INTERNATION

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

AL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3

A61N 5/06

Al

(11) International Publication Number:

(43) International Publication Date:

WO 84/ 03220

30 August 1984 (30.08.84)

(21) International Application Number:

(22) International Filing Date: 27 February 1984 (27.02.84)

(31) Priority Application Number: -

(32) Priority Date:

(33) Priority Country:

(71) Applicant
PROMED TE

(for all designated States except US):
CHNOLOGY, INC. [US/US]; 2800
Thanksgiving Tower, 1601 Elm Street, Dallas, TX

75201 (US).

(72) Inventor;
(75) Inventor/A

and .
pplicant (for US
fram, Sebastian [US/US};

TX 78704 (US).

(74) Agents: CRUTSINGER, Gerald, G. ¢
Booth, 1000 Thanksgiving Tower, Dallas,

(US).

28 February 1983 (28.02.83)

PCT/US84/00295

P33 06981.6

only) : WEINBERG, Wol-
2701 Rockingham, Austin,

t al.; Crutsinger &
TX 75201

DE

(81) Designated States:
ropean patent),
pean patent),

FR (European patent),

AT (European patent), AU, BE (Eu-
CH (European patent), DE (Euro-

GB (European

patent), JP, LU (European patent), NL (European pa-
tent), SE (European patent), UsS.

Published

With international search report.

(54) Title: PROCESS AND APPARATUS FOR CONTROLLING TH
TISS

(57) Abstract

A process and apparatus for controlling the p
28) supply laser beams via slit lamp (26) into an area
ode array (85) which sends signals to a control means (90

UE

E PHOTOCOAGULATION OF BIOLOGICAL

by 22 2
[136 142
28 07
108, E/ZZ' 93 —3
30
1o 85 e
e 84 132
0 25 /
34, 6
50(; 82
40
Sl 80 75 148 06 o
/ {leo-« ?
26" {o Ti L
104 % L
» 1 !
102 2 154—"] T 0”134/ ‘959 |4
20 \iso I
152
100, 101 50

hotocoagulation of biological tissue (75) in which two lasers (22 and
(75) to be irradiated. The reflected luminance is directed to a photodi-
) which then in turn controls the two lasers (22 and 28).




FOR THE PURPOSES OF INFORMATION ONLY

plications under the PCT.

AT Austria

AU Australia

BE Belgium

BG Bulgaria

BR Brazil

CF Central African Republic

CG Congo

CH Switzerland

M Cameroon

DE Germany, Federal Republic of
DK Denmark

F1 Finland

FR France

GA Gabon

GB United Kingdom

HU Hungary

JP Japan

KP Democratic People’s Republic of Korea

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ap-

Republic of Corea
Liechtenstein

Sri Lanka
Luxembourg
Monaco
Madagascar
Mauritania
Malawi
Netherlands
Norway

Romania

Sudan

Sweden

Senegal

Soviet Union
Chad

Togo

United States of America




WO 84/03220 PCT/US84/00295

10

15

20

25

PROCESS AND APPARATUS FOR CONTROLLING THE
PHOTOCOAGULATION OF BIOLOGICAL TISSUE

The present invention relates to a process for
controlling the coagulation of biological tissue and
improvemenés in apparatus for controlling the coagula-
tion of tissue of the type disclosed in German Appli-
cation P30 24 169.1-35; in Documenta ophthalmologica
Proceedings Series 36 - "Laser Treatment and Photo-
coagulation of the Eye," Proceeding of the International
Symposium Munich, F.R.G. September 1982; and GSF-Bericht
BPT 5, published by Gesellschaft Fur Strahlen-und )
Umweltforschung, Munich, West Germany, "Time Dependence
of the Retina-Reaction during and after Laser coagulation
with Various Coagulation Parameters." The method and
apparatus are, for example, used in ophthélmology for
the treatment of retinal diseases. However, the method
may be used in processes wherein a change in reflectance
of a surface results from treatment of the surface

" and the underlying material on which the surface is

formed.

