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( 57 ) ABSTRACT 
An imaging probe comprises a camera or endoscope with an 
external detector array , in which the probe is sized and 
shaped for surgical placement in an eye to image the eye 
from an interior of the eye during treatment . The imaging 
probe and a treatment probe 500 can be coupled together 
with a fastener or contained within a housing . The imaging 
probe and the treatment probe 500 can be sized and shaped 
to enter the eye through an incision in the cornea and image 
one or more of the ciliary body band or the scleral spur . The 
treatment probe 500 may comprise a treatment optical fiber 
or a surgical placement device to deliver an implant . A 
processor coupled to the detector can be configured with 
instructions to identify a location of one or more of the 
ciliary body band , the scleral spur , Schwalbe's line , or 
Schlemm's canal from the image . 
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IMAGE GUIDANCE METHODS AND 
APPARATUS FOR GLAUCOMA SURGERY 

identifying the location of Schlemm's canal to facilitate the 
formation of openings in Schlemm's canal and the place 
ment of implants . 

RELATED APPLICATIONS SUMMARY 
[ 0001 ] This application is a continuation of U.S. patent 
application Ser . No. 17 / 248,543 , filed Jan. 28 , 2021 , which 
is a continuation of International Patent Application No. 
PCT / US2020 / 040558 , filed Jul . 1 , 2020 , which published as 
WO 2021/003304 on Jan. 7 , 2021 , which claims the benefit 
under 35 U.S.C. $ 119 ( e ) of U.S. Provisional Patent Appli 
cation No. 62 / 869,267 filed on Jul . 1 , 2019 , and U.S. 
Provisional Patent Application No. 62 / 994,181 , filed on 
Mar. 24 , 2020 , the entire disclosures of which are incorpo 
rated herein by reference . 
[ 0002 ] The subject matter of the present application is also 
related to International Application No. PCT / US2018 / 
038072 , filed Jun . 18 , 2018 , entitled “ Methods and Systems 
for OCT Guided Glaucoma Surgery ” , published as WO 
2018/232397 , the entire disclosure of which is incorporated 
herein by reference . 

a 

BACKGROUND 

a 

[ 0003 ] The prior methods and apparatus for treating dis 
eases such as diseases of the eye can be less than ideal in at 
least some respects . One example of a disease that can be 
difficult to treat is glaucoma . Although some treatments can 
be successful , the prior approaches to treating glaucoma can 
be less than ideal in a least some respects . One approach to 
treat glaucoma is with minimally invasive glaucoma surgery 
( “ MIGS ” ) . With canal based MIGS , a small opening is 
formed in the trabecular meshwork to allow fluid to drain 
into Schlemm's canal . These openings can be formed in 
many ways , for example with implants or lasers . One 
approach has been to use excimer laser trabeculostomy 
( “ ELT ) , in which an ultraviolet laser such as an excimer laser 
is used to ablate an opening in the trabecular meshwork into 
Schlemm's canal . Another approach has been to place an 
implant that extends through the trabecular meshwork into 
Schlemm's canal . One potentially challenging aspect of 
canal based MIGS procedures is alignment of a surgical 
instrument with Schlemm's canal , which can be approxi 
mately 200 micrometers ( “ um ” ) to 400 um . In some 
instances , Schlemm’s canal may not be readily visible , and 
the surgeon may try to estimate the location of Schlemm's 
canal , which can be challenging and less than ideally accu 
rate in at least some instances . With some implantation 
procedures , in accurate assessment of the location of 
Schlemm’s canal can lead to the implant not being fully 
placed in the canal , may lead to tearing of the trabecular 
meshwork , and in some instances the implant can become 
dislodged , for example . 
[ 0004 ] With normal ocular pressure , Schlemm's canal is 
typically not visible from an internal view with a camera . 
When pressure of the eye is sufficiently low , blood can enter 
Schlemm’s canal and improve visualization of Schlemm's 
canal . However , once the trabecular meshwork has been 
penetrated , blood from Schlemm's canal can enter the 
anterior chamber of the eye , making visualization of the 
trabecular meshwork more difficult than would be ideal . 

[ 0005 ] In light of the above , it would be beneficial to have 
improved methods and apparatus to assist the surgeon in 

[ 0006 ] In some embodiments , a probe comprises a treat 
ment probe comprising a treatment element and an imaging 
probe to image the treatment element and the anatomic 
structures targeted for treatment and adjacent structures 
from an interior of the eye . In some embodiments , the 
treatment element comprises one or more of an optical fiber 
or an implant . In some embodiments , a probe comprises a 
camera sized and shaped for surgical placement in an eye 
and a treatment probe . In some embodiments , an elongate 
imaging probe comprises the camera , which comprises one 
or more lenses and a detector sized for placement in the eye . 
Alternatively , or in combination , the imaging probe may 
comprise one or more lenses and one or more optical fibers 
such as an array of optical fibers or a scanning optical fiber 
arranged to transmit an image . In some embodiments , the 
treatment probe and the imaging probe are coupled to each 
other , such as with a fastener , so as to fix a rotational angle 
between an elongate axis of the imaging probe and the 
treatment probe . In some embodiments , the camera and the 
treatment probe are enclosed together in a housing . The 
camera and treatment probe are sized and shaped to enter the 
eye through an incision in the cornea and image one or more 
of the ciliary body band , the scleral spur , the trabecular 
meshwork , the juxtacanalicular trabecular meshwork , 
Schlemm's Canal , the inner wall of Schlemm's Canal , 
compression of the trabecular meshwork , sites of collector 
channel orifices where visible from within the anterior 
chamber , iris root , and other intraocular structures . The 
treatment probe may comprise an optical fiber or a surgical 
placement device to deliver an implant . A detector of the 
camera is sized and shaped for placement in the eye and 
coupled to a processor configured with instructions to iden 
tify a location of one or more of the ciliary body band , the 
scleral spur , Schwalbe's line , or Schlemm's canal from the 
image . 
[ 0007 ] In some embodiments , an optical fiber coupled to 
the camera comprises an inclined distal end , and the pro 
cessor is configured with instructions to determine an ori 
entation of the inclined end in response to the image from 
the camera . The processor can be configured with instruc 
tions to display markers corresponding to locations of one or 
more of the iris root , the ciliary body band , the scleral spur , 
Schwalbe's line , or Schlemm's canal and the treatment 
probe and other anatomic landmarks / structures . The image 
from the camera and the markers can be provided to the 
surgeon in many ways . In some embodiments , the image 
from the camera placed in the eye is shown on a heads - up 
display of a microscope , such as an operating microscope , 
which can allow the surgeon to view the eye anteriorly 
through a microscope and to view the image of the eye from 
the camera inserted into the eye , while viewing the images 
through the oculars of the microscope . In some embodi 
ments , a second camera or cameras coupled to a microscope , 
such as an operating microscope , provides a microscope 
image of the eye which is shown on a viewing device . The 
images from the second camera , the camera placed in the 
eye , and the markers can be shown on the display , for 
example , sequentially or concurrently and updating with 
movement of the probe . These approaches can facilitate the 
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surgery , and in some embodiments allows the surgery to be 
performed without a gonioscope . 

INCORPORATION BY REFERENCE 
[ 0008 ] All patents , applications , and publications referred 
to and identified herein are hereby incorporated by reference 
in their entirety and shall be considered fully incorporated 
by reference even though referred to elsewhere in the 
application . 

BRIEF DESCRIPTION OF THE DRAWINGS 
a 

[ 0025 ] FIG . 11 shows a cross sectional schematic view of 
an example treatment probe and camera taken along the line 
A - A from FIG . 10 in accordance with some embodiments ; 
[ 0026 ] FIG . 12A shows an example of a treatment probe 
and a camera in accordance with some embodiments ; 
[ 0027 ] FIG . 12B shows a cross sectional schematic view 
of an example treatment probe and camera taken along the 
line B - B of FIG . 12A in accordance with some embodi 
ments ; 
[ 0028 ] FIG . 13 shows an example of a treatment probe and 
a camera in accordance with some embodiments ; 
[ 0029 ] FIG . 14 is a flowchart diagram showing methods in 
accordance with some embodiments ; 
[ 0030 ] FIG . 15 shows an apparatus for eye surgery in 
accordance with some embodiments ; 
[ 0031 ] FIG . 16 shows an example of a treatment probe and 
a fiber optic array coupled to each other with a fastener , in 
accordance with some embodiments ; 
[ 0032 ] FIG . 17 shows a cross sectional schematic view of 
an example treatment probe and fiber optic array taken along 
the line A - A from FIG . 16 in accordance with some embodi 
ments ; 
[ 0033 ] FIG . 18A shows an example of a treatment probe 
and a fiber optic array with an integrated housing in accor 
dance with some embodiments ; 
[ 0034 ] FIG . 18B shows a cross - sectional schematic view 
of an example treatment probe and camera taken along the 
line B - B of FIG . 18A ; and 
[ 0035 ] FIG . 19 shows an example of a treatment probe and 
a fiber optic array in accordance with some embodiments ; 
and 
[ 0036 ] FIG . 20 shows an example of a treatment probe and 
a fiber optic array in accordance with some embodiments . 

a 

DETAILED DESCRIPTION 

[ 0009 ] A better understanding of the features , advantages 
and principles of the present disclosure will be obtained by 
reference to the following detailed description that sets forth 
illustrative embodiments , and the accompanying drawings 
of which : 
[ 0010 ] FIG . 1 shows a schematic sectional view of an eye 
illustrating anatomical structures ; 
[ 0011 ] FIG . 2 shows a perspective partial view of the 
anatomy adjacent to the anterior chamber of an eye ; 
[ 0012 ] FIG . 3 shows a schematic sectional view of an eye 
illustrating a fiber optic probe and imaging probe crossing 
the anterior chamber from a corneal limbal paracentesis site 
toward the trabecular meshwork in the anterior chamber of 
the eye in accordance with some embodiments ; 
[ 0013 ] FIG . 4A shows a partial schematic view of the 
anatomy of the anterior chamber angle of an eye showing 
Schlemm's canal , the scleral spur and Schwalbe's line ; 
[ 0014 ] FIG . 4B shows a partial view of the anatomy of an 
eye and is representative of an image obtained with an 
endoscope or other imaging system from the viewpoint of 
within an eye ; 
[ 0015 ] FIG . 5A shows an exemplary image overlaid with 
markers in accordance with some embodiments with the 
probe rotated with respect to the target tissue ; 
[ 0016 ] FIG . 5B shows an exemplary image as in FIG . 5A 
in accordance with some embodiments with the probe 
rotationally aligned with the target tissue ; 
[ 0017 ] FIG . 6A shows an exemplary image overlaid with 
treatment markers in accordance with some embodiments 
with the implantation axis of the implant rotated with respect 
to Schlemm's canal ; 
[ 0018 ] FIG . 6B shows an exemplary image overlaid with 
markers showing an implantation axis of the implant aligned 
with Schlemm's canal in accordance with some embodi 
ments ; 
[ 0019 ] FIG . 7 shows an apparatus for eye surgery in 
accordance with some embodiments ; 
[ 0020 ] FIG . 8 shows an augmented image comprising an 
optical operating microscope view and an internal camera 
view overlaid with treatment markers ; 
[ 0021 ] FIG . 9A shows placement of an implant in accor 
dance with some embodiments ; 
[ 0022 ] FIG . 9A - 1 shows an implant comprising an 
engagement structure sized and shaped to receive a protru 
sion of the inserter so as to fix the angle of elongate axis of 
the implant with the axis of the camera . 
[ 0023 ] FIG . 9B shows an instrument for placement of an 
implant in Schlemm’s canal and placement of implants in 
Schlemm's canal in accordance with some embodiments ; 
[ 0024 ] FIG . 10 shows an example of a treatment probe and 
a camera in accordance with some embodiments ; 

[ 0037 ] The following detailed description and provides a 
better understanding of the features and advantages of the 
inventions described in the present disclosure in accordance 
with the embodiments disclosed herein . Although the 
detailed description includes many specific embodiments , 
these are provided by way of example only and should not 
be construed as limiting the scope of the inventions dis 
closed herein . 
[ 0038 ] Methods and systems disclosed herein can allow 
more ophthalmic surgeons to successfully perform MIGS 
procedures . For example , the disclosed methods and appa 
ratus can allow for surgeries to more uniformly and consis 
tently create openings to enable improved outflow of aque 
ous fluid from the eye's anterior chamber into Schlemm's 
canal , for example . In addition , the disclosed system and 
methods can lead to improved surgical outcomes , by allow 
ing surgeons to identify target locations for openings into 
Schlemm's canal intended to increase outflow . In some 
cases , a target location may include a surface or layer of a 
tissue , or a position at a tissue , for example of the trabecular 
meshwork , the juxtacanalicular trabecular meshwork 
( JCTM ) , the inner wall of the Schlemm’s canal , the outer 
wall of the Schlemm's canal , the sclera , or desired combi 
nations thereof . 
[ 0039 ] The presently disclosed methods and apparatus 
may include the combination of a microscope , such as a 
surgical microscope , image with sensing devices which 
enable real - time display images to be concurrently viewed 
by the surgeon . The real - time display image includes an 
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may not 

image which is updated during procedures with minimal 
latencies . For practical purposes , the real - time augmented 
display shows images , including video , as events are hap 
pening . These augmented images enable the surgeon to 
view , target and treat locations within an eye which 
be readily visualized using the operating microscope alone , 
due to their location within the eye at sites in which total 
internal reflections precludes their visualization in the 
microscope image , unaided . Such structures include the 
trabecular meshwork and Schlemm's canal . The methods 
and apparatus disclosed herein enable a surgeon to view 
angle structures that are obscured or blocked by total inter 
nal reflection . For example , the disclosed methods and 
apparatus can allow images or information of those other 
wise poorly visible or non - visible structures , such as the 
collector channel system , to be visualized using a camera 
inserted into the eye , such as by using endoscopic camera 
technologies . A surgeon can concurrently view a real image 
of the eye with an overlying projected image of ocular 
structures by the placement of an image of those structures , 
such as the collector channel system via , for example , an 
imaging system placed adjacent the treatment probe , which 
may be obtained earlier than a surgery , or which may be 
obtained in real - time during the surgery which may be 
registered to visible structures or markers , to enable the 
surgeon to identify and target preferred surgical sites . In this 
manner , the images viewed by the surgeon include real 
( optical ) and projected ( virtual ) images combined on a 
display to enhance surgical visualization and targeting treat 
ment of such tissues . 
[ 0040 ] In some embodiments , the endoscope comprises 
imaging optics to form an image of the target tissue on an 
external sensor array , such as a sensor array located on a 
handpiece of the probe or a sensor array located on a console 
of a surgical workstation . In embodiments comprising a 
sensor array located outside the eye , the endoscope may 
comprise one or more optical fibers , e.g. a plurality of 
optical fibers , to transmit an image to the sensor array 
located outside the eye . In some embodiments , an image of 
the eye is formed on one or more ends of one or more optical 
fibers located within the eye and the image is transmitted via 
the one or more optical fibers to the sensor array located 
outside the eye . Alternatively , the endoscope may comprise 
a camera comprising the sensor array , in which the camera 
is inserted into the eye as described herein . 
[ 0041 ] The images from either or both the microscope and 
the endoscope can be presented to the surgeon in many 
ways . For example , the images can be superimposed on an 
image viewed via a monitor or similar viewing devices , such 
as augmented reality glasses , or goggles or virtual reality 
glasses or goggles . In some embodiments , a real - time image 
from a camera inserted into the eye is presented on a 
binocular heads up display with an optical image of the eye 
from an microscope , such as an operating microscope , 
which allows the surgeon to view both the optical image and 
image from the camera while looking into the microscope . 
In some embodiments these images are registered to each 
other with common elements enabling positioning of the 
intraocular camera system image relative to the microscope 
image . Additional information can also be provided to the 
surgeon , such as virtual images of otherwise non - visible 
structures and one or more symbols to indicate both dis 
tances and movement , such as from a probe tip to trabecular 
meshwork to Schlemm's canal . In some embodiments , an 

in - situ camera can be used to identify collector channels of 
the eye , and enable the surgeon to identify sites by these 
target locations ( e.g. by using a graphical visual element 
such as a treatment reference marker to identify a target 
location ) displayed to the user to assist in the creation of 
openings at appropriate locations in the trabecular mesh 
work to increase flow . Some embodiments of the present 
disclosure encompass any of a variety of in - eye imaging 
modalities , including pre - operative and / or intra - operative 
images of the outflow system ( e.g. Schlemm's canal and 
collector channels ) , which can be overlaid onto a micro 
scope image or view . Further , image analysis algorithms can 
be applied to recognize anatomical features within the eye 
during surgery and a heads - up display can augment the 
real - time imaging with recognized features , guides , loca 
tions , markers , and the like to assist the surgeon in com 
pleting the surgery . In some cases , one or more images 
captured by an imaging sensor located within the eye can be 
used to generate a virtual image of the angle structures . 
( 0042 ] Such displays can be coupled to the operating 
microscope in order to present monocular or binocular 
virtual and / or augmented images from a display which is 
visually combined with binocular real optical images of the 
eye , for example . The methods and apparatus disclosed 
herein are well suited for utilization with ELT surgery and 
with an implant device such as stent surgeries which provide 
openings to drain fluid from the eye . However , the provided 
system and methods can also be applied to various other 
surgical procedures where fiberoptic - based imaging may be 
utilized , e.g. any and all surgeries using an endoscope . 
[ 0043 ] In some embodiments , the endoscope comprises a 
stereoscopic endoscope configured to provide the user with 
a stereoscopic image of the treatment element from an 
interior of the eye . The display may comprise a stereoscopic 
image display to provide the user with a stereoscopic image 
of the treatment element to facilitate surgeries within the 
eye . 
[ 0044 ] Although specific reference is made to the treat 
ment of glaucoma using excimer laser trabeculostomy 
( “ ELT ' ) , the methods and systems disclosed herein can be 
used with many other types of surgeries . For example , the 
embodiments disclosed herein can be used with other sur 
gical procedures , including endoscopic procedures relating 
to orthopedic , neurosurgical , neurologic , ear nose and throat 
( ENT ) , abdominal , thoracic , cardiovascular , epicardial , 
endocardial , and other applications to name a few . The 
presently disclosed methods and apparatus can utilize in - situ 
imaging to improve targeting accuracy and provide virtual 
visualization for enabling surgeons to perform procedures in 
regions that may not be readily visualized either microscopi 
cally or endoscopically . Such applications include any endo 
scopic procedure in which virtual visualization is augmented 
to real images to assist surgical accuracy in 3 - dimensional 
space , one example of which is an endovascular procedure 
in which the vessel curves or bends . As used herein , the term 
“ in - situ ” , as related to imaging , refers to an imaging sensor , 
such as any number of suitable camera systems , that is 
positioned at or in close proximity to the treatment site . In 
some cases , an in - situ imaging system is carried by or with 
the treatment probe and captures images from the treatment 
site or along the path to the treatment site to allow the 
surgeon to see actual anatomical features . 
[ 0045 ] Certain aspects may also be used to treat and 
modify other organs such as brain , heart , lungs , intestines , 
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tacanalicular trabecular meshwork ( JCTM ) 13 , located 
between the trabecular meshwork 9 and Schlemm's canal 
11 , and , more specifically , the inner wall of Schlemm's 
canal . 

