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(57) ABSTRACT 

A method for monitoring the processing of a lens includes 
recording the lens using a spatial recording system so as to 
generate image information for the lens; generating an actual 
three-dimensional image of the lens from the image informa 
tion on a spatial display unit; and displaying the actual three 
dimensional image of the lens together with a predetermined 
three-dimensional image of at least a portion of an eye on the 
spatial display unit. 
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METHOD AND DEVICE FOR THE 
REPRESENTATION OF AN OPERATION 
AREA DURING LASER OPERATIONS 

0001. This is a divisional application of U.S. application 
Ser. No. 1 1/423,003, filed Jun. 8, 2006, which is a continua 
tion of U.S. application Ser. No. 10/481.988, filed Dec. 24, 
2003, now U.S. Pat. No. 7,066,928, which is a U.S. National 
Stage entry of International Application No. PCT/EP02/ 
07073, filed Jun. 26, 2002, which claims benefit to German 
Application No. DE 101 30 278.9, filed Jun. 26, 2001. The 
entire disclosure of each of the applications is incorporated by 
reference herein. 
0002 The present invention relates to a method and a 
device for the representation of an operation area during laser 
operations. 
0003. In ophthalmology, it is known in the case of poor 
eyesight to shape the cornea by the ablation of tissue. As 
methods, the so-called PRK (photorefractive keratectomy) 
and LASIK (laser-assisted in situ keratomileusis) methods 
have established themselves, in which initially a small flap of 
epithelium, Bowman membrane and stroma is cut and 
unfolded and then the PRK is carried out in the stroma bed. 
0004 Lasers of suitable wavelength are used for ablation. 
The excimer laser with a wavelength of 193 nm is particularly 
suitable for this purpose. However, other lasers such as 
Er:YAG solid-state lasers are also already used for this. 
0005. The data for the extent of the defective vision are 
established by sight tests, by means of refractometers and 
recently also by the evaluation of measurements of the wave 
front. Other methods and devices are also known, which can 
be used to calculate firing coordinates for the actual operative 
procedure from these measurement values. 
0006. A laser operation is monitored by the surgeon or 
doctor usually by observing the operation area by means of a 
microscope. The doctor thus obtains a spatial impression of 
the operation area. However, the view through the micro 
Scope allows only one person a spatial impression. 
0007 Representation on a monitor etc. by means of a 
camera is also known. However, in this case the spatial 
impression of the operation area is lost. In the case of an 
operation using a slit Scanner, the progress of the operation 
and the sequence of the ablation steps can be very well per 
ceived and monitored by the doctor. The doctor can thus 
detect abnormalities in the ablation process early and coun 
teract these, for example stop the operation, etc. 
0008. With today's modern spot scanners, the ablation 
process is no longer easy to understand due to various factors. 
Firstly, the firing frequency of the lasers is increasing all the 
time and lies well above the perceptive capability of the 
Surgeon. The ablation process is also patient-dependent and 
the steering and placement of the spot in the ablation area is 
Subject to complex algorithms which attempt to solve the 
most varied tasks and problems of the ablation process (ther 
mal load, Smoke). An ablation algorithm for example breaks 
down the necessary firings for a complete correction into 
many small individual corrections, with the aim that the 
operation can be aborted at any time and it can be guaranteed 
that an optically satisfactory result is achieved (cf. the valu 
able contribution to the state of the art in the patent specifi 
cation DE 19727573). Therefore, in the case of more modern 
spot Scanners, it is no longer possible for a Surgeon to monitor 
the complex ablation process—by checking the correct posi 
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tioning of the laser beam on the area to be operated on by 
“looking through the microscope'. 
0009. The field of vision is also seriously limited when 
“looking through the microscope' because of the design. In 
order to use operation equipment, to ascertain status informa 
tion or progress information for equipment, the doctor must 
stop looking through the operation microscope and therefore 
take his eyes off the operation area. 
0010 When representing the operation area for several 
observers (teaching purposes, monitoring etc.), the operation 
area can be represented by means of a camera and a monitor. 
Because of the principle involved, however, the spatial 
impression is lost in this case. However, this is of decisive 
importance during Such microSurgical procedures. 
0011. The ablation processes in PRK using a spot scanner 
are so complex that the doctor is scarcely in a position to tell 
whether the operation is progressing correctly or to detect, 
early, problems which arise, so as to act to correct them. In 
order to control equipment etc., the doctor must take his eyes 
off the operation area, in order to use the equipment or to 
record status information. 
0012. It is therefore the aim and object of the invention to 
make available devices and methods which allow the doctor 
to be able to clearly monitor the progress of the operation and 
thus to consciously control the operation. 
0013 This object is achieved by a device according to the 
independent device claim and also by a method according to 
the independent method claim. Advantageous further devel 
opments are defined in the dependent claims. 
0014. In particular, the object is achieved by a device for 
the three-dimensional representation of an operation area, in 
particular an eye, during laser operations, comprising a spa 
tial recording system (10), an image-processing system (15) 
and a spatial display unit (20). This device makes it possible 
to three-dimensionally represent the operation area and to 
clearly monitor the progress of the operation, even when not 
looking through the microscope. In particular, in this way 
several observers can observe the operation area simulta 
neously, without losing the three-dimensional impression. 
0015 The spatial recording system is preferably a camera 
system, with which image information or data of an object 
can be obtained typically from several observation angles. 
These data then allow the reconstruction of a three-dimen 
sional representation of this object, i.e. the operation area. 
0016. The image-processing system evaluates the 
obtained data and processes them so that they are suitable for 
the following spatial display unit for the representation of a 
three-dimensional or spatial image. The image-processing 
system can be a chip, a computer, software or a microproces 
SO. 