In the known proceés and the associated apparatus,
the area or part of said area which is to undergo
photocoagulation is imaged in the form of an inter-
mediate image by means of an optical device. The
light flux passing through a diaphragm installed in
the intermediate image is proportional to the luminance
prevailing in the diaphragm field and is supplied to
a detector. This makes it possible to measure the
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average luminance prevailing in the complete area
illuminated by the measuring radiation and imaged in

the intermediate image, as well as its time change
during the coagulation process. Typically, the time
behaviour of the luminance has a certain "latent period",
during which the luminance is initially constant,

this being followed by a second phase in which the
luminance increases 1inearly with time. Information

is obtained from the length of the latent period and

the size of the growth rate in the linear luminance
increase phase, which enables forecasts to be made
regarding the further course of the coagulation action.
This makes it possible to influence the total coagu-
lation action obtained during the actual irradiation,

in that the exposure parameters are adapted in a planned
manner during irradiation.

However, the known process can only be performed
with satisfactory results, if either the absorption
characteristics of the irradiated objects are known
and/or are the same for all the irradiated areas, or
if the intensity distribution of the coagulation
irradiation at the location of the action is known
and/or is constant for all the irradiations. Recent
research has shown that conclusions can only be drawn
on the energy quantities deposited in the absorption
coatings when at least one of these prerequisites
regarding the measurement of the latent period and
the constant luminance growth rate at the start of
the luminance change is known. Only then is it
possible to forecast the further course of the
irradiation action, which can be controlled by varying
the irradiation parameters. The known process also
assumes that the irradiation action and the extension
of the coagulation zone can be adequately monitored,
in that the lpminance prevailing in the complete area
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imaged in the diaphragm in the intermediate image

plane is measured. However, such an integral measure-
ment, which supplies a mean value, cannot distinguish
whether a narrowly defined partial area within the
measured area has become brighter, i.e. the luminance
has locally increased, or whether, in said area, the
partial area in which an increased luminance exists

has spread. This means that with the known process,

a local coagulation, acting in the depth of the tissue,
cannot be distinguished from a radial expansion or a
radial extension of the coagulation zone of the surface
of the tissue and both are in fact evaluated as the

-same reaction.

Under the normal conditions prevailing in the
photocoagulation of biological tissue, for example in
the case of retina treatment with intense light,
neither are the absorption characteristics, which can
vary widely, known or obtainable by measurement, or
is it possible to reliably adjust and control the
intensity distribution of the coagulation radiation
at the point of action, because it is often consider-
ably impaired by fine irregularities in transmitting
and imaging media. In addition, both the intensity
distribution and the absorption and consequently the
effectiveness of the irradiation, can be greatly
impaired by inhomogeneities, such as differences in
the tissue structure or the nature of the tissue, or

also portions of adjacent, already coagulated areas

within the area irradiated with the intense light
source. The imaging and transmission conditions for
the intense light irradiation also locally vary in
different ways with the increase in the light scatter-
ing in the coagulated area during the coagulation
process. These local differences cannot be individu-
ally determined with the integral measurement of the
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iuminance, which merely supplies a mean value for the
total surface area illuminated by the measuring beam.
Moreover, incorrect measurement of the luminance caused
by reflections of the measuring beam on other surfaces
of the measuring system, i.e. the illuminating and
measuring optics are only detected if made apparent

by considerable divergences from the customary values.

Thus, the problem of the invention is to provide
a process making it possible to determine local dif-
ferences within the area to be measured and more par-
ticularly making it possible during the coagulation
process tozdistinguish whether the luminance has
locally increased in a partial area or whether said
partial area has increased in size with increased
luminance.

