w 2017/191487 A1 |00 OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
0T rpmivation = 000 OO
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 7/ 1 91487 Al

09 November 2017 (09.11.2017) WIPOI|IPCT

(51) International Patent Classification: GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
A61B 3/117 (2006.01) UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(21) International Application Number: EE, ES, FL FR, GB, GR, HR, HU. IE, IS, IT, LT, LU, LV.

PCT/IB2016/052496 MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(22) International Filing Date: TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
02 May 2016 (02.05.2016) KM, ML, MR, NE, SN, TD, TG).
(25) Filing Language: English Declarations under Rule 4.17:
(26) Publication Language: English — as to applicant’s entitlement to apply for and be granted a

tent (Rule 4.17(ii
(71) Applicant: NOVARTIS AG [CH/CH]; Lichtstrasse 33, patent (Rule 4.17(i)

4056 Basel (CH). Published:

—_ ith int 1l [ h t (Art. 21(3
(72) Tnventors: ABRAHAM, Mario; Kanalweg 32c, 90559 with international search report (Art. 21(3))

Burgthann (DE). WITTNEBEL, Michael; c/o Wavelight
GmbH, Am Wolfsmantel 5, 91058 Erlangen (DE). STEHR,
Matthias; Fichtenstr. 2, 82237 Worthsee (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO,CR,CU,CZ,DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA,
LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE,
PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: OVERLAY IMAGING FOR REGISTRATION OF A PATIENT EYE FOR LASER SURGERY

OVERLAY 7° OFFSET
202-2 2024

FIG. 2A

(57) Abstract: Methods and systems for overlay imaging for registration of a patient eye for laser surgery include aligning and over-
laying a surgical image of the limbus over a previously acquired diagnostic image of the limbus. The surgical image is displayed with a
degree of transparency and enabled to rotate about the limbus center. Various types of colors, markers, contrast, and backgrounds may
be used to generate a display for determining the alignment angle between the diagnostic image and the surgical image.



WO 2017/191487 PCT/IB2016/052496

OVERLAY IMAGING FOR REGISTRATION OF A PATIENT EYE FOR LASER
SURGERY

BACKGROUND

Field of the Disclosure

[0001] The present disclosure relates to ophthalmic surgery, and more specifically, to overlay

imaging for registration of a patient eye for laser surgery.

Description of the Related Art

[0002] In ophthalmology, eve surgery, or ophthalmic surgery, saves and improves the vision
of tens of thousands of patients every year. However, given the sensitivity of vision to even
small changes in the eye and the minute and delicate nature of many eye structures,
ophthalmic surgery is difficult to perform and the reduction of even minor or uncommon
surgical errors or modest improvements in accuracy of surgical techniques can make an

enormous difference in the patient’s vision after the surgery.

[0003] Ophthalmic surgery is performed on the eye and accessory visual structures. More
specifically, various types of laser ablation surgery (or simply ‘laser surgery’) may be
performed on the cornea, lens, or other structures in the eye for clinical treatment purposes.
Typically, prior to laser surgery a diagnostic image of the eye is acquired to characterize the
eye and to identify specific treatment locations, among other uses. Subsequently, when the
laser surgery is initiated on the eye using a surgical laser system, an initial step in the surgery
is registration of the eye to confirm the identity of the patient and to correlate the eye to the
diagnostic image. Typical surgical laser systems display the diagnostic image next to a
surgical image of the eye being acquired for registration purposes. During registration, the
surgeon or other medical personnel may find that precise rotational alignment of the eye
using the two images displayed next to one another, the diagnostic image and the surgical

image, is difficult or time-consuming.

SUMMARY

[0004] In one aspect a disclosed method is for registration of patient eyes for ophthalmic

surgery. The method may include acquiring a surgical image including the limbus of a
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patient eye subject to ophthalmic surgery, and overlaying the surgical image on a diagnostic
image including the limbus, the diagnostic image being previously acquired from the patient
eye. The method may also include aligning a first limbus center of the surgical image with a
second limbus center of the diagnostic image, and displaying the surgical image being rotated
about the first limbus center over an angular range. In the method, the surgical image may
have a transparency enabling simultaneous viewing of the surgical image and the diagnostic
image during at least a portion of the angular range. In the method, the angular range may
include an alignment angle for the surgical image at which the surgical image and the
diagnostic image are cyclotorsonally aligned with respect to the first limbus center and the

second limbus center, respectively.

