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(57) ABSTRACT 

A method of inserting an intraocular lens into an eye com 
prises: determining preoperative values of an eye; selecting 
an intraocular lens based on the preoperative values; inserting 
the intraocular lens into the eye; determining intraoperative 
values of the eye; providing an eye model, wherein the eye 
model includes plural parameters; determining the second 
value representing a postoperative visual defect of the eye 
using the eye model, wherein the preoperative values of the 
eye are assigned to a first Subset of the plural parameters of the 
eye model and wherein the intraoperative values of the eye are 
assigned to a second Subset of the plural parameters of the eye 
model; and correcting the position and/or the orientation of 
the inserted intraocular lens or inserting a different intraocu 
lar lens based on the value representing the postoperative 
visual defect of the eye. 
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EYE SURGERY SYSTEMAND METHOD OF 
INSERTING AN INTRAOCULARLENS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims priority of Patent Applica 
tion No. 10 2013 002293.2, filed on Feb. 8, 2013 in Germany, 
the entire contents of which are incorporated by reference 
herein. 

FIELD 

0002 The present invention relates to methods of inserting 
an intraocular lens into an eye and to eye Surgery systems used 
in Such methods. In a cataract Surgery, the clouded crystalline 
lens of the eye of the patient is removed and replaced with an 
implant largely providing the functions of the crystalline lens 
and largely restoring the faculty sight of the eye. Such implant 
is commonly referred to as an intraocular lens (IOL). Apart 
from those intraocular lenses replacing the crystalline lens of 
the eye, there are also known so-called phakic intraocular 
lenses which are implanted into an eye while the crystalline 
lens remains in place in order to improve the performance of 
the eye. 

BACKGROUND 

0003. The planning of a surgery for implanting an 
intraocular lens includes a selection of a suitable intraocular 
lens from a large number of different types and models of 
intraocular lenses available on the market. The different mod 
els of intraocular lenses may differ with respect to, for 
example, the refractive index of the lens material, the curva 
tures of the lens surfaces, the axial distance of the lens Sur 
faces from each other, the diameter of the lens, the type of the 
haptics, and other properties. There are also different types of 
intraocular lenses, such as intraocular lenses having aspheric 
lens Surfaces or having lens Surfaces having free form Sur 
faces without rotational symmetry, intraocular lenses provid 
ing Zones with different refractive powers, and intraocular 
lenses including diffractive optical elements. 
0004. The selection of the type and model of the intraocu 
lar lens to be implanted into a particular eye is commonly 
based on preoperative values determined from the eye. Such 
as the visual defect, the curvature of the cornea, the distance 
between the corneal apex and the retina of the eye, i.e. the eye 
length, and the distance between the corneal apex of the eye 
and the crystalline lens, i.e. the anterior chamber length, and 
other suitable values. Heuristic formulas are typically used in 
order to determine properties of the intraocular lens based on 
one or more of the above preoperative values. Examples of 
such formulas include the Haigis formula, the Hoffer for 
mula, the Holladay formula and the SRK/T formula. 
0005. The selection of the type and model of the intraocu 
lar lens to be implanted into a particular eye does not always 
provide the desired result since the desired postoperative 
faculty of sight of the eye is not achieved subsequent to the 
Surgery and after healing of incisions introduced into the 
cornea of the eye during the Surgery. 

SUMMARY 

0006. The present invention has been made in view of the 
above considerations. 
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0007 According to some embodiments, the invention pro 
vides a method of inserting an intraocular lens and an eye 
Surgery system which can be used in Such method in order to 
better achieve postoperative properties of the eye. 
0008 According to some embodiments, a method of 
inserting an intraocular lens comprises: 
0009 (1) determining at least the following preoperative 
values of an eye: 
0.010 (a) a value representing a curvature of a cornea of 
the eye, 

0.011 (b) a value representing a distance between a cor 
neal apex of the eye and a retina of the eye, and 

0012 (c1) a value representing a distance between the 
corneal apex of the eye and a crystalline lens of the eye; 

0013 (2) selecting an intraocular lens based on the preop 
erative values: 

0014 (5) inserting the intraocular lens into the eye; 
00.15 (6) determining at least the following intraoperative 
values of the eye: 
0016 (c2) a value representing a distance between the 
corneal apex of the eye and the intraocular lens; 

0017 (7) providing an eye model, wherein the eye model 
includes at least the following parameters: 
0.018 (a) a parameter representing a curvature of a cor 
nea of the eye, 

0.019 (b) a parameter representing a distance between a 
corneal apex of the eye and a retina of the eye, 

0020 (c2) a parameter representing a distance between 
the corneal apex of the eye and an intraocular lens; 

0021 (d) a parameter representing a refractive power of 
the intraocular lens; 

0022 (8) determining the second value representing a 
postoperative visual defect of the eye using the eye model, 
wherein: 
0023 (a) the preoperative value representing the curva 
ture of the cornea of the eye is assigned to the parameter 
of the eye model representing the curvature of the cornea 
of the eye, 

0024 (b) the preoperative value representing the dis 
tance between the corneal apex of the eye and the retina 
of the eye is assigned to the parameter representing the 
distance between the corneal apex of the eye and the 
retina of the eye, and 

0.025 (c2) the intraoperative value representing the dis 
tance between the corneal apex of the eye and the 
intraocular lens is assigned to the parameter of the eye 
model representing the distance between the corneal 
apex of the eye and the intraocular lens; 

0026 (d) a value determined based on the preoperative 
values or based on the selected intraocular lens is 
assigned to the parameter of the eye model representing 
the refractive power of the intraocular lens; 

0027 (9) correcting the position and/or the orientation of 
the inserted intraocular lens or inserting a different 
intraocular lens based on the second value representing the 
postoperative visual defect of the eye. 