The invention is based on the finding that the
increase in the luminance during the coagulation of
biological tissue is a measure of the size of the
volume of the coagulated tissue, in accordance with
the relation:

R=pV
in which R is the luminance increase in the coagulated
area and V the volume of the coagulated tissue, while
p is a coefficient, which is dependent on the nature
of the tissue and can be experimentally determined.
The measurement of the local distribution of the
luminance in the coagulation area makes it possible
to precisely establish which volume has been assumed
by the coagulated area. This eqéluaiion can take
place during irradiationtgn&’fé is then possible to
reliably control the intense light source and its
imaging optics and consequently the coagulation action.

The process according to the invention makes it
possible to determine irreqularities in the intense

light irradiation and/or measuring radiation, which
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are for example due to reflections and/or ‘limitations
to the radiation in the optical system. These ir-
regularities can be detected by means of the pattern
of the local luminance distribution. 1In particular,
the process according to the invention advantageously

makes it possible to determine the depth of the coagu-

lation action in a given partial area if its surface
is known and the ratio of the luminance to the size
of the tissue volume re-emitting the light is known
on the basis of experimental investigation.
The process according to the invention also has
the advantage that it can detect irregularities in
the spatial extension of the coagulation zone, which
can be taken into consideration during the control.
The performance of the process according to the
invention leads to the following advantages:
1. With the formation of the guotients of the
luminances in the partial areas, it is possible to
determine the relative luminance distribution and
consequently also the relative size of the local
irregularities, which in turn make it possible to
discriminate inhomogeneities of the object and inter-
ferences in the irradiating and measuring optics.
2. On the basis of this information and using the
regulating member 19 and the sighting unit, it is
possible to correct the distribution in which the
intense light source and/or measuring radiation source
is imaged on the measured area, while also making it
possible to select the target area.
3. By subtracting the relative luminance changes in
the partial areas and/or partial area groups, it is
possible to determine relative divergences with respect
to the symmetrical coagulation action.
4, By subtracting the relative luminances, time interval
of the latent periods and the time gradients of the
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luminance changes in the partial areas and/or partial
area groups, it is possible to determine the spatial
'gradients of the coagulation action.

5. By forming the quotients of the Iuminances, time
interval of the latent periods and the time gradients
of the luminance changes in the partial areas and/or
partial area groups, it is possible to determine rela-
tive divergences with respect to the symmetrical spread
of the coagulation action.

6. By comparing the measured local luminances, and
the magnitudes determined therefrom with predetermined
values, it is possible to fix limits for the coagula-
tion actioﬁ which, if exceeded, can have undesired
effects.

7. By combining the partial areas into partial area
groups, it is possible to reduce the quantity of data
to be processed and consequently the measurement and
control of the expected coagulation action can be
adapted as regards time and space.

8. Time adaptation of the measurement and control of
the expected coagulation action is made possible by
the variable selectable scanning rates of the luminances.
9. The use of solid-state image sensors involves
employing known technology, which is particularly

‘suitable for performing the process according to the

invention when combined with laser treatment apparatus
and a precise computerized/conﬁrol circuit.
10. By measuring the luminance in the transmission,
it is possible to measure and control the coagulation
action with increased sensitivity with respect to its
extension in the depth of the tissue.
- DESCRIPTION OF DRAWING

The invention is described in greater detail
hereinafter relative to a preferred embodiment of the
invention illustrated in the attached drawings, wherein:
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FIG. 1 is a diagrammatic view of the apparatus;

FIG. 2 is an enlarged elevational view of an
array of photodiodes or an arrangement of individual
light detectors; '

FIG. 3 is a graph diagrammatically indicating N
the spatial intensity distribution of the intense
light of a first laser reflected from an area and a
second laser reflected from the area measuring radiation,
as can be determined by means of detectors arranged
along a diameter of the detector surface to indicate
the light intensity across the irradiated surface;

FIG. 4 a diagram in which the luminance increase
within the individual partial area groups is plotted
during an irradiation with a constant intensity dis-
tribution up to 1000 ms and relative to time; and

FIG. 5 a block circuit diagram of the evaluation
and control circuit.

