, serves to ?lter the broad-band pulses 
passed by shutter 32. White section 36 attenuates all Wave 
lengths to substantially the same degree, thereby providing 
a broad-band pulse of the proper intensity and duration to 
heat the target and the surrounding tissue to about 60° C. 
Colored section 38 attenuates all but a narroW spectral band 
of light centered on a Wavelength of 585 nanometers. 
Control system 30 synchroniZes the movement of shutter 32 
and ?lter 34 to provide light pulses according to the pulse 
schedule of FIG. 4. 

[0082] Note that lamp 10 must be much more poWerful in 
the embodiment of FIG. 3 than in the embodiment of FIG. 
1, because in the embodiment of FIG. 3, lamp 10 must 
provide enough spectral poWer in the vicinity of 585 nanom 
eters to coagulate the target. It is for this reason that White 
section 36 of ?lter 34 is required in this embodiment. 

[0083] FIG. 4 shoWs a pulse schedule for the device of 
FIG. 3. As in FIG. 2, a solid line represents a broad-band 
pulse and a dashed line represents a monochromatic pulse. 
At time T0, with ?lter 34 positioned so that White section 36 
is in the optical path of broad-band light 14, shutter 32 is 
opened, alloWing broad-band light 14 to pass through, and to 
be attenuated by, White section 36. Filter 34 is rotated, until, 
at time T1, colored section 38 begins to intercept broad-band 
light 14. At time T2, all of broad-band light 14 is passing 
through colored section 38, so that the light emerging from 
the device is substantially monochromatic. At time T3, 
shutter 32 is closed, terminating the monochromatic pulse. 
[0084] FIG. 5 is a schematic diagram of a variant of the 
device of FIG. 3. In the device of FIG. 5, a movable mirror 
40 is provided to de?ect light passed by shutter 32 to a ?xed 
mirror 41 and a monochromator 42. The device of FIG. 5 
generates pulses according to the pulse schedule of FIG. 6, 
in Which, again, the solid line represents a broad-band pulse 
and the dashed line represents a monochromatic pulse. At 
time T0, with mirror 40 WithdraWn, shutter 32 is opened, 
alloWing broad-band light 14 to pass through an attenuation 
?lter 44 and thence to the target and the surrounding tissue. 
Like White region 36 of ?lter 34, attenuation ?lter 44 
attenuates all Wavelengths to substantially the same degree, 
to provide a broad-band pulse of the proper duration and 
intensity to heat the target and the surrounding tissue to 
about 60° C. At time T1, mirror 40 is moved into place, 
terminating the broad-band pulse, and, de?ecting broad 
band light 14 so that it passes, via mirror 41, through 
monochromator 42, thereby initiating the monochromatic 
pulse. Thus, the monochromatic pulse starts substantially 
immediately after the termination of the broad-band pulse. 
Monochromator 42 passes on to the target only a narroW 
spectral band of light centered on a Wavelength of 585 
nanometers. At time T2, shutter 32 closes, terminating the 
monochromatic pulse. 
[0085] Additional embodiments of the present invention 
may be constructed for treating varicose veins and psoriasis 
skin at considerably less expense than that associated With 
presently knoWn methods. 

[0086] Reference is noW made to FIG. 7 Which is a 
schematic cross sectional vieW illustrating an apparatus 50 
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for selective photothermolysis, having a heat source and a 
source of narrow band electromagnetic radiation, in accor 
dance With another preferred embodiment of the device of 
the present invention 

[0087] The apparatus 50 includes a housing 52 made of a 
thermally insulating material such as high temperature plas 
tic a ceramic material or any other suitable thermally insu 
lating material. The housing 52 has an opening 53 Which can 
be placed on the surface of the tissue to be treated, for 
example, on the surface of the skin 60. The inner surface 
52A of the housing 52 is coated With a diffusely re?ective 
coating of near-perfect re?ectivity, such as ?nely divided 
titanium dioxide. Alternatively, a suitably shaped re?ector 
(not shoWn) may be attached to the housing 52 for re?ecting 
electromagnetic radiation produced Within the housing as 
disclosed in detail hereinbeloW, toWards the skin 60. 

[0088] The apparatus 50 includes a sealing gasket 54 made 
from soft rubber or the like for sealing the contact With the 
skin 60 When the opening 53 of apparatus 50 is placed on the 
skin 60. When the housing 52 is lightly pressed onto the skin 
60, a sealed cavity 57 is formed. The sealed cavity 57 
includes a volume of air (not shoWn) Which is enclosed 
betWeen the skin 60 and the housing 52. 

[0089] The upper part of the housing 52 includes a heat 
source 51 and a source of narroW band electromagnetic 
radiation 59. Aseparator 52B extending from the housing 52 
separates the heat source 51 from the source of radiation 59. 
The heat source 51 and the source of radiation 59 may be 
rectangular or ellipsoidal in cross section or may have any 
other suitable cross section or shape. The heat source 51 
includes a lamp 62 attached to the housing 52, and a ?lter 56 
attached to the housing 52 and to the separator 52B. 