0028 Both preoperatively determined values of the eye 
and intraoperatively determined values of the eye are used as 
parameters of the eye model, accordingly. The eye model is 
used to predict a postoperatively occurring visual defect of 
the eye. This prediction can be performed already during the 
Surgery, i.e. the prediction is an intraoperative prediction Such 
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that further steps of the Surgery can be planned, or an existing 
planning of steps of the Surgery can be modified based on the 
intraoperatively determined postoperative visual defect of the 
eye. For example, the intraoperatively determined postopera 
tive visual defect of the eye can be compared with a desired 
visual defect of the eye, in order to determine whether a 
position oran orientation of the currently inserted intraocular 
lens is corrector whether the selected and inserted intraocular 
lens should be replaced by a different intraocular lens. 
0029 Changing of the orientation of the inserted intraocu 
lar lens can be in particular useful with intraocular lenses 
having an astigmatic power. The correcting of the position of 
the inserted intraocular lens can be performed in particular in 
Such situations in which complications occurred when the 
intraocular lens was inserted into the capsular bag of the eye. 
Replacing of the inserted intraocular lens with a different 
intraocular lens will occur in particular in situations in which 
the selection of the inserted intraocular lens based on the 
preoperative values and the application of one of the empiri 
cal formulas was not successful due to particular properties of 
the eye of the patient under Surgery. 
0030 The values representing properties of the eye and the 
parameters of the eye model used in the method can be scalar 
values or tuples, wherein each tuple comprises plural scalar 
values. For example, the value representing the curvature of 
the cornea of the eye can be a radius of a sphere approximat 
ing the shape of the cornea of the eye. However, this value can 
also be the inverse of the radius of this sphere. Moreover, this 
value can be a tuple of two individual values representing the 
curvatures of the cornea measured in different planes. This 
can be in particular useful if the eye has an astigmatic visual 
defect. Moreover, the value representing the curvature of the 
cornea of the eye can be, for example, a tuple including plural 
coefficients resenting a Zernike polynomial representing an 
aspheric shape of the cornea up to a predetermined Zernike 
order in the usual manner. 

0031. The value representing the distance between the 
corneal apex and the crystalline lens of the eye can be directly 
measured preoperatively, i.e. before performing the Surgery. 
This value can be also obtained by subtracting the measured 
value of the distance between the crystalline lens and the 
retina of the eye from the measured distance between the 
corneal apex and the retina of the eye. Thus, also the tuple of 
the value of the distance between the corneal apex of the eye 
and the retina and the value of the distance between the 
crystalline lens and the retina of the eye is a value representing 
the distance between the corneal apex and the crystalline lens 
of the eye. Moreover, the value representing the distance 
between the corneal apex and the crystalline lens of the eye 
can be measured relative to the main plane of the crystalline 
lens, the apex of the front surface of the crystalline lens, the 
apex of the back surface of the crystalline lens or any other 
element of the lens which is physically present or is a math 
ematical construct based on the geometry of the crystalline 
lens. 
0032. The eye model can be provided by plural possible 
methods. According to an exemplary method, the eye model 
is simulated using a computer and an optics Software. 
Examples of such optics software include Code V, available 
from Synopsys, Inc., Pasadena, Calif., USA, and Zemax, 
obtainable from Radiant Zemax, LLC, Redmond, Wash., 
USA. Sets of parameters representing the optical properties 
of the simulated object, i.e. the eye, are typically supplied to 
the software in a suitable format. These parameters include, in 
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particular, parameters representing the distances between 
interfaces, refractive indices of the materials provided 
between the interfaces and curvatures of the interfaces. 

0033 Suitable models of the human eye have been devel 
oped. One example is the eye model of Gullstrand. Further 
background knowledge and details of useful eye models can 
be obtained from the articles by Yanqiao Huang and Duncan 
T. Moore, “Human eye modeling using a single equation of 
gradient index crystalline lens for relaxed and accommodated 
states'. Proc. SPIE 6342, International Optical Design Con 
ference 2006: Jihong Feng; Hanyu Zhang: Xiaobing Wang; 
Aizhen Liu, "Constructing a human eye model: The cornea 
shape effect on optical imaging for the human eyes', 3rd 
International Conference on Biomedical Engineering and 
Informatics (BMEI), 2010, vol. 1, no., pp. 171-173, 16-18 
Oct. 2010; R. Navarro; J. Santamaria; J. Bescós, “Accommo 
dation-dependent model of the human eye with aspherics'. 
Journal of the Optical Society of America A, Optics and 
image science September 1985, 208): 1273-81; and Liou, HL, 
and N A Brennan, Anatomically accurate, finite model eye 
for optical modeling”, Journal of the Optical Society of 
America A, 1997, 14, no. 8: 1684-1695. 
0034. It is in particular possible to simulate the shape of 
the cornea of the eye using a finite element model before the 
shape of the cornea is inputted to the eye model. It is also 
possible that the calculation of the shape of the cornea using 
a finite element model is an intrinsic component of the eye 
model. An example of a finite element model simulating the 
shape of the cornea is illustrated in the article “Lower- and 
higher-order aberrations predicted by an optomechanical 
model of arcuate keratotomy for astigmatism' by R. Navarro 
et al., J. Cataract Refract Surg 2009; 35: 158-165. Using of 
such finite element model allows to take incisions into the 
cornea into account which are introduced into the cornea in 
order to insert Surgical tools into the eye, to insert the 
intraocular lens into the eye, or which are introduced into the 
cornea in order to correct visual deficiencies. 

0035. In the illustrated method, preoperatively determined 
values and intraoperatively determined values are assigned to 
the parameters of the eye model in order to determine and 
predict postoperative visual defects by performing calcula 
tions on the eye model. These calculations may include, for 
example, simulations, such as ray tracing. 
0036. According to exemplary embodiments, the intraop 
eratively determined values of the eye also comprise a value 
determined by performing a wavefront measurement on the 
eye. Such value can be directly used to determine the visual 
defect during the Surgery. Such value can also be used to 
verify the consistency of the currently used eye model, and it 
is also possible to modify parameters of the currently used eye 
model based on the value determined by the wavefront mea 
surement. The wavefront measurement can be performed 
before and/or after the insertion of the intraocular lens. 

0037. When the inserted intraocular lens has anastigmatic 
power, it can be advantageous if the intraoperatively deter 
mined values of the eye comprise a value obtained by per 
forming a wavefront measurement on the eye. Values 
obtained by wavefront measurements readily allow to deter 
mine whether theorientation of the inserted intraocular lens is 
correct or should be changed. 
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0038 According to exemplary embodiments, the method 
further comprises: 
0039 (3) applying an eye speculum to the eye before the 
intraocular lens is inserted into the eye, and 

0040 (10) removing the eye speculum subsequent to the 
correcting of the position and/or the orientation of the 
inserted intraocular lens or Subsequent to the inserting of 
the intraocular lens. 