Numeral references are employed to designate
like parts throughout the various figures of the draw-
ing.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to FIG. 1 of the drawing, the numeral
20 generally designates apparatus which may be employed

for accomplishing the process described herein. The
apparatus includes an argon laser 22 connected through
a flexible fiberoptic cable 24 and a connector tube
22! connectable to a slit lamp 26 and microscope 26'
of a type which are commercially available from Coherent
Medical Group of Palo Alto, California, and is referred
to as Innova 910 ophthalmic photocoagulator and multi-
purpose laser system.

The argon laser 22 produces the treatment beam
of light of approximately 4.0 watts of blue-green
argon light having a wave length of 488 and 514
nanometers (nm) or 1.5 watts of green-only argon light

o WIPO
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with green-only option having a wave length of 514
nm. The lens structure is adjustable to provide spot
sizes ranging from 50 to 2,000 microns. A control
module permits adjustment of power levels and adjust-
ment of the spot size. Since argon lasers and slit
lamps for use as a photocoagulator are well known to
persons skilled in the art, further description of
this aspect of the apparatus is not deemed necessary.
An early form of a similar laser photocoagulator is
disclosed in U.S. Patent No. 3,720,213.

The slit lamp 26 is preferably of the type com-
mercially available from Carl Zeiss, Inc. of New York
City, New §ork, and distributed as a "Slit Lamp 30
SL-M" which is conventionally used by ophthalmolo-
gists for examination and treatment of eyes.

The exposure time of the argon laser 22 is con-
trolled by a shutter controller 23, as will be herein-
after more fully explained, which is provided as a

‘component of the argon laser 22 but controlled by a

computer circuit. .
A helium-neon laser 28 preferably has a power

output of 0.5 mW and forms a beam having a wave length

of 632 nm to function as a pilot laser. A suitable

laser is commercially available from Newport Corporation

of Fountain Valley, California and is distributed

under the trademark Spectra-Physics HeNe Laser Model

Sp-155A. An electronic shutter 30 is mounted to

'selectively interrupt the light beam measuring radia-

tion emitted from the pilot laser 28. A suitable
shutter is available from Newport Corporation and is
generally referred to as a Model 884 Electronic Shutter
featuring a 6mm diameter open aperture, black teflon-
coated plates rated at up to one watt and one milli-
second minimum open time.
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A mounting system including a lens holder 32 is
employed for supporting a lens system 34 and mirror
36 and a beam splitter 40 as jillustrated in Figure 1
of the drawing for combining the beam 50 of the helium-
neon laser with the beam 60 of the argon laser to
form a combined beam 70 which is directed into the
eye by a mirror 38 on the slit lamp 26. The combined
beam 70 impinges against tissue such as the retina in
the posterior aspect of the eye or other tissue. The
mirror 38 is manually controlled by a joy stick 38!
or remotely controlled by horizontal and vertical
actuators 102 and 104 as will be hereinafter more
fully explained.

Light from the combined beam 70 from lasers 22
and 28 is reflected from surface 75 in the eye and
delivered by a mirror 80 through a lens system 82 and
a filter 84 to a two dimensional photodiode array 85.
Each photodiode in array 85 generates electrical signals
related to the light intensity reflected from a corre-
sponding portion of the area on surface 75. A suitable
photodiode array is available from Reticon Corporation
of Sunnyvale, California, which is a subsidiary of
EG&G, Inc. of Wellesley, Massachusetts. The photodiode
array is distributed as EG&G Reticon RAL00 x 100A and
is a two-dimensional self-scanned optical sensor array
which has 10,000 diodes arranged in a 100 x 100 matrix.
Diode spacing is on sixty micron centers in either
dimension. Scanning is by means of two shift registers,
one running at a sample rate and the other at a line
rate. The maximum sample rate is 10 MHz. The individual
diodes are packaged in a twenty-four pin dual-in-line
package with a ground and polished window covering
the mask-defined active area.