[0005] In any of the disclosed embodiments of the method, the surgical image and the

diagnostic image may include at least a portion of the iris of the patient’s eve.

[0006] In any of the disclosed embodiments of the method, both the surgical image and the
diagnostic image may respectively include at least one identical marker at a common location
with respect to the iris of the patient’s eye. In the method, the marker may be an indication of
an iris structure of the iris displayed over a uniform background in place of the iris. In the
method, a first marker of the surgical image has a first color, and a second marker of the
diagnostic image has a second color. In the method, the marker may have a hollow shape. In

the method, the hollow shape may include at least one of a polygon and an ellipse.

[0007] In any of the disclosed embodiments of the method, displaying the surgical image
may further include displaying the surgical image being incrementally rotated about the first

limbus center over a step angle of rotation, in response to user input indicating the step angle.

[0008] In any of the disclosed embodiments, the method may further include receiving user
input specifying the alignment angle, displaying the surgical image rotated about the first
limbus center at the alignment angle, and varying the transparency of the surgical image from

low transparency to high transparency.

[0009] In any of the disclosed embodiments, the method may further include receiving user
input to select at least one of the displayed transparency, the range of transparency from high
transparency to low transparency, a step transparency within the transparency range, a first

color in the surgical image, a second color in the diagnostic image, a number of markers, a
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type of marker, a location of a marker, a contrast of the iris, a displayed portion of the iris, the

angular range, and a step angle within the angular range.

[0010] Another disclosed aspect includes an image processing system for overlay imaging
for registration of a patient eye for ophthalmic surgery, the image processing system
including a processor enable to access memory media storing instructions executable by the
processor to perform the method, or any portions thereof. A further disclosed aspect includes
an article of manufacture comprising non-transitory memory media for characterizing
membranes at vitreoretinal interfaces, the memory media storing instructions executable by a

processor to perform the method, or any portions thereof. .

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the present invention and its features and
advantages, reference is now made to the following description, taken in conjunction with the
accompanying drawings, in which:

[0012] FIGURES 1A and 1B show an embodiment of overlay imaging for registration of a
patient eye depicting the iris;

[0013] FIGURES 2A, 2B, and 2C shows an embodiment of overlay imaging for registration

of a patient eye using iris markers;

[0014] FIGURES 3A, 3B, and 3C shows an embodiment of overlay imaging for registration

of a patient eye using iris markers and shape markers;

[0015] FIGURE 4 is a block diagram of selected elements of an embodiment of an image

processing system for overlay imaging for registration of a patient eye; and

[0016] FIGURE 5 is a flow chart of selected elements of a method for overlay imaging for

registration of a patient eye.
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DESCRIPTION OF PARTICULAR EMBODIMENT(S)

[0017] In the following description, details are set forth by way of example to facilitate
discussion of the disclosed subject matter. It should be apparent to a person of ordinary skill
in the field, however, that the disclosed embodiments are exemplary and not exhaustive of all

possible embodiments.

[0018] As used herein, a hyphenated form of a reference numeral refers to a specific instance
of an element and the un-hyphenated form of the reference numeral refers to the collective
element. Thus, for example, device “12-17 refers to an instance of a device class, which may
be referred to collectively as devices ‘12° and any one of which may be referred to

generically as a device “12°.

[0019] As noted above, registration of a patient’s eye is performed as an initial step during
various types of ophthalmic surgery. In particular, for laser surgery of the cornea or eve lens,
an image of the limbus of the eye may be acquired during diagnosis, referred to as a
‘diagnostic image’. The diagnostic image may be used, along with other acquired data and
measurements, to determine a treatment plan for the eye, such as a surgical plan for the laser
surgery. When the patient is prepared for the laser surgery and is positioned within the laser
surgery system, a ‘surgical image” of the patient’s eye, including the limbus, is acquired and
used for registration of the eye. The registration using the surgical image serves to identify

the patient and to confirm that the correct eye is undergoing laser surgery.