0041. The eye speculum is applied to the eye in order to 
maintain the eye open during the Surgery. However, the eye 
speculum applies a certain pressure onto the cornea of the eye 
such that the shape of the cornea of the eye is distorted by the 
eye speculum. Such deformed cornea may result in that a 
wavefront measurement performed during the Surgery detects 
a would-be visual defect of the eye which might result in 
unnecessary changes of the planning of the Surgery. However, 
according to the illustrated method, Such problems resulting 
from a distortion of the cornea from an applied eye speculum 
can be avoided since the preoperatively determined value of 
the curvature of the cornea is used as a parameter of the eye 
model for determining the postoperative visual defect of the 
eye. 
0042. According to further exemplary embodiments, the 
method further comprises: 
0043 (4) introducing at least one incision into the cornea 
of the eye, wherein the introducing of the incision may in 
particular occur before the intraocular lens is inserted into 
the eye, 

0044) wherein the model of the eye further comprises the 
following parameter: 

0045 (e) a parameter representing at least one of a posi 
tion, an orientation and a length of the at least one incision 
in the cornea of the eye, 

0046 and wherein 
0047 (8) the determining of the value representing the 
postoperative visual defect of the eye includes 
0048 (e) a value determined based on the at least one 
incision introduced into the eye is assigned to the param 
eter of the eye model representing the at least one of the 
position, the orientation and the length of the at least one 
incision in the cornea of the eye. 

0049. An incision can be introduced into the cornea of the 
eye in order to insert surgical tools into the interior of the eye 
through the incision. The Surgical tool can be, for example, an 
emulsifier used for removing the crystalline lens of the eye. 
An incision can be further introduced into the cornea of the 
eye in order to insert the intraocular lens into the eye. Such 
incisions are introduced into the cornea of the eye before the 
intraocular lens is inserted into the eye. 
0050 Moreover, one or more incisions can be introduced 
into the cornea of the eye in order to change the curvature of 
the cornea of the eye for influencing the faculty of sight of the 
eye. Such incisions can be introduced into the eye before or 
Subsequent to the insertion of the intraocular lens into the eye. 
0051. According to exemplary embodiments, the eye 
model comprises a finite element model of the cornea of the 
eye as illustrated in the above mentioned article of R. Navarro 
et al. 
0052 According to further exemplary embodiments, the 
method is performed such that 
0053 (6) the following value is determined when the intra 
operative values of the eye are determined: 
0054 (f) a value representing a centration of the 
intraocular lens within the eye; 
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0055 wherein 
0056 (7) the model of the eye comprises the following 
parameter: 
0057 (f) a parameter representing a centration of the 
intraocular lens in the eye; 

0058 and wherein 
0059 (8) when the value representing the postoperative 
visual defect is determined, 
0060 (f) the determined value representing the centra 
tion of the intraocular lens within the eye is assigned to 
the parameter of the eye model representing the centra 
tion of the intraocular lens within the eye. 

0061 The value representing the centration of the 
intraocular lens within the eye can be, for example, a value 
defining a distance between the center of the intraocular lens 
from the optical axis of the eye and/or a value defining an 
orientation of a toric intraocular lens about the optical axis of 
the eye. 
0062 According to further exemplary embodiments, a 
method of inserting an intraocular lens into an eye comprises: 
0063 (1) determining preoperative values of an eye; 
0064 (2) selecting an intraocular lens based on the preop 
erative values: 

0065 (5) inserting the intraocular lens into the eye; 
0.066 (6) determining intraoperative values of the eye; 
0067 (7) providing an eye model, wherein the eye model 
includes plural parameters; 

0068 (8) determining the second value representing a 
postoperative visual defect of the eye using the eye model, 
wherein the preoperative values of the eye are assigned to 
a first subset of the plural parameters of the eye model and 
wherein the intraoperative values of the eye are assigned to 
a second Subset of the plural parameters of the eye model, 

0069 (9) correcting the position and/or the orientation of 
the inserted intraocular lens or inserting a different 
intraocular lens based on the value representing the post 
operative visual defect of the eye. 

0070 According to particular embodiments herein, the 
preoperative values comprise one or more values selected 
from the following values: 
0071 (a) a value representing a curvature of a cornea of the 
eye, 

0072 (b) a value representing a distance between a corneal 
apex of the eye and a retina of the eye, and 

0073 (c1) a value representing a distance between the 
corneal apex of the eye and a crystalline lens of the eye. 

0074 According to particular embodiments herein, the 
intraoperative values comprise one or more values selected 
from the following values: 
0075 (a) a value representing a curvature of a cornea of the 
eye, 

0076 (b) a value representing a distance between a corneal 
apex of the eye and a retina of the eye, 

0077 (c2) a value representing a distance between the 
corneal apex of the eye and the intraocular lens, 

0078 (e) a value representing at least one of a position, an 
orientation and a length of the at least one incision in the 
cornea of the eye, and 

0079 (f) a value representing a centration of the intraocu 
lar lens within the eye. 

0080 According to some embodiments of the method, a 
first eye model instance includes a representation of the cor 
nea based on the intraoperative value representing the curva 
ture of the cornea; 
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wherein a second eye model instance includes a representa 
tion of the cornea based on the preoperative value represent 
ing the curvature of the cornea; 
wherein the determining of the intraoperative values includes 
a performing of a wavefront measurement for determining a 
first set of light rays outside of the eye; 
wherein the determining of the second value representing a 
postoperative visual defect of the eye comprises: 

I0081 calculating a second set of light rays inside the 
eye by extrapolating the light rays of the first set of light 
rays using the first eye model instance, 

I0082 calculating a third set of light rays outside the eye 
by extrapolating the light rays of the second set of light 
rays using the second eye model instance, and 

I0083) determining the second value representing a post 
operative visual defect of the eye based on the third set of 
light rays. 

0084. According to exemplary embodiments, an eye sur 
gery system comprises 
a user interface; 
a measuring system configured to determine at least preop 
erative values and intraoperative values of an eye; 
a first computing module configured to determine a first value 
based on preoperative values, wherein the first value repre 
sents a property of an intraocular lens; 
a second computing module configured to determine a second 
value based on a simulation performed on an eye model, 
wherein the second value represents a postoperative visual 
defect of an eye, and wherein the eye model includes plural 
parameters; 
a controller configured 
0085 (1) to receive preoperative values, 
I0086 (2) to trigger the first computing module to deter 
mine the first value representing the property of the 
intraocular lens, based on the preoperative values, 

0087 (5) to trigger the user interface to display the first 
value representing the property of the intraocular lens, 

0088 (6) to trigger the measuring system to determine 
intraoperative values, 

0089 (8) to trigger the second computing module to deter 
mine the second value representing the postoperative 
visual defect of the eye, wherein the preoperative values of 
the eye are assigned to a first Subset of the plural parameters 
and wherein the intraoperative values of the eye are 
assigned to a second Subset of the plural parameters of the 
eye model, and 

0090 (9) to trigger the user interface to display the second 
value representing the postoperative visual defect of the 
eye. 