A MOS dynamic shift register sequentially selects
the diode rows while two bucket brigades select the
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diodes from each column. Each position of- the shift
register selects two diode rows through two multiplex-
ing gates, one for the odd and the other for selecting
the even. This property of odd and even selection
gives the array an added feature by providing the

user the choice of selecting the odd and even fields.

Together the shift register and the bucket brigade
process the signal. The shift register selects rows
by a clock. The transfer gates parallel transfer the
selected diode in each column into the bucket brigade.
One bucket brigade obtains information from odd and
the other bucket brigade the information from even
diode columns. Each bucket brigade then shifts that
information sequentially to the output.

The system hereinbefore described is controlled
by a computer 90 which processes data received from
the photodiode array 85 and controls the lasers 23
and 28. '

A suitable computer 90 for controlling the
apparatus is a Hewlett Packard, Model 26S computer,
product number HP9826S equipped with a multi-programmer
main frame 92 (Hewlett Packard Model 6944A) and plug-in
cards to provide the required control functions.

Analog-to-digital converter card 94 (Hewlett
Packard 69759A) measures bipolar DC voltages and return
the digitized value to the controller to indicate the
magnitude and sign of the measured voltage on cable
93 connected to the photodetector array 85. Up to
100,000 readings per second can be transferred from
the A/D converter 94 to a Hewlett Packard 69791A memory
card 95 (via the external data outputs). Each reading
can be initiated by program commands or by an external
trigger signal. '

A timer/pacer card 96 (Hewlett Packard Product
No. 69736A) provides an output which is a programmable

A WIPO ¥
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pulse from one microsecond to 18 hours in duration.

In the normal mode, the output is a single pulse that
can be used as a programmable delay. This card controls
and triggers the other cards in the system.

A stepping motor controller card 106 (Hewlett
Packard Product No. 69735A) delivers current through
cable 107 to energize stepping motor 108 to rotate a
screw 110 for adjusting the spacing between the lenses
of the laser focusing lens system 25 in the argon
laser 22. ‘

A relay output card 134 (Hewlett Packard Product
No. 69730A) is connected through line 130 to shutter
23 of the argon laser 22 and through lines 132 and
136 to filter 84 and shutter 30. This circuit operates
as a flip-flop such that when shutter 30 is open to
pass the light beam from the HeNe -laser 28, the filter
84 is in position to pass only light having a wave
length of 632 nm. When shutter 30 is closed, the
filter 84 is moved to an inactive position to pass
reflected light from the argon beam.

A digital output card 140, having sixteen separate
channels, is connected through cable 142 to control
power of the laser 22 and through cables 144 and 146
to the photodiode array 85.

A remote control module and interface 148 (Newport
Corporation 855C Programmable Controller) is con-
nected to the computer 90 by a cable 150 and delivers
pulses through cables 100 and 101, respectively, to
actuators 102 and 104 for moving the joy stick con-
troller 38'.

A video monitor 152 is connected through cable
154 to cable 93 to display the output of the photodiode
array 85. This output provides for visual observation
of the tissue in surface 75 in the eye.
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An interrupt card 160 is controlled by a suitable
software program to initiate the digital output func-
tions which are controlled by output cards 140 and
134.

The manufacturer's descriptions and specifications
of the various computer and laser devices referred to
above are incorporated herein by reference for all
purposes.

Firstly, the irradiation optics of the argon
laser intense light source 22, as well as the photodiode
detector device 85 and the helium-neon laser 28 for
measuring the local luminance distribution is aligned
by adjusting the patient and rotating the microscope
with the area in which coagulation is to take place.
Thus, this area is also imaged in the plane, in which
is located the detector elements di in the photodiode
array 85 corresponding to the center of the irradiated
surface area as illustrated in FIG. 2. The local
luminance distribution, which still does not have an
effective intensity within this area due to the
irradiation with the intense light source is measured
by interrogating each of the photodiode detectors di
in the array 85 which, by means of the selection circuit
element according to the block diagram of FIG. 5, are
connected via a data bus with the various evaluation
circuits. By the formation of the quotients Ri/Rj of
the luminances Ri in theﬂindividual partial areas Ti
represented by each pﬁotbaiode light detector element
by the largest luminance Rj in the partial area TJ,
the relative luminance distribution and consequently
the relative local intensity distribution of the
coagulation radiation are determined. Then, the rela-
tive local luminance distribution of the measuring
radiation is determined in the same way. FIG. 3 shows
a cross-section of the luminance distributions of the
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sub-threshold intense light radiation K of the argon
laser 22 and the measuring radiation M of the helium-
neon laser 28.

