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(57) Abstract

A pulsed light source for cutting away biolegical tissue has a control unit that controls the light source in such a way that the light
source supplies a series of pulses of predetermined duration and radiation intensity. The control unit may be operated to cause the light
source to supply short pulses (10) at a predetermined and/r controltable rate of repetition with a radiation intensity sufficient to cut away
the tissues, and radiation followed by light emission (11) or the like with a radiation intensity that is not sufficient to cut away the tissues
but is sufficient to generate heat,
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(57) Zusammenfassung

Einc gepulste Lichtquelle zum Abtragen van biologischem Gewebe weist cine Steuereinheit zur Steuerung der Lichtquelle derart auf,
daB diese eine Folge von Impulsen jeweils mit vorgegebener Dauer und Bestrahlungsstiirke licfert. Die Steuereinheit ist derart betraibbar,
daf die Lichtquelle mit vorgegebener und/oder steverbarer Wiederholfrequenz kurze Impulse (10) mit eftier zum Abtragen von Gewebe
austeichenden Bestrahlungsstizke und Bestrahlung und eine jeweils nachfolgende Lichtstrahtung (11) mit einer Bestrahlungsstarke und/oder
Bestrahlung liefert, die fiir das Abtragen von Gewebe nicht ausreichend ist, jedoch eine Wirmewirkung ergibt.
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Abstract

A pulsed light source for cutting away bioclogical tissue
has a control unit that controls the light source ip such a
way that the light source supplies a series of pulses of
predetermined duration and radiation intensity. The control
unit may be operated to cause the light source to supply
short pulses (10) at a predetermined and/or controllable rate
of repetition with a radiation intensity sufficient to cut
away the tissues, and radiation followed by light emission
(11) or the like with a radiation intensity that is not
sufficient to cut away the tissues but is sufficient to

generate heat,
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Pulsed light source for removing biological tissue

The invention relates to a pulsed light source of the type
stated in the preamble of claim 1 for removing biological

tiggue.

It is known from many medical applications that tissue can be
removed or cut with the aid of adequately intensive light, in
particular laser radiation. Removal is accompanied by heating
of the surrounding tissue. The extent of this heating is
determined in particular by the wavelength of the radiation
used, or the coefficient of absorption of the tissue
dependent on the latter, and by the irradiation intensity. In
the case of high absorption in the tissue and low irradiation
intensity, as is the case for example with a €0, continuous-
wave laser, tiggue is pyrelytically vaporized with g
relatively great thermal side effect. In a typical case, the
crater or cut formed in soft tissue is surrounded by a
carbonization layer, a zone broken up by vacuoles, a
coagulation zone and a reversibly thermally damaged region.
The ccagulation of the tissue produced by the heating, and
the accompanying hemostasis is of practical advantage in many
cases, because it makes possible cuts which do not bleed. On
the other hand, for applications in which as little damage as
possible to the remaining tissue and good healing of the

wound are important, great thermal effects are
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disadvantageous. Carbonization of the tissue surface, as
cccurs when cutting with continucus-wave lasers, is likewige
unfavorable. It has already been attempted in the case of
such lasers to reduce the thermal damage by increasing the
irradiation intensity while at the same time shortening the

time period in which it acts.

On the other hand, resgearch in recent vears has shown that,
with pulsed light sources of high power and a wavelength in
the ultraviolet or infrared range, for example TEA-CO,,
Er:YAG, Er:YSGG or excimer lasers, hard or soft tissue can be
removed without carbonization and with cnly little thermal
damage by a very effective thermomechanical ablation process.
For instance, in the case of soft tissue, the marginal edge
which coagulated after use of the free-running Er:YAG laser
in vivo is only about 30-40 pum. This is of particular
interest for the treatment of superficial skin lesions or for
cosmetic surgery, because damage of the tissue beyond that
which is removed is largely avoided. If, however, the
capillary layer of the tissue is reached, the removal is

stopped by emerging bleod.

In all the surgical applications of light sources used thus
far, the removal properties and the thermal side effects are

coupled in as much as precise removal with high removal

g
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efficiency is always accompanied by a small thermal side
effect, and vice versa. A known possible way of achieving
different thermal side effects is that of combining a
plurality of light sources of different wavelengths in one
device. However, the parallel operation of the two light
sourcesg required for simultaneous cutting and coagulating

requires high expenditure on apparatus.