2 

2 

a 

a 

2 

skin , kidney , liver , pancreas , stomach , uterus , ovaries , tes 
ticles , bladder , ear , nose , mouth , soft tissues such as bone 
marrow , adipose tissue , muscle , glandular and mucosal 
tissue , spinal and nerve tissue , cartilage , hard biological 
tissues such as teeth , bone , as well as body lumens and 
passages such as the sinuses , ureter , colon , esophagus , lung 
passages , blood vessels , and throat . For example , the devices 
disclosed herein may be inserted through an existing body 
lumen or inserted through an opening created in body tissue . 
[ 0046 ] With reference to FIG . 1 , in order to appreciate the 
described embodiments , a brief overview of the anatomy of 
the eye E is provided . As schematically shown in FIG . 1 , the 
outer layer of the eye includes a sclera 17. The cornea 15 is 
a transparent tissue which enables light to enter the eye . An 
anterior chamber 7 is located between the cornea 15 and an 
iris 19. The anterior chamber 7 contains a constantly flowing 
clear fluid called aqueous humor 1. The crystalline lens 4 is 
supported and moved within the eye by fiber zonules , which 
are connected to the ciliary body 20. The iris 19 is attached 
circumferentially to the scleral spur and includes a central 
pupil 5. The diameter of the pupil 5 controls the amount of 
light passing through the lens 4 to the retina 8. A posterior 
chamber 2 is located between the iris 19 and the ciliary body 
20 . 
[ 0047 ] As shown in FIG . 2 the anatomy of the eye further 
includes a trabecular meshwork ( TM ) 9 , a triangular band of 
spongy tissue within the eye that lies anterior to the iris 19 
insertion to the scleral spur . The mobile trabecular mesh 
work varies in shape and is microscopic in size . It is 
generally triangular in cross - section , varying in thickness 
from about 100-200 um . It is made up of different fibrous 
layers having micron - sized pores forming fluid pathways for 
the egress of aqueous humor from the anterior chamber . The 
trabecular meshwork 9 has been measured to about a thick 
ness of about 100 um at its anterior edge , Schwalbe's line 
18 , at the approximate juncture of the cornea 15 and sclera 
17 . 
[ 0048 ] The trabecular meshwork widens to about 200 um 
at its base where it and iris 19 attach to the scleral spur . The 
height of the trabecular meshwork can be about 400 um . The 
passageways through the pores in trabecular meshwork 9 
lead through a very thin , porous tissue called the juxtacanali 
cular trabecular meshwork 13 , which in turn abuts the 
interior wall of a vascular structure , Schlemm's canal 11 . 
The height of Schlemm's canal can be about 200 um , or 
about half the height of the trabecular meshwork . 
Schlemm’s canal ( SC ) 11 is filled with a mixture of aqueous 
humor and blood components and connects to a series of 
collector channels ( CCs ) 12 that drain the aqueous humor 
into the venous system . Because aqueous humor 1 is con 
stantly produced by the ciliary body and flows through the 
pupil into the anterior chamber from which it passes through 
pores in the TM and JCTM into the SC and aqueous veins , 
any obstruction in the trabecular meshwork , the juxtacanali 
cular trabecular meshwork , or Schlemm’s canal , prevents 
the aqueous humor from readily escaping from the anterior 
eye chamber . As the eye is essentially a closed globe , this 
results in an elevation of intraocular pressure within the eye . 
Increased intraocular pressure can lead to damage of the 
retina and optic nerve , and thereby cause eventual blindness . 
[ 0049 ] The obstruction of the aqueous humor outflow , 
which occurs in most open angle glaucoma ( i.e. , glaucoma 
characterized by gonioscopically readily visible trabecular 
meshwork ) , is typically localized to the region of the jux 
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[ 0050 ] When an obstruction develops , for example , at the 
juxtacanalicular trabecular meshwork 13 , intraocular pres 
sure gradually increases over time . Therefore , a goal of 
current glaucoma treatment methods is to prevent optic 
nerve damage by lowering or delaying the progressive 
elevation of intraocular pressure . 
[ 0051 ] With reference to FIG . 3 , a side sectional view of 
the interior anatomy of a human eye E is shown with a 
treatment probe comprising fiber - optic probe 23 , and a 
camera 25 coupled to the probe inserted into the eye in 
accordance with some embodiments . A small self - sealing 
paracentesis incision 14 is created in the cornea 15. The 
anterior chamber can be stabilized with either a chamber 
maintainer using liquid flows or a viscoelastic agent . Fiber 
optic probe 23 and the camera 25 can then be positioned and 
advanced through the incision 14 into the anterior chamber 
7 until a distal end of the fiber - optic probe 23 contacts and 
slightly compresses the desired target TM tissues . 
[ 0052 ] Photoablative laser energy produced by laser unit 
31 ( shown in FIG . 7 ) is delivered from the distal end of 
fiber - optic probe 23 in contact to the tissue to be ablated . The 
tissue to be ablated may include the trabecular meshwork 9 , 
the juxtacanalicular trabecular meshwork 13 and an inner 
wall of Schlemm's canal 11. An aperture in the proximal 
inner wall of Schlemm's canal 11 is created in a manner 
which does not perforate the distal outer wall of Schlemm's 
canal . In some embodiments , additional apertures are cre 
ated in the target tissues . Thus , the resultant aperture or 
apertures are effective to restore relatively normal rates of 
drainage of aqueous humor . The photoablative laser energy 
may comprise one or more types of laser energy , such as 
visible , ultraviolet , near infrared , or infrared laser energy , 
and combinations thereof . In some embodiments , the laser 
energy comprises 308 nm laser energy from a Xenon Chlo 
ride excimer laser . The laser may comprise pulsed energy or 
substantially continuous energy , for example . In embodi 
ments , the laser energy delivered from the probe comprises 
femto - second or pico - second laser energy , for example . 
[ 0053 ] The fiber optic probe 23 may comprise an optical 
fiber or a plurality of optical fibers encapsulated by an 
encapsulating sheath . The diameter of a single optical fiber 
should be sufficiently large to transmit sufficient light energy 
to effectively result in photoablation of target tissues . In 
some embodiments , the optical fiber diameter is in a range 
from about 4-6 um . A single optical fiber or a plurality of 
optical fibers can be used in a bundle of a diameter ranging 
from about 100 um to about 1000 um , for example . The 
optical fiber core and cladding can be encased within an 
outer metal sleeve , or shield . In some embodiments the 
sleeve is fashioned from stainless steel . In some embodi 
ments , the outer diameter of sleeve is less than about 100 
um . In some embodiments , the diameter can be as small as 
100 um , as where smaller optical fibers are implemented 
with laser delivery systems . In some cases , the optical fiber 
may have a diameter of about 200 um and the fiber - optic 
probe 23 may have a greater diameter such as 500 um to 
encapsulate one or more optical fibers . In some embodi 
ments , the sleeve can be flexible so that it can be bent or 
angled . 
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[ 0054 ] FIGS . 4A and 4B show interior structures of the 
eye visible with an endoscope , such as an endoscope com 
prising a camera inserted to the eye as described herein . 
Structures visible with the endoscope inserted into the eye 
with an ab interno approach as described herein include the 
ciliary body band 302 and the scleral spur 304. In some 
embodiments , Schwalbe's line 306 can be viewed with the 
camera inserted into the eye . In some embodiments , 
Schlemm's canal 308 can be seen in the camera image , 
depending on the intraocular pressure of the eye during 
surgery . In some embodiments , the intraocular pressure of 
the eye is sufficiently high to limit blood from entering 
Schlemm's canal 308 , and Schlemm's canal may not be 
readily visible with the endoscope inserted into the eye as 
described herein , such as by an endoscope comprising a 
camera inserted into the eye as described herein . Also , in 
some embodiments , Schwalbe's line 306 may not be readily 
visible in the image provided by the endoscope inserted into 
the eye , such as an endoscope comprising a camera inserted 
into the eye or an external sensor array as described herein . 
The methods and apparatus disclosed herein can be well 
suited for identifying or estimated the locations structures of 
the eye that may not be readily visible from the endoscope 
inserted into the eye , so as to assist the surgeon with the 
placement of the treatment probe . 
[ 0055 ] FIGS . 5A and 5B show images shown on a heads 
up display from an in situ camera with markers presented on 
a display visible to a surgeon as described herein , in accor 
dance with some embodiments . The processor - identified 
location of the ciliary body band 302 and the processor 
determined location of Schlemm's canal 308 are shown with 
markers presented on the display visible to the surgeon . For 
example , a camera as described herein can be advanced with 
a treatment probe 500 and capture real - time imaging data 
during a procedure . The real time imaging data can be used 
by a processor to determine a location of Schlemm’s canal 
308 in response to one or more of the ciliary body band 302 , 
iris root or the scleral spur 304. The processor can be 
configured to display an estimated location of Schlemm's 
canal 308 with indicia such as markers , to assist the surgeon 
with placement of the probe on the trabecular meshwork 
adjacent Schlemm's canal , so that the surgeon can accu 
rately place the probe on the trabecular meshwork overlying 
Schlemm’s canal 308. This approach can be helpful when 
Schlemm's canal 308 is not readily visible in the camera 
image . Alternatively , or in combination , the processor can be 
configured to determine the location of Schlemm's canal 
308 from the location of Schlemm's canal 308 as shown in 
the image , for example when Schlemm’s canal 308 com 
prises sufficient contrast to be visible such as may occur with 
cataract surgery . Although FIG . 5A shows markers on the 
real time images from the camera inserted into the eye of the 
patient , in some embodiments the images are shown on the 
heads up display without markers and the fixed orientation 
between the camera and the probe allows the surgeon to 
determine the orientation of the probe in response to the 
images . 
[ 0056 ] FIG . 5A illustrates a treatment probe 500 shown in 
the image , which may comprise an optical fiber within a 
housing . In some embodiments , the camera comprises an 
axis that is fixed rotationally in relation to an axis of the 
probe . A camera may be affixed to , carried by , or be disposed 
within a shared housing with the treatment probe 500 , such 
that the camera captures images of the treatment probe 500 

during a procedure . The camera may aid a surgeon in 
delivering the treatment probe 500 to a target location , such 
as for performing a procedure , delivering and installing an 
implantable device , or for surveying areas of interest within 
a patient . As illustrated , the treatment probe 500 is placed in 
proximity to Schlemm’s canal 308 and the ciliary body band 
302. One or more of these anatomical features may be 
visible through the camera system and are recognizable by 
a user . According to some embodiments , the camera is 
coupled to a controlling unit , as will be described in further 
detail . The controlling unit may comprise a processor and 
instructions performable by the processor . In some embodi 
ments , the instructions comprise one or more image analysis 
algorithms that can detect anatomical features and land 
marks . In some instances , the controlling unit is able to 
identify anatomical features and augment the camera view 
by overlaying information , such as markers , for example a 
Schlemm's canal identifier 502 , a ciliary body band identi 
fier 504 , or some other identifier or a combination of 
identifiers , onto the camera imaging data as described 
herein . For instance , the controlling unit , by executing one 
or more feature recognition algorithms , may recognize the 
Schlemm's canal 308 and place a Schlemm's canal identifier 
502. In some cases , the system may recognize Schlemm's 
canal 308 based upon a difference in contrast in the analyzed 
image . For example , Schlemm’s canal 308 may be identified 
based upon a difference in contract of greater than 5 % . 
Although Schlemm’s canal may comprise a generally annu 
lar structure in three - dimensional space , when viewed from 
within the anterior chamber , Schlemm's canal may resemble 
a line which may be substantially straight or somewhat 
curved depending on the field of view and the angle at which 
the camera approaches the site . 
[ 0057 ] In some embodiments , the controlling unit aug 
ments the camera imaging data by placing a Schlemm's 
canal identifier 502 that closely follows Schlemm's canal 
308. The Schlemm's canal identifier 502 can resemble a line 
and can be updated to remain in an overlaid position with 
respect to the anatomical feature even as the camera moves . 
The augmented layer or at least some of the graphical 
elements of an augmented image can be mapped or matched 
to the optical image using object recognition techniques or 
pattern matching techniques , such as feature point recogni 
tion , edge detection , classifiers , spatial pyramid pooling , 
convolutional neural networks , or any of a number of 
suitable object recognition algorithms , or a combination of 
techniques . The Schlemm's canal identifier 502 can be 
placed on the images substantially in real time , for example 
with a latency of no more than five video frames , for 
example with a latency within a range from one to four video 
frames . 
[ 0058 ] Alternatively , or in combination , the controlling 
unit may recognize and identify other anatomical features , 
such as the ciliary body band 302 , as illustrated . Here , the 
controlling unit augments the camera image data by over 
laying a ciliary body band identifier 504 to follow the 
general shape of the ciliary body band 302. While the 
illustrated markers can be substantially straight lines , the 
markers may take other shapes and may be contoured to 
follow the anatomical contours at the imaged site . The 
markers may optionally denote the boundaries of selected 
anatomical features , such as Schwalbe's line , scleral spur , or 
Schlemm's canal 308. For example , a plurality of dashed 
lines can be used to indicate the estimated anterior and 
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posterior boundaries of Schlemm's canal 308 with a central 
line extending along an estimated central location of 
Schlemm’s canal as shown in the camera image . This 
approach can be helpful when Schlemm's canal is not 
readily visible in the image viewed by the surgeon . 
[ 0059 ] Other information , such as distances , arrows , direc 
tions , text , or other information may be likewise used to 
augment the camera imaging data . In some embodiments , 
the system may use identifiable features to locate other 
features . For example , the system may identify the scleral 
spur , and based upon the magnification , average distances 
and features sizes , the system may be able to identify the 
approximate location of Schlemm's canal 308 based upon 
the recognized features , even if the imagery doesn't readily 
show Schlemm's canal 308. For example , a processor may 
be configured with instructions to determine a location of 
Schlemm's canal 308 in response to identifying one or more 
of the ciliary body band 302 or the scleral spur and to display 
the location on a subsequent image from the detector array 
of the camera 
[ 0060 ] As shown in FIG . 5A , it is readily apparent that the 
camera is in a rotated orientation with respect to Schlemm's 
canal 308. In some procedures , it may be helpful to orient 
the treatment probe 500 with Schlemm's canal 308. By 
using the methods and apparatus disclosed herein , a user can 
quickly determine whether the treatment probe 500 is rota 
tionally aligned with one or more structures of the eye such 
as one or more of the iris root , the ciliary body band 302 , the 
scleral spur , or Schlemm’s canal 308. The markers , such as 
the Schlemm’s canal identifier 502 can provide further 
useful information for aligning the treatment probe 500 with 
Schlemm's canal 308 , which can be helpful when 
Schlemm's canal 308 is not readily visible from the image 
of the camera array inserted into the eye for example . 
[ 0061 ] As shown in FIG . 5B , once a user has rotated the 
treatment probe 500 and camera , the camera image and 
associated data shows that Schlemm's canal 308 and the 
associated Schlemm’s canal identifier 502 are substantially 
horizontal . In some cases , where the Schlemm's canal 
identifier 502 , and as result , Schlemm's canal 308 itself , is 
horizontal , then the user is assured that the treatment probe 
500 is aligned with Schlemm's canal 308. Of course , other 
marker information may be used or displayed to augment the 
camera imaging data and may aid a user in approaching and 
orienting the treatment probe 500 with respect to any 
anatomical feature of interest . 
[ 0062 ] With reference to FIGS . 6A and 6B , a treatment 
probe 500 is shown in proximity of Schlemm's canal 308 
and the ciliary body band 302. As illustrated , the treatment 
probe 500 carries a device , such as an implant 620 , to the 
treatment site . In some embodiments , the implant 620 com 
prises elongate implantation axis 622 sized and shaped to 
extend along Schlemm’s canal 308 , and the implant 620 can 
be inserted into Schlemm's canal 308 by aligning the 
elongate implantation axis 622 with an elongate axis of 
Schlemm's canal 308 , which can be helpful for appropriate 
delivery of the implant 620. For example , the implant 620 
may comprise a sharp end sized and shaped to penetrate the 
trabecular meshwork and slide along Schlemm's canal 308 . 
The fixed orientation of the camera relative to one or more 
of the probe 500 or the implant 620 can allow the user to 
align the implant with Schlemm’s canal 308 with reference 
to structures shown in the image from the camera placed in 
the eye , such as with reference to one or more of the ciliary 

body band 302 or the scleral spur , for example without 
computer generated markers and when Schlemm's canal 308 
is not readily apparent in the image from the camera placed 
in the eye . In some embodiments , the controlling unit may 
augment the camera images to show a Schlemm's canal 
identifier 502 to aid the user in locating Schlemm’s canal 
308 and also for determining the orientation of the treatment 
probe 500. As illustrated in FIG . 6A , the treatment probe 
500 , and thus the implant 620 , is misaligned with respect to 
Schlemm's canal 308 and should be reoriented in order to 
properly deliver the implant . 
[ 0063 ] As illustrated in FIG . 6B , the treatment probe 500 
has been rotated to coincide with the orientation of 
Schlemm's canal 308. This may be done by viewing the 
camera image data to verify that Schlemm's canal 308 is 
substantially horizontal . In the alternative , or in addition , the 
augmented camera image data may show a Schlemm's canal 
identifier 502 , which can be rotated by reorienting the 
treatment probe 500 and camera until the Schlemm’s canal 
identifier 502 is substantially horizontal . In some embodi 
ments , the camera and treatment probe 500 are rotated until 
the elongate implantation axis 622 of the implant 620 is 
substantially parallel with the Schlemm’s canal identifier 
502 , for example parallel to within about 10 degrees and in 
some embodiments parallel to within about 5 degrees . In 
some instances , the treatment probe 500 and camera are 
rotated or repositioned until the elongate implantation axis 
622 of the implant 620 is aligned with the Schlemm's canal 
identifier 502. This can increase the accuracy of implant 
delivery and deployment , and can be helpful when 
Schlemm's canal 308 is not readily visible in the image , for 
example . 
[ 0064 ] In some embodiments , additional identifiers or 
markers are overlaid to augment the camera image data . 
Some of these may include identification of other anatomical 
features , such as a ciliary body band identifier 504 for 
example , distances between anatomical features , size of 
anatomical features , distance of the distal end of the probe 
from anatomical features , directional arrows other directions 
to aid in moving the treatment probe 500 , along with other 
useful information . 
[ 0065 ] With reference to FIG . 7 , a system 400 for aiding 
a physician to perform a surgical procedure on an eye E , is 
illustrated in accordance with some embodiments . The sur 
gical operation procedure may comprise inserting an elon 
gate probe 23 from an opening into the eye across an anterior 
chamber to a target tissue region comprising a trabecular 
meshwork and a Schlemm's canal . In some embodiments , 
the system 400 may comprise an optical microscope 409 for 
the surgeon to view the eye during the procedure in real 
time . A camera input 401 receives a feed from the camera 
702 placed in the eye as input . The camera input 401 is 
operatively coupled a processor 414 of the controlling unit 
410. The processor of the controlling unit 410 can be 
configured with instructions to identify locations of struc 
tures of the eye and overlay indicia such as markers on the 
input camera images . In conjunction with the optical micro 
scope 409 , a camera 702 placed in the eye may provide a 
camera input 401 to the controlling unit 410. In some 
embodiments , a second camera 416 comprising a detector 
array is optically coupled to the microscope 409 to receive 
optical images from the operating microscope 409 , and 
optically coupled to the processor 414 of the control unit 
410. The control unit 410 can receive the image data from 
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the camera 416 and process the image data to provide visual 
image data on the heads - up display 407 and overlay the 
visual image data on an anterior optical image of the 
operating microscope 409. The microscope 409 may com 
prise a binocular surgical operating microscope , for 
example . The system 400 may comprise a camera 702 that 
is delivered in situ along with the treatment probe 23 to 
provide imaging of one or more target locations before , 
during , or after the procedure . The camera 702 of the probe 
may comprise any suitable camera device , and in some 
cases , may comprise a CCD or CMOS imaging sensor 
carried on or within an endoscopic camera . Images captured 
by the camera may be processed by an image processing 
apparatus 412 of the controlling unit 410 to generate a 
plurality of augmented images visualized by the physician in 
real time . 
[ 0066 ] The augmented images can be shown on a display 
of the heads up display 407 , and combined with optical 
images from the microscope 409 with an internal beam 
splitter 420 to form monocular or binocular images as is 
known to one of ordinary skill in the art . As described 
herein , a microscope view may comprise one or more of an 
optical microscope image , a camera image from a camera 
702 placed in the eye , a microscope image and an overlaid 
virtual image , or a microscope image in combination with 
imaging captured by the camera 702 with or without an 
overlaid virtual image , for example . When a microscope 
view includes an overlaid image , the overlaid image can be 
registered with the microscope image using elements which 
enable such alignment . Similarly , when the view includes 
imaging from the camera and an overlaid virtual image , the 
overlaid image can be registered with the imaging from the 
camera using elements which enable such alignment . 
[ 0067 ] The images can be provided to the surgeon in many 
ways . For example , the surgeon can view the images with an 
augmented reality display such as glasses or goggles and 
view the surgical site through the operating microscope 409 . 
In some embodiments , the surgeon views the images with a 
virtual reality display . Alternatively or in combination , the 
eye can be viewed with an external monitor , and the images 
of the eye viewed with the external monitor with markings 
placed thereon as described herein . The images viewed by 
the surgeon may comprise monocular images or stereo 
scopic images , for example . 
[ 0068 ] According to some embodiments , a surgeon may 
first view a surgical instrument , such as a probe 23 , in the 
microscope or a video image from the operating microscope . 
In some cases , the surgeon may alternatively , or additionally , 
view images captured by the camera 702 showing the probe 
23. According to some embodiments , a surgeon may view 
images from the microscope 409 and images captured from 
the camera 702 through the oculars of the microscope 409 . 
Alternatively or in combination , the surgeon may view an 
augmented image or view , where additional information is 
overlaid on one or more of the optical microscope image or 
the camera image . When there is an image captured by the 
camera overlaid on the image from the microscope image , 
the surgeon can view both the microscope image and con 
currently the overlaid camera image . Furthermore , the image 
processing apparatus 412 can detect anatomical features of 
the eye as described herein , and overlay markers onto the 
microscope image or the camera image to help guide a 
surgeon in identifying and locating these features . The 
augmented images may be presented to the physician 

