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portion extending therefrom. The multi-function surgical portion may in-

clude an illuminator portion arranged to provide illumination to a surgical
region of a patient during a surgical procedure, and tissue- treating por-
tion coaxially aligned with the illuminator portion.
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UNLPORT HYBRID GAUGE SURGICAL APPARATUSES AND METHODS

TECHNICAL FIZLD

R The present discloswre is directed {o surgical instroments, sysioms, and
methods, More pacticaladdy, but not by way of hmitation, the present disclosore is
directed to surgical instruments, systems, and methods baving & hybrid gauge body

with functionality spaced aloay the {astoument.

BACKGROUND

a8} Minrosurgical procedores frequently require precision cutting andfor
removing of various body tissues.  For cxample, cemain ophthalmic surgical
procedures, such as vitteotoray procedures, wpine cutting aud reraoving portions of
the vitreous hmor, 2 ausparent jelly-hke material that fills the posterior segment of
the eye. The vitreous humor, of vitreous, is composed of numerons micrescopic
fibrids that are often atiached (o the wmtina. Therefore, cutiing and removing the
vitreous must be done with great care to avold traction on the retina, the separation of
the retina from the choroid, a reiinal tear, o, o the worst case, sulting and rernoval of
the retina isell. The cutting and removal of membranes may be partiowdardy difficult
in sorpe delicate operations, such as mobile tssue mapagercert {8.g., cuiting and
remmoval of virreous near » detached portion of the reting or a retingl wear) and vitreous

base dissection.

{3493} Microsurgical procedures, such as those in the posterior segmest,
typically reguire numerous incisions to access the interior of the eve. Each additicnal
incislon may create rsk for complications during the procedurs sndfor recovery.
Yaricus teols are inserted through the incisions for use by a user, such as & surgeon or
other medical professional, while performing the procedure. For example, a portion
of an infusion lne may be inserted through one of the incisions, The nfusion has
defivers finid 1o the weerfor of the eye 1o maintain intraocular pressure, therehy
preventing the eve from collapsing during the sargical procodure.  An illuminator,

which e a distinct wol from the infusion Hae, may be fnseried through one of the
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other incisions. The illuminator, such as a hand-held fiber optic probe illuminator,
lights the surgical field. A third tool, a surgical device, may be inserted through yet
another of the incisions. The user uses the surgical device, such as a cutting probe (i.e.

vitrectomy probe), to cut and remove tissue from the eye.

[0004] A three-incision (three-port) vitrectomy procedure has multiple
limitations and shortcomings. For example, the surgeon must use two hands, with an
instrument in each hand. In a typical procedure, a surgeon holds an illuminator with
one hand and a vitrectomy probe with the other. In addition, because there are three
or more incisions in the eye, the ocular anatomy may have high levels of tissue trauma.
There may be a relatively high level of ocular inflammation, and there is a higher level
of potential for post-operative serious adverse events. These serious events include
conjunctive bleeding, hypotony (low eye pressure) due to fluid pressure loss through
wounds, endophtalmitis (sight threatening ocular infection), choroidal re-detachment
and vision loss, proliferative vitreoreinopathy (PVR), enophthalmitis (internal

infection), and choroidal or retina re-detachment, among others.

[0005] Because of these risks, a three-port ocular surgery may limit the
magnitude, and speed of vision restoration and preservation and may ultimately

decrease the chance of a satisfactory patient outcome.

[0005a] A reference herein to a patent document or any other matter identified
as prior art, is not to be taken as an admission that the document or other matter was
known or that the information it contains was part of the common general knowledge

as at the priority date of any of the claims.

SUMMARY

[0006] In one aspect, the present invention provides a multi-function surgical
apparatus, comprising: a handle portion for grasping by a user; an illuminator portion
extending from the handle portion and arranged to provide illumination to a surgical
region of a patient during a surgical procedure; a vitrectomy cutter portion extending
from the handle portion and coaxially aligned with the illuminator portion, the
vitrectomy cutter portion including a port for aspirating vitreous humor, the

illuminator portion being disposed to illuminate a region about the port; a first
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shoulder between the illuminator portion and the vitrectomy cutter portion, the
illuminator portion being arranged to emit light from the first shoulder; and an infusion
portion extending from the handle portion, the infusion portion being arranged to
introduce infusion fluid to the surgical region, wherein the infusion portion is arranged
to introduce the infusion fluid to the surgical region through an annular infusion port
disposed at a second shoulder between an outer surface of the infusion portion and the

illuminator portion.