DE 39 34 646 Al discloses a method and an apparatus of the
type stated at the beginning in which a specifically directed
vaporization without partial decomposition or burning is to
be achieved by the luminous effect occurring in the pyrolysis
process being used as a control gignal feor the control unit.
By this means, the control unit is controlled in such a2 way
that either the laser power, the clock ratio or the pulse

energy are changed.

Furthermore, DE 32 33 671 Al discloses a laser apparatus
having a memory means for storing a multiplicity of data
records, which specify parameters for the operating
conditions for a particular laser radiation. Details on the
individual parameters, and consequently an optimum removal of-

tissue, are not specified here however.




10

15

20

25

Q:\OPER\SSBA630{4.96.RES - 277599 . .

The present invention provides a pulsed light source for
removing biological tissue, having a control unit for
controlling the light source in such a way that it supplies a
sequence of pulses in each case with a predetermined duration
and irradiation intensity, characterized in that the control
unit can be operated in such a way that the light source
supplies at a predetermined and/or controllable repetition rate
short pulses with an irradiation intensity and irradiation
sufficient for removing tissue and a respectively subsequent
light radiation with an irradiatien intensity and/or irradiation
which is not sufficient for removing tissue, but produces a

thermal effect,

With pulsed 1light source according to the preferred
embodiment of the invention, biological tissue can be removed
precisely and with little thermal side effects and in additicn

can be heated to a variable extent.

The light emission of the light source according to an
embodiment. of the invention is modulated in a controllable
manner in such a way that, within a pulse cycle, a high-power
radiation pulse used for tissue removal is followed in a defined
time by a light radiation with reduced irradiation intensity,

which may have
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the form of a reduced-power end portion of the radiation pulse
or the form of a series of pulses comprising one or more
radiation pulses of which the power or energy content is not
sufficient for tissue remowval and consequently leads only to the

5 tissue being heated.

The pulsed light source according to an embodiment the
invention allows a hitherto unknown range of surgical
applications in which a single radiation source can be used with

10 little expenditure on apparatus, ranging from precisien surgery
with little thermal damage in areas which are not perfused with
blood, or only to a slight extent, through to the removal of
blood-perfused tissue with heomstasis. Since the thermal side
effect, and consequently the thickness of the coagulation zone,

15 can be adapted to the individual intervention, in any case a

just sufficient and at the same time minimally damaging thermal

ades necrosis zone can be produced. In addition, such an enlarged
::;5 coagulation zone does not lead to any sacrifices in the guality
0 of the cut.
s::::: 20
; . The light source according tc the invention is preferably

an ultraviolet or infrared light source.

woen The first radiation pulse of the pulse cycle corresponds to

. 25 the radiation emission as commonly used for the ablation of
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biological tissue with little damage. The tissue removal
commences when a specific amount of energy per element of
volume H,,, dependent on the type of tissue and on the
irradiaticn intensity, has accumulated on its surface. This
corresponds to a threshold value of the irradiation (Fs),
which is likewise dependent on the tissue and the irradiation
parameters. Part of the irradiated energy remains in the
tissue at the end of the pulse, heats the marginal region of
the craters or cuts and leads to the thermal side effects

described, in particular the coagulation of the tissue.

According to a preferred refinement of the invention, .the
parameters of the first radiation pulse of the series of
pulses is chosen such that the heating and tissue damage
pbroduced in connection with the tissue removal is low. This
is achieved by the combination of high irradiation intensity
and high abgorption in the tissue {typical coefficient of

abgorption greater than 10 cm'l).

The light source used for this is preferably a pulsed Er:YAG,

Er:YSGG, Ho:YAG, Tm:YAG, CO, COQ, or excimer lager.

Some data on this can be taken from the publication by
R. Hibst and R. Kaufmann, 'Vergleich verschiedener

Mittelinfrarot-Laser f£ir die Ablation der Haut’ [Compariscn
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of various mid-infrared lasers for ablation of the skin],

Lasermedizin (Laser Medicine], Vel. 11 (1985}, pages 19-26.

Typical values for the Er:YAG laser are:

5. energy required for remcval per element of volume Hy,, = 1.5
kJcm™
. threshold value of the irradiation intensity about 1 Jcm™
: pulse duration in the range from 150 to 600 Us
. irradiation in clinical use on the skin about 5 - 20 Jecm
10 » average irradization intensity several 10 kWem2
. if removal is over a surface area, size of the spot 1 to 3

mm in diameter
The laser-related power is calculated from the irradiation

intensity and the size of the spot.