through an eyepiece ( or eyepieces ) or oculars of the micro 
scope and / or a display of the microscope , and in some 
embodiments may be viewed on a monitor screen . This may 
be beneficial to allow a surgeon to maintain a stereoscopic 
view of an operative site through the oculars of the micro 
scope while simultaneously viewing superimposed or adja 
cent images or information concurrently either stereoscopi 
cally or monocularly , for example . Real - time images 
captured by the camera 702 in situ and real time treatment 
information can be superimposed to the live view of one or 
both oculars . In some embodiments , the apparatus and 
methods disclosed provide a real - time view including real 
and augmented images from both outside and inside of the 
anterior chamber during these surgeries . 
[ 0069 ] The optical microscope 409 may be operatively 
coupled to the endoscope inserted into the eye in many 
ways . The optical microscope 409 may comprise a binocular 
microscope such as a stereo - microscope comprising imag 
ing lens elements to image an object onto an eyepiece ( s ) 
comprising an ocular 408. The endoscope placed in the eye 
is configured to capture optical images of the eye , and may 
comprise any endoscope as described herein . The optical 
images may be transmitted to the controlling unit 410 for 
processing . The endoscope may comprise optical elements 
( e.g. , lens , mirrors , filters , prisms , etc. to form an image on 
a sensor array as described herein . The sensor array may 
capture color images , greyscale images and the like , and 
may be introduced with the treatment probe 23 and moved 
with the treatment probe 23 , or the treatment probe 23 may 
move independently of the endoscope while maintaining 
rotational alignment with the treatment probe 23. In some 
instances , the treatment probe 23 and the endoscope as 
described herein move together during insertion to a location 
of interest , and then the treatment probe 23 and the endo 
scope as described herein can move independently of the 
other while maintaining rotational alignment . The probe 23 
may be the same treatment probe 500 as described herein 
with various embodiments . The probe 23 may be configured 
with a handpiece 704 to allow insertion , manipulation , or 
withdrawal of the probe 23 , such as by a user , an actuator , 
a robotic arm , or otherwise . 
[ 0070 ] The endoscopic images may be acquired at an 
appropriate image frame resolution and / or an appropriate 
image frame rate , and the resolution may comprise resolu 
tion of the camera inserted into the eye or optical resolution 
of an external sensor array optically coupled to a lens near 
the end of the endoscope . The image frame resolution may 
be defined by the number of pixels in a frame . The image 
resolution of the detector of the camera place in the eye may 
comprise any of the following resolutions : 160x120 pixels , 
249x250 , 250x250 , 320x240 pixels , 420x352 pixels , 480x 
320 pixels , 720x480 pixels , 1280x720 pixels , 1440x1080 
pixels , 1920x1080 pixels , 2048x1080 pixels , 3840x2160 
pixels , 4096x2160 pixels , 7680x4320 pixels , or 15360x 
8640 pixels . The resolution of the array detector , e.g. the 
detector placed in the eye or the external detector , may 
comprise a resolution within a range defined by any two of 
the preceding pixel resolutions , for example within a range 
from 160x120 pixels to 250x250 pixels , e.g. 249x250 
pixels . The imaging device or camera may have pixel size 
smaller than 1 micron , 2 microns , 3 microns , 5 microns , 10 
microns , 20 microns and the like . The camera inserted into 
the eye may have a footprint on the order of 2 mmx2 mm , 
or 1 mmx1 mm , 0.8 mmx0.8 mm , or smaller , which is 
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suitable for insertion alongside a treatment probe 500. The 
external sensor array may comprise similar dimensions . 
[ 0071 ] The captured images from the sensor array , e.g. the 
camera inserted into the eye or the external sensor array , may 
comprise a sequence of image frames captured at a specific 
capture rate . In some embodiments , the sequence of images 
may be captured at standard video frame rates such as about 
24p , 25p , 30p , 43p , 48p , 50p , 60p , 62p , 72p , 90p , 100p , 
120p , 300p , 50i or 60i , or within a range defined by any two 
of the preceding values . In some embodiments , the sequence 
of images may be captured at a rate less than or equal to 
about one image every 0.0001 seconds , 0.0002 seconds , 
0.0005 seconds , 0.001 seconds , 0.002 seconds , 0.005 sec 
onds , 0.01 seconds , 0.02 seconds , 0.05 seconds , or 0.1 
seconds . In some cases , the capture rate may change depend 
ing on user input and / or external conditions under the 
guidance of the control unit 410 ( e.g. illumination bright 
ness ) . 
[ 0072 ] The images captured by the sensor array , e.g. the 
camera inserted into the eye or the external sensor array , may 
be captured in real time , such that images are produced with 
reduced latency , that is , with negligible delay between the 
acquisition of data and the rendering of the image . Real time 
imaging allows a surgeon the perception of smooth motion 
flow that is consistent with the surgeon's tactile movement 
of the surgical instruments ( e.g. the elongate probe and the 
probe tip ) during surgery . Real time imaging may include 
producing images at rates of about or faster than 30 frames 
per second ( fps ) to mimic natural vision with continuity of 
motion , and at twice that rate to avoid flicker ( perception of 
variation in intensity ) . In some embodiments , the latency 
may comprise a time interval from capturing the images 
from the camera until information is shown to the user , 
which may be no more than about 100 ms , for example 50 
ms or less . In some embodiments , the latency comprises no 
more than one or two frames of the image shown on the 
display . 
[ 0073 ] In some embodiments , the optical microscope 409 
may be coupled to an electronic display device 407. The 
electronic display 407 may comprise a heads - up display 
device ( HUD ) . The HUD may or may not be a component 
of the microscope system 409. The HUD may be optically 
coupled into the field - of - view ( POV ) of one or both of the 
oculars 408. The display device may be configured to project 
augmented images from input 401 generated by the control 
ling unit 410 to a user or surgeon . The display device 407 
may alternatively or additionally be configured to project 
images captured by the camera to user or surgeon . The 
display device may be coupled to the microscope via one or 
more optical elements such as beam - splitter or mirror 420 
such that a physician looking into the eyepieces 408 can 
perceive in addition to the real image , camera imaging , 
augmented images , or any combination represented and 
presented by the display device 407. The display device may 
be visible through a single ocular to the surgeon or user . 
Alternatively , the HUD may be visible through both eye 
pieces 408 and visible to the surgeon as a stereoscopic 
binocular image combined with the optical image formed 
with components of the microscope , for example . 
[ 0074 ] The display device of heads - up display 407 is in 
communication with the controlling unit 410. The display device may provide augmented images produced by the 
controlling unit 410 in real - time to a user . As described 
herein , real time imaging may comprise capturing the 

images with no substantial latency and allows a surgeon the 
perception of smooth motion flow that is consistent with the 
surgeon's tactile movement of the surgical instruments dur 
ing surgery . In some cases , the display device 407 may 
receive one or more control signals from the controlling unit 
410 for adjusting one or more parameters of the display such 
as brightness , magnification , alignment and the like . The 
image viewed by a surgeon or user through the oculars or 
eyepieces 408 may be a direct optical view of the eye , 
images displayed on the display 407 or a combination of 
both . Therefore , adjusting a brightness of the images on the 
HUD may affect the view of the surgeon through the oculars . 
For instance , processed information and markers shown on 
the display 407 can be balanced with the microscope view 
of the object . The processor may process the camera image 
data , such as to increase contrast of the image data so the 
visible features are more readily detectable or identifiable . 
[ 0075 ] The heads up display 407 may be , for example , a 
liquid crystal display ( LCD ) , a LED display , an organic light 
emitting diode ( OLED ) , a scanning laser display , a CRT , or 
the like as is known to one of ordinary skill in the art . 
[ 0076 ] Alternatively or in combination , the display 407 
may comprise an external display . For example , the display 
407 may not be perceivable through the oculars in some 
embodiments . The display 407 may comprise a monitor 
located in proximity to the optical microscope 409. The 
display 407 may comprise a display screen , for example . 
The display 407 may comprise a light - emitting diode ( LED ) 
screen , OLED screen , liquid crystal display ( LCD ) screen , 
plasma screen , or any other type of screen . The display 
device 407 may or may not comprise a touchscreen . A 
surgeon may view real - time optical images of the surgical 
site and imaging provided by the in - situ camera 702 simul 
taneously from the display 407 . 
[ 0077 ] The resolution of the endoscope can be configured 
in many ways with appropriate optics and sensor resolution 
to image the target tissue at an appropriate resolution . The 
sensor array of the endoscopic camera or the external sensor 
array may comprise a suitable resolution for viewing tissue 
structures of the eye as described herein and may comprise 
a resolution within a range from less than 1 to 10 microns , 
for example within a range from about 3 to 6 microns , for 
example . In some embodiments , the sensor array such as the 
camera sensor array or the external sensor array , comprises 
a spatial resolution , e.g. image spatial resolution , within a 
range from about 10 um to about 80 um for tissue contacting 
the inclined distal end of the probe ( or contacting the 
implant ) . In some embodiments , the resolution is within a 
range from about 20 um to about 40 um . 
[ 0078 In some embodiments , lights that are present for 
the operating microscope provide sufficient illumination . In 
some embodiments , the camera placed in the eye may 
optionally comprise a light source suitable for producing 
images having suitable brightness and focus . In some 
embodiments , the camera placed in the eye may comprise a 
light - emitting diode ( LED ) , an optical fiber for illumination , 
or MicroLED . In some embodiments , one or more color 
filters can be applied to the imaging captured by the camera 
in order to help isolate , locate , or otherwise identify tissue 
structures of interest . The camera placed in the eye may be 
at least partially controlled by the controlling unit 410 . 
Control of the camera 702 by the controlling unit may 
include , for example , activation of the sensor array , param 
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eters set - up , focus , brightness , contrast , application of one or 
more filters , or customizable control parameters . 
[ 0079 ] The camera placed in the eye may comprise a 
miniature image sensor having a high signal to noise ratio . 
The camera may comprise a lens and a sensor array . In some 
embodiments , one or more lenses of the camera comprises 
borofloat glass , for example . The sensor array may have any 
suitable number pixels arranged in a row and column array . 
In some embodiments , the pixel array comprises 249x250 
pixels , which may comprise rolling shutter pixels , for 
example . In some embodiments , the pixels have a pitch of 3 
um , which results in an optical area of 1.06 mm diameter , for 
example . 
[ 0080 ] The system 400 may further comprise a user inter 
face 413. The user interface 413 may be configured to 
receive user input and provide output information to a user . 
The user input may be related to control of a surgical tool 
such as the probe 23. The user interface 413 may receive an 
input command related to the operation of the optical 
microscope ( e.g. , microscope settings , camera acquisition , 
etc. ) . The user interface 413 may receive an indication 
related to various operations or settings about the camera . 
For instance , the user input may include a selection of a 
target location , a selection of a treatment reference marker , 
displaying settings of an augmented image , customizable 
display preferences and the like . The user interface 413 may 
include a screen such as a touch screen and any other user 
interactive external device such as handheld controller , 
mouse , joystick , keyboard , trackball , touchpad , button , ver 
bal commands , gesture - recognition , attitude sensor , thermal 
sensor , touch - capacitive sensors , foot switch , or any other 
device . 
[ 0081 ] In some embodiments , the camera placed in the eye 
is used for guiding the probe 23 and visualization of the 
target site . In some embodiments , the camera 702 can be 
configured to view tissue and the probe tip . In some embodi 
ments , the lens of the camera is located at a distance of about 
10 mm from the probe tip , for example at least about 6 mm 
from the probe tip . These distances allow the probe tip to be 
seen on the camera image to target Schlemm's canal . 
[ 0082 ] The controlling unit 410 may be configured to 
generate an augmented layer comprising the augmented 
information . The augmented layer may be a substantially 
transparent image layer comprising one or more graphical 
elements . The terms “ graphical element ” and “ graphical 
visual element ” may be used interchangeably throughout 
this application . The augmented layer may be superposed 
onto the optical view of the microscope , optical images or 
video stream , and / or displayed on the display device . In 
some embodiments , the augmented layer is superimposed 
onto the optical view of the microscope , such that the 
transparency of the augmented layer allows the optical 
image to be viewed by a user with graphical elements 
overlaid on top of it . In some embodiments , the augmented 
layer may comprise real time camera images or other 
information obtained by one or more of the camera 702 
placed in the eye or camera 416 . 
[ 0083 ] As described herein , the fusing of the optical 
microscopic image data , the camera image data , the aug 
mented information , or any combination , may comprise 
incorporating the augmented information into the optical 
microscopic image or the camera image data , or both . The 
augmented image data may comprise one or more graphical 
elements associated with the depth information , target loca 

tion , orientation information , tissue identification informa 
tion , or various other supplemental information . The graphi 
cal elements may be overlaid onto the optical microscopic 
image and / or the camera image with a beam splitter 708 , for 
example . A graphical element can be directly overlaid onto 
an image of any object visible in the optical microscopic 
image . A graphical element may also include any shape , 
boundary , or contour surrounding an image of any object in 
the optical microscopic image . The object may be , for 
example , an instrument inserted into the eye ( e.g. , probe ) , a 
portion of the probe , target tissues as described herein , and 
the like . 
[ 0084 ] In some embodiments , the graphical elements may 
be configured to dynamically change as a position or an 
orientation of the probe or instrument changes relative to a 
target location . For example , a graphical element may indi 
cate a location of a distal end of the probe shown in the 
optical image , or relative location or spacing between tissues 
such as inner wall of SC , TM and the like . The graphical 
elements may be configured to dynamically show the change 
in spacing between the tissue walls or distance between the 
tip and a target location substantially in or near real - time on 
the optical image , as the relative distance between the probe 
tip and a target location changes , and / or when the probe tip 
compresses on tissue ( e.g. , the probe tip contacting the 
surface of trabecular meshwork ) . 
[ 0085 ] In some embodiments , the augmented information 
may comprise an orientation of the probe relative to the 
target location . The graphical elements may indicate the 
orientation of the probe relative to the target location . The 
graphical elements may be configured to dynamically show 
the orientation of the probe relative to the target location 
substantially in or near real - time on the optical image , as the 
orientation between the probe and the target location 
changes . In some instances , a graphical element may indi 
cate an orientation or axial location of the elongated probe . 
To indicate orientation ( e.g. , direction ) , the graphical ele 
ment may be provided in the form of an arrow , or a line . The 
graphical element may be configured to change dynamically 
based on movement / advancing of the probe . 
[ 0086 ] The augmented layer or at least some of the graphi 
cal elements can be mapped or matched to the optical image 
using object recognition techniques or pattern matching 
techniques , such as feature point recognition , edge detec 
tion , classifiers , spatial pyramid pooling , convolutional neu 
ral networks , or any of a number of suitable object recog 
nition algorithms , or a combination of techniques . A feature 
point can be a portion of an image ( e.g. , scleral landmarks , 
collector channel patterns , iris landmarks , etc. ) that is 
uniquely distinguishable from the remaining portions of the 
image and / or other feature points in the image . A feature 
point may be detected in portions of an image that are 
relatively stable under perturbations ( e.g. , when varying 
illumination and brightness of an image ) . 
[ 0087 ] With reference to FIG . 8 , an exemplary augmented 
image providing an augmented view 600 is shown . As 
described herein , the augmented image 600 may be viewed 
binocularly by a user or surgeon through oculars of the 
microscope , and may be displayed on a heads - up display , an 
external display device , or a display coupled to a user 
interface . The augmented image or view may comprise an 
optical image 505 or an optical path view through the 
oculars of an optical microscope . The optical image 505 may 
comprise a top - down view of the eye . The optical image 505 
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or optical view may show anterior of an eye . The optical 
image 505 or optical view may further show an elongated 
probe 23. The augmented image or view 600 may comprise 
a plurality of graphical visual elements and one or more 
camera images 802 from the camera adjacent to or overlaid 
over the optical image 505 , for example by optically cou 
pling the display to the optical path of the microscope , such 
as with a beam splitter . The plurality of graphical visual 
elements may comprise different shapes and / or colors cor 
responding to different objects such that different objects 
shown in the optical image 505 can be easily distinguished 
from one another . For example , the camera image may be 
overlaid with an identification and location of Schlemm's 
Canal , such as a Schlemm’s canal identifier 502 , which may 
also provide an indication of the rotational orientation of the 
probe relative to the anatomical features . 
[ 0088 ] The plurality of graphical visual elements may 
comprise one or more treatment reference markers 601 , 602 , 
603 mapped to the one or more target locations . As discussed 
elsewhere herein , treatment reference markers 601 , 602 , 603 
may correspond to target locations which are not optically 
visible to the surgeon in the optical image from the operating 
microscope . According to some embodiments , target loca 
tions may be located ab interno , and treatment of the target 
locations may involve an ab interno approach . In some 
cases , the one or more target locations may be determined or 
identified based on preoperative or intraoperative images . As 
discussed elsewhere herein , preoperative and / or intraopera 
tive images may be obtained using either ab interno 
approaches and / or ab externo approaches , for example . The 
treatment reference markers 601 , 602 , 603 may be registered 
with one or more camera images 802. In some embodiments , 
a view from a microscope , such as an operating microscope , 
can view the probe . Additionally , the view from the probe 
can be superimposed on the microscope view , and the 
augmented view may show the end of the probe and the two 
images can be aligned or registered with one another . This 
provides the surgeon additional visual information about the 
position , location , orientation , and direction of the probe 
relative to anatomical markers . In some cases , the images 
from the microscope and the probe are aligned with one 
another enabling visible anatomical markers from both 
image sources to be aligned in an overlaid image , or in a 
picture - in - picture image . In some instances , the images from 
the microscope and the probe are provided to a surgeon in 
real - time , or in such a way that the images provide real - time 
information to the surgeon during a procedure . 
[ 0089 ] According to some embodiments , a treatment ref 
erence marker or target location can be selected based on a 
location in the target tissue region that would provide a 
significant increase in outflow following the formation of a 
channel therethrough ( e.g. channel passing through the 
trabecular meshwork , the juxtacanalicular trabecular mesh 
work , and the inner wall of Schlemm’s canal , thus providing 
fluid communication between the anterior chamber and 
Schlemm's canal ) . Such a selection can be based on an 
identification of certain regions in collector channel net 
works or fields that are denser , or that contain larger vessels , 
or a larger distribution of vessels , or that are less obstructed , 
or that correspond to circumferential flow areas provided by 
Schlemm’s canal . During real time imaging , the one or more 
treatment reference markers 601 , 602 , 603 may be super 
imposed over the microscope imaging , the camera imaging , 
or both , to the target locations by detecting a pattern of the 