On the basis of each of these measured local
distributions, a check is made by comparing the known
distributions whether and to what extent irreqgularities
are present. Their divergence from the predetermined
distribution patterns are recognized by forming dif-~
ferences Ri-Rj of the luminances Ri, Rj in the adjacent
partial areas Ti, Tj with equal distances from the
partial area with the maximum luminance. On the basis
of the size and location of the irregularity in the
distributién pattern, conclusions can be drawn regard-
ing their cause as an inhomogeneity in the tissue
and/or interference in the irradiation and imaging
optics.

On the basis of these luminance distributions of
the measuring radiation, the field illuminated by
said measuring radiation is combined into m=10 partial
area groups Gi of photodiodes di of array 85 by corre-
sponding linking of individual adjacent detector elements.
These represent half-ring surfaces of equal area with
the same number of diodes in each half-ring area,
which are concentric to the partial area with the
maximum luminance and with increasing distance from
said center, and are in each case displaced by 90°
(of FIG. 2). A check is made beforehand by comparing
the luminance distributions of the intense light
irradiation and the measuring radiation to establish
whether the area illuminated by the latter also covers
in the intended manner the area irradiated by the
intense light source. The luminance Rl prevailing in
the partial area groups Gi is then retained as values
Roi at the start of coagulation irradiation and before

Dy WIPO oV
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coagulation is started with a preselected -and now
effective irradiation intensity.

During the following coagulation irradiation,
the relative luminance Ri/Roi is measured at regular
intervals in the individual partial area groups Gi.

~ The number of measuring times, at the end of which

the relative luminance Ri/Roi in the partial area
group Gi is greater than 0.1 for the first time, is
the latent period Di (of FIG. 4). After the latent
period Dj in another area'group Gj has been determined,
by subtracting the latent periods Di-Dj of the luminance
change in deacent partial area groups Gi, Gj within
the different radii (of FIG. 2, e.g. i=4, j=2), it

is possible to determine the speed of the radial
extension of the coagulation zone. By forming the
quotients Di/Dj of the latent periods of partial area
groups Gi, Gj within the same radii (of FIG. 2, e.g.
i=3, j=4), it is possible to determine the relative
difference in the radial propagation rate in different
directions. The luminance in the individual partial
area groups then increases firstly with a rising and
then with a falling increment rate Si (FIG. 4). For
example, S5 in FIG. 4 indicates the slope or rate of
change of the relative intensity of light reflected

to a specific group of photodiodes in the array 85.
This is determined as the gradient of the luminance
change. The number of measuring time intervals up to
the time when the increment rate Si in the partial
area group Gi decreases again for the first time,
represents time "tsi." The interval between this

time and the end of the latent period is dependent
both on the irradiation intensity prevailing in this
partial area group, the energy which has taken place
there and the size of said partial area group.
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Conclusions can be drawn regarding the ratio of
the local coagulation action to its radial extension
on the basis of experimental investigations based on
the differences of the gradients of the luminance
change in the partial area groups at different distances
from the irradiation center. The relative difference
in the coagulation action in the case of the asymmetri-
cal formation of the coagulation zone can be established
by forming the gquotients of the gradients of the
luminance change in two partial areas and at the same
distance from the irradiation center. By subtracting
the gradients of adjacent partial area groups at
different distances from the center, on the basis of
the 90° displacement, it is possible to further define
the direction of the irregular spread. On the basis
of experimental investigations, it is possible to
forecast the further course of the luminance change
and consequently also the spatial spread of the coagu-
lation zone from the size of the latent period Di and
the gradients of the luminance change Si at time "tsi,"
as well as the time interval tsi-Di (FIG. 5). As
soon as the saturation value of the luminance change

'is reached within any one of the partial area groups,

this value marks the complete coagulation of the tissue
volume, whose surface is represented within this partial
area group.