15
Preferably the coagulation zone caused by the removing pulse is
1Y enlarged by emitting, after the short pulse leading to a
;:;5 removal, following light radiation with an irradiation intensity
:"'E and/or irradiation which is not sufficient for the removal of
ﬁ:ﬁ: 20 tissue but produces a thermal effect.




WO 96/41577 -8- PCT/EPS6/02486

This subsequent light radiation in the form.0f a pulse end
portion of reduced irradiation intensity or of at least one,
but preferably more than one light pulses is dimensioned with
regard to its power or energy such that, given a
predetermined size of the irradiation zone, the removal

threshold value of the tissue is not reached.

According to a refinement of the invention, at least cne
pulse with low irradiation intensity is used for this. In
order that the tissue is not removed and is only heated,
pulses with such a low irradiation intensity that, as a
result of the heat conduction, the energy per element of
volume accumulated at the surface remains below H,,, i.e. the
irradiation intensity remains below the threshold value

required for removal.

To estimate the upper limit of the irradiation intemsity, it
may be assumed that the energy H occurring per element of
volume results from the supply of energy produced by light

absorption and an energy loss proportional to H:

(I,: irradiation intensity, p: coefficient of absorption).
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The thermal relaxation time 7 used as the proportionality
factor for the rate of loss can be estimated from the known
formulae. It decreases gquadratically with the heated volume,
and therefore with increasing u. The threshold value of the
irradiation intensity I; is reached when, in the state of
equilibrium (dH/dt = 0), the energy density at the surface is

equal to H,,. It thus follows from the above equation that:

For the Er:YAG laser, the thermal relaxation time of the
tissue can be estimated as a few ps for the beginning of the
irradiation, so that the remaining values (see above) give an
irradiation intensity I, in the kWem? range. With increasing
enlargement of the heated region, I, then decreases. The
exact progression is difficult to calculate here. For a layer
of a thickness of, for example, 80 um, the thermal relaxation
time is about 30 ms, which leads to a maximum permigsible
irradiation intensity of about 5 Wem?. An advantageous
refinement of this alternative is therefore a progression
with decreasing irradiation intensity. The irradiation
intensity (power) and the duration of the pulse then

determines the extent of heating.
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If the required difference in the irradiation intensity
between the removing pulses and the heating pulses is
technically difficult to accomplish in the case of a2 given
laser, according to a further refinement of the invention it
is envisaged to use a sequence of pulses with an energy

content below the removal threshold value.

As a point of reference for this threshold value, the
threshold values F, (see above) decermined from the removal
measurements may be used. The threshcld values increase with
decreasing irradiation intensity (they are theoretically
infinite at an irradiation intensity of I;) and decrease in
the case of preheated tissue. Thus, for the Er:YAG laser,
initially Fy = 1Jcm? would be assumed and, in an experimental
situation, the irradiation intensity of each individual pulse
or its duration would be changed such that removal no longer
quite takes place. The individual factors, irradiaticn
intensity and pulse duraticn, are governed by the technical
requirements of the light source; primarily decisive for the

effect is their product.

According to one embodiment, the irradiation intensity and
the duration of the pulses following the first radiation
pulse may vary from one ancther. Thig is apprepriate, for

example, for the Er:YAG laser if, for supplying the pumping
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flashlamp of this laser, the energy of a single capacitor
bank is used for generating the entire series of pulses. The
decreasing voltage causes the laser pulses to be increasingly
weak, which howéver can be compensated by a correspondingly

prelonged pulse duration.

The optimum time interval between the subpulses or between
the removing pulse and the series of puises for heating
results from the thermal relaxation time of the tissue
surface. Tc be able to introduce as much energy as pogsible
into the tissue without removing it, it is favorable teo allow
the tissue surface to cool between two such pulses with
respect to the temperature leading to removal. In order at
the same time to produce a great depth of the coagulation,
this cooling should not proceed right down to the
{physiological) starting temperature (typically 37°C).
Rather, the subsequent heating by the following pulse should
take place at the latest when the surface has reached the
temperature required for the desired coagulation, of about
60°C to 70°C. This time periocd increases with the optical

depth of penetration of the radiation used.