target location identified from the preoperative imaging or 
real time camera imaging . In some cases , a user or surgeon 
may be prompted to select a target location ( s ) or treatment 
reference marker ( s ) through the user interface 413. In some 
cases , a user or surgeon may be prompted to rank or order 
selected target locations for treatment . Hence , the user or 
surgeon can specify a desired sequence in which the target 
locations will be treated during the surgical procedure . For 
example , the user or surgeon can specify that treatment 
reference marker 601 corresponds to a target location that 
will be treated first , that treatment reference marker 602 
corresponds to a target location that will be treated second , 
and that treatment reference marker 603 corresponds to a 
target location that will be treated third . 
[ 0090 ] As discussed elsewhere herein , treatment reference 
markers can be selected based on locations ( e.g. locations in 
a target tissue region ) that have been determined to corre 
spond to bigger collector channels , more dense collector 
channel networks or fields , and / or and greater outflow . In 
some cases , the treatment reference markers can be selected 
in an automated fashion . In some cases , the treatment 
reference markers can be selected manually . Systems can be 
configured to guide the surgeon to direct the laser fiber to 
each of the selected treatment reference markers , sequen 
tially . In some cases , a plurality of treatment reference 
markers may be shown simultaneously such as in the 
beginning of a procedure for a user to select a target location . 
In some cases , the plurality of treatment reference markers 
may be shown sequentially as the surgical operation pro 
gresses . 
[ 0091 ] The plurality of graphical visual elements 
comprise a probe line 604 coaxial with the elongate probe 
23. The probe line 604 shows an orientation of the probe in 
relation to the one or more target locations . The plurality of 
graphical visual elements may also comprise a distal tip 
marker 605 overlapping with the distal end of the elongated 
probe . Both of the probe line and the distal tip marker may 
dynamically change locations with respect to the actual 
positions and orientation of the elongate probe shown in the 
optical image or view 505 , as the probe is moved within the 
anterior chamber of the eye . Hence , for example , a surgeon 
can use microscope to see the probe 23 as it enters the 
anterior chamber and can watch the probe as it moves 
relative to the eye . A detection mechanism can detect the 
probe 23 , and an automated system or processor can gen 
erate the probe line 604 in response to the detection . 
Similarly , the automated system or processor can generate 
the guidance arrow 612 . 
[ 0092 ] The plurality of graphical visual elements may 
further comprise one or more guidance arrows or markers 
612 extending from the distal tip marker 605 towards the one 
or more treatment reference markers ( e.g. , marker 601 ) . The 
one or more guidance arrows 612 may be configured to 
guide the physician in aligning the distal end of the elongate 
probe to point towards the one or more target locations 
during the procedure or guide the physician in advancing the 
elongate probe towards the one or more target locations 
during the procedure . As discussed elsewhere herein , the one 
or more target locations may not be optically visible to the 
surgeon in the microscope view 505 , and the camera imag 
ing may be superimposed to allow the surgeon to see 
real - time imaging of the distal tip of the probe . 
[ 0093 ] For example , upon a selection of a target location , 
a guidance arrow 612 may be generated pointing from the 
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distal end of the probe ( or the distal tip marker 605 ) to the 
selected target location ( or the corresponding treatment 
reference marker ) such that the physician may advance the 
probe parallel or coaxial to the guidance arrow . The one or 
more guidance arrows 612 may point radially from within 
the anterior chamber in different directions toward the target 
tissue region comprising the trabecular meshwork and the 
Schlemm’s canal . As discussed elsewhere herein , the height 
of Schlemm's canal may be about half the height of the 
trabecular meshwork . In some cases , the one or more 
guidance arrows may automatically appear when the distal 
end of the probe is located at a predetermined distance away 
from the target location , for example when the distal end of 
the probe is located about 6 mm or less from the target 
location . Alternatively , the one or more guidance arrows 
may appear in response to a user input indicating a target 
location selected from the plurality of target locations . 
[ 0094 ] A specific anatomical identifier may be superim 
posed over the microscope imaging or the camera imaging 
and may aid the surgeon in location the position and 
orientation of anatomical features . For example , a 
Schlemm’s Canal Identifier 502 may be provided as an 
overlay on the camera imaging to show a surgeon the 
location and orientation of Schlemm’s canal . As illustrated , 
the camera ( and probe ) are rotated relative to Schlemm's 
canal . Based upon this real - time imaging , the surgeon can 
reorient the probe until the Schlemm's Canal Identifier 502 
is substantially horizontal and the probe is then aligned with 
Schlemm's canal . Other indicia , such as a horizontal marker 
can be overlaid so the surgeon rotate the probe until the 
Schlemm's Canal Identifier become substantially parallel 
with the horizontal marker . In some embodiments , the image 
from the camera placed in the eye is shown on the heads up 
display without markers , so that the surgeon can manipulate 
the probe with rotation to align the probe with structures 
visible in the image such as one or more of the ciliary body 
band 302 , the iris root 16 , or the trabecular meshwork 9 , for 
example , which can be helpful to rotationally align the probe 
with Schlemm's canal for implantation or laser treatment 
with an inclined optical fiber as described herein . 
[ 0095 ] In some cases , real time or substantially real - time 
camera images may be displayed overlying the microscope 
image in a picture - within - picture format . Alternatively , or in 
combination , information derived from the camera image 
may be overlaid on the microscope image . In some embodi 
ments , when the distal end of the probe is within a prede 
termined distance to the selected target location , a marker or 
indicia may be overlaid on the microscope and / or camera 
imaging . 
[ 009 ] Advantageously , embodiments of the present 
invention provide systems and methods that enable the 
surgeon to effectively and accurately move and position a 
surgical instrument or probe , such as an excimer laser 
trabeculotomy ( ELT ) device , throughout various desired or 
target locations in the peripheral anterior chamber by view 
ing real time imaging from an in situ camera delivered with 
the treatment probe 500 . 
[ 0097 ] Embodiments of the present disclosure also enable 
the surgeon to effectively and accurately move and position 
a surgical instrument or probe , such as a laser trabeculotomy 
( “ ELT ” ) device , by viewing real - time imaging data from a 
camera located in close proximity to the probe as described 
herein . 

[ 0098 ] FIGS . 9A and 9B show examples of implants 620 
and instruments that can be used to place implants 620 in the 
trabecular meshwork , in accordance with some embodi 
ments . The implanted device 1220a may comprise a sub 
stantially elongated shape , and may any suitable implant and 
may be the same implant 620 as described elsewhere herein . 
[ 0099 ] As illustrated in the anterior view of an eye 
depicted in FIG . 9A , augmented information may be over 
laid onto the optical view or image 505 of the eye and the 
instrument in a similar as described elsewhere herein . For 
instance , one or more treatment reference markers 601 and 
an arrow or probe line 604 co - axial to the instrument 24 may 
be superimposed to the optical image 505. The images 
shown in FIG . 9A can be combined with an image from the 
camera placed on the eye and provided on the heads up 
display as described herein . 
[ 0100 ] In some embodiments , the implant 620 comprises 
an elongate structure extending along an elongate axis sized 
and shaped for placement by sliding the implant along 
Schlemm's canal , for example with a sharp end 902 as 
described herein . The detector placed in the eye may com 
prise an axis extending along rows or columns of the 
detector , in which the axis of the detector is aligned with the 
elongate axis of the implant 620 to within about five degrees , 
for example to within about 3 degrees , for example to within 
about two degrees . For example , the axis of the camera 702 
may comprise a row of detectors of the array , and the row of 
detectors can be aligned with the elongate axis of the implant 
so that the elongate axis of the implant . Alternatively , the 
columns of the detector array may extend along the elongate 
axis 904 of the implant . This can allow the user to tell when 
the elongate axis 904 of the implant is aligned with 
Schlemm's canal , for example . 
[ 0101 ] A guidance arrow 612 may be displayed to guide 
the advancing direction and orientation of the instrument 24 . 
In some cases , the camera 702 may be co - axial or enclosed 
in a housing of the instrument 24 to provide a relative 
position of the distal end of the instrument with respect to 
treatment location . In some embodiments , the camera 702 
will be carried by the instrument . 
[ 0102 ] In some embodiments , an elongate probe 24 may 
comprise one or more implants 1220a , such as an implant , 
loaded thereon , and the implants 1220a may be implanted in 
the trabecular meshwork 9 and configured to connect the 
anterior chamber to the Schlemm's canal and create a 
permanent opening into Schlemm's canal . Embodiments of 
the methods and apparatus described herein can be config 
ured to aid a physician in advancing and implanting the one 
or more implants 1220a at target locations with aid of the 
graphical visual elements ( e.g. treatment reference markers 
and arrows ) registered with a real microscope image of the 
eye or a real camera image of the eye , or a combination of 
images . While the implant 1220a can be any suitable 
implant , in some cases , the implant will be an implant and 
that term will be used herein to refer to an implant delivered 
by the treatment probe 24. For example , the disclosed 
system may be configured to aid the physician in advancing 
and sliding an implant 1220a sideways into Schlemm's 
canal and positioning the implant permanently in Schlemm's 
canal with aid of the graphical visual elements ( e.g. treat 
ment reference marker 601 , probe line 604 , Schlemm's 
canal identifier , ciliary body band identifier , and / or guidance 
arrow 612 ) registered with the microscope image . 
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[ 0103 ] In some embodiments , one or more of the inserter 
or the implant comprises an engagement structure to align 
the elongate structure of the implant with the axis of the 
camera . As shown in FIG . 9A - 1 a proximal portion of the 
implant may comprise a channel such as a slot or groove 906 
sized and shaped to receive a protrusion of the inserter so as 
to fix the angle of elongate axis of the implant with the axis 
of the camera . 
[ 0104 ] In some cases , the system may be configured to aid 
the physician in advancing a plurality of implants along an 
elongate axis 604 of the elongate probe , injecting the plu 
rality of implants into Schlemm's canal , and positioning the 
plurality of implants permanently in Schlemm's canal , with 
aid of the graphical visual elements registered with the 
microscope image . For example , as depicted in FIG . 9B , 
Panel ( 1 ) , an elongate probe 1210b includes a housing 1212b 
and an insertion mechanism 1214b . The probe 1210b may be 
the same as other embodiments described herein and may be 
used with the systems and methods described herein . The 
insertion mechanism 1214b may comprise a stylet and an 
inserter housing configured to be inserted into a patient's 
eye . The stylet may comprise a distal tip which is visible 
with the camera inserted into the eye to facilitate placement . 
The optical axis of the camera as described herein may 
extend substantially parallel to an elongate axis of the stylet , 
e.g. within about 2 degrees , or be inclined in relation to the 
stylet , such that the tip of the stylet appears approximately 
centered in the image from the camera place in the eye , e.g. 
appears within about 20 pixels of the center of the image 
from camera placed in the eye as described herein . The 
inserter housing 1215 may comprise a treatment probe 500 
and a camera , as described herein . As depicted in Panel ( 2 ) , 
the insertion mechanism 1214b can be loaded with an 
implant 1220b , and the implant 1220b can include a head 
1222b , a thorax 1224b , a flange 1226b , and an outflow 
orifice 1228b . A stylet tip 1217 on the insertion mechanism 
1214b aids in aligning and inserting the implant . FIG . 9B , 
Panel ( 3 ) depicts two implants 1220b which have been 
implanted into the trabecular meshwork 9 , as viewed from 
the anterior chamber . As shown here , the flange 1226b of 
each implant 1220b includes an inlet orifice 1227b , which is 
in fluid communication with one or more outflow orifices 
( not shown ) . 
[ 0105 ] These implants can be placed in the eye with a 
heads up display and camera placed in the eye as shown and 
described with reference to FIG . 9A For example , camera 
guidance embodiments as discussed with reference to FIGS . 
6A and 6B can be used to help guide the surgeon to implant 
an implant at a target location in the trabecular meshwork 
corresponding to Schlemm's canal . In some cases , the target 
location can correspond to the location of a collector channel 
or be based on the distribution or density of multiple 
collector channels . With returning reference to FIG . 9B , as 
depicted in Panel ( 4 ) , when an implant 1220b is implanted 
in the eye , the flange 1226b resides in the anterior chamber 
7 , the thorax ( not visible ) resides in the trabecular meshwork 
9 , and the head 1222b resides in Schlemm's canal . Because 
the inlet orifice is in fluid communication with the outflow 
orifices , aqueous humor can flow from the anterior chamber 
into Schlemm's canal . 
[ 0106 ] The system can also be configured to aid the 
physician in positioning an implant in an anterior chamber 
angle 28 with aid of the graphical visual elements registered 
with the microscope image or the camera image , or both . 

The in - situ camera imaging guidance embodiments as dis 
closed herein are well suited for assisting the surgeon in 
delivering the implant ( while loaded on the elongate probe ) 
to the anterior chamber angle . For example , camera guid 
ance embodiments as discussed with reference to FIGS . 6A 
and 6B can be used to help guide the surgeon to place an 
implant at a target location in the anterior chamber angle . 
[ 0107 ] With reference to FIG . 10 an example treatment 
probe 500 and camera 1002 are illustrated in accordance 
with some embodiments . The camera 1002 is contained 
within a camera housing 1004 and comprises a detector 
array 1006 and a lens 1008. As described elsewhere herein , 
the detector array 1006 may comprise an array with any 
suitable resolution for example within a range from 200x200 
to 300x300 pixels , for example . 
[ 0108 ] A fastener 1010 such as a clip has a fastener length 
1011 and may be used to couple the camera housing 1004 to 
an optical fiber housing 1012. The optical fiber housing 1012 
may comprise an optical fiber 1014 configured to deliver 
light energy to a treatment site . The optical fiber housing 
1012 and the optical fiber 1014 may comprise a treatment 
probe 500 and the camera 1002 and camera housing 1004 
may comprise an imaging probe 1000. The optical fiber 
housing 1012 may be configured with one or more structures 
that cooperate with the fastener 1010 to secure the optical 
fiber housing 1012 and the camera housing 1004 in a fixed 
relative rotational orientation . In other words , the fastener 
1010 may secure the camera housing 1004 and the optical 
fiber housing 1012 together such that neither the camera 
housing 1004 or the optical fiber housing 1012 can rotate 
substantially about their longitudinal axes independently of 
the other , for example no more than about 2 degrees . The 
fastener 1010 may be permanently affixed to either the 
camera housing 1004 or the optical fiber housing 1012 and 
selectively engage the other . Alternatively , the fastener 1010 
may comprise a separate part configured to couple to the 
treatment probe 500 and the imaging probe 1000 . 
[ 0109 ] The distal end of the treatment probe 500 may be 
formed with an inclined surface 1020 having an angle a 
relative to the longitudinal axis of the treatment probe 500 . 
In some embodiments , the distal end of the treatment probe 
500 or the distal end of the optical fiber 1014 , or both , are 
inclined at an angle a of about 45 degrees to about 65 
degrees and optionally at an angle within a range from about 
50 degrees to about 60 degrees . In some embodiments the 
angle a of the distal end of the treatment probe 500 is the 
same as the angle of the distal end of the optical fiber 1014 . 
In some embodiments , the angle a of the distal end of the 
treatment probe 500 is within 10 or fewer degrees of the 
angle of the distal end of the optical fiber 1014 . 
[ 0110 ] While the illustrated embodiment shows a single 
optical fiber 1014 , it should be appreciated that a bundle of 
optical fibers could be used with the disclosed systems and 
methods . In some examples , the treatment probe 500 com 
prises a bundle of optical fibers that each have a distal end 
at or near the angle of the distal end of the treatment probe 
500 . 

[ 0111 ] In some embodiments , the camera housing 1004 
can translate along its longitudinal axis in a direction N 
independently of the optical fiber housing . In some cases , 
the translation distance of the camera housing 1004 is fixed , 
such that there are limits to the translation distance of the 
camera housing 1004 relative to the optical fiber housing 
1012. In some embodiments , the distal end of the probe 
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extends beyond the lens 1008 of the 1002 camera by a 
distance A within a range from about 2 mm to about 10 mm , 
or within a range from about 2.5 mm to about 5 mm . In 
embodiments , in which the camera housing 1004 can trans 
late independently of the optical fiber housing 1012 , the 
translation distance may be bounded by these dimensions , 
such that the lens 1008 of the camera 1002 can be moved to 
about 2 mm to about 10 mm from the distal end of the optical 
fiber housing 1012 . 
[ 0112 ] Similarly , the detector array 1006 may be posi 
tioned a distance B from the distal end of the treatment probe 
500. The distance B may be within the range of from about 
2.5 mm to about 10.5 mm and optionally within the range of 
from about 3 mm to about 6 mm . The camera housing 1004 
may be limited in its translational range of motion relative 
to the optical fiber housing 1012 such that the detector array 

be limited within the range of from about 2.5 mm 
to about 10.5 mm at the limits of its longitudinal travel . The 
travel limits may be provided by any suitable structure or 
mechanism , such as slots , grooves , protrusions , bosses , 
stops , and the like . 
[ 0113 ] The treatment probe 500 may be translated in a 
direction M , and the camera housing 1004 may be secured 
to the treatment probe 500 such that the camera housing 
1004 is translated along with the treatment probe 500. In 
some embodiments , the camera housing 1004 may have a 
rigid attachment to the optical fiber housing 1012 and be 
selectively released to provide a degree of freedom for 
translating along its longitudinal axis within translational 
limits , as described herein . 
[ 0114 ] The camera 1002 of the imaging probe 1000 may 
comprise an optical axis 1022. The optical axis 1022 may 
extend approximately parallel to an elongate axis of the 
optical fiber 1014 , for example parallel to within about 5 
degrees . Although the optical axis 1022 can be inclined 
relative to the elongate axis of the treatment probe 500 as 
described herein . In some embodiments , the optical fiber 
1014 comprises an inclined distal end 1020. The rows and 
columns of the detector array 1006 can be aligned with the 
inclined distal end of the probe , so that the images from the 
camera placed in the eye are aligned with the inclined distal 
end 1020 of the probe . The inclined distal end 1020 may 
comprise a substantially flat surface that defines a surface 
normal vector 1024. The camera 1002 can be positioned in 
relation to the surface normal vector 1024 in many ways . In 
some embodiments the surface normal vector 1024 and the 
optical axis 1022 extend along a common plane . In some 
embodiments , the inclined distal end 1020 faces away from 
the optical axis 1022 , for example with the surface normal 
vector 1024 directed away from the optical axis 1022. In 
alternative embodiments , the inclined distal end 1020 faces 
toward the optical axis 1022 , for example with the surface 
normal vector 1024 directed toward the optical axis . 
[ 0115 ] In some embodiments , the rows and columns of the 
detector array 1006 are aligned with the inclined distal end 
1020 of the probe 500 , such that the columns of the array 
extend in a direction corresponding to the component of the 
surface normal vector 1024 extending away from the elon 
gate axis of the optical fiber . Alternatively the rows and 
columns of the detector array 1006 can be rotated relative to 
the inclined distal end 1020 of the fiber , and a processor used 
to rotate the image shown to the surgeon in order to align the 
image of the eye from the camera placed in the eye with the 
inclined distal end 1020 of the probe . 

