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(57) Abréegée/Abstract:

Apparatuses, systems, and methods for treating tissue abnormalities are disclosed. The tissue may be visualized for determining a
presence of one or more abnormalities contained therein. Imaging data obtained by visualization may be used to determine the
presence of one or more abnormalities. Each of the detected abnormalities may be identified and a treatment plan developed for
treating the abnormalities. Treatment may be delivered to the abnormalities according to the treatment plan.
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(57) Abstract: Apparatuses, systems, and methods for treating tissue abnormalities are disclosed. The tissue may be visualized for

determining a presence of one or more abnormalities contained therein.

Imaging data obtained by visualization may be used to de-

termine the presence of one or more abnormalities. Fach of the detected abnormalities may be i1dentified and a treatment plan de -
veloped for treating the abnormalities. Treatment may be delivered to the abnormalities according to the treatment plan.
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SYSTEMS, APPARATUSES, AND METHODS FOR THE OPTIMIZATION
OF LASER PHOTOCOAGULATION

TECHNICAL FIELD

[0001] The present disclosure relates to systems, apparatuses, and methods for
optimizing laser photocoagulation. Particularly, this disclose relates to systems,

apparatuses, and methods for optimizing photocoagulation 1in ophthalmology.

BACKGROUND

[0002] Over time, one or more locations of the retina of an eye may develop defects
due to mnjury or disecase. Laser photocoagulation may include the use of laser energy
to precisely and finely cauterize one or more of the locations on the retina to provide
therapeutic benefits. Some of these defects may be caused by various diseases or
conditions. For example, diseases for which laser photocoagulation may be utilized
include age related macular degencration ("AMD™), diabetic retinopathy, retinal
iIschemia, artertal and venous occlusions, central serous chorioretinopathy,
ncovascularization of the choroid or retina, glaucoma, retinopathy of prematurity
retinal tears or breaks, retinal detachment, lattice degeneration, posterior capsular

opacification ("PCQO”), and some ocular tumors.
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SUMMARY

[0003] According to on¢ aspect, the disclosure describes a surgical optimization
system that may include an imaging device adapted to receive imaging data of a tissue
at a treatment location; and a treatment delivery device adapted to apply a treatment to
the tissue at the treatment location; and a treatment control device. The imaging
device and the treatment device may be coupled to the treatment control device. The
treatment control may include a processor adapted to identity the presence of an
abnormality of the tissue based on the received imaging data; determine a treatment
plan using the i1dentified abnormality; and deliver a treatment to the abnormality
according to the treatment plan via the treatment delivery device.

[0004] Another aspect of the disclosure encompasses a method to optimize treatment
of a tissuc. The method may include visualizing a tissue with an 1imaging device to
obtain 1maging data of the tissue; 1dentifying, using an algorithm, an abnormality of
the tissue based on the 1maging data; generating, with a processor, a plan to treat the
abnormality; and delivering treatment to the abnormality of the tissue according to the
treatment plan.

[0005] The various aspects may include one or more of the following features. The
processor may be adapted to identify a particular type of abnormality based on the
recerved 1maging data. The tissue at the treatment location may be a retinal tissue,
and a type of identified abnormality may be one of a venous occlusion, a macular
edema, a microvascular abnormality, a retinal break, a retinal tear, or an ocular tumor.
The mmaging device may be an OCT device. The processor may be adapted to
determine treatment parameters for treating the identified abnormality. The treatment
parameters may include one of a location to apply a treatment, a size of the location to
be treated, locations excluded from treatment, and a laser power to be used for
treatment.

[0006] Dclivery of the treatment to the abnormality according to the treatment plan
via the treatment dehivery device may be performed autonomously by the treatment
control device. Delivery of the treatment to the abnormality according to the
treatment plan via the treatment delivery device may be performed upon receipt of a
user mput. The user mput may include alignment of a target indicator with a
treatment location of the abnormality. The processor may be adapted to update the

treatment plan during the course of the treatment.
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[0007] The various aspects may also include one or more of the following features.
Delivering treatment to the abnormality of the tissue according to the treatment plan
may include delivering treatment with a treatment delivery device. The treatment
dehivery device may include a treatment laser. Visualizing a tissue with an 1imaging
device to obtain 1imaging data of the tissue may include visualizing the tissue with an
OCT device. An algorithm used for identifying an abnormality of the tissue based on
the 1maging data may include an image processing algorithm. Generating, with a
processor, a plan to treat the abnormality may include at least one of i1dentifying a
trecatment location of the abnormality, a size of a trcatment location of the
abnormality, a power setting to be applied to an 1dentified treatment location, and a
location to be excluded from treatment. Delivering treatment to the abnormality of
the tissue according to the treatment plan may include automatically delivering
treatment to the abnormality according to the treatment plan. Delivering treatment to
the abnormality of the tissue according to the treatment plan may include delivering
treatment to the abnormality according to the treatment plan upon receipt of a user
input. The treatment plan may be updated as the treatment 1s being delivered to the
abnormality. The treatment plan may be registered with a real-time 1mage of the
tissue.

[0008] It 1s to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory in nature and are
intended to provide an understanding of the present disclosure without limiting the
scope of the present disclosure. In that regard, additional aspects, features, and
advantages of the present disclosure will be apparent to one skilled 1n the art from the

following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 1s a schematic illustration of an example system for treating tissue
abnormalities.

[0010] FIG. 2 1s an example image that includes a tissue shown 1n a first view and
imaging data of a portion of the tissue shown 1n a second view.

[0011] FIG. 3 1s a flow diagram of an example algorithm for automatically detecting a
retinal feature.

[0012] FIG. 4A 1s an example two-dimensional OCT mmage of a portion of a retina.
[0013] FIG. 4B 1s an example three-dimensional OCT 1mage of a portion of a retina.
[0014] FIG. 5A 1s an example two-dimension OCT 1mage of the portion of the retina
shown 1n FIG. 4A with boundaries of an ILM layer and RPE layer identified.

[0015] FIG. 5B 1s an example three-dimensional OCT 1mage of the portion of the
retina shown 1n FIG. 4B with boundaries of an ILM layer and RPE layer identified.
[0016] FIG. 6 1s an example chart that represents a thickness profile of the
neurosensory retina.

[0017] FIG. 7A 1s an example two-dimensional OCT image that includes an
indication of a detected retinal break.

[0018] FIG. 7B shows an indication surrounding a suspected retinal break combined
with a fundus 1image of an eye.

[0019] FIG. 7C shows a pseudo color map that may be generated based on a detected
retinal abnormality.

[0020] FIG. 8 1s an example 1image showing a tissue having i1dentified abnormalities
and selected treatment locations associated therewith.

[0021] FIG. 9 shows the image of FIG. 8 with some of the seclected treatment
locations 1dentified as having been treated.

[0022] FIGs. 10 and 11 1illustrate example retmopexies applied to a retina.

[0023] FIG. 12 1s an example method for optimizing tissue treatment.
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DETAILED DESCRIPTION

[0024] The present disclosure relates to medical treatment. Particularly, the present
disclosure describes methods, apparatuses, and systems for optimizing laser
photocoagulation mm ophthalmology. In some instances, the laser photocoagulation
may be fully automated, requiring only minor mput from a user, such as a physician
or other medical professional. In other instances, a user may have varying degrees of
input during the laser photocoagulation. Additionally, in some instances, an apparatus
embodying and/or used for the optimized laser photocoagulation may be a stand-alone
device or system. In other instances, the apparatus may be incorporated mto a
surgical console that 1s operable to perform a plurality of surgical procedures.

[0025] The description 1s provided generally in the context of ophthalmology.
However, ophthalmology 1s merely provided as an example field in which the
presented subject matter may be used. Thus, the scope of the disclosure 1s not so
limited. Rather, the subject matter described herein may be utilized m other
applications, including applicable to other medical arts or even arcas outside of the
medical arts. Thus, the scope of the disclosure 1s not limited to ophthalmic
applications. For example, the aspects of the disclosure may be applicable to other
types of medical conditions and surgical procedures unrelated to ophthalmology.
Further, the scope of the disclosure 1s not limited to laser photocoagulation treatments.
Rather, other types of treatments, both within and outside of ophthalmology, are
within the scope of the present disclosure.

[0026] Additionally, a retinal laser photocoagulation procedure 1s described.
However, this, too, 1s provided only for illustrative purposes and 1s not intended to
limit the scope of the disclosure. As explained above, the present disclosure may be
applicable to both other types of ophthalmic surgical procedures as well as surgical
procedures outside of the ophthalmology. Further, the present disclosure may be
applicable outside of the medical arts.

[0027] FIG. 1 shows an example system 100 that may be used to perform optimized
laser photocoagulation procedures. The system 100 1s operable to provide laser
energy to perform laser photocoagulation of a portion of an eye, such as a retina. In
some 1nstances, the system 100 1s operable to perform one or more of the following
features: 1) visualize the ocular tissue, including obtaining 1imaging data of the ocular

tissue; 2) identify abnormalities and their locations on an ocular tissue for treatment
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using the mmaging data, mcluding tracking the 1dentified locations of the
abnormalitics; 3) determine approprnate laser parameters to appropriately perform a
laser treatment of the abnormalities on the ocular tissue; and 4) treat the
abnormalitics, which may include, in some mstances, firing a laser to treat the
1identified locations.

[0028] Further, 1n some implementations, the system 100 may also provide a
“heads-up display™ overlaid onto an 1image of an ocular tissue. The heads-up display
may provide information to a user associated with a laser photocoagulation treatment.
For example, the heads-up display may overlay one or more selected target locations
for treatment onto the 1mage of the ocular tissue. The selected target locations that
have not yet been treated may be represented 1n one way (€.g2., such as by way of
represented symbol, color, character, etc.) and treated target locations 1n a manner
different from the untreated target locations. The heads-up display may also provide a
laser aiming indication. The laser aiming indication may identify a location on the
ocular tissue where laser energy would be delivered if laser firing occurred. The laser
aiming 1ndication may be tracked real time and indicate to a user an instantaneous
location where laser energy would impact the ocular tissue 1f the laser were fired.
[0029] The system 100 may include a laser control device 110, a laser delivery device
120, an imaging device 130, and a display 150. A microscope 140 may also be
included. The laser control device 110 may include a treatment laser 155. The
treatment laser 155 may be operably coupled to laser delivery device 120. In some
implementations, the treatment laser 155 may be included with or otherwise form a
part of the laser delivery device 120. In some implementations, the laser delivery
device 120 may be operable to direct laser energy to a particular location on an ocular
tissue. In some instances, the laser delivery device 120 may be a laser probe. The
imaging device 130 may be operable to receive an 1image of an areca of an ocular
tissue. An image provided by the imaging device 130 may include imaging data, such
as 1maging data indicating tissue structures along a depth of the ocular tissue. The
imaging device 130 may be utilized to 1mage a portion of an ocular tissue for which
imaging data 1s desired.