[0020] Additionally, because cyclotorsion of the eye may occur to some degree, registration
may further involve a precise rotational alignment of the eye with respect to the diagnostic
image. Because the ability to rotate the patient may be limited, an alignment angle may be
determined by the surgical laser system representing a slight rotational (angular) offset
between the diagnostic image and the surgical image. The alignment angle may then be
recorded by the surgical laser system and used to rotationally offset laser activity on the eye
accordingly. The alignment angle is generally measured about a rotation point that is the
geometric center of the limbus, which provides a more stable rotational alignment point than
the center of the pupil, which can change as the pupil size changes. To the extent that the
pupil diameter is somewhat comparable in each of the images, the limbus also provides a

stable circular structure that can be used for precise scaling alignment of the diagnostic image
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to the surgical image, even when the two images differ in size, resolution, color, and

wavelength of light used, among other aspects.

[0021] Because the precise rotational alignment of the eye is crucial for properly performing
the surgical plan for the laser surgery, the surgeon or other surgical personnel will typically
verify that the alignment angle determined has a high degree of accuracy. Thus, the checking
and confirmation of the alignment angle may represent an important operation during

registration of the eye for the laser surgery.

[0022] Conventional surgical laser systems are typically equipped to provide the diagnostic
image next to the surgical image on a display screen that is viewed by an operator of the
surgical laser system, often the surgeon or other surgical personnel. The surgical image may
be acquired using microscope optics and a camera that is included with the surgical laser
system. However, determining the alignment angle between the diagnostic image and the
surgical image when the two images are displayed next to one another may be difficult and
time consuming, because such an arrangement may be challenging for human visual
cognition to interpret. Thus, by virtue of the side-by-side arrangement found in conventional
surgical laser systems, the overall accuracy of the alignment angle determined in this manner
may be limited, which is undesirable because it represents a potential source of error for

performing the surgical plan.

[0023] As will be described in further detail herein, the inventors of the present disclosure
have provided methods and systems of overlay imaging for registration of a patient eye for
laser surgery. Instead of presenting the diagnostic image next to the surgical image during
registration, the methods and systems of overlay imaging for registration of a patient eye
disclosed herein may display the two images as a single overlay image comprised of the
surgical image superimposed on the diagnostic image. The methods and systems of overlay
imaging for registration of a patient eye disclosed herein may further provide a variable
degree of transparency, from low transparency to high transparency, of the surgical image.
The methods and systems of overlay imaging for registration of a patient eye disclosed herein
may align the diagnostic image and the surgical image based on the limbus in each respective
image, and may enable rotation of the surgical image relative to the diagnostic image about
the limbus center. The methods and systems of overlay imaging for registration of a patient
eye disclosed herein may also enable displaying the surgical image being rotated relative to

the underlying diagnostic image about the limbus center. For example, the surgical image
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may be rotated about an angular range that includes the alignment angle, such as with a video
loop created with individual frames at individual step angles of the rotation, to allow human
visual cognition to more accurately and precisely determine or verify the alignment angle.
The methods and systems of overlay imaging for registration of a patient eye disclosed herein
may still further provide markers that are indicative of certain structures in the eye, such as
iris structures that are unique to the eye. Other geometric markers, such as polygons or
ellipses, may also be used. The methods and systems of overlay imaging for registration of a
patient eye disclosed herein may enable selection and configuration by users of various
features for flexible and customizable displays for determining and verifying the alignment
angle. The methods and systems of overlay imaging for registration of a patient eve
disclosed herein may be implemented using an image processing system that is included with

or that operates with the surgical laser system.

[0024] Referring now to the drawings, FIGURES 1A and 1B show an embodiment of overlay
imaging for registration of a patient eye depicting the iris. In FIGURES 1A and 1B overlay
images comprising a diagnostic image (lower or back image) over which a surgical image
(upper or front image) has been superimposed and aligned at the limbus center of each
respective image. In FIGURES 1A and 1B, substantially all of the iris structure as well as the
pupil is shown in both the diagnostic image and the surgical image, where the pupil is slightly
larger in the diagnostic image as compared to the surgical image. As shown, FIGURE 1A
shows a first overlay image that is slightly out of rotational alignment, while FIGURE 1B
shows a second overlay image that is more precisely aligned, as evident by the improved
sharpness of the iris structures visible. In FIGURE 1B, the more sharp alignment is visible in
the clarity of the iris structures, particularly as compared with FIGURE 1A. Accordingly, the
image shown in FIGURE 1B may represent an optimal alignment for cyclotorsion about the
limbus center between the diagnostic image and the surgical image, and the alignment angle
may be determined, or estimated, from the angular offset applied in FIGURE 1B, which is

known.