[ 0116 ] FIG . 11 is a cross - sectional schematic view of the 
probe 500 of FIG . 10 taken along the line A - A . The probe 
500 may have a camera 1002 comprising a camera housing 
1004 and a lens 1008. An optical fiber housing 1012 may 
comprise one or more optical fibers 1014. The optical fiber 
housing 1012 may be affixed to the camera housing 1004 to 
prevent independent rotation of the camera housing 1004 or 
the optical fiber housing 1012 . 
[ 0117 ] According to some embodiments , a fastener 1010 
may affix the optical fiber housing 1012 to the camera 
housing 1001. The fastener 1010 may comprise a clip which 
may be secured in a longitudinal groove of the optical fiber 
housing 1012. In some embodiments , the clip is affixed to 
the camera housing 1004 and comprises an engagement 
structure 1102 such as , for example , a flat engaging surface , 
a slot , a key , a groove , an aperture , a protrusion , or other 
suitable structure . In some embodiments , the clip couples 
the optical fiber housing 1012 to the camera housing 1004 
with a fixed angular orientation . 
[ 0118 ] In some embodiments , the camera housing 1004 or 
the optical fiber housing 1012 , or both , have flat engaging 
surfaces to provide intimate surface contact between the 
camera housing 1004 and the optical fiber housing 1012 , and 
to orient the optical fiber housing 1012 for receiving the 
fastener . 
[ 0119 ] The camera housing 1004 has a maximum dimen 
sion D within the range of about 0.8 mm to about 1.2 mm . 
The optical fiber housing 1012 has a maximum cross 
sectional dimension E within the range of from about 300 
um to about 600 um . While the camera housing 1004 and the 
optical fiber housing 1012 are represented schematically as 
having a generally cylindrical cross section , the respective 
housings may have any suitable cross - sectional shape , such 
as ovoid , hexagonal , octagonal , circular , or any suitable 
shape . 
[ 0120 ] In some embodiments , the fastener 1010 may com 
prise a clip or an aperture to engage one or more of the 
camera housing 1004 , the inserter housing 1215 , or the 
optical fiber housing 1012 and optionally the clip comprises 
the engagement structure 1102 sized and shaped to receive 
the camera housing 1004 , the inserter housing 1215 , the 
optical fiber housing 1012 , or a combination . 
[ 0121 ] The fastener may allow the camera housing 1004 to 
slide in relation to the inserter housing 1215 or the optical 
fiber housing 1012 while the rotational orientation of the 
camera 1002 to the inserter housing 1215 or the optical fiber 
housing 1012 remains fixed . 
[ 0122 ] The imaging probe 1000 comprising the camera 
1002 may be fastened to the treatment probe 500 with the 
fastener , such that the rotational orientation of the camera 
1002 relative to the rotational orientation of the instrument 
is fixed , that is , the camera 1002 cannot substantially rotate 
independently of the treatment probe 500 , e.g. more than 
five degrees , for example no more than two degrees , e.g. no 
more than one degree . In some embodiments , the rotation 
orientation is fixed by use of cooperating structures that 
reduces the likelihood of relative rotation between the 
camera 1002 and the instrument . In some embodiments , a 
clip secures the camera 1002 or the camera housing 1004 to 
the instrument and fixes the rotational orientation , for 
example , prevents the camera 1002 from rotating relative to 
the instrument . This may be accomplished by any suitable 
structure or method , but in some examples , is accomplished 
by one or more clips that fix the rotational of the camera 

a 



US 2021/0361482 A1 Nov. 25 , 2021 
14 

2 

a 
2 

a 

1002 or camera housing 1004 relative to the probe 500 or 
optical fiber housing 1023. This may also be accomplished 
by abutting the fiber optic of the instrument against a flat 
surface of the sensor array . In some embodiments a fastener 
1010 couples the inserter housing 1215 or the optical fiber 
housing 1012 to the camera housing 1004 with a fixed 
angular or rotational orientation . The fastener may comprise 
an engagement structure which may be a flat surface , a slot , 
a key , a keyway , a groove , an aperture , a protrusion , a boss , 
or some other suitable structure for fixing the orientation of 
one or more of the optical fiber housing 1012 , the camera 
housing 1004 , or the inserter housing 1215 . 
[ 0123 ] In some embodiments , a fastener 1010 comprises a 
clip that engages the camera housing 1004 , the inserter 
housing 1215 , or the optical fiber housing 1012 and in some 
cases , the clip engages with the camera housing 1004 , the 
inserter housing 1215 , or the optical fiber housing 1012 to 
provide a fixed orientation . Alternatively or in combination , 
the fastener 1010 comprises an aperture sized and shaped to 
receive the camera housing 1004 , the inserter housing 1215 , 
or the optical fiber housing 1012 and to provide a fixed 
orientation . In some instances , the fastener 1010 allows the 
camera housing 1004 to slide relative to the inserter housing 
1215 or the optical fiber housing 1012 . 
( 0124 ] In some embodiments , the fastener 1010 fixes a 
distance between the distal end of the treatment probe 500 
and the detector array 1006. The fastener 1010 may com 
prise a stop , a pair of stops , an interlocking mechanism , a 
nesting mechanism , a circumferentially extending channel , a 
circumferentially extending protrusion , an annular protru 
sion , an annular recess , or some other suitable structure that 
provides a stop to limit the relative distance between the 
distal end of the probe 500 and the detector array 1006. In 
some embodiments , distance between the distal end of the 
probe 500 and the detector array are fixed , while in other 
cases there is relative movement therebetween up to the 
limits provided by the fastener . 
[ 0125 ] FIG . 10 shows a length of the fastener 1010 extend 
ing along an elongate direction of the imaging probe 100 and 
the treatment probe 500. FIG . 11 shows a first direction 
transverse to the elongate direction of the treatment probe 
500 and the imaging probe 1000. The fastener 1010 can be 
sized and shaped to extend around at least a portion of the 
camera housing 1004 and a portion of the inserter housing 
1215 as described herein or the optical fiber housing 1012 as 
described herein . The fastener 1010 comprises a first dis 
tance 1104 transverse to the camera housing 1004 and the 
inserter housing 1215 or the optical fiber housing 1012 , and 
a second distance 1106 transverse to the camera housing 
1004 and the inserter housing 1215 or the optical fiber 
housing 1012 as shown in FIG . 11. The elongate distance 
1011 of the fastener 1010 may comprise a third distance 
along an elongate axis the camera housing 1004 and the 
inserter housing 1215 or the optical fiber housing 1012. In 
some embodiments , the second distance is less than the first 
distance , and the third distance is greater than the second 
distance and the first distance . In some embodiments , the 
first distance is within a range from about 1.0 mm to about 
2 mm , the second distance within a range from about 0.8 to 
1.5 mm and the third distance within a range from about 2 
mm to about 20 mm , for example . In some embodiments 
these ranges are smaller , for example the first distance can 
be within a range from about 1.3 to about 1.7 mm , the 
second distance can be within a range from about 1.0 to 1.3 

mm , and the third distance within a range from about from 
about 2 mm to about 10 mm . The third distance along the 
elongate direction can be longer than the first transverse 
distance and the second transverse distance to add stiffness 
to the coupling between the imaging probe and the treatment 
probe 500 . 
[ 0126 ] With reference to FIGS . 12A and 12B , an example 
of a treatment probe 500 and camera 1002 enclosed within 
a housing 1202 is shown , in accordance with some embodi 
ments . The treatment probe 500 comprises an integrated 
housing 1202 that encloses an optical fiber and a camera . 
The camera 1002 may comprise a detector array 1006 , a lens 
1008 , and circuitry to couple the camera 1002 to a control 
ling unit as described herein . The integrated housing 1202 
may comprise an aperture 1204 to allow a lens 1008 of the 
camera 1002 to view features of interest . An optical axis 
1022 extends from the detector array 1006 and through the 
lens 1008 toward the distal end of the probe . The optical 
fiber 1014 has a distal end that is spaced a distance from the 
lens 1008 , as previously described . 
[ 0127 ] FIG . 12B is a cross - sectional schematic view of the 
probe of FIG . 12A taken along the line B - B . The integrated 
housing 1202 has a maximum dimension D that is selected 
to allow insertion of the probe into the eye to access a 
treatment location , such as within the anterior chamber of a 
patient's eye . In some embodiments , the maximum dimen 
sion D is within the range of from about 0.5 mm to about 3 
mm , or from about 1 mm to about 2 mm , for example 
[ 0128 ] In some embodiments , the probe comprises a 
length within a range from about 10 mm to about 50 mm 
sized for insertion into the eye . The length of the probe , in 
some cases , is selected to allow the probe to reach and 
compress the trabecular meshwork with the inclined distal 
end within the eye of a patient . 
[ 0129 ] The optical fiber core 1206 and cladding may be 
encased by an optical fiber housing 1012. The optical fiber 
housing 1012 may comprise any suitable material , but in 
some cases is stainless steel . The optical fiber housing 1012 
has a maximum cross - sectional dimension E within the 
range of from about 300 um to about 1000 um . In some 
embodiments , the optical fiber housing 1012 has a diameter 
within a range from about 100 um to about 500 um , or 150 
um to about 300 um , and optionally within a range from 
about 150 um to about 250 um . The camera housing 1004 
may comprise a maximum cross - sectional dimension within 
the range of from about 0.8 mm to about 1.2 mm . As shown 
in FIG . 12B , in some embodiments , the integrated housing 
1202 encloses both the camera 1002 and the optical fiber 
1014 and may comprise any suitable cross - sectional shape 
and size . In some embodiments , the integrated housing 1202 
is sized and shaped to deliver the camera 1002 and optical 
fiber 1014 to the anterior chamber of a patient's eye , and 
more specifically , deliver the optical fiber 1014 toward the 
trabecular meshwork to deliver laser energy to the trabecular 
meshwork . In some embodiments the optical fiber 1014 
comprises an inclined distal end to uniformly comprise the 
trabecular meshwork to form one or more openings into 
Schlemm's canal . 
[ 0130 ] FIG . 13 shows a probe 500 comprising an optical 
axis 1022 inclined relative to an elongate axis 1302 of the 
treatment probe 500. The probe 500 may be similar , or 
identical , to probes shown and described in other figures , 
and may share components with embodiments of probes 
described herein . The inclined optical axis 1022 can 
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decrease movement of out of focus tissue as the probe 500 
is advanced toward the target location , and may facilitate 
movement of the treatment probe 500 toward the target 
tissue . Although the treatment probe 500 is shown having an 
integrated housing 1202 that comprises a camera 1002 and 
an optical fiber 1014 , the optical fiber 1014 and camera 1002 
can be coupled to each other with a fastener as described 
herein , so as to incline the optical axis 1022 in relation to the 
distal end of the probe 500. The inclined optical axis 1022 
can be combined with the implant placement devices as 
described herein . For example , the optical axis 1022 can be 
oriented toward the distal tip of the implant placement probe 
or the implant on the distal end of the probe . 
[ 0131 ] In some embodiments , a prism 1304 is located 
along the optical path to deflect the optical axis 1022. The 
prism 1304 may comprise a discrete optical element located 
along the optical path with the lens . Alternatively , the prism 
1304 may be located on a surface of the lens . In some 
embodiments , the lens comprises a wedge in order to deflect 
light along the optical path . 
[ 0132 ] In some embodiments , the inclined optical axis 
1022 of the camera 1002 may allow the camera 1002 to 
image an implant carried by the integrated housing 1202 
with the implant approximately centered in the camera 
image . Alternatively or in combination , the inclined optical 
axis 1022 may allow the camera 1002 to image the distal tip 
of the optical fiber 1014 approximately centered in the 
image , to allow the surgeon to use the distal tip to aim the 
probe 500 at the treatment site . In some embodiments , the 
camera 1002 is slidable relative to the integrated housing 
1202 , and the optical axis 1022 can thereby be moved , such 
as to pass through the distal tip of the optical fiber 1014 or 
beyond . For example , the imaging probe can be coupled to 
the treatment probe 500 with a slidable fastener as described 
herein . Alternatively , the camera 1002 can be slidable rela 
tive to the treatment probe 500 within the integrated housing 
1202 . 

[ 0133 ] FIG . 14 shows a method 1500 of treating an eye , in 
accordance with some embodiments . At a step 1502 , 
system receives a plurality of camera images from a camera 
inserted in the eye of a patient or in an endoscope . In some 
embodiments , an endoscope comprising a lens and a fiber 
optic array transmits light captured at the treatment site to a 
detector array outside the patient that creates images . At a 
step 1504 , user input is received that identifies anatomical 
locations such as one or more of ciliary body band , scleral 
spur , Schwalbe's line , or Schlemm's canal . The user input 
may be provided by a user such as a surgeon with a touch 
screen display identifying locations of one or more of the 
ciliary body band , the iris root , the scleral spur , Schwalbe's 
line or Schlemm's canal . At a step 1506 , a classifier or neural 
network is trained in response to user input and the plurality 
of camera images , which may additionally or alternatively 
comprise endoscope images . The classifier or neural net 
work , in some cases , is trained in feature recognition such 
that the classifier or neural network can detect and identify 
anatomical features within the eye of a patient , such as one 
or more of ciliary body band , scleral spur , Schwalbe’s line , 
or Schlemm's canal , for example . The classifier or neural 
network may comprise any combination of suitable image 
processing algorithms . In some embodiments , the neural 
network comprises a convolutional neural network as is 
known to one of ordinary skill in the art of training neural 
network . The classifier may comprise any suitable classifier , 

such as machine learning , for example supervised machine 
learning such as machine learning with Bayesian statistics , 
for example random forest as is known to one of ordinary 
skill on the art . Image processing algorithms such as edge 
detection can be used as input to the classifier . Once the 
neural network or classifier , or both have been trained , the 
trained classifier or neural network can be used to identify 
structures of the eye and provide markers as disclosed 
herein . 
[ 0134 ] At a step 1508 , the probe with the camera is placed 
in an eye to be treated . According to some embodiments , the 
probe with the camera comprises an endoscope or a fiber 
scope to image the eye to be treated . Alternatively to placing 
the detector array inside the eye , the detector array can be 
located outside the eye as described herein . 
[ 0135 ] At a step 1510 , the processor receives images from 
the camera or endoscope placed in the eye . The images may 
be acquired at a desired framerate . In some embodiments , 
the framerate approximates smooth motion , such as about 15 
fps , 20 fps , 25 fps , 30 fps , or greater . 
[ 0136 ] At a step 1512 , anatomical features are identified , 
such as one or more of a ciliary body band , scleral spur , 
Schwalbe's line , or Schlemm's canal , such as by using a 
neural network or a classifier . 
[ 0137 ] At a step 1514 , a rotation angle of the camera or 
endoscope relative to the one or more anatomical features is 
determined . 
[ 0138 ] At a step 1516 , a rotation angle of the probe is 
determined . In some embodiments , the rotation angle of the 
probe is fixed with respect to the rotation angle of the camera 
or endoscope , and thus determining the rotation angle of the 
camera results in the same rotation angle of the probe . 
[ 0139 ] At a step 1518 , an image of the eye from the 
interior of the eye provided by the endoscope is displayed on 
a heads up display along with an optical image from an 
operating microscope . The endoscope may comprise a cam 
era inserted into the eye , which provides the image , or an 
endoscope with an external sensor array , which provides the 
image . This image may be presented as a picture in picture 
display and may be displayed through one or both eyepieces 
of a microscope . Although reference is made to a heads - up 
display , the display may comprise one or more of a two 
dimensional display , e.g. a monitor , heads - up display of an 
operating microscope , an augmented reality display , a vir 
tual reality display , a three - dimensional display , or a stereo 
scopic image display , e.g. with depth perception . 
[ 0140 ] At a step 1520 a marker is shown on the image 
from the camera or endoscope placed in the patient . The 
marker can be overlaid on of one or more of the ciliary body 
band , scleral spur , Schwalbe's line , or Schlemm’s canal . The 
one or more markers can be placed on the image used to 
identify the tissue structure , or on a subsequent image from 
the camera or endoscope inside the eye . In some cases , the 
markers are overlaid on the images from the camera or 
endoscope to present an augmented image . 
[ 0141 ] At a step 1522 , the rotational angle of the camera , 
the endoscope , or the probe is shown on the heads - up 
display . The rotation angle may be a numerical value , one or 
more lines , or an angle with respect to a horizontal line , or 
some other indicia indicating a rotation angle of the probe or 
the camera , for example a green light when the probe is 
rotationally aligned within an appropriate tolerance , for 
example to within 5 degrees . 
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[ 0142 ] One or more steps of the method of FIG . 14 may 
be performed with circuitry or processor instructions as 
described herein , for example , one or more of a processor or 
a logic circuitry of the systems described herein . The cir 
cuitry may be programmed to provide one or more steps , and 
the program may comprise program instructions stored on a 
computer readable memory or programmed steps of the 
logic circuitry such as with programmable array logic or a 
field programmable gate array , for example . 
[ 0143 ] Although FIG . 14 shows a method in accordance 
with some embodiments , a person of ordinary skill in the art 
will recognize many variations and adaptations in accor 
dance with the teachings disclosed herein . For example , 
steps of the method can be removed . Additional steps can be 
provided . Some of the steps can be repeated . Some of the 
steps may comprise sub - steps . Some of the steps can be 
repeated . The order of the steps can be changed . 
[ 0144 ] The convolutional neural network may be used to 
classify image data , and this , or an alternative machine 
learning algorithm , may be applied to result in the genera 
tion of markers and other indicia used to augment images 
from an in - situ camera or endoscope , or images from an 
operating microscope , or both . The result is the generation 
of augmented images that allow a surgeon to quickly iden 
tify anatomical features and determine that the probe is 
properly aligned with the anatomical features , such as for 
deploying an implantable device that requires proper align 
ment and / or orientation . 
[ 0145 ] With reference to FIG . 15 , a system 400 for aiding 
a physician to perform a surgical procedure on an eye E with 
an endoscope 1530 , is illustrated in accordance with some 
embodiments . The surgical operation procedure may com 
prise inserting an elongate probe 23 from an opening into the 
eye across an anterior chamber to a target tissue region 
comprising a trabecular meshwork and a Schlemm's canal . 
In some embodiments , the system 400 may comprise an 
optical microscope 409 for the surgeon to view the eye 
during the procedure in real - time . An endoscope input 1501 
receives a feed from the endoscope placed in the eye as 
input . The feed may comprise an optical feed or an electrical 
feed , and combinations thereof . In some embodiments , the 
endoscope is coupled to the endoscope input 1501 with a 
flexible cable . The flexible cable may comprise an ordered 
array of optical fibers , in which the arrangement of optical 
fibers is substantially fixed on both ends to transmit an image 
of the eye to the eye to the endoscope input 1501. The distal 
end of the optical fiber array can be substantially fixed with 
respect to a lens that forms and image on the distal end of 
the optical fiber array , and the proximal end of the optical 
fiber array can be substantially fixed with respect to a 
detector array that receives the image from the array of 
optical fibers . In some embodiments , the substantially fixed 
arrangement on both ends can allow rotation of the probe 
while maintaining orientation of the image formed on the 
distal end of the optical fiber array with respect to the image 
transmitted from the proximal end of the optical fiber array 
to the detector array . 
[ 0146 ] The endoscope input 1501 is operatively coupled to 
a processor 414 of the control unit 410. The endoscope input 
1501 may comprise an input from a sensor of a camera 
placed in the eye or an external sensor array as described 
herein . The processor 414 of the control unit 410 can be 
configured with instructions to identify locations of struc 
tures of the eye and overlay indicia such as markers on the 

input endoscope images . In conjunction with the optical 
microscope 409 , an endoscope placed in the eye may 
provide an endoscope input 1501 to a controlling unit 410 . 
In some embodiments , a camera 416 comprising a detector 
array is optically coupled to the optical microscope 409 to 
receive optical images from the operating microscope , and 
optically coupled to the processor of the control unit 410 . 
The control unit 410 can process the images from the camera 
416 and process the images to provide visual image data on 
the heads up display 407 to overlay the visual image data on 
an anterior optical image of the operating microscope . 
Although reference is made to a heads - up display , the 
display 407 may comprise one or more of a two - dimensional 
display , e.g. a monitor , heads - up display of an operating 
microscope , an augmented reality display , a virtual reality 
display , a three - dimensional display , or a stereoscopic image 
display , e.g. with depth perception . 
[ 0147 ] The microscope may comprise a binocular surgical 
operating microscope , for example . The system 400 may 
comprise an endoscope 1530 that is delivered in situ along 
with the treatment probe 23 to provide imaging of one or 
more target locations before , during , or after the procedure . 
The endoscope 1530 of the probe 23 may comprise any 
suitable imaging device , and in some cases , may comprise 
one or more optical fibers , such as a fiber optic array . A lens 
may focus light onto the one or more optical fibers which 
convey the imaging data from within the eye to the endo 
scope input 1501. A detector array may be positioned within 
the endoscope input , in a handpiece of the system , or 
anywhere within the system to receive the light conveyed by 
the one or more optical fibers and convert the light into 
imaging data . In some embodiments , the detector array may 
be a CCD or CMOS imaging sensor located outside the eye 
of the patient , and may be contained within an endoscope 
handpiece , in the endoscope input 1501 , or within the 
controlling unit 410. Images conveyed by the endoscope and 
captured by the detector array may be processed by an image 
processing apparatus 412 of the controlling unit 410 to 
generate a plurality of augmented images visualized by the 
physician in real time . 
[ 0148 ] The augmented images can be shown on a display 
of the heads up display 407 , and combined with optical 
images from the microscope with an internal beam splitter 
708 to form monocular or binocular images as is known to 
one of ordinary skill in the art . As described herein , a 
microscope view may comprise one or more of an optical 
microscope image , an image from an endoscope placed in 
the eye , a microscope image and an overlaid virtual image , 
or a microscope image in combination with imaging cap 
tured by the endoscope with or without an overlaid virtual 
image , for example . When a microscope view includes an 
overlaid image , the overlaid image can be registered with the 
microscope image using elements which enable such align 
ment . Similarly , when the view includes imaging from the 
endoscope and an overlaid virtual image , the overlaid image 
can be registered with the imaging from the endoscope using 
elements which enable such alignment . 
[ 0149 ] The images can be provided to the surgeon in many 
ways . For example , the surgeon can view the images with an 
augmented reality display such as glasses or goggles and 
view the surgical site through the operating microscope . In 
some embodiments , the surgeon views the images with 
virtual reality display . Alternatively , or in combination , the 
eye can be viewed with an external monitor , and the images 
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of the eye viewed with the external monitor with markings 
placed thereon as described herein . The images viewed by 
the surgeon may comprise monocular images or stereo 
scopic images , for example . 
[ 0150 ] According to some embodiments , a surgeon may 
first view a surgical instrument , such as a probe , in the 
microscope or a video image from the operating microscope . 
In some cases , the surgeon may alternatively , or additionally , 
view images captured by the endoscope showing the probe . 
According to some embodiments , a surgeon may view 
images from the microscope and images captured from the 
endoscope through the oculars of the microscope . Alterna 
tively or in combination , the surgeon may view an aug 
mented image or view , where additional information is 
overlaid on one or more of the optical microscope image or 
the endoscope image . When there is an image captured by 
the endoscope overlaid on the image from the microscope 
image , the surgeon can view both the microscope image and 
concurrently the overlaid endoscope image . Furthermore , 
the image processing apparatus 412 can detect anatomical 
features of the eye as described herein , and overlay markers 
onto the microscope image or the endoscope image to help 
guide a surgeon in identifying and locating these features . 
The augmented images may be presented to the physician 
through an eyepiece ( or eyepieces ) or oculars of the micro 
scope and / or a display of the microscope , and in some 
embodiments may be viewed on a monitor screen . This may 
be beneficial to allow a surgeon to maintain a stereoscopic 
view of an operative site through the oculars of the micro 
scope while simultaneously viewing superimposed or adja 
cent images or information concurrently either stereoscopi 
cally or monocularly , for example . Real - time images 
captured by the endoscope in situ and real time treatment 
information can be superimposed to the live view of one or 
both oculars . In some embodiments , the apparatus and 
methods disclosed provide a real - time view including real 
and augmented images from both outside and inside of the 
anterior chamber during these surgeries . 
[ 0151 ] The optical microscope 409 may be operatively 
coupled to an endoscope inserted into the eye in many ways . 
The optical microscope 409 may comprise a binocular 
microscope such as a stereo - microscope comprising imag 
ing lens elements to image an object onto an eyepiece ( s ) 
comprising an ocular 408. The endoscope placed in the eye 
is configured to capture optical images of the eye . The 
optical images may be transmitted to the controlling unit 410 
for processing . The endoscope placed in the eye may com 
prise optical elements ( e.g. , lens , mirrors , filters , prisms , 
etc. ) . The endoscope may capture color images , greyscale 
images and the like , and may be introduced with the probe 
and moved with the probe , or the probe may move inde 
pendently of the endoscope while maintaining rotational 
alignment with the probe . In some instances , the probe and 
the endoscope move together during insertion to a location 
of interest , and then the probe or the endoscope can move 
independently of the other while maintaining rotational 
alignment . 
[ 0152 ] Although reference is made to the endoscope and 
treatment probe 500 inserted through the same incision , in 
some embodiments the endoscope and treatment probe 500 
are inserted through different incisions with the endoscope 
placed to image the target tissues . For example , the imaging 