0091. The eye surgery system can be an integral system or 
a distributed system. When the eye surgery system is embod 
ied as a distributed system, the measuring system for deter 
mining the preoperative values can be different from and 
located at a different site than the measuring system for deter 
mining the intraoperative values. Moreover, the controller 
can be embodied as a distributed system comprising plural 
components located at different sites, wherein the compo 
nents are connected using Suitable data connections, such as 
a computer network. The first computing module and the 
second computing module can be embodied as Software mod 
ules running on one or more computers which can be inte 
grated with the controller or located outside of the controller 
and connected with the controller via a suitable data connec 
tion. 
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0092. The first computing module can be configured, for 
example, to determine the first value representing the 
intraocular lens using the Haigis formula, the Hoffer formula, 
the Holladay formula, the SRK/T formula or other suitable 
computing methods. The first value representing the intraocu 
lar lens may include, for example, a refractive index lens of 
the intraocular lens, an identifier designating the material of 
which the lens of the intraocular lens is made, curvature of 
one or both surfaces of the intraocular lens and other data. The 
first value representing the intraocular lens may also include 
an identifier designating the type or model of the intraocular 
lens to be used, such as a trade name and a product designator 
under which the respective intraocular lens is available on the 
market. 
0093. The second computing module can be configured to 
perform an optics software, such as Code V or Zemax. The 
second computing module can be further configured to run a 
finite element model simulating the shape of the cornea of the 
eye. 
0094. According to further exemplary embodiments, the 
controller can be configured to wait for a predetermined user 
input via the user interface before the measuring system is 
triggered to determine the preoperative values, and/or 
wherein the controller is configured to wait for a predeter 
mined user input via the user interface before the measuring 
system is triggered to determine the intraoperative values. 
0.095 According to further exemplary embodiments, the 
measuring system includes at least one of a keratoscope and 
an OCT measuring device for determining the value repre 
senting the curvature of the cornea of the eye. 
0096. According to further exemplary embodiments, the 
measuring system comprises at least one of an OCT measur 
ing device, an ultrasound measuring device and an interface 
measuring device for determining the value representing the 
distance between the corneal apex of the eye and the retina of 
the eye. 
0097. According to further exemplary embodiments, the 
measuring system comprises at least one of an OCT measur 
ing device and an interface measuring device for determining 
at least one of the value representing the distance between the 
corneal apex of the eye and the crystalline lens of the eye 
and/or the value representing the distance between the cor 
neal apex of the eye and the intraocular lens. 
0098. According to further exemplary embodiments, the 
measuring system comprises at least one of a wave front 
measuring device and an ametropia measuring device for 
determining the value representing the centration of the 
intraocular lens within the eye. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0099. The forgoing as well as other advantageous features 
of the disclosure will be more apparent from the following 
detailed description of exemplary embodiments with refer 
ence to the accompanying drawings. It is noted that not all 
possible embodiments necessarily exhibit each and every, or 
any, of the advantages identified herein. 
0100 FIG. 1 is a schematic illustration of an eye surgery 
system according to an embodiment; 
0101 FIG. 2 is a flowchart illustrating a method of insert 
ing an intraocular lens into an eye, wherein the method can be 
performed using the eye surgery system shown in FIG. 1; and 
01.02 FIGS. 3A, 3B, 3C are schematic illustrations of an 
optical simulation using an eye model. 
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DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0103) In the exemplary embodiments described below, 
components that are alike in function and structure are des 
ignated as far as possible by alike reference numerals. There 
fore, to understand the features of the individual components 
of a specific embodiment, the descriptions of other embodi 
ments and of the summary of the disclosure should be referred 
tO. 
0104 FIG. 1 is a block diagram schematically illustrating 
components of an eye surgery system 1. A method of inserting 
an intraocular lens into an eye which will be illustrated with 
reference to FIG. 2 in more detail below can be performed 
using the eye Surgery system 1. 
0105. The eye surgery system 1 comprises a controller 3, a 
user interface 5, a first measuring system 7 for determining 
preoperative values of an eye, a second measuring system 9 
for determining intraoperative values of the eye, a first com 
puting module 11 for selecting an intraocular lens, and a 
second computing module 13 for determining a postoperative 
visual defect. 
0106 The eye surgery system 1 can be embodied as a 
distributed system in which the first measuring system 7 and 
the second measuring system 9 are separate systems located 
at different sites and which can be used, for example, by 
different operators at different times in order to perform mea 
Surements on the eye of a patient. Measuring values generated 
by the first measuring system 7 and the second measuring 
system 9 are transmitted to the controller 3 as measurement 
data. The measurement data can be temporally stored in Suit 
able memories available at the measuring systems 7 and 9, at 
the controller 3 or at some other location. Moreover, also the 
controller 3 can be embodied as a distributed system such 
that, for example, portions of the controller are integrated 
with one or both measuring systems 7 and 9, orportions of the 
controller can be located separate from the measuring sys 
tems 7 and 9. 
0107 The user interface 5 includes, for example, a display, 
Such as a computer monitor, for outputting and displaying 
data, and an input device, such as a keyboard or a mouse, for 
inputting data. Also the user interface can be embodied as a 
distributed system, such that a portion of the functions of the 
user interface are integrated with the first measurement sys 
tem 7, other portions of the functions are integrated with the 
measurement system 9, and further portions of the functions 
are integrated with a further system, Such as, for example, the 
controller 3. 
0108. The first computing module 11 and the second com 
puting module 13 are embodied as Software modules running 
on one or more computers, wherein the one or more comput 
ers may also run additional software providing functions of 
the controller 3, the user interface 5, the first measuring sys 
tem 7 and the second measuring system 9. 
0109 The method of inserting an intraocular lens (IOL) 
into an eye using the eye Surgery system 1 will be illustrated 
in more detail with reference to the flowchart of FIG. 2. 
0110. It is a purpose of the method to insert an intraocular 
lens into an eye of a patient. The inserting of an intraocular 
lens into the eye can be advantageous if the crystalline lens of 
the eye shows a cataract such that the clouded crystalline lens 
is to be removed and replaced by an implant, i.e. the intraocu 
lar lens. The insertion of an intraocular lens can be further 
desirable if the eye has a visual defect, wherein it is not 
possible to compensate the visual defect using eyeglasses or 
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wherein the patient intends to compensate the visual defect 
without wearing eyeglasses. In Such situations, an implant, 
which is commonly referred to as a phakic intraocular lens, 
can be inserted into the eye in addition to the crystalline lens 
of the eye which remains in the eye. 
0111. In such method of inserting an intraocular lens into 
the eye it is at first necessary to select a suitable type of 
intraocular lens. Plural different types of intraocular lenses 
are available on the market, and these lenses differ with 
respect to the manufacturer, the optical properties, such as 
refractive power, and haptics. The currently available types of 
intraocular lenses are known to the eye Surgery system and 
stored in a database 51 which can be accessed by the con 
troller 3 and/or the first computing module 11. 
0112 Measurements on the eye are performed in order to 
select a suitable type of intraocular lens for a particular eye. 
The optical properties of the eye are determined using these 
measurements such that the Suitable type of intraocular lens 
can be selected based on these measurements such that the 
eye has a desired faculty of sight or desired visual defect 
Subsequent to the Surgery. 
0113 Before the surgery, measurements are performed on 
the eye using the first measuring system before the Surgery in 
a step 53 in order to obtain preoperative values. For perform 
ing the measurement, an operator positions the patient rela 
tive to the first measuring system 7 such that the desired 
measurement on the eye of the patient can be performed using 
the measuring system 7. The operator may initiate the mea 
surement by Submitting a predetermined user input to the user 
interface, wherein the controller is waiting for this input 
before it triggers the measuring system to perform the mea 
Surement. 