0017. The spatial display unit is preferably a 3-D display, 
a hologram or a three-dimensional representation unit gener 
ated by laser. Particularly preferably, it is an arrangement for 
three-dimensional representation according to DE 198 25 
950. The spatial extent of the starting position, i.e. the posi 
tion before the operative procedure, and also the spatial extent 
of the position after an operation can be advantageously rep 
resented by means of Such a display. 
0018. In a preferred embodiment of the present invention, 
the device according to the invention also comprises a control 
module (30); at least one item of medical equipment (40) and 
abus system which connects the spatial display unit (20) and 
the control module (30), so that data and information can be 
displayed on the display unit (20). It is hereby possible that 
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additional information relating to the operation or the opera 
tion laser etc. can be displayed by the three-dimensional or 
spatial representation of the operation area which is to be 
observed. The surgeon and other observers can thus record 
valuable additional information without having to take their 
eyes off the spatially represented operation area. 
0019. The control module is preferably a computer, a cal 
culator, a microcontroller. 
0020. The item of medical equipment preferably com 
prises an operation laser for refractive Surgery. In addition, 
further devices such as eye trackers, online topography sen 
sors, online wavefront sensors, illumination units and also 
eye identification systems (including rotation control and 
identification according to the application DE 10052201 of 
20.10.2000) can be used. This equipment sends data regard 
ing its own status via the bus system to the control unit and 
also receives instructions from the control device via the bus 
system. Particularly preferably, the algorithm for the process 
ing of the operation program and the data of the planned 
operation are also on the control unit or are fed into this or 
made available to this. 