probe can be inserted through a first incision and the 
treatment probe 500 inserted through a second incision and 
vice versa . 
[ 0153 ] The endoscope images may be acquired at an 
appropriate image frame resolution . The image frame reso 
lution may be defined by the number of pixels in a frame . 
The image resolution of the detector that receives light 
transmitted by one or more optical fibers of a fiber optic 
array of the endoscope placed in the eye may comprise any 
of the following resolutions : 160x120 pixels , 249x250 , 
250x250 , 320x240 pixels , 420x352 pixels , 480x320 pixels , 
720x480 pixels , 1280x720 pixels , 1440x1080 pixels , 1920x 
1080 pixels , 2048x1080 pixels , 3840x2160 pixels , 4096x 
2160 pixels , 7680x4320 pixels , or 15360x8640 pixels . The 
resolution of the array detector coupled to the endoscope 
may comprise a resolution within a range defined by any two 
of the preceding pixel resolutions , for example within a 
range from 160x120 pixels to 250x250 pixels , e.g. 249x250 
pixels . The imaging device may have a pixel size smaller 
than 1 micron , 2 microns , 3 microns , 5 microns , 10 microns , 
20 microns and the like . The detector array may have a 
footprint on the order of 2 mmx2 mm , or 1 mmx1 mm , 0.8 
mmx0.8 mm , or smaller , or any other desirable size to detect 
light transmitted by the fiber optic array . 
[ 0154 ] The images from the endoscope may comprise a 
sequence of image frames captured at a specific capture rate . 
In some embodiments , the sequence of images may be 
captured at standard video frame rates such as about 24p , 
25p , 30p , 43p , 48p , 50p , 60p , 62p , 72p , 90p , 100p , 120p , 
300p , 50i or 60i , or within a range defined by any two of the 
preceding values . In some embodiments , the sequence of 
images may be captured at a rate less than or equal to about 
one image every 0.0001 seconds , 0.0002 seconds , 0.0005 
seconds , 0.001 seconds , 0.002 seconds , 0.005 seconds , 0.01 
seconds , 0.02 seconds , 0.05 seconds , or 0.1 seconds . In some 
cases , the capture rate may change depending on user input 
and / or external conditions under the guidance of the control 
unit 410 ( e.g. illumination brightness ) . 
[ 0155 ] The images captured by the endoscope may be 
captured in real time , such that images are produced with 
reduced latency , that is , with negligible delay between the 
acquisition of data and the rendering of the image . Real time 
imaging allows a surgeon the perception of smooth motion 
flow that is consistent with the surgeon's tactile movement 
of the surgical instruments ( e.g. the elongate probe and the 
probe tip ) during surgery . Real time imaging may include 
producing images at rates faster than 30 frames per second 
( fps ) to mimic natural vision with continuity of motion , and 
at twice that rate to avoid flicker ( perception of variation in 
intensity ) . In some embodiments , the latency may comprise 
a time interval from capturing the images from the endo 
scope until information is shown to the may be 
no more than about 100 ms , for example 50 ms or less . In 
some embodiments , the latency comprises no more than one 
or two frames of the image shown on the display . In some 
instances , the terms " endoscope ” and “ fiberscope ” may be 
used interchangeably . A fiberscope is a flexible optical fiber 
bundle that can be used to view or capture images by 
transmitting light from a distal end of the optical fiber 
bundle , through total internal reflection , to a location at a 
proximal end of the optical fiber bundle . In some instances , 
a detector array can be positioned at the proximal end of the 
optical fiber bundle to capture imaging data corresponding 
to a location near the distal end of the optical fiber bundle . 
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In some instances , the endoscope may include an imaging 
bundle , an illumination bundle , one or more energy delivery 
bundles , or any combination . 
[ 0156 ] In some embodiments , the optical microscope 409 
may be coupled to an electronic display device 407. The 
electronic display 407 may comprise a heads - up display 
device ( HUD ) . The HUD may or may not be a component 
of the microscope system 409. The HUD may be optically 
coupled into the field - of - view ( POV ) of one or both of the 
oculars . The display device may be configured to project 
augmented images from input 507 generated by the control 
ling unit 410 to a user or surgeon . The display device 407 
may alternatively or additionally be configured to project 
images captured by the endoscope to a user or surgeon . The 
display device may be coupled to the microscope via one or 
more optical elements such as beam - splitter or mirror 420 
such that a physician looking into the eyepieces 408 can 
perceive in addition to the real image , endoscope imaging , 
augmented images , or any combination represented and 
presented by the display device 407. The display device may 
be visible through a single ocular to the surgeon or user . 
Alternatively , the HUD may be visible through both eye 
pieces 408 and visible to the surgeon as a stereoscopic 
binocular image combined with the optical image formed 
with components of the microscope , for example . 
[ 0157 ] The display device of heads up display 407 is in 
communication with the controlling unit 410. The display 
device may provide augmented images produced by the 
controlling unit 410 in real - time to a user . As described 
herein , real time imaging may comprise capturing the 
images with no substantial latency and allows a surgeon the 
perception of smooth motion flow that is consistent with the 
surgeon's tactile movement of the surgical instruments dur 
ing surgery . In some cases , the display device 407 may 
receive one or more control signals from the controlling unit 
for adjusting one or more parameters of the display such as 
brightness , magnification , alignment and the like . The image 
viewed by a surgeon or user through the oculars or eyepieces 
408 may be a direct optical view of the eye , images 
displayed on the display 407 or a combination of both . 
Therefore , adjusting a brightness of the images on the HUD 
may affect the view of the surgeon through the oculars . For 
instance , processed information and markers shown on the 
display 407 can be balanced with the microscope view of the 
object . The processor may process the endoscope image 
data , such as to increase contrast of the image data so the 
visible features are more readily detectable or identifiable . 
[ 0158 ] The heads up display 407 may be , for example , a 
liquid crystal display ( LCD ) , a LED display , an organic light 
emitting diode ( OLED ) , a scanning laser display , a CRT , or 
the like as is known to one of ordinary skill in the art . 
[ 0159 ] Alternatively or in combination , the display 407 
may comprise an external display . For example , the display 
407 may not be perceivable through the oculars in some 
embodiments . The display 407 may comprise a monitor 
located in proximity to the optical microscope . The display 
407 may comprise a display screen , for example . The 
display 407 may comprise a light - emitting diode ( LED ) 
screen , OLED screen , liquid crystal display ( LCD ) screen , 
plasma screen , or any other type of screen . The display 
device 407 may or may not comprise a touchscreen . A 
surgeon may view real - time optical images of the surgical 
site and imaging provided by the in - situ endoscope simul 
taneously from the display 407 . 

[ 0160 ] The endoscope inserted into the eye may comprise 
a fiber optic array suitable for capturing imaging at a 
resolution for viewing tissue structures of the eye as 
described herein and may provide images having a resolu 
tion within a range from less than 1 to 10 microns , for 
example within a range from about 3 to 6 microns , for 
example . In some embodiments , the endoscope may have a 
spatial resolution within a range from about 10 um to about 
80 um for tissue adjacent tissue contacting the inclined distal 
end of the probe and optionally wherein the resolution is 
within a range from about 20 um to about 40 um . 
[ 0161 ] In some embodiments , lights that are present for 
the operating microscope provide sufficient illumination . In 
some embodiments , the endoscope placed in the eye may 
optionally comprise a light source suitable for producing 
images having suitable brightness and focus . In some 
embodiments , the endoscope placed in the eye may com 
prise a light - emitting diode ( LED ) , one or more optical 
fibers for illumination such as an illumination bundle , or 
MicroLED . In some embodiments , one or more color filters 
can be applied to the imaging captured by the endoscope in 
order to help isolate , locate , or otherwise identify tissue 
structures of interest . The endoscope placed in the eye may 
be at least partially controlled by the controlling unit . 
Control of the endoscope by the controlling unit may 
include , for example , activation of the detector array for 
capturing images , controlling illumination , parameters set 
up , focus , brightness , contrast , application of one or more 
filters , or customizable control parameters . 
[ 0162 ] The endoscope placed in the eye may be coupled to 
an image sensor having a high signal to noise ratio . The 
endoscope may comprise a lens and a fiber optic array 
coupled to a sensor array , or detector array . In some embodi 
ments , one or more lenses of the endoscope comprises 
borofloat glass , for example . The sensor array may have any 
suitable number pixels arranged in a row and column array . 
In some embodiments , the pixel array comprises 249x250 
pixels , which may comprise rolling shutter pixels , for 
example . In some embodiments , the pixels have a pitch of 3 
um , which results in an optical area of 1.06 mm diameter , for 
example . 
[ 0163 ] The system 400 may further comprise a user inter 
face 413. The user interface 413 may be configured to 
receive user input and output information to a user . The user 
input may be related to control of a surgical tool such as the 
probe 23. The user input may be related to the operation of 
the optical microscope ( e.g. , microscope settings , image 
acquisition , etc. ) . The user input may be related to various 
operations or settings about the image capture system . For 
instance , the user input may include a selection of a target 
location , a selection of a treatment reference marker , dis 
playing settings of an augmented image , customizable dis 
play preferences and the like . The user interface may include 
a screen such as a touch screen and any other user interactive 
external device such as handheld controller , mouse , joystick , 
keyboard , trackball , touchpad , button , verbal commands , 
gesture - recognition , attitude sensor , thermal sensor , touch 
capacitive sensors , foot switch , or any other device . 
[ 0164 ] In some embodiments , the endoscope placed in the 
eye is used for guiding the probe 23 and visualization of the 
target site . In some embodiments , the endoscope can be 
configured to view tissue and the probe tip . In some embodi 
ments , the lens of the endoscope is located at a distance of 
about 10 mm from the probe tip , for example at least about 
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6 mm from the probe tip . These distances allow the probe tip 
to be seen on the endoscope image to target Schlemm's 
canal . 
[ 0165 ] The controlling unit 410 may be configured to 
generate an augmented layer comprising the augmented 
information . The augmented layer may be a substantially 
transparent image layer comprising one or more graphical 
elements . The terms " graphical element ” and “ graphical 
visual element " may be used interchangeably throughout 
this application . The augmented layer may be superposed 
onto the optical view of the microscope , optical images or 
video stream , and / or displayed on the display device . The 
transparency of the augmented layer allows the optical 
image to be viewed by a user with graphical elements 
overlay on top of it . In some embodiments , the augmented 
layer may comprise real time endoscope images or other 
information obtained by one or more of the endoscope 
placed in the eye or camera 416 . 
[ 0166 ] As described herein , the fusing of the optical 
microscopic image data , the endoscope image data , the 
augmented information , or any combination , may comprise 
incorporating the augmented information into the optical 
microscopic image or the endoscope image data , or both . 
The augmented image data may comprise one or more 
graphical elements associated with the depth information , 
target location , orientation information , tissue identification 
information , or various other supplemental information . The 
graphical elements may be overlaid onto the optical micro 
scopic image and / or the endoscope image with a beam 
splitter 708 , for example . A graphical element can be 
directly overlaid onto an image of any object visible in the 
optical microscopic image . A graphical element may also 
include any shape , boundary , or contour surrounding an 
image of any object in the optical microscopic image . The 
object may be , for example , an instrument inserted into the 
eye ( e.g. , probe ) , a portion of the probe , target tissues as 
described herein , and the like . 
[ 0167 ] With reference to FIG . 16 an example treatment 
probe 500 and endoscope 1600 are illustrated in accordance 
with some embodiments . The endoscope 160 is contained 
within an endoscope housing 1602 and comprises a lens 
1008 and a fiber optic array 1604. As described elsewhere 
herein , a detector array that receives light from the fiber 
optic array 1604 may comprise an array with any suitable 
resolution for example of within a range from 200x200 to 
300x300 pixels , for example . 
[ 0168 ] fastener 1010 such as a clip may be used to 
couple the endoscope housing 1602 to a treatment optical 
fiber housing 1012. The treatment optical fiber housing 1012 
may at least partially enclose a treatment optical fiber 1014 
configured to delivery light energy to a treatment site . The 
optical fiber housing 1012 and the treatment optical fiber 
1014 may comprise components of a treatment probe 500 
and the endoscope and endoscope housing 1602 may com 
prise components of an imaging probe . The optical fiber 
housing 1012 may be configured with one or more structures 
that cooperate with the fastener 1010 to secure the treatment 
optical fiber housing 1012 and the endoscope housing 1602 
in a fixed relative rotational orientation . In other words , the 
fastener 1010 may secure the endoscope housing 1602 and 
the optical fiber housing 1012 together such that neither the 
endoscope housing 1602 or the optical fiber housing 1012 
can rotate substantially about their longitudinal axes inde 
pendently of the other , for example no more than about 2 

degrees . The fastener 1010 may be permanently affixed to 
either the endoscope housing 1602 or the optical fiber 
housing 1012 and selectively engage the other . Alternatively , 
the fastener 1010 may comprise a separate part configured to 
couple to the treatment probe 500 and the imaging probe 
1000 . 
[ 0169 ] The distal end 1020 of the treatment probe 500 may 
be formed with an inclined surface having an angle relative 
to the longitudinal axis of the treatment probe 500. In some 
embodiments , the distal end of the treatment probe 500 or 
the distal end of the treatment optical fiber , or both , are 
inclined at an angle a of about 45 degrees to about 65 
degrees and optionally at an angle a within a range from 
about 50 degrees to about 60 degrees . In some embodiments , 
the angle a of the distal end of the treatment probe 500 is 
substantially the same as the angle a of the distal end of the 
treatment optical fiber . In some embodiments , the angle a of 
the distal end of the treatment probe 500 is within 10 or 
fewer degrees of the angle a of the distal end of the optical 
fiber . 
[ 0170 ] While the illustrated embodiment shows a single 
treatment optical fiber 1014 , it should be appreciated that a 
bundle of treatment optical fibers could be used with the 
disclosed systems and methods . In some examples , the 
treatment probe 500 comprises a bundle of treatment optical 
fibers that each have a distal end at or near the angle of the 
distal end of the treatment probe 500 . 
[ 0171 ] In some embodiments , the endoscope housing 
1602 can translate along its longitudinal axis in a direction 
N independently of the treatment optical fiber housing 1012 . 
In some cases , the translation distance of the endoscope 
housing 1602 is fixed , such that there are limits to the 
translation distance of the endoscope housing 1602 relative 
to the treatment optical fiber housing 1012. In some embodi 
ments , the distal end of the probe 1606 extends beyond the 
lens 1008 of the endoscope by a distance A within a range 
from about 2 mm to about 10 mm , or within a range from 
about 2.5 mm to about 5 mm . In embodiments , in which the 
endoscope can translate independently of the treatment 
optical fiber housing , the translation distance may be 
bounded by these dimensions , such that the lens of the 
endoscope can be moved to about 2 mm to about 10 mm 
from the distal end of the optical fiber housing . The travel 
limits may be provided by any suitable structure or mecha 
nism , such as slots , grooves , protrusions , bosses , stops , and 
the like . 
[ 0172 ] The treatment probe 500 may be translated in a 
direction M , and the endoscope housing 1602 may be 
secured to the treatment probe 500 such that the endoscope 
housing 1602 is translated along with the treatment probe 
500. In some embodiments , the endoscope housing 1602 
may selectively have a rigid attachment to the optical fiber 
housing 1012 that can be released to provide a degree of 
freedom for translating along its longitudinal axis within 
translational limits , as described herein . 
[ 0173 ] In some embodiments , the endoscope 1600 of the 
imaging probe 1000 comprises an optical axis 1022. The 
optical axis 1022 may extend approximately parallel to an 
elongate axis of the treatment optical fiber 1014 , for example 
parallel to within about 5 degrees . In some embodiments , the 
treatment optical fiber 1014 comprises an inclined distal 
1020 end as described herein . The imaging fiber optic array 
1604 may include individual fiber optics that are each 
aligned with the inclined distal end 1020 of the treatment 
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probe 500 , so that the images from the endoscope 1600 
placed in the eye are aligned with the inclined distal end 
1020 of the treatment probe 500. The inclined distal end 
1020 of the treatment probe 500 may comprise a substan 
tially flat surface that defines a surface normal vector 1024 . 
The endoscope 1600 can be positioned in relation to the 
surface normal vector 1024 of the treatment probe 500 in 
many ways . In some embodiments the surface normal vector 
1024 of the treatment probe 500 and the optical axis 1022 of 
the imaging probe 1000 extend along a common plane . In 
some embodiments , the inclined distal surface 1020 of the 
treatment probe 500 faces away from the optical axis 1022 
of the imaging probe 1000 , for example with the surface 
normal vector 1024 directed away from the optical axis 
1022. In alternative embodiments , the inclined distal surface 
1020 faces toward the optical axis 1022 , for example with 
the surface normal vector 1024 directed toward the optical 
axis 1022 . 
[ 0174 ] In some embodiments , individual fibers of the 
imaging fiber optic array 1604 are aligned with the inclined 
distal end 1020 of the treatment probe 500 , such that the 
imaging fiber optic array 1604 extends in a direction corre 
sponding to the component of the surface normal vector 
1024 extending away from the elongate axis of the optical 
fiber . Alternatively , individual fibers of the imaging fiber 
optic array 1604 can be rotated relative to the inclined distal 
end 1020 of the treatment fiber , and a processor can be used 
to rotate the image shown to the surgeon in order to align the 
image of the eye from the endoscope placed in the eye with 
the inclined distal end of the treatment probe 500. Although 
reference is made to a treatment probe 500 with an optical 
fiber 1014 , the treatment probe 500 may comprise a probe 
with implants as described herein , and the processor used to 
rotate the image shown to the surgeon . 
[ 0175 ] In some embodiments , the individual fibers of the 
imaging fiber optic array 1604 are constrained in their 
individual rotation about their elongate axes . That is , indi 
vidual fibers are not free to rotate . This constraint may be 
helpful for forming and capturing images at the proximal 
end of the fiber optic array 1604. Additionally , in some 
embodiments , the imaging fiber optic array 1604 as a whole 
is constrained from rotating relative to the optical fiber 
housing 1012 , thus helping the imaging provided to the 
surgeon to represent an accurate orientation of the endo 
scope housing 1602 relative to the optical fiber housing 
1012 . 
[ 0176 ] FIG . 17 is a cross - sectional schematic view of the 
probe of FIG . 16 taken along the line A - A . The imaging 
probe may have an endoscope 1600 comprising a lens 1008 
and a fiber optic array 1604. An endoscope housing 1602 
may comprise one or more optical fibers , such as the fiber 
optic array 1604. The treatment optical fiber housing 1012 
may be affixed to the endoscope housing 1602 to prevent 
independent rotation of the endoscope housing 1602 or the 
optical fiber housing 1012 . 
[ 0177 ] According to some embodiments , a fastener 1010 
may affix the treatment optical fiber housing 1012 to the 
endoscope housing 1602. The fastener 1010 may comprise 
a clip which may be secured in a longitudinal groove of the 
treatment optical fiber housing 1012. In some embodiments , 
the clip is affixed to the endoscope housing 1602 and 
comprises an engagement structure such as , for example , a 
flat engaging surface , a slot , a key , a groove , an aperture , a 
protrusion , or other suitable structure . In some embodi 