On the basis of this information, which can be
determined at a very early stage of the coagulation
action on subdividing the detector area into cor-
respondingly small concentric surfaces around the
radiation center, the further course of the coagulation
spread can be regulated by a planned change to the
radiation intensity and/or the radiation time and/or
the diameter of the area irradiated by the intense
light source.
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At the end of the coagulation and while constantly

‘measuring the luminance distribution in a predetermined

direction, the irradiation and measuring optics can
be moved by using the actuators 102 and 104 so far
out of the previous irradiation field that it is
possible to measure a distribution pattern, which is
not impaired any more than intended by projecting in
of the previous coagulation zone. This permits rapid
coagulation in reliable uniform intervals, as is fre-
quently required in practice.

FIG. 5 diagrammatically shows a block logic circuit
diagram of the evaluation and control circuit. It
compresses‘a timer 1 and a selection circuit 2 for
selecﬁing and interrogating detectors Di. The outputs
of the timer and the selection circuit are connected
across a data line with the individual circuits 3-16
and logic circuit 17, which determine the aforementioned
quantities, e.g. the relative luminance, its time and
spatial gradient, etc. The outputs of circuit 3-16
are connected to the inputs of a logic circuit. From
the data fed in, the logic circuit determines control
data for the regulating units 18, 19 connected thereto,
which in turn act on the intense light source 22, as
well as its imaging optics and the sighting unit.

The mathematical calculations described above
and outlined in the logic diagram illustrated in FIG. 5
are accomplished by the software program in the computer
90. Having described the details of the cards in the
computer circuit, further description of the manipula-
tion of the data in the memory of the computer is not
deemed necessary. .
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Having described my invention, I claim:

1. Process for controlling the photocoagulation
of biological tissue in which, for starting coagulation,
an intense light source is imaged on the area to be
coagulated by means of an irradiation optics, which
is measured by a measuring radiation on the luminance
caused by the biological tissue and the irradiation
optics and luminance measuring device are aligned
with a sighting unit, characterized in that the
luminance is measured in partial areas of the zone
covering the area jrradiated by the intense light
source and the region around it, and that according
to the spatial distribution and/or the time develop-
ment of the measured values for the individual partial
areés, the irradiation is controlled by means of a
first regulating member (18) acting on the intense
light source and/or the irradiation optics, and/or
controls a selection of the irradiation area with a
second requlating member acting on the sighting unit.
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2. Process according to Claim 1, characterized
in that for controlling the irradiation and/or for
selecting the irradiated area, one or more of the
following derived guantities are determined and their
values are fed into the regulating members: (a)
quotient Ri/Roi, in which Ri is the momentarily measured
luminance and Roi is the luminance in the with partial
area Ti measured at the start of the irradiation,
(b) the difference Ri-Rj of the luminance Ri, Rj of
two partial areas Ti, Tj,
(c) the quotient Ri/RjJ,
(d) the d%fference Ri/Roi - Rj/Roj from the quotients,
(e) time interval of the latent periods Di of the
luminance changes (of FIG. 3),
(£) the difference Di-Dj of the delay times Di, Dj,
(g) the quotient Di/Dj,
(h) the time gradient Si of the luminance,
(i) the difference Si-Sj of the gradients Si, Sj,
(k) the quotient Si/Sj, '
(1) the spatial gradient Z of the luminance.