[0030] In some instances, the laser delivery device 120 and the imaging device 130
arc or form parts of separate devices. For example, in some instances, the laser
dehivery device 120 may be a laser probe that 1s insertable, at least in part, into a

portion of the eye. The imaging device 130 may be or form a portion of a separate
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device operable to receive and transmit an image of the ocular tissue and/or data
representative thercof to laser control device 110 or other part of system 100. For
example, the imaging device 130 may be an optical coherence tomography (F"OCT™)
probe that 1s insertable, at least in part, into an eye. In other mstances, the imaging
device 130 may be operable to obtain infrared 1imaging data, retinal topography data.,
or any other type of data containing information usable to identify tissue
abnormalitics. One or more of the abnormalities may be determined to be suitable for
laser photocoagulation treatment.

[0031] The transmitted 1mage and/or image data from the 1imaging device 130 may be
displayed to a user in any desired fashion. For example the received image and/or
data may be displayed with a monitor, a microscope (¢.g., within an eyepiece of a
surgical microscope), as a data model representative of the ocular tissue, or in any
other desired manner. In other instances, the laser delivery device 120 and the
imaging device 130 may form or form part of a single device. Further, the system 100
may include a plurality of laser delivery devices 120 and/or imaging devices 130.
[0032] The microscope 140 may also be utilized to obtain an 1image of a portion of an
eye. For example, the microscope 140 may be operable to obtain an 1mage of an
eye’s retina or a portion thereof. The image of the retina may be observed directly by
a user via the eyepiece 145. In some instances, the 1image obtained by the microscope
140 may be transmitted to a separate display, such as display 150. Thus, in some
instances, the system 100 may include multiple components for observing a tissue for
treatment. For example, the microscope 140 may be used to view a retina through the
cornea and lens of the eye. The image data provided by the microscope 140 may
encompass a large portion of the retina. In other instances, the 1mage data may
encompass a smaller portion of the retina. The imaging device 130 may also be able
to obtain data that may be used in conjunction with the image data provided by the
microscope 140. For example, the image data provided by the microscope 140 may
include a visual image of the retina while the imaging device 130 may be operable to
obtain OCT data of an area of the retina within the visual 1mage. For example, the
OCT data may include depth data along one or more scan lines of the tissue. Thus,
the OCT data provides virtual cross-sectional information of the tissue taken along the
on¢ or more scan lines. In some instances, the 1imaging device 130 may form part of

the microscope 140. In other implementations, the laser delivery device 120 may
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form part of the microscope 140. In still other implementations, both the imaging
device 130 and the laser delivery device 120 may form part of the microscope 140.
[0033] While the imaging device 130 may be an OCT instrument inserted into the
eye, the imaging device 130 may be a device operable to obtain OCT data prior to or
instantancously during a surgery without insertion mto the eye. For example, in some
instances, the imaging device 130 may be operable to obtain OCT data through the
cornea and lens of the eye. Particularly, in some instances, the imaging device 130
may form part of the microscope 140. Further, the OCT data may be obtained
through the cornea and lens of the eye.

[0034] In some 1nstances, the system 100 may be a discrete, single purpose system.
In other instances, the system 100 may be mcorporated into a multifunctional system
operable to perform laser photocoagulation as well as other surgical procedures.
Thus, 1n some 1nstances, the system 100 may be an integrated subsystem of a multi-
functional surgical console.

|0035] The system 100 may include a processor 160 and a memory device 170 1n
communication with the processor 160. The memory device 170 may include any
memory or module and may take the form of volatile or non-volatile memory
including, without limitation, magnetic media, optical media, random access memory
(RAM), read-only memory (ROM), removable media, or any other suitable local or
remote memory component. Memory device 170 may contain, among other 1tems, a
laser control application 180. The laser control application 180 may provide
instructions for operating aspects of the system 100. For example, laser control
application 180 may include mstructions for controlling the laser control device 110.
[0036] Memory 170 may also store classes, frameworks, applications, backup data.,
jobs, or other mformation that includes any parameters, variables, algorithms,
instructions, rules, or references thereto. Memory 170 may also include other types of
data, such as environment and/or application description data, application data for one
or more applications, as well as data involving virtual private network (VPN)
applications or services, firewall policies, a security or access log, print or other
reporting files, HyperText Markup Language (HITML) files or templates, related or
unrelated software applications or sub-systems, and others. Consequently, memory
170 may also be considered a repository of data, such as a local data repository from

on¢ or more applications, such as laser control application 180. Memory 170 may
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also include data that can be utilized by one or more applications, such as the laser
control application 180.

[0037] Laser control application 180 may include a program or group of programs
containing 1nstructions operable to utilize received data, such as m one or more
algorithms, to determine a result or output. The determined results may be used to
affect an aspect of the system 100. The laser control application 180 may include
instructions for controlling aspects of a treatment laser, such as treatment laser 155 for
example. The application 180 may iclude instructions, such as one or more
algorithms, for determining and controlling laser parameters. Control of the laser
parameters may be premised on information iputted by a user and/or data recerved
into the system, such as by one or more sensors. The one or more sensors may be
included with or otherwise in communication with the system 100. For example,
inputted information may be the imaging data received from the imaging device 130
and/or microscope 140. The laser control application 180 may determine one or more
adjustments to the operation of the system 100. The adjustments may be implemented
by on¢ or more transmitted control signals to one or more components of system 100,
such as, for example, the laser control device 110. While an example system 100 1s
shown, other implementations of the system 100 may include more, fewer, or
different components than those shown.

[0038] In some 1nstances, the laser control application 180 may provide instructions
to obtain one or more 1images of an ocular tissue for treatment, 1dentify one or more
arcas of the ocular tissue for laser photocoagulation treatment, generating a laser
treatment plan, and delivering laser treatment to the one or more arcas of the ocular
tissue. The laser control application 180 may also include mstructions for controlling
onc or more components of the system 100 and/or peripheral device coupled to the
system 100. For example, in some implementations, the laser control application 180
may 1nclude instructions for controlling aspects of laser control device 110, the
treatment laser 155, laser delhivery device 120, imaging device 130, and/or display
device 140. Further, the laser control application 180 may include instructions to
generate a heads-up display for providing information to a user.

[0039] The processor 160 1s operable to execute instructions and manipulate data to
perform the operations of the system 100, e.g., computational and logic operations,
and may be, for example, a central processing unit (CPU), a blade, an application

specific mtegrated circuit (ASIC), or a ficld-programmable gate array (FPGA).
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Although FIG. 1 1illustrates a single processor 160 mn the laser control device 110,
multiple processors 160 may be used according to particular needs and reference to
processor 160 1s meant to mclude multiple processors 160 where applicable. In some
implementations, the processor 160 may include one or more microprocessors. The
processor 160 may be adapted for receiving data from various components of the
system 100 and/or devices coupled thereto, process the received data, and transmit
data to one or more of the components of the system 100 and/or devices coupled
thereto 1n response. In the illustrated example, processor 160 executes laser control
application 180. The processor 160 may be operable to control various aspects of the
system 100. For example, the processor 160 may form at least part of a controller
operable to control firing of treatment laser 155 to perform a laser coagulation
procedure. A variety of peripheral devices may also be coupled to the system 100,
such as storage devices (hard disk dnive, CD ROM dnive, etc.), printers, and other
input/output devices.

[0040] The display 150 displays information to a user, such as a medical practitioner.
In some instances, the display 150 may be a monitor for visually displaying
information. In some instances, the display 150 may operate both as a display and an
iput device. For example, the display 150 may be a touch sensitive display in which
a touch by a user or other contact with the display produces an imput to the system
100. In some instances, the display 150 may present information to the user via a
oraphical user inter face (“GUI™) 190.

[0041] The display 150 may be utilized to display an image of a surgical site, such as
an 1mage of an ocular tissue. In some 1nstances, the display 150 may be operable to
display sensed data 1in the form of a model. For example, sensed data may be used to
display a computer-generated model of a tissue or other portion of physical anatomy.
The displayed model may be in the form of a three-dimensional model, two-
dimensional model, or other type of model. A user, such as a medical practitioner,
may utilized the display 150 as a source of information that includes image and other
visual information. An eyepiece 145 of the microscope 140 may similarly be utilized
to receive 1mage and other information. In some mstances, the eyepiece 145 may be
operable to provide the same information as the display 150. In other instances, the
information displayed by the eyepiece 145 may be different than that displayed by the
display 150. The eyepiece 145 of the microscope 140 and the display 150 may be

used simultaneously during a surgical procedure. In still other implementations, a

10
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heads-up display, described in more detail below, may also be displayed on the
eyepiece 145 and/or the display 150. In other implementations, one of the eyepiece
145 or the display 150 may be eliminated.

[0042] GUI 190 may include a graphical user interface operable to allow the user,
such as a medical practitioner, to mterface with the system 100 for any suitable
purpose, such as viewing application or other system information. For example, GUI
190 may provide information associated with a medical procedure, mncluding detailed
information related to a laser photocoagulation surgical procedure and/or operational
aspects of the system 100.