ments , the clip couples the treatment optical fiber housing 
1012 to the endoscope housing 1602 with a fixed angular 
orientation . 
[ 0178 ] In some embodiments , the endoscope housing 
1602 or the treatment optical fiber housing 1012 , or both , 
have flat engaging surfaces to provide intimate surface 
contact between the endoscope housing 1602 and the optical 
fiber housing 1012 , and to orient the optical fiber housing 
1012 for receiving the fastener . 
[ 0179 ] In some embodiments , the endoscope housing 
1602 has a maximum dimension D to allow the endoscope 
housing 1602 the be inserted into the eye of a patient , which 
may be within the range of about 0.8 mm to about 1.2 mm . 
The treatment optical fiber housing 1012 may have a maxi 
mum cross - sectional dimension E within the range of from 
about 300 um to about 600 um , and in some embodiments , 
the dimension E is smaller than the dimension D. While the 
endoscope housing 1602 and the treatment optical fiber 
housing 1012 are represented schematically as having a 
generally cylindrical cross section , the respective housings 
may have any suitable cross - sectional shape , such as ovoid , 
hexagonal , octagonal , circular , or any suitable shape . 
[ 0180 ] In some embodiments , the fastener 1010 may com 
prise a clip or an aperture to engage one or more of the 
endoscope housing 1602 , the inserter housing 1215 , or the 
treatment optical fiber housing 1012 and optionally the clip 
comprises the engagement structure sized and shaped to 
receive the endoscope housing , the inserter housing 1215 , 
the optical fiber housing , or a combination . 
[ 0181 ] The fastener 1010 may allow the endoscope hous 
ing 1602 to slide in relation to the inserter housing 1215 or 
the treatment optical fiber housing 1012 while the rotational 
orientation of the endoscope 1600 to the inserter housing 
1215 or the optical fiber housing 1012 remains fixed . 
[ 0182 ] The imaging probe comprising the endoscope 1600 
may be fastened to the treatment probe 500 with the fastener , 
such that the rotational orientation of the endoscope relative 
to the rotational orientation of the instrument is fixed , that is , 
the endoscope 1600 cannot substantially rotate indepen 
dently of the treatment probe 00 , e.g. more than five 
degrees , for example no more than two degrees , e.g. no more 
than one degree . In some embodiments , the rotation orien 
tation is fixed by use of cooperating structures that reduce 
the likelihood of relative rotation between the endoscope 
1600 and the treatment probe 500. In some embodiments , a 
clip secures the endoscope 1600 to the treatment probe 500 
and fixes the rotational orientation , for example prevents the 
endoscope 1600 from rotating relative to the instrument 
( e.g. , the treatment probe 500 ) . This may be accomplished 
by any suitable structure or method , but in some examples , 
is accomplished by one or more clips that fix the rotational 
of the endoscope relative to the probe . This may also be 
accomplished by abutting the fiber optic of the instrument 
against a flat surface of the endoscope 1600. In some 
embodiments a fastener 1010 couples the inserter housing 
1215 or the optical fiber housing 1012 to the endoscope 
housing 1602 with a fixed angular or rotational orientation . 
The fastener 1010 may comprise an engagement structure 
which may be a flat surface , a slot , a key , a keyway , a groove , 
an aperture , a protrusion , a boss , or some other suitable 
structure for fixing the orientation of one or more of the 
optical fiber , the endoscope , or the inserter housing 1215 . 
[ 0183 ] In some embodiments , a fastener 1010 comprises a 
clip that engages the endoscope housing 1602 , the inserter 
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housing 1215 , or the treatment optical fiber housing 1012 
and in some cases , the clip engages with the endoscope 
housing 1602 , the inserter housing 1215 , or the optical fiber 
housing 1012 to provide a fixed orientation . Alternatively or 
in combination , the fastener comprises an aperture sized and 
shaped to receive the endoscope housing 1602 , the inserter 
housing 1215 , or the treatment optical fiber housing 1012 
and to provide a fixed orientation . In some instances , the 
fastener allows the endoscope housing 1602 to slide relative 
to the inserter housing 1215 or the optical fiber housing 
1012 . 
[ 0184 ] In some embodiments , the fastener fixes a distance 
between the distal end of the treatment probe 500 and the 
lens of the endoscope 1600. The fastener 1010 may com 
prise a stop , a pair of stops , an interlocking mechanism , a 
nesting mechanism , a circumferentially extending channel , a 
circumferentially extending protrusion , an annular protru 
sion , an annular recess , or some other suitable structure that 
provides a stop to limit the relative distance between the 
distal end of the probe 1606 and the lens 1008 of the 
endoscope . In some embodiments , a distance between the 
distal end of the probe 1606 and the lens 1008 are fixed , 
while in other cases there is relative movement therebetween 
up to the limits provided by the fastener . 
[ 0185 ] FIG . 16 shows a length of the fastener extending 
along an elongate direction of the imaging probe and the 
treatment probe 500. FIG . 17 shows a first direction trans 
verse to the elongate direction of the treatment probe 500 
and the imaging probe . The fastener can be sized and shaped 
to extend around at least a portion of the endoscope housing 
1602 and a portion of the inserter housing 1215 as described 
herein or the treatment optical fiber housing 1012 as 
described herein . The fastener 1010 may comprise a first 
distance transverse to the endoscope housing 1602 and the 
inserter housing 1215 or the optical fiber housing 1012 , and 
a second distance transverse to the endoscope housing and 
the inserter housing 1215 or the optical fiber housing as 
shown in FIG . 17. The elongate distance of the fastener may 
comprise a third distance along an elongate axis of the 
endoscope housing 1602 and the inserter housing 1215 or 
the optical fiber housing 1012. In some embodiments , the 
second distance is less than the first distance , and the third 
distance is greater than the second distance and the first 
distance . In some embodiments , the first distance is within 
a range from about 1.0 mm to about 2 mm , the second 
distance within a range from about 0.8 to 1.5 mm and the 
third distance within a range from about 2 mm to about 20 
mm , for example . In some embodiments these ranges are 
smaller , for example the first distance can be within a range 
from about 1.3 to about 1.7 mm , the second distance can be 
within a range from about 1.0 to 1.3 mm , and the third 
distance within a range from about from about 2 mm to 
about 10 mm . The third distance along the elongate direction 
can be longer than the first transverse distance and the 
second transverse distance to add stiffness to the coupling 
between the imaging probe and the treatment probe 500 . 
[ 0186 ] With reference to FIGS . 18A and 18B , an example 
of a treatment probe 500 and endoscope 1600 enclosed 
within an integrated housing 1202 is shown , in accordance 
with some embodiments . The treatment probe 500 com 
prises an integrated housing 1202 that encloses an optical 
fiber 1014 and an endoscope 1600. The endoscope 1600 may 
comprise a lens 1008 , a fiber optic array 1604 , a detector 
array , and circuitry to couple the endoscope 1600 to a 

controlling unit as described herein . The integrated housing 
1202 may comprise an aperture to allow a lens 1008 of the 
endoscope 1600 to view features of interest . An optical axis 
1022 extends through the lens 1008 toward the distal end of 
the probe 1606. The treatment optical fiber 1014 has a distal 
end that is spaced a distance from the lens 1008 , as described 
herein . 

[ 0187 ] FIG . 18B is a cross - sectional schematic view of the 
probe of FIG . 18A taken along the line B - B . The integrated 
housing 1202 has a maximum cross - sectional dimension D 
that is selected to allow insertion of the probe into the eye 
to access a treatment location , such as within the anterior 
chamber of a patient's eye . In some embodiments , the 
maximum dimension D is within the range of from about 0.5 
mm to about 3 mm , or from about 1 mm to about 2 mm . , for 
example 
[ 0188 ] In some embodiments , the probe comprises a 
length within a range from about 10 mm to about 50 mm 
sized for insertion into the eye . The length of the probe , in 
some cases , is selected to allow the probe to reach and 
compress the trabecular meshwork with the inclined distal 
end within the eye of a patient . 
[ 0189 ] The treatment optical fiber core 1206 and cladding 
may be encased by an optical fiber housing 1012. The optical 
fiber housing 1012 may comprise any suitable material , but 
in some cases is stainless steel . The optical fiber housing 
1012 has a maximum cross - sectional dimension E that may 
be within the range of from about 300 um to about 600 um . 
In some embodiments , the optical fiber housing 1012 has a 
diameter within a range from about 100 um to about 300 um 
and optionally within a range from about 150 um to about 
250 um . The endoscope housing 1602 may comprise a 
maximum cross - sectional dimension within the range of 
from about 0.8 mm to about 1.2 mm . As shown in FIG . 12B , 
in some embodiments , the integrated housing 1202 encloses 
both the endoscope 1600 and the treatment optical fiber 
1014 and may comprise any suitable cross - sectional shape 
and size . In some embodiments , the integrated housing 1202 
is sized and shaped to deliver the endoscope 1600 and 
optical fiber 1014 to the anterior chamber of a patient's eye , 
and more specifically , deliver the optical fiber 1014 toward 
the trabecular meshwork to deliver laser energy to the 
trabecular meshwork . In some embodiments the treatment 
optical fiber 1014 comprises an inclined distal end 1020 to 
uniformly comprise the trabecular meshwork to form one or 
more openings into Schlemm's canal . 
[ 0190 ] FIG . 19 shows a probe comprising an optical axis 
1022 inclined relative to an elongate axis of the treatment 
probe 500. The inclined optical axis 1022 can decrease 
movement of out of focus tissue as the probe is advanced 
toward the target location , and may facilitate movement of 
the treatment probe 500 toward the target tissue . Although 
the treatment probe 500 is shown having an integrated 
housing 1202 that comprises an endoscope 1600 and a 
treatment optical fiber 1014 , the treatment optical fiber 1014 
and endoscope 1600 can be coupled to each other with a 
fastener as described herein , so as to incline the optical axis 
1022 in relation to the distal end of the probe 1606. The 
inclined optical axis 1022 can be combined with the implant 
placement devices as described herein . For example , the 
optical axis 1022 can be oriented toward the distal tip of the 
implant placement probe or the implant on the distal end of 
the probe . 
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[ 0191 ] In some embodiments , a prism 1304 is located 
along the optical path to deflect the optical axis 1022. The 
prism 1304 may comprise a discrete optical element located 
along the optical path with the lens . Alternatively the prism 
1304 may be located on a surface of the lens 1008. In some 
embodiments , the lens 1008 comprises a wedge in order to 
deflect light along the optical path 1022. In some embodi 
ments , the lens 1008 comprises an eccentric lens with prism 
1304 to deflect the optical axis 1022 . 
[ 0192 ] In some embodiments , the inclined optical axis 
1022 of the lens 1008 may allow the endoscope 1600 to 
image an implant carried by the integrated housing 1202 
with the implant approximately centered in the endoscope 
image . Alternatively or in combination , the inclined optical 
axis 1022 may allow the endoscope 1600 to image the distal 
tip 1606 of the treatment optical fiber 1014 or its housing 
approximately to be approximately centered in the image , in 
order to allow the surgeon to use the distal tip 1606 to aim 
the probe at the treatment site . In some embodiments , the 
endoscope 1600 is slidable relative to the integrated housing 
1202 , and the optical axis 1022 can thereby be moved , so as 
to pass through the distal tip 1606 of the optical fiber 1014 
or beyond . For example , the imaging probe can be coupled 
to the treatment probe 500 with a slidable fastener as 
described herein . Alternatively , the endoscope 1600 can be 
slidable relative to the probe 500 within the integrated 
housing . 
[ 0193 ] FIG . 20 shows a probe 500 comprising one or more 
illumination optical fibers , comprising an illumination 
bundle 2000. In some embodiments , the one or more of 
illumination optical fibers comprises a plurality of fiber 
bundles . For example , a probe may comprise fiber bundles 
corresponding to an illumination bundle 2000 , a fiber optic 
array , and an optical fiber . Each of these devices may be 
formed of one or more optical fibers used to transmit light 
through total internal reflection . The fibers used with any 
embodiment described herein may individually be formed of 
any suitable material , such as glass , quartz , fused silica , or 
plastic for example . The optical fibers may comprise a core 
surrounded by transparent cladding material with a lower 
index of refraction and are designed to transmit light that 
enters one end of the optical fibers to a second end of the 
fibers . For example , the proximal end of some of the fibers 
may be coupled to a light source and used to provide 
illumination to the distal end of the treatment probe 500 , 
while other fibers may be used to transmit light from the 
treatment site within a patient to a detector array that 
captures the light and generates a digital image . In some 
cases , one or more of the optical fibers is connected to an 
energy source and may be used to transmit laser energy to 
the treatment site . 
[ 0194 ] The illumination bundle 2000 may comprise one or 
more illumination optical fibers that are used to deliver light 
to the treatment site to provide illumination for imaging 
purposes . The fiber optic array 1604 may comprise one or 
more optical fibers that are used to transmit light from the 
treatment site , to a detector array that creates digital images 
of the treatment site which can be provided to a user or 
surgeon as described herein . A lens 1008 may focus light 
onto the distal ends of individual fibers that make up the 
fiber optic array 1604. An optical fiber 1014 , or a bundle of 
optical fibers , may be used to deliver energy , such as for 
cutting , resecting , cauterizing , or some other purpose at a 
treatment site . The illumination bundle 2000 , fiber optic 

array 1604 , and optical fiber 1014 may be disposed within 
a common housing and configured to be delivered to a 
treatment site , such as within an eye of a patient . 
[ 0195 ] The illumination bundle 200 may be disposed 
within a common housing with the fiber optic array 1604 . 
Alternatively or additionally , the illumination bundle 2000 
may be disposed within a common housing with the optical 
fiber 1014. In some cases , an illumination bundle 2000 may 
provide illumination from various locations of the treatment 
probe 500 or the imaging probe or both . 
[ 0196 ] A housing as described herein may enclose the 
treatment optical fiber 1004 , the endoscope 1600 and the one 
or more illumination optical fibers and may further fix a 
rotational orientation between the endoscope 1600 , the 
treatment optical fiber 1004 and the one or more illumina 
tion optical fibers 2000. The endoscope may include an 
ordered arrangement of a bundle of fibers . In some cases , the 
ordered arrangement of the bundle of fibers is maintained 
from the distal end of the bundle of fibers to the proximal 
end of the bundle of fibers . In some instances , the ordered 
arrangement remains consistent at the distal end and the 
proximal end of the bundle of fibers , and in some cases , does 
not maintain the ordered arrangement at a location between 
the distal end and the proximal end . The ordered arrange 
ment of the bundle of fibers allows light entering the distal 
end of the bundle of fibers to maintain an orientation to 
preserve an orientation of an image captured at the proximal 
end of the bundle of fibers , such as by a detector array . 
[ 0197 ] In some embodiments , an imaging system is deliv 
ered to a treatment site within a patient , such as within an 
eye of a patient . The imaging system may include compo 
nents that are disposed within the patient and additionally or 
alternatively include components that are outside the patient . 
A camera is an example of an imaging system . A camera 
may be positioned at a treatment site within a patient as 
described herein . An endoscope is another example of an 
imaging system . Some components of the endoscope , such 
as a lens and a distal end of a fiber bundle , may be located 
at a treatment site , while other components of the endo 
scope , such as a detector array and a proximal end of the 
fiber bundle , may be located remotely from the treatment 
site , such as , for example , outside the patent . The imaging 
system may be coupled to the apparatus for eye surgery as 
described herein , which may be a wired or wireless connec 
tion . 
[ 0198 ] The present disclosure includes the following num 
bered clauses , which are part of the present disclosure . Each 
clause can be combined with one or more other clauses to 
the extent that such a combination is consistent with the 
teachings disclosed herein . 
[ 0199 ] Clause 1. An apparatus to treat an eye , comprising : 
a probe sized for insertion into the eye , the probe comprising 
a camera comprising a lens and an array detector , the array 
detector comprising a plurality of rows and columns ; an 
implant located near a distal end of the probe , the implant 
comprising a distal portion sized and shaped for insertion 
into Schlemm's canal ; and a processor coupled to the array 
detector , the processor configured with instructions to deter 
mine a location of Schlemm's canal in response to an image 
of one or more of a ciliary body band , a scleral spur , or a 
Schwalbe's line of the eye . 
[ 0200 ] Clause 2. An apparatus to treat an eye , comprising : 
a probe sized for insertion into the eye , the probe comprising 
a camera comprising a lens and an array detector , the array 
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an image of Schwalbe's line and the processor is configured 
with instructions to determine a location of Schwalbe's line 
in response to the image . 
[ 0209 ] Clause 11. The apparatus of any one of clauses 2 , 
6,8 or 9 , wherein the image on the array detector comprises 
a visible image of Schlemm’s canal , and the processor is 
configured with instructions to determine a location of 
Schlemm’s canal in response to the visible image of 
Schlemm's canal and optionally wherein the visible image 
of Schlemm's canal comprises a contrast of greater than 5 
percent ( % ) . 
[ 0210 ] Clause 12. The apparatus of any one of clauses 2 , 
6 , 8 or 9 , wherein the processor is configured with instruc 
tions to determine a location of Schlemm's canal in response 
to the one or more of the ciliary body band or the scleral spur 
and to display the location on a subsequent image from the 
detector array . 

a 

detector comprising a plurality of rows and columns ; an 
implant located near a distal end of the probe , the implant 
comprising a distal portion sized and shaped for insertion 
into a Schlemm’s canal of the eye , the distal portion extend 
ing along an elongate insertion axis , the distal end coupled 
to the camera with a fixed rotational orientation relative to 
the inclined distal end of the fiber , and a processor coupled 
to the array detector , the processor configured with instruc 
tions to determine an angular orientation of the elongate 
insertion axis in response to an image of one or more of a 
ciliary body band , a scleral spur , or a Schwalbe's line of the 
eye . 
[ 0201 ] Clause 3. An apparatus to treat an eye , comprising : 
a probe sized for insertion into the eye , the probe comprising 
an optical fiber and a camera , the camera comprising a lens 
and an array detector , the array detector comprising a 
plurality of rows and columns ; and a processor coupled to 
the array detector , the processor configured with instructions 
to determine a location of Schlemm's canal in response to an 
image of one or more of a ciliary body band , a scleral spur , 
or a Schwalbe's line of the eye . 
[ 0202 ] Clause 4. An apparatus to treat an eye , comprising : 
a laser ; a probe comprising a camera and an optical fiber , the 
camera comprising a lens and an array detector , the array 
detector comprising a plurality of rows and columns , the 
optical fiber coupled to the laser , the optical fiber comprising 
an inclined distal end and a proximal end , the distal end 
coupled to the camera with a fixed rotational orientation 
relative to the inclined distal end of the fiber ; and a processor 
coupled to the array detector , the processor configured with 
instructions to determine an angular orientation of the 
inclined distal end of the fiber in response to an image of one 
or more of a ciliary body band , a scleral spur , or a Schwal 
be's line of the eye . 
[ 0203 ] Clause 5. The apparatus of any one of clauses 6 or 
9 , wherein the processor is configured to display the angular 
orientation of the inclined distal end of the fiber in relation 
to the distal end on a heads up display of an operating 
microscope . 
[ 0204 ] Clause 6. The apparatus of any one of clauses 6 or 
9 wherein the angular orientation of the inclined distal end 
comprises one or more a rotation angle around an elongate 
axis of the probe or a rotation angle around an elongate axis 
of the camera . 
[ 0205 ] Clause 7. The apparatus of any one of clauses 2 , 6 , 
8 or 9 , wherein the processor is configured with one or more 
of a convolutional neural network , a machine learning 
algorithm or an edge detection algorithm to identify the one 
or more of the ciliary body band or the scleral spur and 
determine the angular orientation . 
[ 0206 ] Clause 8. The apparatus of any one of clauses 2 , 6 , 
8 or 9 , wherein the processor is configured with instructions 
to display a boundary of the ciliary body band on a display 
and optionally wherein the boundary of the ciliary body 
band is shown with a plurality of markers located along a 
curved line . 
[ 0207 ] Clause 9. The apparatus of any one of clauses 2 , 6 , 
8 or 9 , wherein the processor is configured with instructions 
to display a boundary of the scleral spur on a display and 
optionally wherein the boundary of the scleral spur is shown 
with a plurality of markers located along a curved line . 
[ 0208 ] Clause 10. The apparatus of any one of clauses 2 , 
6,8 or 9 , wherein the image on the array detector comprises 