[0025] As shown, the images in FIGURE 1A and 1B represent examples of overlay imaging
for registration of a patient eye, as disclosed herein. Accordingly, the overlay images shown
in FIGURE 1A and FIGURE 1B may be displayed in a variety of different manners and
techniques, as described herein. Because the overlay images shown in FIGURE 1A and

FIGURE 1B may be generated and displayed using an image processing system (see

-6-



WO 2017/191487 PCT/IB2016/052496

FIGURE 4), both the diagnostic image and the surgical image may be processed and
displayed as digital images, allowing for various types of manipulation. For example, user
input may be received to determine the actual angular offset displayed, allowing a user to
manually determine the optimal alignment angle for cyclotorsion by ‘tuning” the offset angle,
as desired. In some embodiments, user input may be received to determine a step angle of
rotation for rapid bidirectional manual rotation. Although only static images can be displayed
in the drawings, it will be appreciated that a dynamic, or animated, view of the images shown
in FIGURES 1A and 1B may be generated by varying an offset angle of the surgical image
relative to the diagnostic image. In various embodiments, the offset angle may be varied over
an angular range about the limbus center that includes the alignment angle, or the expected
alignment angle. The display of the offset angle over the angular range may be repeated in a
loop with bidirectional rotation. In this manner, a user may be able to confirm with a high
degree of certainty, accuracy, and precision that the alignment angle selected is actually the
optimal alignment angle. The animation loop about the angular range described above may
be activated or repeated, for example, when the alignment angle has been tentatively
determined in a first iteration, to enable determination of the alignment angle with increased,
or optimal, accuracy in degrees of rotation, such as limited by the resolution of the raw image
data or limited by the processing ability of the surgical laser system or the image processing

system.

[0026] It is further noted that color and contrast may be varied (not shown) for the diagnostic
image or the surgical image or both. For example, the diagnostic image may be a first color,
while the surgical image may be a second color. When both images are aligned, the resulting
image may accordingly appear as a third color that is a combination of the first color and the

second color.

[0027] Other types of displays may also be generated, as described herein. For example, a
transparency of the overlaid surgical image may be varied (not shown) between low
transparency (mostly or all opaque) to high transparency (mostly or all transparent). The
transparency of the surgical image may be varied manually by the user, such as by user input
specifying the transparency. As an animation, the transparency of the surgical image may be
automatically varied from low transparency to high transparency. The user may be enabled
to determine the speed of the animation, as well as the transparency levels corresponding to

low transparency and high transparency, respectively. In this manner, the animation may
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transition from the diagnostic image to the surgical image without a change in the offset
angle between the two images, to provide another view that enables highly precise and
accurate determination of the alignment angle by more clearly presenting misaligned features
in the display output to the user. As with the other techniques for overlay imaging disclosed
herein, the transparency animation may enable determination of the optimal alignment angle

that appears best aligned in various different overlay displays.

[0028] Still further, as will be shown in the subsequent figures, certain portions of the overlay
image may be masked out or covered with a solid region, instead of the entire image within
the limbus, for clarity and visual simplicity. Various types of markers may be used in the
overlay image, such as, but not limited to, iris markers that are indicative of particular iris
structures, and geometric markers, such as a polygon or an ellipse, which may also be hollow
markers for improved recognition of alignment. The number, type, location, size, among
other features of the markers may be user selectable. The markers may include optical
markers, such as regions of varied illumination, brightness, contrast, or other optical image
property.

[0029] Referring now to FIGURES 2A, 2B, and 2C, an embodiment of overlay imaging for
registration of a patient eye depicting the iris using iris markers 204 is shown. Iris markers
204 may be indicative of a particular feature in the iris of the eye (see FIGURES 1A and 1B).
In FIGURES 2A, 2B, and 2C overlay images for the limbus are shown indicative of a
diagnostic image (lower or back image) respectively superimposed over a surgical image
(upper or front image) and aligned at the limbus center of cach respective image. In
FIGURES 2A, 2B, and 2C, the image of the iris has been replaced with a uniform ring field
for greater optical clarity in viewing iris markers 204. In FIGURES 2A, 2B, and 2C, a first
pupil 206-1 pupil is shown for the diagnostic image and a second pupil 206-2 is shown for
the surgical image, where first pupil 206-1 is slightly larger than second pupil 206-2. It is
noted that in other embodiments, first pupil 206-1 and second pupil 206-2 may be the same
size or different sizes, and the pupil size may be modulated by adjusting the illumination on
the eye. In FIGURES 2A, 2B, and 2C, a first reticle 202-1 is also shown for the diagnostic
image and a second reticle 202-2 is shown for the surgical image. Reticles 202 cross at a
common point that is the limbus center, which is not affected by a change in size of pupils
206. As shown, FIGURE 2A shows a third overlay image that has an angular offset of 7°

about the limbus center and is accordingly out of rotational alignment, FIGURE 2B shows a