[0043] Generally, GUI 190 may provide a particular user with an efficient and user-
friendly presentation of information received by, provided by, or communicated
within system 100. GUI 190 may include a plurality of customizable frames or views
having interactive fields, pull-down lists, and buttons operated by the user. GUI 190
may also present a plurality of portals or dashboards. For example, GUI 190 may
display an iterface that allows users to mput and define parameters associated with
the laser control device 110, the treatment laser 153, laser delivery device 120, the
imaging device 130, the microscope 140, display 150, or any other part of the system
100. It should be understood that the term graphical user interface may be used in the
singular or 1 the plural to describe one or more graphical user interfaces and each of
the displays of a particular graphical user interface. Indeed, reterence to GUI 190
may indicate a reference to the front-end or a component of laser control application
180 without departing from the scope of this disclosure. Theretore, GUI 190
contemplates any graphical user interface. For example, in some nstances, the GUI
190 may include a generic web browser for mputting data and efficiently present
results to a user. In other instances, the GUI 190 may include a custom or
customizable interface for displaymg and/or interacting with the various features of
the laser control application 180, for example. In other implementations, the GUI 190
may be utilized for displaying and/or interacting with any other part of the system
100.

[0044] In opcration, a patient may be prepared for a laser photocoagulation
procedure. The microscope 140 may be placed 1n position relative to the patient’s eye
in order to obtain an 1image of the retina. This retinal image may provide the user,

such as the surgeon or other medical protessional, with an 1mage of a portion of the

11
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retina. The microscope 140 may obtain an image of the retina through the cornea and
lens of the eye.

[0045] The imaging device 130 may be utilized to obtain visualization of the retinal
tissue. In some instances, the 1maging device 130 may be introduced into the
patient’s eye to obtain the imaging data. In other instances, the imaging device 130
may form part of the microscope 140 and obtain the imaging data through the cornea
and lens of the eye. Visualization may include obtaining imaging data of at least a
portion of the retinal tissue. The imaging data may be used to determine retinal
abnormalitics. This imaging data may be OCT data, infrared imaging data, retinal
topography data, or any other type of data usable to obtain or determine the presence
of retinal abnormalities. In some instances, the imaging device 130 may be used to
obtain the 1imaging prior to the laser photocoagulation procedure. In some instances,
the 1maging device 130 may be used to obtain the imaging data during the laser
photocoagulation procedure. In some implementations, the imaging device 130 may
be used to obtain 1imaging data both prior to and during the laser photocoagulation
procedure. For the purpose of this example, the 1maging device 130 1s described 1n
the context of an OCT probe. However, this 1s done for illustrative purposes only,
and, as explamed, the 1imaging device 130 may be any device to obtain data that may
be used detect abnormalities 1n a retina or other ocular tissue.

[0046] In some instances, the imaging device 130 may be adapted to sense the retinal
imaging data while external to the eye. For example, in some instances, 1maging
device 130 may form part of microscope 140 and obtain OCT data through
microscope 140 while external to the eye. In some implementations, at least a portion
of the 1imaging device 130 may be mserted into the eye to obtain the retinal 1maging
data. The imaging device 130 may be used to obtain real-time 1maging data. In other
instances, the 1imaging data provided by the imaging device 130 may be obtained
preoperatively. The imaging data may be collected i a digital format that can be
subsequently analyzed. In some implementations, raw 1mage data may be displayed
on a video monitor or other presentation device. For example, the raw 1mage data
may be displayed on display 150 or in eyepiece 145. Further, the imaging data may
be stored, such as 1n memory device 170 of example system 100.

[0047] FIG. 2 shows an example image 200 of a patient’s retina 210. The image 200
includes a primary view 220 and a detail view 230. In some implementations, the

image 200 may be displayed on display 150 and/or eyepiece 145. In some
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implementations, the 1image 200 may form part of or otherwise be shown via GUI
190. The image of retina 210 may be obtained by the microscope 140.

[0048] The image 200 also includes a line 240 extending along a portion of the retina
210 1n the primary view 220. The detail view 230 displays imaging data from the
imaging device 130. In the present example, the detaill view 230 shows OCT data
(c.g., depth information) of the retina 210 along the line 240. The OCT data provides
tomography data, which may mclude, for example, contour, shape, layer, and/or
coloration information that may be used to detect retinal abnormalities. As indicated
above, other types of sensors to detect or generate other types of data may be used to
detect retinal abnormalities. In some implementations, abnormalities may be detected
automatically by the system 100 according to one or more algorithms. The one or
more¢ algorithms may form part of the laser control application 180 or some other
application.

[0049] The following description describes example algorithms for detecting a retinal
abnormality. In some instances, abnormalitics may be detected by obtaming OCT
data of a location of a retina; segmenting the OCT data; generating a metric based on
the segmented OCT data; and detecting a retinal abnormality based on the generated
metric. Detection of a retinal abnormality may be indicated, for example, audibly,
visually, tactilely, or a combination thercof. The OCT data may be mn the form of
OCT mmage data. Although retinal abnormalities are discussed 1 the context of
algorithm 300, the scope 1s not so limited. Rather, the algorithms described herein
may be utilized to detect other retmal features, such as, for example, retinal blood
vessels.

[0050] FIG. 3 provides a flow diagram of an example algorithm 300 to automatically
detect a retinal feature using an ophthalmic system, such as system 100. Retinal
abnormalities such as those described herein may be detected with the use of the
algorithm 300. However, the scope 1s not so limited, and other retinal abnormalities
other than those described may be detected using the algorithms described herein.
[0051] At step 302, the algorithm 300 may include acquiring an OCT image of a
retina. At step 304, the algorithm 300 may include segmenting the OCT 1mage. At
step 306, the algorithm 300 may include gencrating a metric based on the segmented
OCT mmage. At step 308, the algorithm 300 may include detecting a retinal
abnormality based on the metric. At step 110, the algorithm 300 may include

providing an indication of the detected retinal abnormality to a user (step 110). The
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steps of algorithm 300 may be performed by one or more components of an
ophthalmic 1imaging system. For example, system 100 illustrated in FIG. 1 may be
used. Further, algorithm 300 may be incorporated mto an application stored on the
imaging system 100. For example, all or a portion of the algorithm 300 may form
part of the laser control application 180. In some mstances, the algorithm 300 may
form a part of on¢ or more different applications, or the algorithm 300 may be 1n the
form of a separate application.

[0052] The OCT system may be configured to split imaging light received from a
light source into an 1maging beam that 1s directed onto target biological tissue (€.g.,
by the imaging probe) and a reference beam that can be directed onto a reference
mirror. The OCT system may be a Fourier domain (e.g., spectral domain, swept-
source, etc.) or a time domain system. The OCT system may be further configured to
receive the imaging light reflected from the target biological tissue (€.g., captured by
the 1imaging probe, the external OCT system, etc.). The interference pattern between
the reflected 1imaging light and the reference beam 1s utilized to generate 1mages of the
target biological tissue. Accordingly, the OCT system may include a detector
configured to detect the interference pattern. The detector may include Charge-
Coupled Detectors (CCDs), pixels, or an array of any other type of sensor(s) that
generate an electric signal based on detected light. Further, the detector may include a
two-dimensional sensor array and a detector camera.

[0053] In some mstances, the OCT data may be i the form of a two-dimensional
OCT mmage. In some instances, the OCT data may be in the form of a three-
dimensional OCT mmage. FIG. 4A shows a two-dimensional OCT mmage 400 of a
portion of a retina 402, and FIG. 4B shows a three-dimensional OCT mmage 450 of a
portion of the retina 402. A retinal break 408 1s visible on the right side of FIGS. 4A
and 4B. The retinal break 408, as well as other retinal abnormalities, may be
automatically detected using the systems, methods, and devices described herein. A
blood vessel 412 1s visible on the left side of FIGS. 4A and 4B. Thus, other types of
retinal features, such blood vessels and others, may be also be automatically detected
using the systems, methods, and devices described herein.

[0054] The OCT mmage may be segmented. Segmenting an OCT 1mage includes
identifying the different layers of the retina. For example, system 100 may identify
on¢ or more retinal layers using the data associated with the OCT image. Segmenting

the OCT 1mage may include 1dentifying an inner limiting membrane (ILM), a nerve
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fiber layer, a ganglion cell layer, an mner plexiform layer, an mner nuclear layer, an
outer plexiform layer, an outer nuclear layer, an external limiting membrane, a layer
of rods and cones, a retinal pigment epithelium (RPE), and/or other retinal layer(s).
FIG. 5A shows a two-dimensional OCT 1mmage 500 of the retina 402 with boundaries
of an ILM layer 504 and an RPE layer 506 identified. Similarly, FIG. 5B provides the
three-dimensional OCT image 550 of the retina 402 with boundaries of the ILM layer
504 and the RPE layer 506 1dentified.

[0055] One or more metrics associated with the retina may be generated based on a
scgmented OCT 1image. The metric may be a retinal layer parameter that objectively
represents a geometry of one or more retinal layers using, for example, one or more
numerical values. In some instances, the retinal layer parameter may be a thickness,
an mtensity, an intensity gradient, a phase, a speckle size, a vascular density, a blood
flow velocity, an oxygenation, an elasticity, a birefringence property, a size, a volume,
a concavity/convexity, and/or a radius of curvature of one or more retinal layers. For
example, generating the metric may include determining a numerical representation of
the concavity/convexity of the ILM. For example, a radius of curvature of the ILM 1n
the arca of the retinal abnormality may be determined. The retinal layer parameter
may be determined using any number of retinal layers. For example, the retinal layer
parameter may be determined using any one, two, three, four, or more retinal layers.
Generating the metric may include determining a thickness of the neurosensory retina
using, for example, the ILM and RPE. For example, the thickness of the
ncurosensory retina may include a distance between the ILM and RPE. A numerical
representation of the thickness may be used as the metric. In some instances, the
retinal layer parameter may be determined using one retinal layer and a strip of
predefined thickness that surrounds the one retinal layer. One, two, or more metrics
may be generated and utilized to evaluate the retina.

[0056] Dectecting one or more retinal abnormalitics may be based on the generated
metric. The detected retinal abnormality may be a structural aspect of the retina that
1s indicative of a defect. For example, the retinal abnormality may be a break, a hole,
a tear, a dialysis, a growth, a protrusion, a depression, a region with subretinal fluid,
ctc. Multiple retinal abnormalities and, 1n some nstances, the types thercot, may be
detected. The retinal abnormality or abnormalities may be detected using one or more

of the metrics. For example, the thickness of the neurosensory retina and the
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concavity/convexity of the ILM may be utilized. Utilizing more than one metric may
advantageously increase the certainty of retinal abnormality detection.