0114. The preoperative values represent properties of the 
eye before the Surgery. A plurality of values are generated in 
step 53. In particular, these values include a value 55 repre 
senting the curvature of the cornea of the eye, a value 57 
representing a distance between the corneal apex and the 
crystalline lens of the eye, and a value 59 representing a 
distance between the corneal apex and the retina of the eye. 
0115 The first measuring system 7 may comprise plural 
devices for determining these values. For example, the cur 
Vature of the cornea can be measured using a keratoscope or 
an OCT-device, the distance between the corneal apex and the 
crystalline lens can be measured, for example, using an OCT 
device or an interface measuring device, and the distance 
between the corneal apex and the retina can be measured 
using an OCT-device, an ultrasound device and an interface 
measuring device. These values can be measured in particular 
using a measuring system available under the trade name 
IOL-Master from Carl Zeiss Meditec, Jena, Germany. 
0116. In addition to the values 55.57 and 59 shown in FIG. 
2, other preoperative values representing properties of the eye 
can be determined before performing the surgery. For 
example, a value representing the visual defect of the eye can 
be measured using a wavefront measuring system, Such as a 
system known from EP 2 103 249 A1. 
0117. A suitable type of intraocular lens is determined in a 
step 61, based on the preoperative values 55, 57, 59 and 
additional values, if desired. Such additional values may 
include further preoperative values determined before the 
Surgery has started, and the additional values may also 
include values determined by intraoperative measurements 
performed after the Surgery has started. For example, a wave 
front measurement can be performed after the crystalline lens 
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of the eye has been removed. Therefore, the determination of 
the intraocular lens can be based on both preoperative values 
and postoperative values. The selection can be performed 
using the first computing module 11. For this purpose, the 
controller 3 transmits the preoperative values 55, 57, 59, and 
additional values, if desired, to the computing module 11. The 
computing module 11 has access to the database 51 storing 
properties of the available intraocular lenses. The computing 
module 11 then selects, based on the preoperative values, that 
type of intraocular lens, which achieves or approximately 
achieves the desired postoperative faculty of sight if an 
instance of this type of intraocular lens was inserted into the 
eye. The computing module 11 performs suitable calculations 
in order to select the correct type of intraocular lens. These 
calculations may include an evaluation of Suitable formulas, 
such as, for example, the Haigis formula, the Hoffer formula, 
the Holladay formula and the SRK/T formula. Moreover, the 
first computing module may perform optical calculations 
using a suitable software, such as, for example, Code V or 
Zemax. The first calculation module 11 transmits a result of 
these calculations to the controller3. The result is transmitted 
as data representing the Suitable type of intraocular lens. 
These data may comprise optical properties of the intraocular 
lens, such as its power, or a product designator of the selected 
type of intraocular lens. 
0118. Thereafter, the controller instructs the user interface 
5 to display the selected type of intraocular lens, such that an 
operator may perceive the type of intraocular lens and obtain 
an instance of the selected type of intraocular lens from a 
stock, for example. 
0119 The selected intraocular lens is inserted into the eye 
of the patient in a step 63. When the crystalline lens of the eye 
has developed a cataract, the clouded crystalline lens is 
removed before the intraocular lens is inserted. For this pur 
pose, one or more incisions are inserted into the cornea of the 
eye, and the distal end of an emulsifier is inserted into the eye 
in order to disintegrate the crystalline lens and remove the 
portions of the crystalline lens by suction. The intraocular 
lens is inserted into the eye through a further incision intro 
duced into the cornea. Further incisions can be introduced 
into the cornea of the eye in order to affect the curvature of the 
cornea in order to reduce a visual defect of the eye. 
0120 Subsequent to the inserting of the intraocular lens 
into the eye, the lens is positioned in the capsular bag or in 
front of the capsular bag and rotated as required, in a step 65. 
0121. It is now desirable to verify a result of the surgery 
performed so far. If the result conforms with the desired 
result, the Surgery can be terminated, or the Surgery can be 
continued by performing further steps in order to improve the 
result, if the confirmed result does not conform with the 
desired result. Measurements are performed on the eye using 
the second measuring system.9 in a step 67 during the Surgery, 
in order to generate intraoperative values representing prop 
erties of the eye. The operator may initiate the measurement 
by Submitting a predetermined user input to the user interface, 
wherein the controller is waiting for this input before it trig 
gers the second measuring system 9 to perform the measure 
ment of the intraoperative values. 
0122) The intraoperative values comprise a value 69 rep 
resenting a distance between the corneal apex of the eye and 
the intraocular lens inserted into the eye, a value 71 repre 
senting a centration of the inserted intraocular lens within the 
eye, and a value 73 representing a configuration and a geom 
etry of incisions introduced into the cornea of the eye. 
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0123 The second measuring system may comprise plural 
devices for determining the values 69, 71 and 73. For 
example, the value 69 representing the distance between the 
corneal apex and the intraocular lens using an OCT-device, an 
ultrasound device oran interface measuring device. An OCT 
device or a wavefront measuring device. Such as the device 
illustrated in EP 2 103 249 A1, can be used, for example, to 
determine the value 71 representing the centration of the 
intraocular lens within the eye. 
0.124. The value 73 representing the incisions introduced 
into the cornea of the eye can be inputted into the system via 
the user interface 5, for example. For this purpose, the value 
73 typically comprises plural individual values representing 
positions, orientations, lengths and curvatures of the inci 
S1O.S. 