In addition, the cocling behavior of the surface depends on
its prehistory. In the case of the first laser pulse, the

superficial heating of the tissue leads to a very stesep
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temperature gradient with a correspondingly rapid falling of
the temperature, caused by the heat conduction. The heat
conduction also causes layers of tissue below the surface to
be heated, so that the temperature gradient for a subsequent
heating pulse is smaller. The increase in the thermal
relaxation time with the number of heating pulses can be seen
from a measurement of the surface temperature. An optimized
sequence of heating pulses will therafore generally have
different time intervals between the individual pulses. By
analogy, the energy content of the individual pulses will be

different.

Mcdel calculations and measurements show for the Er:YAG laser
that the temperature increase required for a coagulation of
the skin in vivo from 30 K to 40 K is reached again at the
surface a few ms after the end of the pulse. For the Ho:YAG
laser, about 20 times this value can be expected. The exact
times are to be determined experimentally in each case for

the tissue under consideration and the wavelength used.

For effects other than coagulation, for example hyperthermia,
other temperatures and times which can be readily determined

by a person skilled in the art are of course critical.
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In the case of this embediment of the geries of pulses used
for heating, the energy introduced altogether (per element of
surface) into the tissue, and consequently the depth of
coagulation, can be advantagecusly ccntrolled by the number

of pulses in the series of pulses following the first pulse.

In the case of a modified embodiment, as an alternative to
the predetermination of fixed parameters for the individuzl
heating pulses, a control of the pulse energy levels,
durations and interpulse periods on the bagig of the surface
temperature measured continuously or intermittently can be
used. As soon as the surface temperature drops below a
predetermined ﬁinimum value (for example 70°C), the laser is
activated, The laser emissicn is stopped again when the

preset upper limit value (for example 200°C) is reached.

In the case of this way of accomplishing the series of pulses
used for heating, the energy introduced altogether {per
element of surface) into the tissue, and conseguently the
depth of coagulation, can be advantageously controlled by the
number of pulses in the series of pulses following the first

pulse.

Of course, the optimized series of heating pulses may alsoc be

used without the removing pulse for coagulating. Similarly,
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it may be advantageous to apply the heating pulse before the
removing pulses (as well), if, for example, infected tissue is
to be killed off before the removal, which is accompanied by a

dispersion of tissue fragments.

The invention is explained in more detail below, by way of

example only, with reference to the drawings, in which:

Fig. 1 shows a section through a region of tissue after
10 irradiation in the case of high tissue after
irradiation in the case of high tissue

absorption and low irradiation intensity,

Fig. 2 shows a section through a region of tissue after
15 irradiation in the case of high tissue

absorption and high irradiation intensity,

speees Fig. 3 shows a section through a region of tissue after

irradiation with a pulsed light source according

I 20 te the invention,

Fig. 4 shows a first embodiment of a pulse which has a
P beginning-of-pulse portion inducing removal, and
::%'. enc-of-pulse portion, following the first, with
f:". 25 reduced irradiation intensity,
. ue Fig. 5 shows a preferred embodiment of a sequence of

pulses with a first pulse, inducing removal, and
a pulse following the latter with decreasing

30 irradiation intensity,
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Fig. 6 shows a further embodiment of a sequence of pulses
with a first pulse, inducing removal, and a Series
of pulses following the latter with increasingly
weaker, but correspendingly prolonged pulses,

Fig. 7 shows a configuration of an apparatus with a
control of the laser in dependence on the gurface

temperature of the tissue.

In Fig. 1 there ig shown a section through a region of tissue
as obtained, for example, in the case of high absorption in
the tissue and low irradiation intensity. This occurs, for
example, in the case of the CO, continuous-wave laser, which
is directed at the tissue surface 1. The crater or cut 2
formed in the tissue is surrounded by a carbonization zone 3,
a zone 4 broken up by vacuoles, a coagulation zone 5 and a
reversibly thermally damaged region 6. The coagulation of the
tissue produced by the heating and the accompanying
hemostasis is of practical advantage in many cases, because
it makes possible cuts which do not bleed. For applications
in which as little damage as possible to the remaining tigsue
and good healing of the wound are important, great thermal
effects are disadvantageous. Carbonizarion of the tissue

surface is likewise unfavorable.
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In Fig. 2 there is shown a section corresponding to Fig. 1,
which shows the irradiation of a pulsed light source of high
power and a wavelength in the ultraviclet or infrared range.
Examples of such a light source are TEA-CO,, Er:YAG, Er:YSGG
or excimer lasers. With these lasers, hard or soft tissue can
be removed without carbonization and with only little thermal
damage by a very effective thermomechanical ablation process.
The zone 5 which, in the case of soft cissue, coagulated
after use of the free-running Er:YAG laser has in vivo only a
thickness of about 30-40 pm. This is of particular interest
for the treatment of superficial skin lesions or for cosmetic
surgery, because damage of the tissue beyond that which is
removed is largely avoided. If, however, the capillary layer

is reached, the removal is stopped by emerging blood.