[0057] Detecting the retinal abnormality may include comparing the retinal layer
parameter to a threshold. For example, when the generated metric mcludes a
thickness of the necurosensory retina, detecting the retinal abnormality may include
comparing the thickness to a threshold thickness. In some instances, a retinal
abnormality may be detected when a retinal layer parameter, such as thickness of the
ncurosensory retina, among others, 1s greater than or less than a threshold value. For
example, a retinal break or a retinal hole may be detected when a thickness 1s less
than a threshold value. On the other hand, a growth or a protrusion of the retina may
be detected when a thickness 1s greater than a threshold value. A threshold thickness
may be 1n the range of, for example, 50 microns to 300 microns; 75 microns to 300
microns; 100 microns to 250 microns; or other suitable range. Generally, thickness
varics along the retina. For example, the retina may vary m thickness at or near the
fovea, peripheral retina, or other locations. As a result, a threshold value may be
selected based on a position along the retina where the retinal abnormality 1s located.
[0058] Detecting the retinal abnormality using the generated metric may mclude
determining whether the one or more retinal layers, such as the ILM, among others,
has a concave or convex shape and/or the degree of the concavity or convexity (¢.g.,
the radius of curvature). For example, an ILM 1n the arca of a retinal abnormality that
1s concave may be indicative of a retinal break or a retinal hole, whereas an 1LM that
1s convex may be indicative of a growth or a protrusion in the retina. Thus, detecting
a retinal abnormality may include comparing a radius of curvature of the ILM 1n the
arca of the retinal abnormality to a threshold radius of curvature indicative of the
presence of the retinal abnormality. A retinal abnormality may be detected when the
radius of curvature 1s greater than or less than a threshold value. For example, a
retinal break or a retinal hole may be detected when a concave portion of the ILM has
a radius of curvature less than a threshold value. The threshold radius of curvature for
detecting a retinal break may be 1n the range of, for example, between about 0.1 mm
and about 12 mm: between about 1.0 mm and about 6 mm: or between about 2.0 mm
and about 4.0 mm; mcluding values such as 10 mm, 9 mm, 8§ mm, 7 mm, 6 mm, 3
mm, 4 mm, 3 mm, 2 mm, 1 mm, or other suitable value. A combination of the
concavity or convexity and the corresponding radius of curvature may be utilized to

detect the retinal abnormality .
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[0059] A threshold or thresholds used in detecting a retinal abnormality may be
adaptive or patient-specific. For example, a threshold value may be a percentage
difference 1n the neurosensory retina thickness compared to adjacent arcas. Thus, a
retinal abnormality may be detected when an area of the patient’s neurosensory retina
has a thickness greater than or less than, e€.g., 50% of the thickness of adjacent arcas.
Similarly, a retinal abnormality may be detected when the radius of curvature of the
ILM 1s greater than or less than, ¢.g., 50% of the radius of curvature of adjacent areas.
The threshold can be between, for example, 1%-100%, 1%-75%, 19%-50%, 1%-25%,
ctc. Although a thickness of neurosensory retina and the radius of curvature of the
ILM are discussed, these are used merely as examples. Thus, the scope of the
disclosure 1s not so limited. Other metrics, such as thicknesses or radius of curvature
of other layers of the retina or other retinal characteristics, such as one or more of
those described above or others, may be used to locate and 1dentify retinal
abnormalities.

[0060] The one or more thresholds may be selected based on empirical data. For
example, a collection or database of patient retinal data may be used to determine
normalized or baseline retinal data. This baseline data may be used to obtain
threshold values to detect retinal abnormalities. For example, a database containing
thickness measurements of the ncurosensory retina of patients with similar
characteristics may be used to determine a normal range of thicknesses of the
ncurosensory retmma. This normal range of thicknesses may be used to gencrate
threshold thickness values for the neurosensory retina. Thus, a retinal abnormality
may be detected when an arca of the patient’s neurosensory retina has a thickness
outside of (¢.g., greater than or less than) the normal range expected for the patient.
In some 1nstances, such empirical data may be used to determine a default threshold
value, which may be adjusted based on patient specific characteristics. While this
discussion specifically mentions thickness of the neurosensory retina, 1t 1s understood
that other characteristics, such as the concavity, or convexity, or radius of curvature,
and/or other metrics, can be similarly patient-specific or more generally applicable.
[0061] FIG. 6 shows a chart 600 that 1s representative of a thickness profile of the
ncurosensory retina. The data associated with the chart 400 may be based on the
scgmented OCT mmage. The x-axis of the chart 400 represents the position along the
ncurosensory retina i units of pixels. The y-axis represents the thickness of the

neurosensory retina in units of pixels. A curve 206 represents the distance of the ILM

17



CA 029747793 2017-07-24

WO 2016/151491 PCT/IB2016/051618

from the RPE along the retina. The neurosensory retina thickness depicted in chart
400 may be the metric used to detect the retinal break 208. The retinal break 208 may
be an area along the neurosensory retina with a thickness that 1s significantly different
from adjacent arcas (¢.g., less than 50%) and/or an areca with a thickness less than a
fixed, normal range. While this discussion specifically mentions thickness of the
ncurosensory retina, 1t 1s understood that the concavity/convexity, radius of curvature,
and/or other metrics can be similarly used to detect the retinal break or other retinal
abnormality .

[0062] An indication of a detected retinal abnormality may be provided to a user. An
audio, visual, and/or tactile indication may be provided using one or more devices to
provide an audio, visual, and/or tactile indication. For example, display 150 shown 1n
FIG. 1 may be utilized to provide a visual indication of the detected retinal
abnormality. The indication may be used to alert a user, such as a surgeon, of the
presence and/or position of the detected retinal abnormality.  Particularly, the
indication may be utilized to alert a user of the detected retinal abnormality during the
course of a surgical procedure. As shown in FIG. 7A, a two-dimensional OCT 1mage
700 includes an indication 710 of the detected retinal break 208. A visual indication,
such as indication 710, may be in the form of a gecometrical object positioned 1n
relation to the detected retinal abnormality. For example, in some instances, the
indication may be a geometrical representation 1n the form of a square, a circle, a
polygon, an ¢llipse, or any other gcometric shape positioned around retinal break 408.
In some nstances, the indication 710 may be overlaid on and/or otherwise combined
with an OCT 1mage, such as the OCT image 200 shown m FIG. 4A, and the combined
OCT mmage may be output to an output device, such as the display 150. In other
instances, other types of indications may be used either alone or in combination with
cach other.

[0063] In some 1nstances, an indication may have a shape that 1s based on a shape of
the detected retinal abnormalities. For example, as shown i FIG. 7A, the indication
710 may surrounds the detected retinal break 208. In some instances, an indication
may have a shape that conforms or corresponds to the detected retinal abnormality.
For example, as shown m FIG. 7B, the indication 710 may be overlaid on and/or
otherwise combined with a fundus 1image of the eye, such as fundus image 702. The

combined fundus 1mage may be output to the display 150. Again, other types of
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output, such as audible and/or tactile, may be provided to a user to indicate a retinal
abnormality .

[0064] FIG. 7C shows a pseudo color map 704 that may be generated based on a
detected retinal abnormality. In the example illustrated, the pseudo color map 704 1s
oenerated based on retinal break 408. The pseudo color map 704 may be
representative of the likelihood of the presence of a retinal abnormality at a given
location of the retina. The mdication 710 may represent an arca of the pseudo color
map 704 where a retinal abnormality 1s likely present. The psecudo color map 704
may be output to the display 150, for example.

[0065] In some implementations, an indication, such as idication 710, may include
other information. For example, an indication may include text, one or more other
shapes or symbols, and/or other visual alerts. An indication may be variously
positioned relative to the retinal abnormality. An indication may include an audible
signal to alert the user/surgeon of the presence and/or position of a detected retinal
abnormality. An indication may include tactile and/or haptic feedback to the surgeon.
[0066] Referring again to FIG. 2, the image 200 also includes a cursor 250 disposed
at a location along the line 240. Another representation of the cursor 250 1s also
shown at a location along the retina 210 1n the detail view 230. The location of the
cursor 250 1n the primary view 220 1s linked to the location of the cursor 250 1n the
detail view 230, such that the location of the cursor 250 m the primary view 220
corresponds to the same location along the retina 210 shown 1n the detail view 230.
That 1s, the location of the retina 210 indicated by the cursor 250 1n the primary view
220 1s the 1dentical location on the retina 210 as 1dentified by the cursor 250 1n the
detail view 230. Thus, a change 1n location of cursor 250 1n the primary view 220 1s
retlected as a change 1 the location of the cursor 250 1n the detail view 230 and vice
versa.

|0067] A user may change location of the cursor 250 with the use of an input device.
For example, a user may use a stylus or other digital input device. The locations
selected with the use of cursor 250 may be i1dentified by interaction of an mput device
with the presented imaging data. For example, a location may be i1dentified by
touching a stylus to display 150. The location touched by the stylus may be 1dentified
as a selected treatment location. Other input devices may be used to select a treatment
location. For example, a mouse, keyboard, or touchscreen may be used. The selected

treatment locations may then be registered with the particular location on the retina
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and stored digitally, for example, to maintain a correct registration between the
position of a patient’s eye and the location(s) of sclected treatment locations(s).
While treatment locations may be selected manually 1n some implementations, 1n
other implementations, on¢ or more selected treatment locations may be determined
automatically by the system 100.

[0068] In some implementations, registration of the selected treatment locations and
the real-time 1mage of the retina 210 may be obtained with a retinal tracking device,
in which retinal tracking facilitates providing to the user the treatment locations at all
times regardless of patient eye orientation due to movement or microscope
adjustment.

[0069] In some 1mplementations, a retinal tracking device may include a fundus
imager and a registration and tracking calculator. Example fundus imagers may
include optical cameras, a line scan ophthalmoscopes operable to obtain line scan
images, and confocal scanning ophthalmoscopes. Other imaging technologies may
also be used to obtain retinal 1images. The fundus imager may be or form part of the
imaging device 130, for example. Alternately, in some 1nstances, the fundus imager
may be an 1imaging separate from the imaging device 130.