0.125. A value representing the postoperative visual defect 
of the eye is determined in a step 75 using the second calcu 
lation module 13 based on the intraoperative values 69, 71, 73 
and at least Some of the preoperative values. The preoperative 
values used for this calculation may in particular include the 
value 55 representing the curvature of the cornea and the 
value 59 representing the distance of the corneal apex from 
the retina of the eye. For this purpose, the intraoperative 
values 69, 71, 73 and preoperative values 55, 59 are supplied 
to the second computing module 13. The computing module 
13 comprises optical software, such as Code V or Zemax, for 
determining the optical properties of the eye after the Surgery 
based on the preoperative values and the intraoperative val 
ues. The second computing module 13 may further comprise 
a finite element software in order to predict the shape of the 
COCa, 

I0126. A decision step 77 is performed based on the deter 
mined postoperative visual defect in order to decide how the 
Surgery is to proceed. If the determined postoperative visual 
defect conforms with the desired visual defect, it can be 
expected that the postoperative properties of the eye will be as 
expected. In Such situation, the Surgery can be terminated by 
performing the necessary steps and completing a documen 
tation of the surgery in a step 79. It is possible, based on such 
documentation, to compare the predicted postoperative visual 
defect determined in step 75 with the visual defect the eye has 
developed after, for example, a couple of weeks. It is possible 
to improve the eye model used in the second calculation 
module 13 based on Such comparisons. 
I0127. The postoperative visual defect determined in step 
75 may indicate that the inserted intraocular lens is not cor 
rectly positioned or oriented within the eye. In such situation, 
the surgery may proceed with a step 81 in which suitable 
information is displayed using the user interface 5. It is then 
possible to correct the position and/or orientation of the 
intraocular lens within the eye in a step 65. It is then possible 
to repeat the processing using the determining of the intraop 
erative values in step 67 and the determination of the postop 
erative visual defect in the step 75, and to repeat the decision 
step 77 until the surgery can be terminated when the desired 
result is achieved. 

I0128. The determined postoperative visual defect may 
also indicate that the inserted intraocular lens may not achieve 
the desired result such that it is advantageous to use a different 
type of intraocular lens in order to achieve a better result. The 
processing will then proceed from the decision step 77 to step 
in which a different type of intraocular lens is selected using 
the calculation module 11. For this purpose, the preoperative 
values and the intraoperative values are Supplied to the cal 
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culation module 11, and a Suitable type of intraocular lens is 
selected based on these preoperative values and intraopera 
tive values as illustrated above with reference to step 61. 
Thereafter, the inserted intraocular lens is removed from the 
eye, and an intraocular lens of the type selected in the step 83 
is inserted into the eye in the step 63. Thereafter, the step 65 
of positioning and orientating the intraocular lens, the step 67 
of determining the intraoperative values, the step of determin 
ing the postoperative visual defect and the decision step 77 
can be repeated until the desired result of the surgery can be 
expected such that the surgery can be terminated with step 79. 
0129. An example of computations performed by the sec 
ond computing module will be illustrated with reference to 
FIGS. 3A, 3B and 3C below. 
0130. It is assumed that the surgery has proceeded to a 
situation where the intraocular lens has been inserted into the 
eye of the patient such that it is now desired to determine the 
postoperative visual defect or faculty of sight of the eye. The 
visual defects of an eye can be measured with a high accuracy 
by using a wavefront measurement. However, it is rarely 
possible to precisely determine the postoperative visual 
defect by a wavefront measurement performed on the eye of 
the patient in the assumed situation of the Surgery. A main 
reason is the fact that the shape of the cornea of the eye under 
surgery is different from the shape of the cornea found a 
couple of weeks after the surgery. The cornea of the eye under 
surgery is distorted relative to the cornea after termination of 
the Surgery. There are plural reasons for Such distorted cor 

a. 

0131 One reason is the presence of an eye speculum 
applying a pressure to the cornea and deforming its shape. A 
further reason is the intraocular pressure which has changed 
due to the surgery and is different from the intraocular pres 
Sure when it is restored to the natural intraocular pressure 
some time after the surgery. The curvature of the cornea 
depends on the intraocular pressure. The incisions introduced 
into the cornea are a further reason for the distortion of the 
cornea of the eye under Surgery. A healing process of the 
incisions will change the Surface tension of the cornea and its 
shape accordingly. 
0.132. In the present example, a wavefront measurement is 

still performed by using a wavefront measurement device of 
the measuring system. Based on the measured wavefront, it is 
possible to determine light rays corresponding to the mea 
Sured wavefront, wherein these light rays can be used in an 
optical simulation of a model eye. These light rays are 
orthogonal to the measured wavefront. 
0133. The intraoperative value of the curvature of the cor 
nea of the eye is also measured using the measuring system. 
FIG. 3A schematically illustrates an instance 20 of the eye 
model and a set of light rays M1 outside of the eye. The eye 
model includes a retina 21, a vitreous body 22, an intraocular 
lens 23, an anterior chamber 24 and a cornea 25. The eye 
model instance 20 is defined by the values assigned to the 
parameters of the eye model. The eye model instance 20 
shown in FIG. 3A includes a representation of the cornea 
having a shape or curvature as measured using the measuring 
system in the present stage of the Surgery. Thus, the value of 
the measured curvature of the cornea is assigned to the param 
eter of the eye model representing the curvature of the cornea. 
Arrows 26 in FIG. 3A represent forces applied to the cornea 
by the eye speculum such that the shape of the cornea is 
distorted. 
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I0134. The set of lights rays M1 as determined from the 
intraoperative wavefront measurement extend to the Surface 
of the cornea in FIG.3A. A raytracing software is then used to 
extrapolate the light rays of the set M1 into the interior of the 
eye. This is illustrated in FIG. 3B which shows the same eye 
model instance 20 and set of light rays M1 as FIG. 3A, 
wherein an extrapolated set of light rays M2 is shown in the 
interior of the eye. In the present example, a reference plane 
27 is defined in the anterior chamber 24 of the eye model, and 
the raytracing Software is used to calculate the rays of the set 
M2 until they are incident on the reference plane 27. 
0.135 Thereafter, the eye model instance is changed to a 
different eye model instance 28 shown in FIG.3C. The value 
of the parameter representing the curvature of the cornea 25 
of the eye model instance 28 is the preoperative value of the 
curvature of the cornea. This is based on the assumption that 
the intraoperatively measured curvature of the cornea differs 
from the postoperative curvature of the cornea and that the 
preoperatively determined value of the curvature of the cor 
nea better approximates the postoperative curvature of the 
cornea. Apart from the curvature of the cornea 25, the eye 
model instance 28 has the same values assigned to its param 
eters as the eye model instance 20. Moreover, the reference 
plane 27 in the eye model instance 28 is located at a same 
location relative to the intraocular lens 23 as in the eye model 
instance 20. Thereafter, the raytracing software is used to 
extrapolate the set of rays M2 from the interior of the eye to 
the outside of the eye. These extrapolated light rays are shown 
in FIG. 3C as a set of light rays M3. The set of extrapolated 
light rays M3 is then used to determine the postoperative 
visual defect of the eye. It is assumed that this calculated 
postoperative visual defect approximates the true visual 
defect established a couple of weeks after the surgery better 
than the visual defect directly determined from the intraop 
eratively measured wave front. 
0.136 Based on this result it is then possible to decide 
whether the position of the implanted intraocular lens within 
the eye should be corrected, the orientation of the implanted 
intraocular lens should be corrected or whether the implanted 
intraocular lens should be replaced by a different type of 
intraocular lens. 
0.137 The accuracy of the prediction of the postoperative 
visual defect of the eye can be further improved if the value of 
the curvature of the cornea used in the second eye model 
instance 28 is based on the preoperative value of the curvature 
of the cornea but corrected by taking the incisions in the 
cornea into account in order to betterpredict the postoperative 
shape of the cornea. Background information for Such pre 
diction of the postoperative shape of the cornea can be 
obtained from the article of R. Navarro et al. mentioned 
above. 