[0007] In some embodiments, the infusion portion may be concentrically
disposed about the illuminator portion. In some embodiments, the illuminator portion
may include a fiber arranged to emit light onto the port for aspirating vitreous humor.
In some embodiments, the illuminator portion may have a cross-sectional width
greater than a cross-sectional width of the vitrectomy cutter portion. In some
embodiments, the illuminator portion may include an optical fiber configured to emit
light toward a surgical site treated by the vitrectomy cutter portion. The infusion
portion may be supported by the handle portion. In some embodiments, the
illuminator portion includes an outer cylindrical surface having a flat portion formed
at a distal end, the flat portion (not shown) being disposed and arranged to direct
emitted light to extend in a fan-shape toward the vitrectomy cutter portion. As such,
the flat portion may appear as flat on the circumference or may appear as an indented

portion or notch into the outer surface.

[0008] In some embodiments, the surgical apparatus may include a needle
portion extending from the handle portion. The needle portion may include the
infusion portion extend distally from the handle portion and the infusion portion may
have a lumen. The infusion portion may have a first cross-sectional width. The needle
portion may also include an illuminator portion extending distally from the handle
portion. The illuminator portion may have a second cross-sectional width different
than the first cross-sectional width. The needle portion may also include a vitrectomy
cutter portion extending distally beyond one of the illuminator portion and the infusion
portion. The vitrectomy cutter portion may have a third cross-sectional width different

than the first and the second cross-sectional widths.

[0009] The surgical apparatus may include the first shoulder between the first

cross-sectional width and the second cross-sectional width. The first shoulder may



2016372824 23 Apr 2021

include the infusion port that introduces the infusion fluid to the surgical region. The
second shoulder may be disposed between the second cross-sectional width and the
third cross-sectional width, with the illumination being emitted from the second
shoulder. In some embodiments, the infusion portion, the illuminator portion, and the
vitrectomy cutter portion are concentrically disposed. In some embodiments, the
infusion port is annularly shaped and concentrically disposed relative to the
illuminator portion. The surgical apparatus may include a plurality of optical fibers
carried by and radially spaced about the illuminator portion. The surgical apparatus
may include a cannula including illumination features configured to illuminate a
portion of the surgical region. The cannula may be sized to receive the infusion
portion, the illuminator portion, and the vitrectomy cutter portion therethrough. In
some embodiments, the vitrectomy cutter portion has an inner cutter and outer cutter

and a tissue-receiving port in the outer cutter.

[0010] In another aspect, the present invention provides a method for treating
a patient with a multi-function surgical apparatus, the method comprising: introducing
into a patient through a single incision, an infusion portion arranged to introduce
infusion fluid to a surgical region, an illuminator portion arranged to provide
illumination to a portion of the patient, a vitrectomy cutter portion configured to
engage tissue or liquid within the patient, and a first shoulder between the illuminator
portion and the vitrectomy cutter portion; and simultaneously performing the
following: introducing illumination from the first shoulder between the illuminator
portion and the vitrectomy cutter portion, the illuminator being arranged to emit light
from the first shoulder; introducing an infusion fluid to the surgical region through an
annular infusion port disposed at a second shoulder between an outer surface of the
infusion port and the illuminator portion; and treating the patient with the vitrectomy

cutter portion.

nn nn

[0011] Where any or all of the terms "comprise", "comprises", "comprised" or
"comprising" are used in this specification (including the claims) they are to be
interpreted as specifying the presence of the stated features, integers, steps or
components, but not precluding the presence of one or more other features, integers,

steps or components.
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[B6i2Y fr iz 1o be onderstood that bath the foregoing general descriprion and
the following drawings and detalled descripuon are exemplary and explanstory in
nature and are inended to provide an anderstanding of the present disclosure without
huriling the scope of the present disclomwe. In that regard, additional aspects,
features, and advarntages of the present disclosure will be apparent to one skilled in

the art from the following.