[ 0211 ] Clause 13. The apparatus of any one of clauses 2 , 
6 , 8 or 9 , wherein the probe comprises a maximum dimen 
sion across within a range from 0.5 mm to 3 mm and 
optionally within a range from 1 mm to 2 mm . 
[ 0212 ] Clause 14. The apparatus of clause 20 , wherein the 
probe comprises the maximum cross - sectional dimension 
over a longitudinal distance within a range from 10 mm to 
50 mm , to access a trabecular meshwork of the eye and 
compress the trabecular meshwork with the inclined distal 
end . 
[ 0213 ] Clause 15. The apparatus of clause 2 , further com 
prising an inserter housing and a camera housing enclosing 
the camera with the fixed rotational orientation , the inserter 
housing enclosing one or more one or more movable com 
ponents coupled to the implant . 
[ 0214 ] Clause 16. The apparatus of clause 6 , further com 
prising an inserter housing and a camera housing enclosing 
the camera with the fixed rotational orientation , the inserter 
housing enclosing one or more one or more movable com 
ponents coupled to the implant . 
[ 0215 ] Clause 17. The apparatus of clause 8 , further com 
prising an optical fiber housing enclosing the optical fiber 
and a camera housing enclosing the camera with the fixed 
rotational orientation . 
[ 0216 ] Clause 18. The apparatus of clause 9 , further com 
prising an optical fiber housing enclosing the optical fiber 
and a camera housing enclosing the camera with the fixed 
rotational orientation . 
[ 0217 ] Clause 19. The apparatus of claim any one of 
clauses 16 , 17 , or 18 , further comprising a fastener to couple 
the inserter housing or the optical fiber housing to the 
camera housing with the fixed angular orientation structure , 
wherein the one or more of the fastener , the inserter housing , 
the optical fiber housing , or the camera housing comprises 
an engagement structure to fix the angular orientation and 
optionally wherein the structure comprises one or more of 
flat engaging surface , a slot , a key , a groove an aperture or 
a protrusion and optionally wherein the angular orientation 
comprises a fixed orientation and the fastener comprises the 
engagement structure . 
[ 0218 ] Clause 20. The apparatus of clause 19 , wherein the 
fastener comprises one or more of a clip or an aperture to 
engage one or more of the camera housing , the inserter 
housing , or the optical fiber housing and optionally wherein 
the clip comprises the engagement structure sized and 
shaped to receive the one or more of the camera housing , the 
inserter housing , or the optical fiber housing and optionally 
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wherein fastener comprises the aperture with the aperture 
sized and shaped to receive the one or more of the camera 
housing , the inserter housing or the optical fiber housing 
with the fixed orientation . 
[ 0219 ] Clause 21. The apparatus of clause 19 , wherein the 
fastener is configured to allow the camera housing to slide 
in relation to the inserter housing or the optical fiber housing 
while the orientation of the of the camera to the inserter 
housing or the optical fiber housing remains fixed and 
optionally wherein the engagement structure comprises one 
or more elongate engagement structures to maintain the 
angle while the camera housing slides in relation to the 
inserter housing or the optical fiber housing and optionally 
wherein the elongate engagement structures comprises one 
or more of one or more axially elongate grooves , one or 
more axially elongate flat surfaces or one or more axially 
elongate protrusions . 
[ 0220 ] Clause 22. The apparatus of clause 19 , wherein the 
fastener is configured to fix a distance between the distal end 
of the probe and the array detector and optionally wherein 
the engagement structure comprises one or more of a stop , 
a pair of stops , an interlocking mechanism , a nesting mecha 
nism , a circumferentially extending channel , a circumferen 
tially extending protrusion , an annular protrusion or an 
annular recess . 
[ 0221 ] Clause 23. The apparatus of clause 19 , wherein the 
camera housing comprises a maximum distance across 
within a range from about 0.8 to 1.2 mm , the optical fiber 
housing comprises a maximum distance across within a 
range from about 300 um to about 600 um , the fastener sized 
and shaped to extend around at least a portion of the camera 
housing and a portion of the inserter housing or the optical 
fiber housing , wherein the fastener comprises a first distance 
transverse to the camera housing and the inserter housing or 
the optical fiber housing , a second distance transverse to the 
camera housing and the inserter housing or the optical fiber 
housing , and a third distance along an elongate axis the 
camera housing and the inserter housing or the optical fiber 
housing , the second distance less than the first distance , the 
third distance greater than the second distance and the first 
distance . 
[ 0222 ] Clause 24. The apparatus of clause 23 , wherein the 
first distance within a range from about 1.0 mm to about 2 
mm , the second distance within a range from about 0.8 to 1.5 
mm , the third distance within a range from about 2 mm to 
about 20 mm , the first distance optionally within a range 
from about 1.3 to about 1.7 mm , the second distance 
optionally within a range from about 1.0 to 1.3 mm , the third 
distance optionally within a range from about from about 2 
mm to about 10 mm . 
[ 0223 ] Clause 25. The apparatus of clause 9 , further com 
prising a housing to enclose the optical fiber and the camera , 
the housing comprising an inclined distal end . 
[ 0224 ] Clause 26. The apparatus of clause 25 , wherein the 
inclined distal end of the housing extends circumferentially 
around at least a portion of the inclined distal end of the 
optical fiber . 
[ 0225 ] Clause 27. The apparatus of clause 25 , wherein the 
inclined distal end of the housing and the inclined distal end 
of the optical fiber are inclined at an angle to within about 
10 degrees of each other and optionally wherein the inclined 
distal ends comprise flush surfaces . 

[ 0226 ] Clause 28. The apparatus of clause 25 , wherein the 
detector array comprises a side with a flat edge , and the 
optical fiber extends along the side with flat edge of the 
detector array . 
[ 0227 ] Clause 29. The apparatus of any one of the pre 
ceding clauses , wherein the array detector comprises a 
number of pixels along a column within a range from about 
200 pixels to about 500 pixels and a plurality of pixels along 
a row within a range from about 200 pixels to about 500 
pixels and optionally wherein the number of pixels along the 
row is within a range from about 200 to 300 pixels and the 
number of pixels along the column is within a range from 
about 200 pixels to about 300 pixels . 
[ 0228 ] Clause 30. The apparatus of anyone of the preced 
ing clauses wherein the camera provides a spatial resolution 
within a range from about 10 um to about 80 um for tissue 
adjacent tissue contacting the inclined distal end of the probe 
and optionally wherein the resolution is within a range from 
about 20 um to about 40 um . 
[ 0229 ] Clause 31. The apparatus of claim anyone of the 
preceding clauses , wherein the distal end of the probe 
extends beyond a distal most lens of the camera by a 
distance within a range from about 2 mm to about 10 mm 
and optionally within a range from about 2.5 mm to about 
5 mm . 

[ 0230 ] Clause 32. The apparatus of claim anyone of the 
preceding clauses , wherein the distal end of the probe 
extends beyond a distal most lens of the camera by a 
distance within a range from about 2 mm to about 10 mm 
and optionally within a range from about 2.5 mm to about 
5 mm and optionally wherein the distance is dimensioned to 
visualize a portion of the distal end of the probe in the image 
of the one or more of ciliary body band or the scleral spur . 
[ 0231 ] Clause 33. The apparatus of claim anyone of the 
preceding clauses , wherein the array detector is located a 
distance from the distal end of the probe , the distance within 
a range from about 2.5 mm to about 10.5 mm and optionally 
within a range from about 3 mm to about 6 mm . 
[ 0232 ] Clause 34. The apparatus of claim any one of the 
preceding clauses , wherein the inclined end comprises an 
inclined surface to contact a trabecular meshwork of the eye , 
and wherein the inclined end comprises a surface normal 
vector pointing in a direction away from the camera and 
wherein one or more of the rows or the columns is aligned 
with a transverse component of the surface normal vector to 
within about 5 degrees and optionally wherein the transverse 
component of the surface normal vector extends in a direc 
tion transverse to the optical fiber . 
[ 0233 ] Clause 35. The apparatus of claim any one of the 
preceding clauses , wherein the optical fiber comprises an 
elongate axis of the optical fiber , the elongate axis extending 
along a direction of light propagation along the optical fiber , 
and wherein the inclined distal end traverses the axis at an 
angle within a range from about 45 degrees to about 65 
degrees an optionally wherein the angle is within a range 
from about 50 degrees to about 60 degrees . 
[ 0234 ] Clause 36. The apparatus of any one of the pre 
ceding clauses , further comprising a rotational angle 
between the distal end of the probe and one or more of the 
rows or columns of the detector array and wherein the 
processor is configured with instructions to determine the 
angle between the elongate insertion axis or the inclined end 
of the fiber and the one or more of the ciliary body band or 
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the scleral spur in response the image of one or more of a 
ciliary body band , a scleral spur , or a Schwalbe's line of the 
eye and the rotational angle . 
[ 0235 ] Clause 37. The apparatus of any one of the pre 
ceding clauses , wherein the processor is configured with 
instructions to determine a rotational orientation angle 
between the elongate insertion axis or the inclined distal end 
of the optical fiber and one or more of the rows or columns 
of the detector array . 
[ 0236 ] Clause 38. The apparatus of claim any one of the 
preceding clauses , wherein the optical fiber comprises a core 
and a cladding , the cladding comprising a diameter within a 
range from about 100 micrometers ( um ) to about 300 um 
and optionally within a range from about 150 um to about 
250 um . 
[ 0237 ] Clause 39. The apparatus of claim any one of the 
preceding clauses , wherein the optical fiber comprises a 
plurality of optical fibers , each comprising an inclined distal 
end , the distal ends aligned to engage tissue of the eye with 
similar angles to within about 10 degrees . 
[ 0238 ] Clause 40. The apparatus of any one of the pre 
ceding clauses , further comprising an operating microscope 
to view an anterior portion of the eye from outside the eye , 
the operating microscope comprising a plurality of oculars 
for a user to view an optical image the anterior portion of the 
eye formed with a plurality of lenses , the operating micro 
scope comprising a heads - up display to show the image 
from the camera when the camera has been place inside the 
eye in order for the user to view the anterior image of the eye 
through the operating and view the image of the eye from the 
camera in real time , and optionally wherein the image from 
the camera comprises one or more markers showing the 
location of the one or more of the ciliary body band , the 
scleral spur or Schlemm’s canal . 
[ 0239 ] Clause 41. The apparatus of any one of the pre 
ceding clauses , further comprising an operating microscope 
to view an anterior portion of the eye from outside the eye , 
the operating microscope comprising a plurality of oculars 
for a user to view an optical image the anterior portion of the 
eye formed with a plurality of lenses , the operating micro 
scope comprising a heads - up display to show the image 
from the camera when the camera has been place inside the 
eye in order for the user to view the anterior image of the eye 
through the operating and view the image of the eye from the 
camera in real time , and optionally wherein the image from 
the camera on the heads - up display comprises an image of 
the implant . 
[ 0240 ] Clause 42. The apparatus of claim any one of the 
preceding clauses , wherein the camera comprises an optical 
axis , the optical axis of the camera aligned with a tissue 
engaging structure on the probe to within about 5 degrees , 
wherein the tissue engaging structure comprises one or more 
of a distal end of a probe shaped to contact the trabecular 
meshwork , an inclined distal end of a probe shaped to 
contact the trabecular meshwork , a stylet sized and shaped 
to penetrate the trabecular meshwork , a tip of the stylet , an 
implant on the distal end of the probe , or a sharp end of an 
implant on the distal end of the probe . 
[ 0241 ] Clause 43. An apparatus of any one of the preced 
ing clauses , wherein an imaging system ( e.g. , camera , scope , 
probe , fiber , etc. ) is configured to display an image of the 
anatomy of an interior of an eye and of a probe located 

within the interior of the eye , and is further configured to 
provide updated images concurrent with movement of the 
probe . 
[ 0242 ] As detailed above , the computing devices and 
systems described and / or illustrated herein broadly represent 
any type or form of computing device or system capable of 
executing computer - readable instructions , such as those 
contained within the modules described herein . In their most 
basic configuration , these computing device ( s ) may each 
comprise at least one memory device and at least one 
physical processor . 
[ 0243 ] The term “ memory ” or “ memory device , ” as used 
herein , generally represents any type or form of volatile or 
non - volatile storage device or medium capable of storing 
data and / or computer - readable instructions . In one example , 
a memory device may store , load , and / or maintain one or 
more of the modules described herein . Examples of memory 
devices comprise , without limitation , Random Access 
Memory ( RAM ) , Read Only Memory ( ROM ) , flash 
memory , Hard Disk Drives ( HDDs ) , Solid - State Drives 
( SSDs ) , optical disk drives , caches , variations or combina 
tions of one or more of the same , or any other suitable 
storage memory . 
[ 0244 ] In addition , the term “ processor ” or “ physical pro 
cessor , " as used herein , generally refers to any type or form 
of hardware - implemented processing unit capable of inter 
preting and / or executing computer - readable instructions . In 
one example , a physical processor may access and / or 
modify one or more modules stored in the above - described 
memory device . Examples of physical processors comprise , 
without limitation , microprocessors , microcontrollers , Cen 
tral Processing Units ( CPUs ) , Field - Programmable Gate 
Arrays ( FPGAs ) that implement softcore processors , Appli 
cation - Specific Integrated Circuits ( ASICs ) , portions of one 
or more of the same , variations or combinations of one or 
more of the same , or any other suitable physical processor . 
[ 0245 ] Although illustrated as separate elements , the 
method steps described and / or illustrated herein may repre 
sent portions of a single application . In addition , in some 
embodiments one or more of these steps may represent or 
correspond to one or more software applications or pro 
grams that , when executed by a computing device , may 
cause the computing device to perform one or more tasks , 
such as the method step . 
[ 0246 ] In addition , one or more of the devices described 
herein may transform data , physical devices , and / or repre 
sentations of physical devices from one form to another . For 
example , one or more of the devices recited herein may 
receive image data of a sample to be transformed , transform 
the image data , output a result of the transformation to 
determine a process , use the result of the transformation to 
perform the process , and store the result of the transforma 
tion to produce an output image of the sample . Additionally 
or alternatively , one or more of the modules recited herein 
may transform a processor , volatile memory , non - volatile 
memory , and / or any other portion of a physical computing , 
device from one form of computing device to another form 
of computing device by executing on the computing device , 
storing data on the computing device , and / or otherwise 
interacting with the computing device . 
[ 0247 ] The term “ computer - readable medium , ” as used 
herein , generally refers to any form of device , carrier , or 
medium capable of storing or carrying computer - readable 
instructions . Examples of computer - readable media com 
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prise , without limitation , transmission - type media , such as 
carrier waves , and non - transitory - type media , such as mag 
netic - storage media ( e.g. , hard disk drives , tape drives , and 
floppy disks ) , optical - storage media ( e.g. , Compact Disks 
( CDs ) , Digital Video Disks ( DVDs ) , and BLU - RAY disks ) , 
electronic - storage media ( e.g. , solid - state drives and flash 
media ) , and other distribution systems . 
[ 0248 ] A person of ordinary skill in the art will recognize 
that any process or method disclosed herein can be modified 
in many ways . The process parameters and sequence of the 
steps described and / or illustrated herein are given by way of 
example only and can be varied as desired . For example , 
while the steps illustrated and / or described herein may be 
shown or discussed in a particular order , these steps do not 
necessarily need to be performed in the order illustrated or 
discussed . 
[ 0249 ] The various exemplary methods described and / or 
illustrated herein may also omit one or more of the steps 
described or illustrated herein or comprise additional steps 
in addition to those disclosed . Further , a step of any method 
as disclosed herein can be combined with any one or more 
steps of any other method as disclosed herein . 
[ 0250 ] A processor as described herein can be configured 
to perform one or more steps of any method described 
herein . 
[ 0251 ] Unless otherwise noted , the terms " connected to ” 
and “ coupled to ” ( and their derivatives ) , as used in the 
specification and claims , are to be construed as permitting 
both direct and indirect ( i.e. , via other elements or compo 
nents ) connection . In addition , the terms “ a ” or “ an , ” as used 
in the specification and claims , are to be construed as 
meaning “ at least one of Finally , for ease of use , the terms 
" including ” and “ having ” ( and their derivatives ) , as used in 
the specification and claims , are interchangeable with and 
shall have the same meaning as the word “ comprising . 
[ 0252 ] The processor as disclosed herein can be config 
ured with instructions to perform any one or more steps of 
any method as disclosed herein . 
[ 0253 ] It will be understood that although the terms “ first , " 
“ second , ” “ third ” , etc. may be used herein to describe 
various layers , elements , components , regions or sections 
without referring to any particular order or sequence of 
events . These terms are merely used to distinguish one layer , 
element , component , region or section from another layer , 
element , component , region or section . A first layer , element , 
component , region or section as described herein could be 
referred to as a second layer , element , component , region or 
section without departing from the teachings of the present 
disclosure . 
[ 0254 ] As used herein , the term “ or ” is used inclusively to 
refer items in the alternative and in combination . 
[ 0255 ] As used herein , characters such as numerals refer to 
like elements . 
[ 0256 ] Although reference is made to an imaging probe 
comprising a plurality of optical fibers , in some embodi 
ments the imaging probe comprises a single optical fiber . For 
example , the imaging probe may comprise a single optical 

fiber configured to deflect with a scan pattern to image light 
from the eye . The optical fiber can be configured to transmit 
light to a plurality of locations to generate the internal image 
of the eye , or configured to deflect and receive light from a 
plurality of locations . 
[ 0257 ] Embodiments of the present disclosure have been 
shown and described as set forth herein and are provided by 
way of example only . One of ordinary skill in the art will 
recognize numerous adaptations , changes , variations and 
substitutions without departing from the scope of the present 
disclosure . Several alternatives and combinations of the 
embodiments disclosed herein may be utilized without 
departing from the scope of the present disclosure and the 
inventions disclosed herein . Therefore , the scope of the 
presently disclosed inventions shall be defined solely by the 
scope of the appended claims and the equivalents thereof . 

1. A method , comprising : 
inserting a probe into an eye of a patient ; 
capturing one or more images of an interior of the eye ; 

and 
determining a location of one or more of a Schlemm's 

canal or a trabecular meshwork , the one or more images 
updating concurrent with movement of the probe , 
wherein determining the location of Schlemm’s canal is 
performed by a processor configured with instructions 
to determine the location of Schlemm's canal , the 
image updating concurrent with movement of the 
probe ; and 

determining , with the processor , an angular orientation of 
the probe in response to an image of one or more of 
ciliary body band or a scleral spur or a Schwalbe's line 

a 

of the eye . 

a 

2. The method of claim 1 , further comprising delivering , 
with the probe , an implant to Schlemm's canal . 

3. The method of claim 1 , further comprising displaying 
a boundary of a scleral spur on a display . 

4. The method of claim 1 , further comprising displaying 
a boundary of a Schwalbe's line on a display . 

5. The method of claim 1 , further comprising delivering 
laser energy by a laser through a treatment optical fiber 
carried by the probe . 

6. The method of claim 1 , further comprising overlaying 
markers onto the one or more images of the interior of the 
eye . 

7. The method of claim 1 , further comprising contacting 
a trabecular meshwork of the eye with an end of the probe . 

8. The method of claim wherein the one or more images 
of the interior of the eye are captured by a camera coupled 
to the probe . 

9. The method of claim 1 , wherein the one or more images 
of the interior of the eye are captured by an endoscope 
coupled to the probe . 

10. The method of claim 1 , wherein the one or more 
images of the interior of the eye are captured by an external 
sensor array located outside the eye . 