0.138. It is further possible to measure the intraocular pres 
Sure during the Surgery and to take the intraoperative value of 
the intraocular pressure into account when the postoperative 
curvature of the cornea is determined for the second eye 
model 28. 

0.139. In the above example, the set of light rays M1 is 
extrapolated into the interior of the eye up to reference plane 
27 which is located in the anterior chamber 24 of the eye. It is, 
however, also possible to locate the reference plane at Some 
other location within the eye. For example, the reference 
plane can be located within the vitreous body 22 such that the 
set of light rays M2 also traverses the intraocular lens 23. This 
can be in particular advantageous in situations where the 
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intraocular lens has an astigmatic power and a change of the 
orientation of the intraocular lens is considered based on the 
result of the measurement. 
0140. While the disclosure has been described with 
respect to certain exemplary embodiments thereof, it is evi 
dent that many alternatives, modifications and variations will 
be apparent to those skilled in the art. Accordingly, the exem 
plary embodiments of the disclosure set forth herein are 
intended to be illustrative and not limiting in any way. Various 
changes may be made without departing from the spirit and 
Scope of the present disclosure as defined in the following 
claims. 

1. An eye Surgery system, comprising: 
a user interface; 
a measuring system configured to determine at least pre 

operative values and intraoperative values of an eye; 
a first computing module configured to determine a first 

value based on preoperative values, wherein the first 
value represents a property of an intraocular lens; 

a second computing module configured to determine a 
second value based on a simulation performed on an eye 
model, wherein the second value represents a postopera 
tive visual defect of an eye, and wherein the eye model 
includes plural parameters; 

a controller configured 
to trigger the measuring system to determine preopera 

tive values, 
to trigger the first computing module to determine the 

first value representing the property of the intraocular 
lens, based on the preoperative values, 

to trigger the user interface to display the first value 
representing the property of the intraocular lens, 

to trigger the measuring system to determine intraopera 
tive values, 

to trigger the second computing module to determine the 
second value representing the postoperative visual 
defect of the eye, wherein the preoperative values of 
the eye are assigned to a first Subset of the plural 
parameters and wherein the intraoperative values of 
the eye are assigned to a second Subset of the plural 
parameters of the eye model, and 

to trigger the user interface to display the second value 
representing the postoperative visual defect of the 
eye. 

2. The eye Surgery system according to claim 1, wherein 
the controller is configured to wait for a predetermined user 
input via the user interface before the measuring system is 
triggered to determine the preoperative values, and/or 
wherein the controller is configured to wait for a predeter 
mined user input via the user interface before the measuring 
system is triggered to determine the intraoperative values. 

3. The eye Surgery system according to claim 1, wherein 
the preoperative values comprise one or more values selected 
from the following values: 

a value representing a curvature of a cornea of the eye, 
a value representing a distance between a corneal apex of 

the eye and a retina of the eye, and 
a value representing a distance between the corneal apex of 

the eye and a crystalline lens of the eye. 
4. The eye Surgery system according to claim 1, wherein 

the intraoperative values comprise one or more values 
selected from the following values: 
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a value representing a curvature of a cornea of the eye, 
a value representing a distance between a corneal apex of 

the eye and a retina of the eye, and 
a value representing a distance between the corneal apex of 

the eye and the intraocular lens of the eye, 
a value determined based on at least one incision intro 

duced into the cornea of the eye, 
a value representing a centration of the intraocular lens 

within the eye, and 
a wavefront measurement data. 
5. An eye Surgery system, comprising: 
a user interface; 
a measuring system configured to determine at least the 

following values of an eye: 
a value representing a curvature of a cornea of the eye, 
a value representing a distance between a corneal apex 

of the eye and a retina of the eye, and 
a value representing a distance between the corneal apex 

of the eye and a crystalline lens of the eye, and 
a value representing a distance between the corneal apex 

of the eye and the intraocular lens; 
a first computing module configured to determine a first 

value representing a property of an intraocular lens, 
wherein the first value is determined based on at least the 
following values: 
the value representing the curvature of a cornea of the 

eye, 
the value representing the distance between the corneal 

apex of the eye and the retina of the eye, and 
the value representing the distance between the corneal 

apex of the eye and the crystalline lens of the eye; 
a second computing module configured to determine a 

second value representing a postoperative visual defect 
of the eye, wherein the second value is determined based 
on a simulation performed on an eye model, and wherein 
the eye model includes at least the following parameters: 
a parameter representing a curvature of a cornea of the 

eye, 
a parameter representing a distance between a corneal 

apex of the eye and a retina of the eye, and 
a parameter representing a distance between the corneal 

apex of the eye and a crystalline lens of the eye, 
a parameter representing a distance between the corneal 