SUREAT

g —

W WIEO
ZernIO




WO 84/03220 PCT/US84/00295

10

19

3. Process according to Claims 1 or 2, charac-
terized in that the individual partial areas Ti of n
partial areas are combined in predetermined manner
and/or in accordance with the test results to give a
number m of partial area groups Gi (in which l-i-m
and 2-m-(n-1), that the quantities given in Claim 2
for the partial area groups are determined and the
control of the irradiation and/or the selection of
the irradiation area is carried out on the basis of
the test results for the partial area groups.

4. Process according to Claims 1 or 2, character-
ized in that the determined values of the luminance
of the partial areas and/or the partial area groups
and the quantities derived therefrom are compared
w1th predetermined values and that the control of the
1rradlatlon and/or the selection of the irradiation
area is carried out on the basis of the comparison

results.
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5. Process according to Claim 4, characterized
in that the combination of the partial areas Ti to
partial area groups was carried out on the basis of
the measured luminances of the partial areas and/or
the quantities derived therefrom.

6. Process according to Claim 4, characterized
in that the combination of the partial areas to partial
area groups take place in such a way that the surface
contents of the partial area groups are predetermined
and/or are of the same size, and/or that they are
located along lines of identical intensity within the
intensity distribution of the intense light irradiation
or the measuring radiation.

7. Process according to one of the Claims 1 to
6, characterized in that a measuring beam source dif-
fering from the intense light source is used for
measuring the luminances.

i3
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8. Process according to one of the Claims 1 to
7, characterized-in that the intense light radiation
and measuring radiation are alternately used for
measuring the luminances in the partial areas or
partial area groups and the quantities derived there-
from in a predetermined manner and/or in a manner
determined by the measured values, and that the test
results obtained with the intense light source and
the test results obtained with the measuring beam
source are evaluated and compared with the comparison
result is supplied to a regulating member.

.9, Process according to one of the Claims 1 to
8, characterized in that the luminance is measured in
transmission through the biological tissue.

10. Process according to one of the Claims 1 to
9, characterized in that the light of the intense
light source is used for measuring the luminance.

11. Process according to one of the Claims 1 to
10, characterized in that the area to be measured is
imaged on an array of photodetectors and that the
individual photodetectors are interrogated for measur-

ing the luminance.

12. Process according to one of the Claims 1 to
10, characterized in that the area to be measured is

-imaged on a photodetector and that the individual

partial areas are successively scanned by a measuring

beam for measuring the luminance.
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13. Apparatus for performing the process accord-
ing to one of the Claims 1 to 10 with an intense light
source and a regqulating device for controlling the

irradiation with the intense light source and a regu-

lating device for controlling the sighting unit for
aligning the irradiation optics, characte}ized in
that the zone illuminated by the intense light source
and/or a measuring beam source is imaged on an array
of photodetectors in such a way that a photodetector
di is associated with each partial area Ti of said

one.,

[
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14. Apparatus according to Claim 13, characterized
_in that the outputs of the photodetéctors di are led
to one or more evaluation circuits (3-17).

15. Apparatus according to Claims 13 or 14,
characterized in that the photodetectors are photodiodes

and/or phototransistors.

16. Apparatus according to Claims 13 to 15,
cha;acterized in that linking elements are provided
which enable the individual photodetectors di to be

combined in groups.
¥

17. Apparatus according to Claims 13 to 16,
characterized in that the zone to be measured is imaged
on an individual photodetector and that a measuring
beam deflecting device is provided, so that in time

5 sequence the measuring beam illuminates predetermined
partial regions of the jrradiated area and its sur-

rounding region.
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18. Apparatus to control the extent of treatment
of a surface by treatment apparatus comprising: a
light source; means to direct light from the light
source to the surface to be treated by the treatment
apparatus; an array of photodiodes; means to direct
light reflected from each of a plurality of discrete
portions of the surface to corresponding photodiodes
in the array; and control means associated with the
array of photodiodes and the treatment apparatus to
terminate treatment of the surface when the reflectance

@

of any of the discrete portions of the surface changes
a perdetermined amount relative to the reflectance of
the surface prior to treatment.
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