[0090] The lamp 62 may be any suitable ?ash lamp or gas 
discharge arc lamp such as the quartz-Xenon ?ash lamp 
model G5109, commercially available from The Electronic 
Goldmine, AriZ., USA. The ?lter 56 may be any ?lter 
suitable for ?ltering the harmful ultra violet radiation Which 
is produced by the ?ash lamp 62 While passing through the 
non-harmful portion of the broad band radiation produced 
by pulsing the ?ash lamp 62. For eXample, the ?lter 56 may 
be the long Wave pass ?lter model 450FH90-25, commer 
cially available from Andover Corporation, NH, USA. 
Thus, the ?lter 56 blocks ultraviolet light, from the lamp 62, 
from reaching the skin 60. 

[0091] The source of radiation 59 includes a lamp 64 
attached to the housing 52 and a ?lter 58 attached to the 
housing 52 and to the separator 52B. The lamp 64 may be 
any suitable ?ash lamp or gas discharge arc lamp such as the 
quartz-Xenon ?ash lamp model G5109, commercially avail 
able from The Electronic Goldmine, AriZ., USA. The ?lter 
58 is any suitable band pass ?lter Which absorbs a substantial 
part of the electromagnetic radiation produced by the lamp 
64 While passing therethrough only a suitable narroW band 
of the electromagnetic radiation Which is selectively 
absorbed by the target tissue. For eXample, for the treatment 
of psoriatic skin, the target tissue is the blood vessels Within 
the skin, therefore the ?lter 64 should selectively pass a 
narroW band of radiation around the absorption maXimum of 
oXyhemoglobin. 

[0092] Preferably, ?lter 58 includes a combination of tWo 
?lters, a visible long Wave pass ?lter such as model 
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550FH90-25 ?lter, and the near infrared short Wave pass 
?lter model 600FL07-25 Which are commercially available 
from Andover Corporation. This ?lter combination passes 
only Wavelengths in the range 550 to 600 nanometers. It is 
noted that, other suitable narroW band ?lters or ?lter com 
binations may also be used provided that they transmit the 
required narroW band radiation Which can be selectively 
absorbed by the target tissue Without being substantially 
absorbed by the tissue surrounding the target tissue. 

[0093] It is noted that, the use of an Interference ?lter in 
the apparatus of the present invention is not recommended 
because the light from ?ash lamp 64 is spread at a large 
angle of incidence on the ?lter. 

[0094] The apparatus 50 further includes a cooling unit 8 
Which includes a pump 66 connected to the housing 52 by 
a suitable tube 67 for pumping air into the sealed cavity 57. 

[0095] It is noted that While the cooling unit 8 of the 
apparatus 50 includes a pump 66, other embodiments of the 
present invention may include other types of cooling devices 
as is disclosed in detail hereinafter. 

[0096] The apparatus 50 further includes a sensing unit 71 
attached to the housing 52. The sensing unit 71 includes a 
sensor 68 and a collimating optical element 69. The optical 
element 69 is attached Within an aperture 65 in the housing 
52. The optical element 69 and the optical sensor 68 are 
aligned such that the ?eld of vieW of the sensor unit 71 
represented by the double headed arroW labeled FOV, covers 
a substantial portion of the skin under the opening 53 but 
does not include any part of the housing 52. 

[0097] Preferably, the sensing unit 71 is an infra-red (IR) 
sensing unit such as the model A 53,367 Infrared thermom 
eter, commercially available from Edmund Scienti?c Com 
pany, NJ, USA. HoWever, any other suitable optical sens 
ing unit can be used provided that it has sufficient sensitivity 
in the relevant range of temperatures (roughly 30°-80° C.). 
The lens 69 is an infra-red lens substantially transparent to 
infra-red radiation. 

[0098] It is noted that, While in the preferred embodiment 
of the invention illustrated in FIG. 7 the optical element is 
a collimating infra-red lens 69, other preferred embodiments 
of the present invention may be constructed that include 
other optical elements such as an optical WindoW, a holo 
graphic lens, a composite lens, a micro-lens array or any 
other optical element suitable for collimating infra red 
radiation in the spectral band necessary for sensing of the 
temperature of the skin surface Within the ?eld of vieW FOV. 

[0099] It is further noted that, While the preferred embodi 
ment of the invention illustrated in FIG. 7 has only one 
sensing unit 71 including one optical sensor 68, other 
preferred embodiments of the present invention may be 
constructed that include more than one optical unit. This 
may be required to include a Wider portion of the surface of 
the skin 60 or for other alignment and or other manufactur 
ing considerations. In such a case, additional apertures are 
made Within the housing 52. 

[0100] The apparatus 50 also includes a controller 70 and 
a poWer source 55. The poWer source 55 is suitably con 
nected to the controller 70 for providing poWer to the 
controller 70. The controller 70 is suitably connected to the 
lamps 62 and 64 for controlling the energiZing thereof. The 