apex of the eye and the intraocular lens of the eye; 
a parameter representing a refractive power of the 

intraocular lens; 
a controller configured 

to receive at least the following preoperative values 
determined by the measuring system: 
the value representing the curvature of the cornea of 

the eye, 
the value representing the distance between the cor 

neal apex of the eye and the retina of the eye, and 
the value representing the distance between the cor 

neal apex of the eye and the crystalline lens of the 
eye; 

to trigger the first computing module to determine the 
first value representing the property of the intraocular 
lens, based on the determined preoperative values; 

to trigger the user interface to display the first value 
representing the property of the intraocular lens; 

to trigger the measuring system to determine at least the 
following intraoperative values: 
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the value representing the distance between the cor 
neal apex of the eye and the intraocular lens; 

to trigger the second computing module to determine the 
second value representing the postoperative visual 
defect of the eye, wherein: 
the preoperative value representing the curvature of 

the cornea of the eye is assigned to the parameter of 
the eye model representing the curvature of the 
cornea of the eye, 

the preoperative value representing the distance 
between the corneal apex of the eye and the retina 
of the eye is assigned to the parameter representing 
the distance between the corneal apex of the eye 
and the retina of the eye, and 

the intraoperative value representing the distance 
between the corneal apex of the eye and the 
intraocular lens is assigned to the parameter of the 
eye model representing the distance between the 
corneal apex of the eye and the intraocular lens; 

to trigger the user interface to display the second value 
representing the postoperative deficiency of the eye. 

6. The eye Surgery system according to claim 5, wherein 
the controller is configured to wait for a predetermined user 
input via the user interface before the measuring system is 
triggered to determine the preoperative values, and/or 
wherein the controller is configured to wait for a predeter 
mined user input via the user interface before the measuring 
system is triggered to determine the intraoperative values. 

7. The eye Surgery system according to claim 5, wherein 
the eye model further comprises the following parameter: 

a parameter representing at least one of a position, an 
orientation and a length of at least one incision intro 
duced into the cornea of the eye, 

and wherein the controller is further configured 
to receive a value, via the user interface, representing at 

least one of a position, an orientation and a length of at 
least one incision introduced into the cornea of the eye, 
and 

to trigger the second computing module to determine the 
second value representing the postoperative visual 
defect of the eye, wherein: 
the value representing the at least one of the position, the 

orientation and the length of the at least one incision 
introduced into the cornea of the eye is assigned to the 
parameter of the eye model representing the at least 
one of the position, the orientation and the length of 
the at least one incision introduced into the cornea of 
the eye. 

8. The eye Surgery system according to claim 5, wherein 
the measuring system is further configured to determine the 
following intraoperative value from the eye: 

a value representing a centration of the intraocular lens 
within the eye; 

wherein the eye model further comprises the following 
parameter: 

a parameter representing a centration of the intraocular 
lens within the eye; 

and wherein the controller is further configured 
to trigger the second computing module to determine the 

second value representing the postoperative visual 
defect of the eye, wherein: 
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the value representing the centration of the intraocular 
lens within the eye is assigned to the parameter of the 
eye model representing the centration of the intraocu 
lar lens within the eye. 

9. The eye Surgery system according to claim 1, wherein 
the measuring system includes at least one of a keratoscope 
and an OCT measuring device for determining the value 
representing the curvature of the cornea of the eye. 

10. The eye Surgery system according to claim 1, wherein 
the measuring system comprises at least one of an OCT 
measuring device, an ultrasound measuring device and an 
interface measuring device for determining the value repre 
senting the distance between the corneal apex of the eye and 
the retina of the eye. 

11. The eye Surgery system according to claim 1, wherein 
the measuring system comprises at least one of an OCT 
measuring device and an interface measuring device for 
determining at least one of the value representing the distance 
between the corneal apex of the eye and the crystalline lens of 
the eye and/or the value representing the distance between the 
corneal apex of the eye and the intraocular lens. 

12. The eye Surgery system according to claim 1, wherein 
the measuring system comprises at least one of a wave front 
measuring device and an ametropia measuring device for 
determining the value representing the centration of the 
intraocular lens within the eye. 

13. A method of inserting an intraocular lens into an eye, 
the method comprising: 

determining preoperative values of an eye; 
selecting an intraocular lens based on the preoperative 

values; 
inserting the intraocular lens into the eye; 
determining intraoperative values of the eye; 
providing an eye model, wherein the eye model includes 

plural parameters; 
determining the second value representing a postoperative 

visual defect of the eye using the eye model, wherein the 
preoperative values of the eye are assigned to a first 
subset of the plural parameters of the eye model and 
wherein the intraoperative values of the eye are assigned 
to a second subset of the plural parameters of the eye 
model; and 

correcting the position and/or the orientation of the 
inserted intraocular lens or inserting a different intraocu 
lar lens based on the value representing the postopera 
tive visual defect of the eye. 

14. The method according to claim 13, wherein the preop 
erative values comprise one or more values selected from the 
following values: 

a value representing a curvature of a cornea of the eye, 
a value representing a distance between a corneal apex of 

the eye and a retina of the eye, and 
a value representing a distance between the corneal apex of 

the eye and a crystalline lens of the eye. 
15. The method according to claim 13, wherein the intra 

operative values comprise one or more values selected from 
the following values: 

a value representing a curvature of a cornea of the eye, 
a value representing a distance between a corneal apex of 

the eye and a retina of the eye, 
a value representing a distance between the corneal apex of 

the eye and the intraocular lens, 
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a value representing at least one of a position, an orienta 
tion and a length of the at least one incision in the cornea 
of the eye, and 

a value representing a centration of the intraocular lens 
within the eye. 

16. The method according to claim 13, wherein the eye 
model comprises a first eye model instance and a second eye 
model instance; 

wherein the first eye model instance includes a represen 
tation of the cornea based on the intraoperative value 
representing the curvature of the cornea; 

wherein the second eye model instance includes a repre 
sentation of the cornea based on the preoperative value 
representing the curvature of the cornea; 

wherein the determining of the intraoperative values 
includes a performing of a wavefront measurement for 
determining a first set of light rays outside of the eye; 

wherein the determining of the second value representing a 
postoperative visual defect of the eye comprises: 
calculating a second set of light rays inside the eye by 

extrapolating the light rays of the first set of light rays 
using the first eye model instance, 

calculating a third set of light rays outside the eye by 
extrapolating the light rays of the second set of light 
rays using the second eye model instance, and 

determining the second value representing a postopera 
tive visual defect of the eye based on the third set of 
light rays. 