-8-



WO 2017/191487 PCT/IB2016/052496

fourth overlay image that has an angular offset of -7° about the limbus center and is
accordingly out of rotational alignment. The diagnostic image having reticle 202-1 is shown
at alignment with vertical and horizontal. FIGURE 2C shows a fifth overlay image that is

more precisely aligned, albeit at an offset of 3° from vertical or horizontal.

[0030] In FIGURE 2A, iris marker 204-2 is offset from iris marker 204-1, and may be more
clearly visible that an actual picture of the iris that iris markers 204 represent. Iris markers
204 may be generated using the same image processing operation from a respective iris
image. In FIGURE 2B, iris marker 204-2 is offset in an opposite direction from iris marker
204-1 as compared to FIGURE 2A. In FIGURE 2C, iris markers 204 appear as singular
markers due to the precise alignment in the overlay image, and reticle 202 also appears as a

single reticle.

[0031] As with FIGURES 1A and 1B, it is noted that various different modifications and
techniques may be used with the overlay images shown in FIGURES 2A, 2B, and 2C. In
some embodiments, certain portions of the iris may be blended in with a varying degree of
transparency, as described above. Iris markers 204 may be shown along with the actual iris
structure represented by iris markers 204, or any desired portion thercof. Color and
transparency of any of the image elements shown or described may be varied manually or
automatically in an animation loop, as described above, with user configuration of various
display parameters relating to color, time, transparency, among others. In particular, when an
offset angle of the diagnostic image is not aligned with vertical or horizontal, the alignment
angle may be determined relative to any offset angle of the diagnostic image, as shown in

FIGURE 2C.

[0032] Referring now to FIGURES 3A, 3B, and 3C, an embodiment of overlay imaging for
registration of a patient eye depicting the iris using iris markers 204 and geometric markers
302. Iris markers 204 may be indicative of a particular feature in the iris of the eye (see
FIGURES 1A and 1B) and are the same as described above with respect to FIGURES 2A,
2B, and 2C. In FIGURES 3A, 3B, and 3C, overlay images for the limbus are shown
indicative of a diagnostic image (lower or back image) respectively superimposed over a
surgical image (upper or front image) and aligned at the limbus center of each respective
image. In FIGURES 3A, 3B, and 3C, the image of the iris has been replaced with a uniform
ring field for greater optical clarity in viewing iris markers 204 and geometric markers 302.

In FIGURES 3A, 3B, and 3C, a first pupil 206-1 pupil is shown for the diagnostic image and
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a second pupil 206-2 is shown for the surgical image, where first pupil 206-1 is slightly larger
than second pupil 206-2. In FIGURES 3A, 3B, and 3C, a first reticle 202-1 is also shown for
the diagnostic image and a second reticle 202-2 is shown for the surgical image. Reticles 202
cross at a common point that is the limbus center, which is not affected by a change in size of
pupils 206. As shown, FIGURE 3A shows a sixth overlay image that has an angular offset of
2° about the limbus center and is accordingly out of rotational alignment, FIGURE 3B shows
a seventh overlay image that has an angular offset of -2° about the limbus center and is
accordingly out of rotational alignment. The diagnostic image having reticle 202-1 is shown
at alignment with vertical and horizontal. FIGURE 3C shows an eighth overlay image that is

more precisely aligned, albeit at an offset of -3° from vertical or horizontal.

[0033] In FIGURES 3A, 3B, and 3C, geometric markers 302 are shown as circles, which is a
special case of an ellipse more generally. Geometric markers 302 are further shown as
hollow markers, which may enable a more precise or accurate alignment over the entire
marker, as well as over the visible portion from the hollow space of the underlying image
(here iris markers 204). In FIGURES 3A, 3B, and 3C, geometric marker 302-1 is in the
diagnostic image, while geometric marker 302-2 is in the surgical image. As with the
previous figures described in detail above, it is noted that various different modifications and

techniques may be used with the overlay images shown in FIGURES 3A, 3B, and 3C.