[0070] The fundus imager may acquire live, 1.e., real-time, retinal 1images. The
registration and tracking calculator may receive and compare the live retinal 1images
with a previously-obtained retinal image. For example, a preoperatively obtained
retinal 1mage may be used as the previously-obtained retinal image. Daifferences
between the compared 1mages may be detected by the registration and tracking
calculator. These differences may indicate movement of an eye that has occurred 1n
the time between when the two 1mages were obtained. The registration and tracking
calculator may then adjust the positions of the representations of the selected
trecatment locations so that the seclected treatment locations remain accurately
positioned relative to the appropriate locations on the retina on the 1image of the retina
210. Thus, the selected treatment locations remain registered with the actual locations
on the retina selected for treatment.

[0071] Example retinal tracking devices may be similar to retinal tracking systems
described 1n “A new real-time retinal tracking system for image-guided laser
treatment”, IEEE Trans Biomed Eng. 2002; 49(9):1059-67, the contents of which are
incorporated by reference in their entirety. Such retinal tracking system includes a

fundus 1imager and a tracking and registration calculator. The fundus imager acquires
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a real-time 1mage of the retina and transfers the data to the tracking and registration
calculator. The tracking and registration calculator receives the live retinal 1image
from the fundus imager, processes the received retinal image, compares the processed
retinal 1image with a processed retinal image that was previously obtained, determines
whether the retina has moved during the time the two retinal 1images were taken by
calculating a difference 1n position of one or more features on the retina between the
two 1mages to determine motion information of the retina, and adjusts the positions of
the selected treatment locations so that the treatment locations remain accurately
associated with their corresponding locations on the retina. Consequently, the
sclected treatment locations remaimn properly located on the retinal 1mage
notwithstanding any relative movement between the retima 210 and the treatment
system 100.

[0072] As indicated above, the fundus 1imager may capture live images of the retina.
In some mmplementations, the fundus imager may capture real-time mmages of the
retina and operate the tracking and registration calculator continually to maintain
registration of the selected treatment locations on a real-time basis, thereby
compensating for eye movements that may be occurring continually.

[0073] The retinal 1images obtained by the fundus 1imager, as explained above, may be
real-time 1mages. Processing of the real-time retinal 1mages may involve enhancing
onc or more aspects of the images™ data, for example, to identity one or more
parameters associated with the retina. The one or more parameters are then used to
detect a feature and/or characteristic of the retina.

[0074] Processing the real-time retinal 1images may include image filtering. Image
filtering may be utilized to remove noise contained within the image data. In some
instances, 1mage filtering may be accomplished by applying a moving window across
an 1mage to reduce noise. Processing may also mclude characterizing the retina. In
some 1nstances, processing of the retinal images may be used to identify vasculature
characteristics of the retina. For example, processing may also include vessel
scgmentation, which extracts and identifies blood vessels m the retinal image. The
vessels may be segmented based on edges between vessels and a non-vascular region
of the retina. Processing may include vessel branch and crossover identification may
include 1dentitying where branches of vessels within the retina approach or cross over

onc¢ another 1in the same region of retina. Other parameters detected may mclude
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vessel shapes; the shape, position, or center of optical nerve head; and fovea position.
Other retinal features may also be used.

[0075] The 1dentified parameters, such as vessel branches and crossovers, are then
compared with those of a previously-obtained retinal image m order to locate and
match 1dentical features within the different retinal images. Based on this
comparison, the tracking and registration calculator calculates a transformation
matrix, which 1s a mathematical representation of the movement made by the retina n
the time transpiring between the acquisitions of the different retinal images. Thus,
this transformation matrix mathematically represents the difference in the retina’s
position between the two retinal images. The tracking and registration calculated
applies the transformation matrix to adjust the selected treatment locations on a real-
time retinal image that may be displayed in the eyepiece of a microscope and/or
another display.

[0076] While FIG. 2 shows a single line 240, the image 200 may iclude multiple
lines. Further, the lines may be designated by a user or according to an algorithm 1n
any desired orientation. For example, 1n some instances, the lines defining OCT data
may be defined real-time during the ophthalmic surgical procedure. As mentioned
above, the OCT data may be obtained during the surgical procedure with the 1imaging
probe 130. As explamed above, the imaging probe 130 may form part of a
microscope, such microscope 140, or may be or form part of a separate device. In
other mstances, the OCT data may be determined preoperatively. Preoperatively
obtained OCT data may be registered with the real-time 1mage 200 obtained during
the surgical procedures. Thus, the preoperatively obtained OCT data 1s accurately
located so that 1t 1s aligned with the portion of the retina that the OCT data represents.
In still other implementations, both real-time OCT and preoperatively obtained OCT
may be used together.

[0077] Reterring again to the OCT data shown 1 the detail view 230 taken along line
240, the cursor 250 may be moved to any point along the line 240, such as by a user,
for example. A user may select one or more locations along the line 240 to which a
laser photocoagulation treatment may be applied. For example, FIG. 2 shows
example selected treatment locations 260, 270, and 280. Although three selected
treatment locations are shown, additional or fewer selected treatment locations may be
present and/or selected. The selected treatment locations may be stored in memory

(such as memory 170 shown in FIG. 1). Further, the positions of the selected

22



CA 029747793 2017-07-24

WO 2016/151491 PCT/IB2016/051618

treatment locations may be registered with the retinal 1image, such as with the use of
an cye tracking device. Therefore, in some 1nstances, once a user, such as a surgeon
or other medical professional, has seclected one or more locations on the retina for
treatment, those selected locations are registered and remain associated with the
sclected location regardless of patient orientation, e¢ye movement, microscope
position, zoom or focus settings, or changes thereto.

[0078] In other implementations, the selected treatment locations may be selected
automatically by the system 100. For example, in some implementations, laser
control application 180 or another active application may include an algorithm that 1s
operable to detect suspected retinal abnormalities without mput from a user. For
example, retinal abnormalitics may be 1dentified automatically with the use of one or
more 1mages of the retina. While the example algorithms discussed above utilize
OCT mmage data to 1dentify retinal abnormalities, other types of image data may be
used to detect retinal abnormalities. For example, microvascular abnormalities of the
retina may be automatically detected based on angiogram 1mages, such as fluorescein
angilogram, or OCT angiogram 1mages. In some instances, a microvascular pattern
and density can be quantified based on fractal analysis. A fractal analysis 1s a
mathematical process that determines data densely of an image. Fractal analysis 1s
used to analyze a fractal dimension or other fractal characteristics of a data set. By
performing fractal analysis of, for example, the segmented vessels contained 1n an
image, vasculature density mnformation can be obtained. The presence of the vessels
may be determined 1n a manner discussed above.

[0079] Fractal analysis may be achieved by using a box counting method. In box
counting, a retinal 1mage 1s overlaid with a series of square boxes of decreasing size.
The number of boxes containing at least one pixel of retinal vessels 1s counted. A
lecast squares regression slope between number of boxes and size of boxes yields
fractal dimension, which represents the vessel density of the retina. Vascular density
of a particular value may be representative of a particular type of abnormality.
Further, different abnormalitics may be representative by different vascular density
values. The system 100 may automatically identify a retinal abnormality based on a
detected vascular density. For example, in some instances, an abnormality may be
determined using a look up table. An application running on the system 100, such as
the laser control application 180, may contain a look up table that may include one or

more abnormality type and 1ts corresponding vascular density value. When a vascular
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density 1s determined from a retinal 1image, the system may automatically predict a
retinal abnormality associated therewith. In some instances, the system 100 may
automatically treat the predicted abnormality by identifying treatment locations, as
explamned i more details below, and applying treatment energy thereto. IN other
instances, the system 100 may present the predicted abnormality to a user and await
further user mput.

[0080] A fractal analysis may result in a regional fractal dimension that represents a
vascular density or pattern of that region. As explained, the regional fractal
dimension may be used as a parameter for detecting vascular abnormalities. Other
techniques may be used to detect retinal abnormalities. For example, in some
instances, for example, vascular oxygen saturation, fluorescemn angiogram data, and
3D OCT mmage data may be quantified to identity locations of the retina with
abnormal function.

[0081] A microvascular abnormality may be detected using pre-operatively acquired
fluorescein anglogram (“"FA”) images. The pre-operatively acquired FA 1images may
be registered with a real-time retinal 1image and overlaid onto a real-time retinal
image. The real-time retinal 1image with registered pre-operatively acquired FA
images may be displayed on a display, such as display 150, or a microscope view
presented within the eyepiece of a microscope, such as the eyepiece 145 of
microscope 140. The pre-operatively acquired FA 1mage registered onto a real-time
retinal 1mage may be described as an overlaid real-time 1mage. An area of
ncovascularization may be presented as a bright area 1n the overlaid real-time retinal
image. An adaptive threshold of the fundus FA signal can be used to 1dentify arcas of
ncovascularization.

[0082] Thresholding 1s a convenient way to segment objects contained 1n an 1mage
from a background also contained in the image. If that background 1s relatively
uniform, a global threshold value can be used to binarize the image by pixel-intensity.
Thus, a global threshold value 1s a single threshold value that 1s applied across an
entirc 1mage to identify the object in the image apart from the background. An
adaptive threshold 1s one 1n which a threshold value applied to an 1image varies. If a
large vanation 1n the background intensity of an image exists, adaptive thresholding
(also known as local or dynamic thresholding) may produce better results. Adaptive
thresholding calculates thresholds 1 a region of the 1image surrounding each pixel or

ogroup of pixels. These regions may be referred to as “local neighborhoods.” The

24



CA 029747793 2017-07-24

WO 2016/151491 PCT/IB2016/051618

threshold value applied to a particular pixel 1s a weighted mean of the local
ncighborhood minus an offset value, and may be referred to as the adaptive threshold
value. Generally, the offset value 1s a preset numerical value. The offset value adds
flexibility to adjust and fine tune the ultimate threshold for better segmentation
results. A value associated with the pixel may be compared to the adaptive threshold
value to determine useful information about characteristics of the retina, such as to
identify an object 1n the retinal 1mage.