Fig. 3 shows a section corresponding to Figs. 1 and 2 through
a tissue after irradiation with the pulsed light source
according te the invention. As will be explained in more
detail below with reference to Figs. 4 and 5, in this case
the light emission of a pulsed ultraviolet or infrared light
source is modulated in a contrecllable manner in such a way
that, within a pulse cycle, a high-power pulse sufficient for
tissue removal is followed in a defined time by a series of
bulses comprising one or more pulses of which the power or

energy centent is not sufficient for tissue removal and
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consequently leads only to the tigsue being heated. In this
case, the crater 2 is surrounded by a coagulation zone 5 of
controllable sgize. In this way, it ig posgible to remove
tissue precisely and at the same time with little thermal
side effects and without carbonization of the surface and,
independently of the removal, can be heated in a specifically

directed and controllable manner.

Fig. 4 shows a first embodiment of a pulse for achieving the
removal shewn in Fig. 3. In this case, each pulse comprises a
short, first beginning-of-pulse portion 10, gufficient for
removal, and a subsequent end-of-pulse portion of reduced
irradiation intensity. With regard to the individual
parameters of the pulse portions, reference is made to the

discussion above.

Fig. 5 shows a second embodiment of a sequence of pulses for
achieving the removal shown in Fig., 3. In this case, in a
pulse cycle, a first, short pulse 10, sufficient for removal,
is followed by at least one further pulse i1, which is
gseparated from the pulse 10 by a time interval, has an
irradiation intensity decreasing over time and merely

preduces a heating effect.
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In Fig. 6 there is shown a further embodiment of a sequence
of pulses in which, in a pulse cycle, the short pulse 10 of
high irradiation intensity, sufficient for removal, is
followed by a séquence of pulses 12 to 14 of which the
irradiation intensity decreases in each case, but the

duration c¢f which increases.

Of course, the irradiation intensity of the pulses 11, or 1z
toe 14, following the first pulse 10 and their duration could
alsoc be constant, as long as they do not lead to further
damage or removal of the tissue. Furthermore, the number of
these pulses 12 to 14 may be selected according to the
purpose in question on the basis of the criteria stated at

the beginning for the respective application.

An alternative to the predetermination of fixed parameters
for the individual heating pulses is the control of the pulse
energy levels, durations and interpulse periods on the basis
of the surface temperature measured continuously or
intermittently, for example between the individual pulses. As
soon as the surface temperature drops below a predetermined
minimum value (for example 70°C), the laser is activated. The
laser emission is stopped again when the preset upper limit

value (for example 200°C) is reached.
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A possible refinement of such an apparatus in the form of a
hand-held appliance is diagrammatically shown in Fig. 7. The

lager radiation from a laser source  is deflected by means

of a beam-splitting mirror 8, which is transmissive to
thermal radiation, and is focussed on the tissue by a lens L
which is transparent to laser radiation and thermal
radiation. The irradiated surface region of the tissue is
likewise projected threugh the lens L onto the end face of a
light-conducting fiber transmitting the thermal radiation
(for example a silver halide fiber or chalcogenide fiber).
This fiber conducts the thermal radiation to an infrared
detector D. From the cutput signal of the latter, which is
amplified in an amplifier V, after appropriate calibration
the surface temperature of the tissue being worked at the
time can be calculated, and thig can then be used for the

described control of the laser.

In the case of this embodiment of the geries of pulses used
for heating, the energy introduced into the tissue altogether
(per element of surface), and consequently the depth of
‘coagulation, can be advantageously controlled by the number

of pulses in the series of pulses following the first pulse.

Although only laser light scurces have been mentioned above

as examples of the light source, these examples are in no way

3
\“n
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restrictive, since other light sources, the light generating
process of which is not based on the laser principle, with a
corresponding wavelength and irradiation intensity may also

be uged, such as for example pulsed high-pressure gas

discharge lamps with xenon or other gas filling.