0021 Data and information are particularly preferably 
data relating to the operation area, preferably a laser for 
refractive corneal Surgery (such as firing rate, energy, pulse 
shape, etc.) or data regarding the operation (such as patient 
data, temperature of the tissue or operation area, operation 
time already elapsed, remaining time of the operation, opera 
tion laser settings, etc.) or status information (limits of the 
area of the eye tracker, limits of the operating range of the 
laser, progress of the operation, energy status, etc.). 
0022. In another preferred embodiment of the present 
invention, the device according to the invention also com 
prises a touch-sensitive display overlay. It is thereby possible 
for the Surgeon to input control commands or equipment 
control functions via the touch-sensitive display overlay. 
These can be passed on to the control unit and from there be 
used to control the medical equipment. 
0023. In another preferred embodiment of the present 
invention, image data relating to the operation area, addi 
tional data and information and also control panels can be 
represented on the display unit (20). This representation of all 
relevant and interesting data for the operation makes it pos 
sible for the Surgeon to keep his eye on all parameters and 
circumstances of the operation, without having to take his eye 
off the spatially represented operation area. These various 
data can be represented as a PIP (picture in a picture) or 
overlaid. The images and data can also be displayed in a 
multi-window technique. 
0024. In addition, it is possible to display several different 
views of the operation area simultaneously. These can be 
different observation angles, different perspectives, clips or 
magnification scales. It is also possible to represent images of 
different time domains next to each other, which is preferable 
in particular if the chronology of an operation is to be dis 
played. This is particularly interesting for teaching events in 
which the data and the course of previous operations is to be 
presented, without foregoing the spatial impression. 
0025. In particular panels and symbols, which can be acti 
vated by touching the touch-sensitive display overlay, are 
provided as control panels. These are preferably symbols for 
controlling a magnification of the image, in particular for 
infinitely variable magnification (digital Zoom). Camera 
guiding symbols for selecting the perspective and the obser 
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Vation angle are also preferably provided, and symbols for 
selecting from the individual windows, etc. 
0026. A device is quite particularly preferred in which 
reference data of an ideal operation area after the operation, in 
particular of an ideal cornea shape, can be spatially repre 
sented on the spatial display unit (20) via an image of the 
current operation area, in particular of the current cornea. It is 
thereby possible to represent the data of the ideal cornea via 
the image of the current, curved cornea and thereby to illus 
trate the difference. During the operation, the manner in 
which the cornea operated on ever more closely resembles the 
ideal shape represented, and is finally made congruent with it, 
can be monitored live. Additionally, current deviations of the 
cornea that are established online can be compared with the 
initial correction values presently during the operation on the 
basis of a wavefront analysis and thus an even more precise 
correction can be illustrated during the actual course of the 
operation. 
0027. The starting position and desired final position can 
thus be represented such that the layer thickness to be ablated 
within the framework of the operative procedure (ablation 
Volume) can be seen. 
0028. The device according to the invention also prefer 
ably has a simulation unit (50) which, upon every single laser 
firing, realizes on the display an ablation which, in terms of 
location and Volume ablation, precisely simulates the ablation 
that takes place during the ablation on the cornea. The device 
according to the invention is designed Such that, during an 
operation, upon each laser firing on the display, a volume unit 
that is sufficient for the volume ablation on the eye is removed 
from the display. With the device according to the invention, 
the course of the ablation of the cornea can therefore be 
monitored by the Surgeon. 
0029. In a preferred version, for every single firing, the 
coordinates for the volume removal are measured directly 
from the scanner on the display. In this way, the ablation takes 
place on the display at precisely the point which corresponds 
to the respective position of the scanners at this point. Should 
the scanners not assume the precise position, an ablation with 
correspondingly modified coordinates also takes place on the 
display. A greatly improved online control of the course of the 
operation by the surgeon is therefore possible by means of the 
device according to the invention. At the end of the operation, 
he can also record in a simple manner the final position that 
has been realized. 
0030 Should the realized final position not wholly corre 
spond to the desired correction, the Surgeon can decide 
whether he will immediately carry out a post-correction. Fur 
ther coordinates for the ablation can thus be calculated from 
the realized final position and from the originally desired 
position, so that a post-correction can take place immediately 
afterwards. 
0031 Coordinates for a post-correction are preferably 
established automatically, so that the post-correction can be 
carried out immediately after the original program. This cor 
rection is also monitored on the display according to the idea 
of the invention. An online topography of the cornea Surface 
can thus be represented on the spatial display unit. 
0032. The simulation unit is preferably also connected to 
the unit for controlling the laser energy. Should the laser 
energy differ from the proposed value, the simulated volume 
ablation can also be modified accordingly. 
0033. Furthermore, the simulation unit (monitoring unit) 
can be connected to an online wavefront sensor (40.x). The 