[0034] Referring now to FIGURE 4, a block diagram illustrating selected elements of an
embodiment of an image processing system 400 is presented. In the embodiment depicted in
FIGURE 4, image processing system 400 includes processor 401 coupled via shared bus 402

to memory media collectively identified as memory 410.

[0035] Image processing system 400, as depicted in FIGURE 4, further includes
communication interface 420 that can interface image processing system 400 to various
external entities, such as a network or instrumentation bus included with a surgical laser
system. In embodiments suitable for overlay imaging for registration of a patient eye for
laser surgery, image processing system 400, as depicted in FIGURE 4, includes display
interface 404 that connects shared bus 402, or another bus, with an output port for one or
more displays, such as a display of a surgical laser system, an ocular display of a surgical
microscope, or another display. As shown, image processing system 400 may further include

a camera interface 406 for acquisition of surgical images from a camera included in the
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surgical laser system. In some embodiments, camera interface 406 includes a camera and

suitable optics for overlay imaging for registration of a patient eye for laser surgery.

[0036] In FIGURE 4, memory 410 encompasses persistent and volatile media, fixed and
removable media, and magnetic and semiconductor media. Memory 410 is operable to store
instructions, data, or both. Memory 410 as shown includes sets or sequences of instructions,
namely, an operating system 412, and an overlay image processing application 414,
Operating system (OS) 412 may be a UNIX or UNIX-like operating system, a Windows®

family operating system, or another suitable operating system.

[0037] In various embodiments, image processing system 400 may be integrated with
different types of equipment. In one embodiment, image processing system 400 is integrated
with a surgical microscope. The surgical microscope may be integrated within the surgical

laser system.

[0038] Modifications, additions, or omissions may be made to image processing system 400
without departing from the scope of the disclosure. The components and elements of image
processing system 400, as described herein, may be integrated or separated according to
particular applications. Image processing system 400 may be implemented using more,

fewer, or different components in some embodiments.

[0039] Referring now to FIGURE 5, a flow chart of selected elements of an embodiment of a
method 500 for overlay imaging for registration of a patient eye for laser surgery, as
described herein, is depicted in flowchart form. It is noted that certain operations described
in method 500 may be optional or may be rearranged in different embodiments. Method 500

may be performed by overlay image processing application 414 in FIGURE 4.

[0040] Method 500 may begin, at step 502, by acquiring a surgical image including the
limbus of a patient eye subject to ophthalmic surgery. The ophthalmic surgery may be laser
surgery. At step 504, the surgical image is overlaid on a diagnostic image including the
limbus, the diagnostic image being previously acquired from the patient eye. At step 506, the
surgical image is displayed being rotated about the first limbus center over an angular range,
the surgical image having a transparency enabling simultancous viewing of the surgical
image and the diagnostic image during at least a portion of the angular range, and the angular
range including an alignment angle for the surgical image at which the surgical image and the

diagnostic image are cyclotorsonally aligned with respect to the first limbus center and the
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second limbus center, respectively. At step 508, user input specifying the alignment angle is
received. It is noted that step 508 may be repeated or performed iteratively in conjunction
with other steps in method 500. At step 510, the surgical image is displayed rotated about the
first limbus center at the alignment angle. At step 512, the transparency of the surgical image

is varied from low transparency to high transparency.

[0041] As disclosed herein, methods and systems for overlay imaging for registration of a
patient eye for laser surgery include aligning and overlaying a surgical image of the limbus
over a previously acquired diagnostic image of the limbus. The surgical image is displayed
with a degree of transparency and enabled to rotate about the limbus center. Various types of
colors, markers, contrast, and backgrounds may be used to generate a display for determining

the alignment angle between the diagnostic image and the surgical image.

[0042] The above disclosed subject matter is to be considered illustrative, and not restrictive,
and the appended claims are intended to cover all such modifications, enhancements, and
other embodiments which fall within the true spirit and scope of the present disclosure. Thus,
to the maximum extent allowed by law, the scope of the present disclosure is to be
determined by the broadest permissible interpretation of the following claims and their

equivalents, and shall not be restricted or limited by the foregoing detailed description.
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WHAT IS CLAIMED IS:

1. A method for registration of patient eyes for ophthalmic surgery, the method
comprising:

acquiring a surgical image including the limbus of a patient eye subject to ophthalmic
surgery;

overlaying the surgical image on a diagnostic image including the limbus, the
diagnostic image being previously acquired from the patient eye;

aligning a first limbus center of the surgical image with a second limbus center of the
diagnostic image; and

displaying the surgical image being rotated about the first limbus center over an
angular range, wherein the surgical image has a transparency enabling simultancous viewing
of the surgical image and the diagnostic image during at least a portion of the angular range,
and wherein the angular range includes an alignment angle for the surgical image at which
the surgical image and the diagnostic image are cyclotorsonally aligned with respect to the

first limbus center and the second limbus center, respectively.