[0083] Another characteristic of the retina that may be 1dentified using the techniques
described herein 1s capillary nonperfusion. An arca of capillary nonperfusion may be
presented as an arca that 1s darker or even blackened arca relative to the surrounding
tissue within the image. A threshold value of arca mean signal strength can be used to
identify capillary nonperfusion areas. That 1s, a threshold value of mean signal
strength may be utilized to determine whether a measured mean signal strength 1s
indicative of the presence of a capillary nonperfusion arca. In some instances, this
threshold may be an adaptive threshold. In some instances, the threshold may be a
global threshold. An abnormality map for a blood vessel can then be developed based
on the 1dentified neovascularization or capillary nonperfusion area or areas.

[0084] In another implementation, a microvascular abnormality detection algorithm
may be based on 3D OCT mmages. The whole 3D retinal vasculature network can be
reconstructed based on 3D OCT information. The microvascular pattern and density
arc then quantified based on fractal analysis which gencrates a regional fractal
dimension that characterizes the vascular density and vascular abnormality of that
region.

[0085] Example abnormalitics may 1nclude venous occlusions, macular edema,
microvascular abnormalities, retinal breaks and tears, ocular tumors, as well as others.
Thus, the system 100 may be operable to 1dentify suspected retinal abnormalities and
select one or more selected treatment locations 1n relation to the suspected retinal
abnormality. The treatment locations automatically identified by the system, such as
system 100, may be presented to a user, such as a surgeon, for review and/or
modification prior to further development of further treatment options.

[0086] Sclected treatment locations automatically 1dentified by a laser
photocoagulation system, such as system 100, may be dependent upon one or more
factors or inputs. For example, the system may input received retinal mnformation mto

a treatment planning algorithm. The treatment planning algorithm may return a
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pathological case or abnormality suggested by the recerved retinal data. Based on the
identified pathological case or abnormality, the treatment planning algorithm proposes
a trecatment plan, such as by selecting one or more treatment locations to receive
photocoagulation treatment energy. For example, 1n an instance where a retinal break
or tear 1s 1dentified by the treatment planning algorithm, one or more treatment
locations may be registered with and indicated on a retinal 1image, such as a real-time
retinal 1mage. In the case of a retinal break or tear, the selected treatment locations
may be placed so as to surround the break or tear. In the case of a microancurysm,
onc or more treatment locations automatically selected by the treatment planning
algorithm may be located directly on the location of the retima where the
microancurysm has been 1dentified.

[0087] In some istances, the system will prompt the user to venfy that the
automatically selected treatment locations are acceptable before treatment 1s applied.
In other instances, the treatment may be applied automatically upon determination of
the selected treatment locations by the treatment planning algorithm without mmput
from the user.

[0088] Treatment locations may also be selected to perform other types of procedures.
For example, on¢ or more treatment locations may be selected to perform a
retinopexy. A retmopexy procedure includes applying laser energy to a location on a
retina to create a burn the bonds the retina to the back of the eye. Retinopexies take
on various forms. For example, a retinopexy may ivolve continuously applying laser
energy (such as by continuously firing a laser) along a sclected path on a retina. FIGs.
10 and 11 show a portion of a retina having retinopexy procedure performed thercon.
[0089] A sclected path of the retinopexy may have a desired length. Also, the path
may be, at least in part, arcuate, straight, or have any desired shape. As shown 1n
FIGs. 10 and 11, the paths 1000 and 1100 along retinas 1010 and 1110, respectively,
have generally curved shapes. In other instances, a retinopexy may be defined along a
desired path but the laser may be fired along only one or more parts of the path. For
example, for a desired path, a laser burn may be formed over a selected length,
another length of the path may be unattected (1.¢., no laser energy 1s applied thereto),
and another portion of the path may have laser energy applied thereto also to form a
retinal burn. The path 1100 shown 1n FIG. 11 1illustrates this type of treatment. The
path 1100 includes a plurality of laser burns 1120 that are separated by untreated
portions or gaps 1130. Thus, for any selected path, one or more portions of the path
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may be selected to have a retinal burn formed thercon for a desired length and an
untreated portion (1.¢., a portion that 1s not treated with laser energy and 1s, thus,
unburned) may have any desired length. Still further, for a selected path, each portion
that 1s designated to receive a retinal burn may be selected to have any desired length
independent of any other portion designated to receive a retinal burn. Thus, 1n some
instances, one or more portions of the path to be treated may have different lengths.
In other mstances, one or more of the potions of the path to be treated may have the
same length. Similarly, the portions of the path that are to remain untreated (¢.g.,
those portions of the path disposed between those portions of the path to be treated)
may have any desired length. Thus, in some istances, one or more untreated portions
of the path may have different lengths. In other instances, one or more untreated
portions of the path may have the same length.

[0090] One particular, non-limiting example retinopexy that 1s within the scope of the
disclosure 1s a 360° prophylactic retinopexy. A 360° prophylactic retmmopexy includes
the formation of a 360° retinal burn around an entire perimeter of a retina or a portion
thercof. A 360° prophylactic retinopexy may be performed as a preventative measure.
In some instances, a 360° prophylactic retinopexy may be performed during another
ophthalmic surgical procedure 1n order to bond the retina to the back of the eye before
a problem with the retina exists in cases where a medical professional, such an
ophthalmologist, believes a retial problem may occur or 1s likely to occur. This type
of preventative measure may be performed during an ophthalmic surgical procedure
in order to avoid the need to re-enter the eye at a later time. The selected path along
which a 360° prophylactic retinopexy 1s performed may be contimuous or may have
onc or more treated lengths separated by one or more untreated lengths, as explained
above. Further, a prophylactic retinopexy need not be formed along a 360° path.
Rather, the path may be less than 360° or greater than 360°. Still further, the start
point of the path need not be the same as the end point of the path.

[0091] Identification of the path for a retinopexy and/or the location(s) to be treated
along the path may be determined in the different ways described herein. Further,
application of the laser energy to the path may also be applied in the different ways
disclosed herein.

[0092] An algorithm operable to detect one or more locations on a retina for treatment
may also be operable to determine one or more laser parameters used by the laser to

treat the detected retinal abnormality. For example, the algorithm may be operable to
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determine laser power to be applied to cach of the selected treatment locations, a
duration of time laser energy 1s applied to one or more of the selected treatment
locations, the size of the selected treatment locations to be treated, locations to
exclude from treatment, as well as others parameters.

[0093] The parameters selected, such as the number and size of the selected treatment
locations, laser power, as well as any other laser parameter, may be automatically
determined based on, for example, the type of detected retinal abnormality, the size of
the abnormality, the severity of the abnormality, and/or any other criteria. Selection
of the treatment locations and the other laser parameters associated with treatment of
a retinal abnormality, whether determined automatically by an algorithm or manually
by a user, defines, at least 1n part, a treatment plan. The algorithm may optimize the
treatment plan, for example, by selecting laser parameters to improve procedure
cffectiveness, reduce procedure timing, minimize cellular necrosis and vision loss,
and reduce heat bloom. A user may review and/or modify a treatment plan,
particularly, one gencrated by an algorithm, prior to application of the laser
photocoagulation treatment.

|0094] The treatment plan 1s registered with the retina 210 in order to apply
accurately the laser treatments to the selected locations. Thus, the selected treatment
locations, such as selected locations 260, 270, and 280, are registered with the real-
time 1mage of the retina 210 such that, when the laser photocoagulation treatment 1s
performed, the actual locations for which treatment 1s desired are struck by the laser
becam. Registration may be made, for example, by an eye-tracking device with the use
of retina features, such as blood vessels or the macula. Accurate positioning of the
sclected treatment locations may be made with reference to the locations and shapes
of the retinal features. Various eye-tracking devices are known 1n the art.

[0095] Selected locations may be represented i different ways. For example,
selected treatment locations 260 and 270 (unfilled circles) represented selected, but
untreated locations, whereas selected treatment location 280 (filled circle) represented
a selected and treated location. Although the example shows untreated locations as an
unfilled circle and a treated location as a filled 1n circle, these indicators are provided
merely as an example. The treated and untreated locations may be indicated in any
desired way. For example, symbols having any desired shape, colors, text, or any

other type of indication may be used to differentiate treated from untreated locations.
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[0096] FIG. 2 also shows a laser target indication 290. In some mstances, the laser
target indication 1s light reflected oft of the retina 210. The reflected light forming the
laser target indication 290 may be transmitted from the laser delivery device 120. For
example, the light transmitted by the laser delivery device 120 to define the laser
target indication 290 may be a low energy light that identifies where a laser from the
laser dehivery device 120 would strike the retina 210 if the laser were fired. In some
implementations, the laser target indication 290 may be utilized by a user to determine
a location where the laser would mmpinge upon the retina 210. In some
implementations, the system 100 may automatically recognize the laser target
indication 290, such as by graphical recognition techniques or other image processing
techniques. For example, the processor 160 may utilize software that can identify the
target on the displayed image of the retina 210.

[0097] In other implementations, a position on the retina 210 of the laser target
indication 290 may be determined by three dimensional data of the position of the
laser delivery device 120 relative to the eye. The position on the retina 210 of the
laser target indication 290 may be determined, for example, based on tracking of a
longitudinal axis and distal end location and/or axial orientation of laser delivery
device 120 relative to the position of the retina 210.

[0098] With the use of the OCT data taken along one or more lines (such as line 240)
(or other types of data discussed herein or otherwise within the scope of the
disclosure), a map or matrix of selected treatment locations forming part of a
treatment plan 1s produced. FIG. 8 shows an example image 800. The image 800
includes a primary view 810 that may be similar to the primary view 220 shown 1n
FIG. 2. Although not shown, the image 800 may also include a detail view similar to
the detail view 230. In this example, FIG. 8 shows the same portion of the retina 210
shown m FIG. 2.