US 2011/0040294 A1 

current wavefront of the eye is spatially represented. Through 
the spatial representation of the present wavefront of the eye 
during the operation, the Surgeon can directly monitor the 
progress and Success of the operation on the patient. Due to 
the invention, a wavefront which has been modified and dif 
fers from the ideal wavefront can also be displayed directly. 
This can arise due to unforeseeable factors during the opera 
tion. The spatial representation therefore makes it possible for 
the Surgeon to make a sound decision to decide in favour of a 
further correction under other parameters (in order to also 
lead the new wavefront aberrations to an ideal wavefront) or 
to end the operation. 
0034. The object of the invention is also achieved by a 
method according to the invention for the three-dimensional 
representation of an operation area (1), in particular an eye, 
during laser operations, comprising the steps: recording of the 
operation area (1) by means of a spatial recording system 
(10), transfer of the information obtained from the preceding 
step to an image-processing system (15), processing of the 
information in the image-processing system (15) and repre 
sentation of this processed information on a spatial display 
unit (20). 
0035. The method according to the invention preferably 
also comprises the step: representation of additional data on 
the spatial display unit (20). These data can, as stated above, 
be data and information concerning the patient, the progress 
of the operation or the medical equipment, in particular the 
operation laser. 
0036 Particularly preferably, the method according to the 
invention also comprises the steps: registration of control 
commands, in particular by touching a touch-sensitive dis 
play (25), steering medical equipment (40) in accordance 
with the registered control commands. These control com 
mands can, as Stated above, be camera-position and clip 
selection commands and also control commands which 
directly relate to the operation laser (emergency stop, repeti 
tion of special sequences, re-calculation, etc.). 
0037. The device according to the invention and also the 
method according to the invention can be used in particular in 
the field of ophthalmology. For example, the material pro 
cessing in the case of contact lenses or intraocular lenses 
(IOLs) can be monitored with the device according to the 
invention or the method according to the invention. As a rule, 
the processing does not take place on or in the eye. The 
observation of the processing procedure during series pro 
duction of contact lenses or intraocular lenses is also conceiv 
able. The control of the final position of the respective lenses 
is conceivable in particular here as an area of use of the device 
according to the invention and the method according to the 
invention. 
0038. It is also possible for the patient himself to monitor 
the production of a lens, for example an intraocular lens or a 
contact lens. In this way, he can form an impression before 
hand of the chances of Success. Monitoring the processing 
procedure of the individual lenses gives the patient confi 
dence for the ensuing operation. The processed lens is pref 
erably reflected in an intermediate image plane of an optical 
system. 
0039. A further possible use of the device according to the 
invention and the method according to the invention is the 
monitoring of the material processing on a contact lens 
located on the eye. Here, the entire eye/contact lens system 
can be measured together. The processing takes place only on 
the contact lens. The eye itself is not operated on. 
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0040. The device according to the invention and the 
method according to the invention can also be used for non 
medical applications. In principle, it is possible to use them in 
any type of processing of a surface by means of a laser. 
0041. The invention will be explained further in the fol 
lowing with reference to drawings. Further advantageous fea 
tures are described here. There are shown in: 

0042 FIG. 1: a schematic representation of a device 
according to the invention; 
0043 FIG. 2: a schematic representation of a device 
according to the invention for observation for more than one 
person; and 
0044 FIG. 3: a basic representation of the components of 
an embodiment of a device according to the present invention. 
0045 FIG. 1 shows a schematic representation of a device 
according to the invention. A Surgeon 0 observes a spatial 
image 23 of a patient's eye which is represented by a display 
for spatial representation 20. The eye of the patient 1 is then 
operated on by means of a laser 45. 
0046 FIG. 2 shows a schematic representation of a device 
according to the invention for observation for more than one 
person. Several observers 0.1, 0.2 and 0.3 simultaneously 
observe, by means of only one spatial display unit 20, the 
spatial image of the eye 23 to be treated. 
0047 FIG. 3 shows a basic representation of the compo 
nents of an embodiment of a device according to the present 
invention. A spatial recording system 10 is connected to an 
image-processing system 15. This is connected to a control 
module 30. The control module 30 connects medical equip 
ment 40.1 to 40.n to the spatial display unit 20. A touch 
sensitive display overlay 25 is connected to the spatial display 
unit 20. 

0048. This structure according to the invention makes it 
possible to record three-dimensionally an operation area by 
the spatial recording system 10, to process these data via an 
image-processing system 15 and to transfer this information 
to the control unit 30. The information of the medical equip 
ment 40.n also meets here. These data are then represented 
together or alone via the spatial display unit 20. Both the 
three-dimensional operation area and status data of the medi 
cal equipment 40.n can be displayed here. The touch-sensi 
tive display overlay 25 makes it possible for the surgeon to 
input control commands and thus either to select views of the 
operation area (multi-window technique, PIP, etc.), to call up 
status data or their progress or also to control the medical 
equipment. 
0049. The invention relates to a visual device for the spa 

tial representation of the operation area during medical opera 
tions—preferably during operations on the eye using lasers in 
order to correct vision defects. 