2. The method of claim 1, wherein the surgical image and the diagnostic image include

at least a portion of the iris of the patient’s eye.
3. The method of claim 1, wherein both the surgical image and the diagnostic image
respectively include at least one identical marker at a common location with respect to the iris

of the patient’s eye.

4, The method of claim 3, wherein the marker i1s an indication of an iris structure of the

iris displayed over a uniform background in place of the iris.

5. The method of claim 3, wherein a first marker of the surgical image has a first color,

and a second marker of the diagnostic image has a second color.

6. The method of claim 3, wherein the marker is a hollow shape.
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7. The method of claim 6, wherein the hollow shape includes at least one of: a polygon

and an ellipse.

8. The method of claim 1, wherein displaying the surgical image further comprises:
displaying the surgical image being incrementally rotated about the first limbus center

over a step angle of rotation, in response to user input indicating the step angle.

9. The method of claim 1, further comprising:

receiving user input specifying the alignment angle;

displaying the surgical image rotated about the first limbus center at the alignment
angle; and

varying the transparency of the surgical image from low transparency to high

transparency.
10. The method of claim 1, further comprising receiving user input to select at least one
of:

the transparency displayed;

a range of transparency from high transparency to low transparency;
a step transparency within the transparency range;
a first color in the surgical image;

a second color in the diagnostic image;

a number of markers;

atype of marker;

alocation of a marker;

a contrast of the iris;

a displayed portion of the iris;

the angular range; and

a step angle within the angular range.
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11.  An image processing system for registration of patient eyes for ophthalmic surgery,
the image processing system comprising:

a processor enabled to access memory media storing instructions executable by the
processor to,

acquire a surgical image including the limbus of a patient eye subject to ophthalmic
surgery;

overlay the surgical image on a diagnostic image including the limbus, the diagnostic
image being previously acquired from the patient eye;

align a first limbus center of the surgical image with a second limbus center of the
diagnostic image; and

display the surgical image being rotated about the first limbus center over an angular
range, wherein the surgical image has a transparency enabling simultancous viewing of the
surgical image and the diagnostic image during at least a portion of the angular range, and
wherein the angular range includes an alignment angle for the surgical image at which the
surgical image and the diagnostic image are cyclotorsonally aligned with respect to the first

limbus center and the second limbus center, respectively.

12.  The image processing system of claim 11, wherein the surgical image and the

diagnostic image include at least a portion of the iris of the patient’s eye.
13. The image processing system of claim 11, wherein both the surgical image and the
diagnostic image respectively include at least one identical marker at a common location with

respect to the iris of the patient’s eye.

14.  The image processing system of claim 13, wherein the marker is an indication of an

iris structure of the iris displayed over a uniform background in place of the iris.

15.  The image processing system of claim 13, wherein a first marker of the surgical

image has a first color, and a second marker of the diagnostic image has a second color.

16.  The image processing system of claim 13, wherein the marker is a hollow shape.
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17.  The image processing system of claim 16, wherein the hollow shape includes at least

one of’ a polygon and an ellipse.

18. The image processing system of claim 11, wherein the instructions to display the
surgical image further comprise instructions to:
display the surgical image being incrementally rotated about the first limbus center

over a step angle of rotation, in response to user input indicating the step angle.

19.  The image processing system of claim 11, further comprising instructions to:
receive user input specifying the alignment angle;

display the surgical image rotated about the first limbus center at the alignment angle;

and

vary the transparency of the surgical image from low transparency to high
transparency.
20.  The image processing system of claim 11, further comprising instructions to receive

user input to select at least one of:
the transparency displayed;
a range of transparency from high transparency to low transparency;
a step transparency within the transparency range;
a first color in the surgical image;
a second color in the diagnostic image;
a number of markers;
atype of marker;
alocation of a marker;
a contrast of the iris;
a displayed portion of the iris;
the angular range; and

a step angle within the angular range.
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