Throughout this specification and the claims which fcllow,
unless the context regquires otherwise, the word "comprise", and
variaticns such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated integer or step or

group of integers or steps but not the exclusion of any other

integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :

1. Pulsed light source for removing biological tissue, having
a control unit for controlling the light source in such a way
5 that it supplies a sequence of pulses in each case with a
predetermined duration and irradiation intensity, characterized
in that the control unit can be operated in such a way that the
light source supplies at a predetermined and/or contrellable

repetition rate short pulses with an irradiation intensity and

10 irradiation sufficient for removing tissue and a respectively

subsequent light radiation with an irradiation intensity and/or
irradiation which is not sufficient for removing tissue, but

produces a thermal effect.

15 2. Light source according te c¢laim 1, characterized in that
the light source supplies at the repetitioh rate pulses which in
each case comprise a first pulse portion of short duration with
an irradiation intensity and irradiation sufficient for removing
tissue and a subsequent pulse portion of which the irradiation

20 intensity is modulated in such a way that the removal is stopped
after the first pulse portion and the tissue is only heated

during the second pulse portion.
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3. Light source according to claim 1, characterized in that
the light source supplies at the repetition rate sequences of
pPulses which comprise at least ons short first pulse with an
irradiation intensity and irradiation sufficient for removing

5 tissue and at least one further pulse with an irradiation

not sufficient for

intensity and/or irradiation which 1is

removing tissue, but leads to a thermal effect.
4. Light source according to any one of claims 1 to 3,
10 characterized in that the short pulses or pulse portions produce
with little damage and only little

a remeval of tissue

coagulation of the marginal regions of the removal.

5. Light source according to any one of claims 1 to {4,
15 characterized in that the short pulses or pulse portions have a
high irradiation intensity and the emitted light has a high

absorption in the tissue.

6. Light source according to any one of the preceding claims,
20 characterized in that the light scurce is a laser emitting

uitraviolet or infrared light.
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7. Light source according to claim 6, characterized in that

the laser is a pulsed erbium, holmium, thulium, CO, or excimer

laser.

8. Light source according to any one of the preceding claims,
characterized in that the irradiation applied to the tissue
surface with each short pulse or pulse portion lies in the range

frem 1 to 250 Jem™? per pulse or pulse portion.

9. Light source according to any one of the preceding claims,
characterized in that each short pulse or pulse portion has a

power of more than 500 watts and a duration of 50 to 1000

microseconds.

10. Light source according to any cone of the preceding claims,
characterized in that the energy of the further pulses or of the
subsequent pulse porticn is in each case dimensioned in such a
way that, given a predetermined size of the irradiation zone,

the removal threshold of the tissue is not reached.

11. Light source according to any one of the preceding claims,
Ccharacterized in that the at leat one further pulse has an

irradiation intensity decreasing with time.
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12. Light source according to any one of claims 1, 2 and 4 to
10, characterized in that the subsequent pulse portion initially
has an irradiation intensity increasing with time and then

subsequently decreasing.

13. Light source according to any one of claims 1 to 11,
characterised in that the individual successive further pulses
of a sequence of pulses in each case have a decreasing
irradiation intensity, but an increasing pulse duration and in
that, given a predetermined size of the irradiation zone, the
energy content of each and every cne of these pulses lies below

the removal of the threshold value.

14. Light scurce according to any one of e¢laims 3 to 11 and 13,
characterized in that each sequence of pulses has predetermined

duration.

15. Light source according to any cone of the preceding claims,
characterized in that the energy content of the pulse following
the short pulse or pulse portion, or of the following series of
pulses or of the subsequent pulse portion, is sufficient Ffor

coagulation of the tissue.
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16. Light source according to any one of the preceding claims,
characterized in that the control unit contrels the energy
content of the pulse following the short pulse or pulse portion,
or of the following series of pulses or of the subsequent pulse
5 portion and/cr the intervals between successive pulses in

dependence on a measurement of the surface temperature of the

tissue.

17. A pulsed light source for removing biological tissue

10 substantially as hereinbefore described with reference to the

accompanying drawings.

DATED this 27th day of May 1999
15 Carl Baasel Lasertechnik GmbH

By its Patent Attorneys

DAVIES COLLISON CAVE
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