0050. With the invention described here, it is possible to 
make the operation area visible on a display and to represent 
it spatially. The invention makes it possible to represent the 
operation area independently of an operation microscope for 
a large number of observers. The operation area can be rep 
resented much larger, any areas can be magnified or repre 
sented simultaneously as a PIP (picture in picture). 
0051. In addition to the more natural representation of the 
operation area, at the same time as the operation, information 
can be faded in or represented which is important to the doctor 
and the process of the operation and thus allows complete 
control of the item of equipment without losing sight of the 
operation area. 
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0052. The additional integration of a touch-sensitive dis 
play therefore allows complete process control, control of the 
item of equipment etc. to take place simultaneously. 
0053. The present invention therefore represents a solu 
tion which makes it possible, during an operation, to represent 
the operation area spatially on a display for several persons, to 
fade in any information into the operation area and to control 
the item of operation equipment preferably a laser for 
refractive corneal Surgery. 

LIST OF REFERENCENUMBERS 

O Observer 
1 Operation area 

10 Spatial recording system 
15 Image-processing system 
2O Spatial display unit 
23 Spatial representation of the operation area 
25 Touch-sensitive display overlay 
30 Control module 
40 Item of medical equipment 
45 Operation laser 

1. A method for monitoring the processing of a lens com 
prising: 

recording the lens using a spatial recording system so as to 
generate image information for the lens; 

generating an actual three-dimensional image of the lens 
from the image information on a spatial display unit; and 

displaying the actual three-dimensional image of the lens 
together with a predetermined three-dimensional image 
of at least a portion of an eye on the spatial display unit. 

2. The method as recited in claim 1, further comprising the 
step of: 

adjusting the shape of the lens until the actual three-dimen 
sional image of the lens is Substantially aligned with the 
predetermined three-dimensional image on the spatial 
display unit. 

3. The method as recited in claim 1, wherein the displaying 
of the actual three-dimensional image of the lens is performed 
at a location of the predetermined three-dimensional image of 
at least a portion of an eye corresponding to a lens position. 

4. The method as recited in claim 3, wherein the lens is a 
contact lens and the lens position is an outer Surface of a 
COCa, 
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5. The method as recited in claim3, wherein the lens is an 
intraocular lens and the lens position is a crystalline lens of 
the eye. 

6. A method for representing an eye during a laser opera 
tion of the eye in three dimensions comprising: 

recording the eye using a spatial recording system so as to 
generate image information for the eye; 

generating an actual three-dimensional image of the eye 
from the image information; and 

displaying the actual three-dimensional image on a 3-D 
display unit. 

7. The method as recited in claim 6, further comprising 
performing corrections on the eye after the displaying step. 

8. The method as recited in claim 7, wherein the perform 
ing corrections step is performed using a laser. 

9. The method as recited in claim 7, further comprising 
observing the corrections on the 3-D display unit. 

10. The method as recited in claim 6, further comprising 
the step of: 

generating a predetermined three-dimensional image of 
the eye; and 

displaying the predetermined three-dimensional image 
together with the actual three-dimensional image on the 
3-D display unit. 

11. The method as recited in claim 10, wherein the prede 
termined three-dimensional image represents an ideal shape 
for the eye, and further comprising performing corrections at 
corresponding locations of the eye for which the actual three 
dimensional image differs from the predetermined three-di 
mensional image. 

12. The method as recited in claim 6, further comprising 
altering the image using a touch-sensitive display overlay on 
the 3-D display unit. 

13. The method as recited in claim 6, further comprising 
the steps of: 

registering a control command; and 
controlling a medical equipment device in accordance with 

the registered control command. 
14. The method as recited in claim 13, wherein the regis 

tering is performed using touch-sensitive display on the 3-D 
display unit. 

15. The method as recited in claim 6, further comprising 
the step of: 

displaying additional data on the 3-D display unit. 
c c c c c 