[0099] The image 800 also includes a plurality of selected treatment locations 820
and 830 for laser photocoagulation trecatment. Each of the selected treatment
locations 820 and 830 may be sclected as explained above with respect FIG. 2.
Further, in the example shown, the selected treatment locations 820 and 830 are
untreated locations. This 1s observable based on the indication for each of the
selected treatment locations 820 and 830. The collection of selected treatment
locations 820 and 830, as well as any other desired information, forms the heads-up

display. The heads-up display forms an overlay of data onto the real-time retinal
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image. Further, m some implementations, at least some of the information included 1n
the heads-up display 1s registered with the retina 210, such as in the case of selected
treatment locations 820 and 830. The heads-up display provides a convenient
disclosure of information to a user that includes both the real-time 1mage of a surgical
sitc as well as mmformation associated with the defined treatment plan. Further,
display of information in this manner avoids the necessity of a user, such as a
surgeon, having to look at different informational displays in order to understand the
treatment and keep track of the surgical site. Inclusion of this mformation 1n a sigle
location permits a user to maintain his or her attention on the task at-hand as well as
reduce the time of a surgical procedure. Inclusion of this information also provides
the user with a means of recording the areas that have been treated as well as those
that remain untreated and enabling the user to keep track of where they are in therr
treatment plan. This feature 1s useful when, for example, subthreshold
photocoagulation settings are used, as the treated tissues do not show a visually-
apparent indication upon application of subthreshold photocoagulation.

[0100] The collection and storage of the information related to the selected treatment
locations allows the surgeon to avoid having to remember the details associated with
the treatment plan, as the treatment plan remains stored. This 1s beneficial, for
example, 1f an unexpected or emergency event arises during a surgical procedure.
The surgeon can address the unexpected or emergency event and, thereafter, proceed
to executing the treatment plan at the pomt where the surgeon deviated to address the
uncxpected or emergency event. Without being able to track the treatment plan real
time during the surgical procedure, which may include tracking of what treatment
locations have alrecady been treated and those remaming to be treated, subthreshold
laser treatment would be difficult 1f not impossible to accomplish, as subthreshold
treatments are not visible to the naked eye.

[0101] The selected treatment locations 820 may be located to treat abnormality 840,
whereas selected treatment locations 830 may be located to treat another abnormality
850. Laser target indication 290 1s also present in the image 800. Again, the laser
target indication 290 1dentifies a location where laser energy will strike the retina 210
if a treatment laser were fired.

[0102] In some implementations, execution of a treatment plan may be entirely
automated. For example, in some 1nstances, positioning of the laser delivery device

120 may be controlled by the laser control device 110. The laser control device 110
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may move the laser delivery device 120 to apply laser energy to cach of the selected
treatment locations, such as selected treatment locations 820 and 830 shown in FIGs.
8 and 9. Utilizing eye tracking coupled with the pre-programmed treatment locations
, the laser control device 110 directs the laser delivery device 120 to each of the
selected treatment locations 820 and 830 such that the laser target indication 290
overlays one of the selected treatment locations. In some nstances, eye tracking and
image processing determines a location of where laser radiation would strike the
retina 210 upon firing the laser based on observation of the laser target indication 290.
[0103] Once a seclected treatment location 1s accurately targeted (such as by
registration of the laser target indication 290 with the selected treatment location), the
laser control device 110 would fire a laser according to the determined laser
parameters (also forming part of the treatment plan) determined for each of the
selected treatment locations. Once laser photocoagulation treatment has been applied
to onc selected treatment location, the laser control device 110 may systematically
direct the laser delivery device 120 to target and treat another sclected treatment
location. Further, upon completion of treatment of a selected treatment location, the
system 100 updates the treatment plan. As part of the update to the treatment plan,
the system 100 may alter the visual indicator of the selected treatment location to
indicate treatment has been made. In some instances, when a selected treatment
location has been treated, the treatment plan may be updated such that subsequent
treatment of the same selected treatment location 1s prohibited.

[0104] As shown 1n the examples of FIGs. 8 and 9, the visual indicator reflecting
treatment has occurred 1s a filled in circle. For example, FIG. 9 shows several
selected treatment locations 900 filled in, indicating treatment has occurred, and
several other selected treatment locations 910 unfilled, indicating that treatment has
not yet occurred. However, any visual indicator may be used for this purpose.
Particularly, any visual mdicator may be used that 1s distinguishable from a visual
indicator of a selected treatment location that has not yet undergone treatment. Once
all of the selected treatment locations have been treated, the system 100 may provide
an indication to the user. For example, the system 100 may provide an audible
indication, a visual indication, or both.

[0105] In other implementations, execution of treatment plan may be a user-guided
semi-automated process. Particularly, a user, such as a surgeon, may manipulate the

laser delivery device 120 to align with the one or more selected treatment locations.
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Once a sclected treatment location and the laser delivery device 120 are properly
aligned, the system 100 automatically fires treatment laser 155 with the pre-
determined laser parameters according to the treatment plan. Alignment of a selected
treatment location and the laser delivery device 120 may be determined using image
processing and eye tracking. For example, tracking a position of the laser target
indication 290 may be utilized to determine when the laser delivery device 120 1s
aligned with a seclected treatment location. Once treated, the treatment plan 1s
updated. This update may include changing or altering the indicator for the selected
treatment location to indicate treatment has occurred. Updating may also include
prohibiting further treatment of the selected treatment location, even 1f the laser
dehivery device 120 again becomes aligned with the location. This type of sateguard
prevents a treatment location from beimng treated more than once. Such a treatment
regime may be referred to as a user guided semi-automated regime. This process may
be continued until all selected treatment locations are treated.

[0106] A further manner of treating the selected treatment locations according to the
treatment plan may be entirely manual. That 1s, 1n some 1mplementations, a user
manually aligns the laser delivery device 120 with a selected treatment location, such
as by aligning the laser target indication 290 with a selected treatment location. In
some 1nstances, the system 100 may mdicate when the laser delivery device 120 1s
aligned with a selected treatment location. The user would then fire the treatment
laser 155. Once fired, the system 100, such as with the laser control device 110,
would control the firing of the laser so as to conform to the parameters of the
treatment plan. When treatment of a selected treatment location 1s complete, the
treatment plan 1s updated. For example, the system 100 would note that the particular
sclected treatment location has been treated, preventing further treatment of the
location, and changing the indication of the selected treatment location to indicate that
treatment has occurred.

[0107] Utilizing the system 100 to provide the laser treatment in any of the ways
described herem 1s mmportant due to the difficulty a user may have in visually
identifying where a laser treatment has been applied. This may be because, for
example, a location that has been treated with the appropriate amount of laser energy
may not be discernable from a non-treated location. Thus, one the laser 1s fired, the
system 100 (such as the laser control device 110 thercof) controls application of the

laser radiation according to the treatment plan 1n order to provide an improved
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treatment as well as records which locations have and have not been treated. This
improves safety and efficacy of the surgical procedure.

[0108] FIG. 12 shows an example method 1200 for treating a tissue. Although
method 1200 1s described with reference to treatment of an ocular tissue, as explained
above, the scope of the disclosure 1s not so Iimited. Rather, method 1200 1s applicable
to treatment of any tissue both within and outside of ophthalmology. That 1s, the
method 1200 may be used 1n other medical fields other than ophthalmology to treat
other types of maladies. Further, as explained above, the scope of the disclosure,
including method 1200, 1s not imited to laser photocoagulation. Rather, the use of
the principles described heremm may be used with other types of treatments. Thus,
these other uses are also within the scope of the disclosure.

[0109] At 1210, a tissue 1s visualized. In the present example, an ocular tissue 1s
visualized. Visualization may be performed with numerous techniques operable to
identify abnormalities with the visualized tissue. For example, the visualization may
be performed using OCT, mnfrared imaging, and retinal tomography. Other types of
visualizations may also be used in order to 1dentify tissue abnormalities.

[0110] In some implementations, visualization may be accomplished using a device
external to the eye. Visualization includes obtaining imaging data of a tissue that may
be used to determine the existence of any tissue abnormalities. For example, 1 the
case of OCT, imaging data in the form of OCT data may be obtained with an OCT
device that 1s external to the eye. Particularly, OCT data may be obtained from a
microscope, such as microscope 140 described above, having OCT capability. Thus,
in some 1nstances, the OCT data obtained from wvisualization of the ocular tissue
through the cornea and lens of a patient’s eye. In some instances, the visualization
data may be obtained by a device or probe at least partially inserted into the eye. An
imaging device, such as mmaging device 130, may be used to obtain this type of
visualization data. For example, again 1in the case of OCT, an OCT probe may be
inserted at least partially mto the eye 1in order to obtain OCT data of the ocular tissue
1in question, such as, for example, the retina.

[0111] Further, mm some¢ implementations, the visualization nformation may be
accomplished manually. For example, in some mstances, at least some of the imaging
data may be obtained by manual operation of an 1imaging device (e.g., an OCT probe)
by a user. The user may guide the imaging device and obtain 1imaging data at onec or

more desired locations.  In other instances, the 1maging data may be obtained
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automatically according to a predetermined algorithm. For example, an 1maging
device may obtain 1imaging data by executing a predetermined algorithm that obtains
imaging data from a preselected arca of the tissue. In the instance of OCT, the
imaging data may be automatically obtained along a plurality of scan lines to
sutficiently cover any desired arca of the tissue. The imaging data, whether obtained
manually or automatically, may then be stored. The stored data may subsequently be
analyzed for the existence of any abnormalities. In some instances, the imaging data
may be stored digitally.

[0112] At 1220, the imaging data 1s used to i1dentify potential abnormalities of the
tissue. For example a system, such as system 100, may be used to identify potential
abnormalitics. More particularly, in some mstances, a control device that may be
similar to laser control device 110, operating with one or more algorithms that may be
contained 1 an application, such as an application similar to laser control application
180, may be used to i1dentify potential abnormalities. In some implementations, one
or more algorithms may be used to analyze the obtained 1imaging data and determine
whether one or more abnormalitics exist.  Thus, m some 1mplementations,
identification of abnormalitics may be performed electronically without selection
input from a user.

[0113] Image processing algorithms, such as one or more of the algorithms explained
above, may be used to determine the presence of different types of abnormalities. As
explained above, example metrics that may be used to determine the presence of one
or mor¢ abnormalities includes a thickness, an intensity, an intensity gradient, a phase,
a speckle size, a vascular density, a blood flow velocity, an oxygenation, an elasticity,
a birefringence property, a size, a volume, a concavity/convexity, and/or a radius of
curvature of one or more retinal layers. For example, in the case of retinal laser
photocoagulation, 1image processing algorithms may be used to determine the one or
mor¢ arcas of the retina that 1s/are candidates for treatment. Candidate arcas of the
tissue may be 1dentified by the detection of various abnormalities that may be present,
such as, for example, venous occlusions, macular edema, microvascular
abnormalities, retmal breaks and tears, and ocular tumor to name a few. The location
of the abnormalitics may be 1dentified and stored, such as 1n a memory device similar
to memory device 170 of example system 100.

[0114] The locations of the 1dentified abnormalities may be determined using an eye-

tracking device and/or algorithm. Eye tracking permits the registration of the 1image
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data and the precise location of the tissue from which the data were obtained. Thus,
during the treatment portion of a surgical procedure, the locations of the identified
abnormalitics may be known i order to facilitate accurate aiming and treatment
application to those locations. For example, in some instances, the locations of the
abnormalitics may be accurately overlaid onto a real-time 1mage of the tissue to
permit accurate application of a treatment therapy, such as a laser photocoagulation
treatment.

[0115] Registration of selected treatment locations of one or more abnormalitics may
be accomplished with the use of 1dentifying characteristics of a tissue or physiological
characteristic. For example, 1n the context of a retina, features of the retina, such as
retinal vessels, may be used to accurately register imaging data to a real-time 1mage of
a retina.

[0116] At 1230, a treatment plan to accomplish an mtended treatment 1s determined.
Determination of a treatment plan may include identifying locations of a tissue for
treatment, 1.¢., selected trecatment locations, 1dentifying treatment parameters for a
treatment to be applied to the selected treatment locations, and an order of performing
the treatment. A treatment plan may also include other aspects, such as, for example,
an order 1n which the selected treatment locations are treated. A processor running an
application, such as processor 160 and laser control application 180 of the example
system 100, may be used to determine a treatment plan based on obtained 1imaging
data.

[0117] In the example of retinal laser photocoagulation, the treatment plan may
include determination of laser parameters that control the amount and manner 1n
which laser energy 1s applied to a particular selected treatment location. For example,
a treatment plan for laser photocoagulation may include parameters such as, for
example, laser power, a number of locations to be treated, positions of the selected
treatment locations, a size of the selected treatment locations, areas where treatment 1s
to be avoided (“exclusion zones™), and/or a time period laser energy 1s applied to a
location. Other parameters may also be determined.

[0118] In some implementations, a treatment plan may be determined according to an
algorithm. In some instances, the treatment plan may be determined exclusively by
an algorithm. The algorithm may determine a treatment plan based on, for example,
the type of abnormality, a size of the abnormality, a location of the abnormality.

Other characteristics may also be used to determine the treatment plan. For
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treatments 1nvolving laser energy, an algorithm utilized to develop a treatment plan
may optimize laser parameters in order to improve procedure effectiveness, optimize
an amount of time to perform the procedure, control and/or reduce cellular necrosis,
climinate or minimize vision loss, and reduce or eliminate heat bloom.

[0119] The treatment plan may form part of a heads-up display that may be overlaid
onto a real-time image of the tissue being treated. The treatment plan, too, may
include registration data that provides for accurately applying the parameters of the
treatment plan onto a real-time 1mage. For example, the registration provides for
accurately locating on a real-time 1mage the selected treatment locations. As a result,
accurate treatment 1s applied to the tissue.

[0120] At 1240, treatment 1s delivered according to the treatment plan. In some
implementations, application of the treatment plan may be fully automated. For
example, the treatment plan may be delivered exclusively by a treatment device with
little to no mput from a user. For example, a device may include eye-tracking
capabilitics. The treatment device utilizes a treatment plan containing registration
information and overlays the treatment plan onto a real-time 1mage of the tissue being
treated. The treatment device controls a position of a treatment instrument, such as,
for example, a laser delivery device. The treatment device applies treatment
according to the treatment plan. For example, the treatment device applies a
treatment according to determined parameters for each selected treatment site and
according to an order established by the treatment plan. The treatment plan may be
updated as the procedure progresses, such as by tracking which selected treatment
locations have been treated and which remain untreated. At the conclusion of the
treatment, a user may be notified, such as with an audible and/or visual notification.
[0121] In other implementations, delivery of treatment according to a treatment plan
may be partially automated. In some instances, a user may manually aim a treatment
delivery device or mstrument (e.g., a laser delivery device) and the instrument may be
made to apply treatment according to the treatment plan by a treatment control device.
For example, the treatment control device may be operable to detect when the
treatment delivery device 1s aligned with a particular selected treatment location and
automatically apply a treatment thereto according to the treatment plan. Thus, while a
user may manually mancuver a treatment dehivery device, actual execution of the
treatment plan 1s accomplished by a treatment control device. Image processing may

be utilized to monitor a target location of a treatment delivery device relative to
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selected treatment locations. When alignment between the target location and a
sclected treatment location occurs, application of treatment may be performed
automatically.

[0122] According to still other implementations, application of a treatment plan may
be accomplished substantially manually. For example, a user may guide a treatment
dehivery device and, when a treatment delivery device 1s aligned with a selected
treatment location, a notification may be provided to the user. The user may then
trigger application of the treatment to the sclected treatment location. However, the
actual application of the treatment 1s controlled by a treatment control device.

[0123] Although FIG. 12 illustrates one implementation of a method for treating a
tissue, other methods for treating a tissue may include fewer, additional, and/or a
different arrangement of operations. For example, another example method for
treating a tissue may additionally call for presenting one or more selected treatment
locations to a user for review or modification. Another example method may include
presenting a treatment plan to a user for review or modification. In still other
instances, another example method may include displaying a real-time 1mage of a
tissue for treatment with a registered representation of a treatment plan. The
displayed information may be updated as the treatment progresses. For example,
upon treatment of a sclected treatment location, a representation of the selected
treatment location may be updated both visually and within the treatment plan to
indicate that treatment of that selected treatment location has occurred.

[0124] Although the disclosure provides numerous examples, the scope of the present
disclosure 1s not so limited. Rather, a wide range of modification, change, and
substitution 1s contemplated m the foregoing disclosure. It 1s understood that such
variations may be made to the foregoing without departing from the scope of the

present disclosure.
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CLAIMS

What 1s claimed 1s:

1. A surgical optimization system comprising:
an 1maging device adapted to receive imaging data of a tissue at a treatment
location; and
a treatment delivery device adapted to apply a treatment to the tissue at the
treatment location:; and
a treatment control device, the mmaging device and the treatment device
coupled to the treatment control device, the treatment control device comprising:
a processor adapted to:
1identify the presence of an abnormality of the tissue based on
the recerved 1imaging data; and
deliver a treatment to the abnormality according to a treatment

plan via the treatment delivery device.

2. The system of claim 1, wherein the treatment control device further comprises

a user mterface, the user interface adapted to receive the treatment plan.

3. The system of claim 1, wherein the processor of the treatment control device 1s

further adapted to determine the treatment plan using the 1dentified abnormality .

4. The system of claim 3, wherein the processor adapted to determine a treatment
plan using the identified abnormality comprises a processor adapted to determine

treatment parameters for treating the 1dentified abnormality .

5. The system of claim 3, wherein the processor 1s further adapted to update the

treatment plan during the course of the treatment.

6. The system of claim 1, wherem the processor adapted to identify the presence
of an abnormality of the tissue based on the received imaging data comprises a
processor adapted to i1dentify a particular type of abnormality based on the received

1imaging data.

7. The system of claim 6, wherein the tissue at the treatment location 1s retinal

tissue, and wherem a type of identified abnormality comprises one of a venous
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occlusion, a macular edema, a microvascular abnormality, a retinal break, a retinal

tear, or an ocular tumor.
8. The system of claim 1, wherein the imaging device 1s an OCT device.

9. The system of claim 1, wherem the treatment parameters include one of a
location to apply a treatment, a size of the location to be treated, locations excluded

from treatment, and a laser power to be used for treatment.

10. The system of claim 1, wheremn delivery of the treatment to the abnormality
according to the trecatment plan via the treatment delivery device 1s performed

autonomously by the treatment control device.

11. The system of claim 1, wheremn delivery of the treatment to the abnormality
according to the treatment plan via the treatment delivery device 1s performed upon

recelpt of a user input.

12. The system of claam 11, wherein the user mput comprises alignment of a

target indicator with a treatment location of the abnormality .
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13. A method to optimize treatment of a tissue comprising:

visualizing a tissue with an 1maging device to obtain imaging data of the
tissue:

identifying, using an algorithm, an abnormality of the tissue based on the
imaging data; and

dehivering treatment to the abnormality of the tissue according to a treatment

plan.

14. The method of claim 13, further comprising receiving, via a user interface, the

treatment plan to treat the abnormality.

15. The method of claim 13, further comprising generating, with a processor, the

treatment plan to treat the abnormality.

16. The method of claim 16, wherein generating, with a processor, the treatment
plan to treat the abnormality comprises at least one of 1dentifying a treatment location
of the abnormality, a size of a treatment location of the abnormality, a power setting
to be applied to an 1dentified treatment location, and a location to be excluded from

freatment.

17. The method of claim 13, wherein delivering treatment to the abnormality of
the tissue according to the treatment plan comprises delivering treatment with a

treatment delivery device.

18. The method of claim 18, wherein the treatment delivery device comprises a

treatment laser.

19. The method of claim 13, wherem visualizing a tissue with an 1maging device
to obtaimn 1imaging data of the tissue comprising visualizing the tissue with an OCT

device.

20.  The method of claim 13, wherein the algorithm used for identifying an
abnormality of the tissue based on the imaging data comprises an 1mage processing

algorithm.
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21. The method of claim 13, wherein delivering treatment to the abnormality of
the tissue according to the treatment plan comprises automatically delivering

treatment to the abnormality according to the treatment plan.

22, The method of claim 13, wherein delivering treatment to the abnormality of
the tissue according to the treatment plan comprises delivering treatment to the

abnormality according to the treatment plan upon receipt of a user input.

23. The method of claim 13 further comprising updating the treatment plan as the

treatment 1s being delivered to the abnormality.

24, The method of claim 13 further comprising registering the treatment plan with

a real-time 1mage of the tissue.
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