BRIEY DESCRIPTION OF THE DRAWINGSE

{0813} The accompanying drawings lusteate irsplementations of the systems,
devices, and methods disclosed bersin and fopether with the desoription, serve to

expiain the principles of the present disclosure.

EEHEN BIG, 1 s an illgstration of an ophthalmic surgical apparatus according

to an cxempiary aspect.

{915} HIG. 2 shows an example hybrid gauge needle in sita inan eye.
EEERY: FIGL 3 shows a cross-sectiona) view of an example vitrectomy probe

with a hybrid gavge needle.

EL ) Fig. 44 shows a more detatled cross-sectional view of 4 nesdle of an

example hybrid gauge needle.

{18} Fig. 4B shows the cross-sectinual view of the needle of Fig, 4A with g

slot for en tllumination portion.

jg819) Fig. 5 shows a flow chanl of an example method of performing a
SUFEETY.
(D028 These figures will be better understond by reference to the following

Pretatled Description.

#4821 For the purposes of promoting an understanding of the principies of the
s g3
present disciosere, reference will now be made o the fnplemeniations Husirated in

the drawings and specific langoage will be used to deseribe them. Ir will nevertheless
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be gndersiood thar oo Himdtation of the scope of the disclosure 15 intended.  Any
alterations and forther modifications 1o the described devices, instruments, methods,
and any turther application of the principles of the present disclosure are fully
contemplated as would normally occur (o one skilled in the art to which the disclosure
relates. In addision. this disclosure describes some elements or features {n detail with
mwapect to one or more iroplementatons or Figores, when those same elemends or
featares appear in subseguent Figures, without such & high lovel of detell, Tt i fully
sonteraplated that the features, componerds, and/or steps descabed with respent o one
or more implementations or Figures may be combined with the features, components,
andfor steps described with respect to other implementations or Figures of the present
disclosure. For simpleity, in some instances the saree ot simdar reference nombers

are nsed theoaghout the drawings to refer to the same or fike parts.

{0422 The present disclosure relates generally to sorgical iostmuments,
systemas, and methods for performing a minimally invasive surgical procedure. In
some implementations, the surpical instroment s 3 single-port, mult-function
instrument.  Single-port s inlended o mesn that 2 single instroment simelitaneously
performs multiple surgical functions through a single port or tocieion.  The
wstrunent, depeading on the embodiroemts, may combioe fanctions of maluple
instrurpenis in & manner that more efbciently pedorms a sorgical process, is less

invasive B the patiom, andfor renders the techrigque gasier for the surgeon. Some

smbodiments of the multi-funcaon estrument corsbine fhuctions of a viwestomy
probe, an ithiminator, and an infosion line inlo 3 single insirument. Because these are
combined into a single instrament, the surgeon can perform the virectomy with
sufficient Hluminaiion and wnfosion with a single hand, The second hand is then free
to perform other processes or other elements of the surgery. Por example, the second
hand may use a second surgical toof that would double utility {e.g.. exiemal scloral
depression).  Alse, it would reduce the incisions from three {Inchiding separate
incisions for ithardnation, for infusion, and for the vitrectomy probe} to one. Fewer
incisions may seduce the opportunity for infection, mav reduce the scar tissue,

wfreducs Bss patisat travna 1o the tssee, and may speed pationt recovery tms,

EERT In some embodiresnts, the multi-fonclion instromest may be ofilizad

with an ominated cannula thal provides additional iHluminaton o the surgicsl site.
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& muld-function instmiment may then he introduced throngh the cannulz o the

surgieal treatment area (0 the patent.

{64243 Frg. | illustrates a reulo-functdon viirectomy surgical apparatus,
generally designated by the reference pumersl 100, scconding to an eaemplary
embodiment. The surgical apparatus {0 includes a console 102 that includes a hase
housing 104 and an associaed display sereen 106 showing dats relaling {0 sysiem
operation and performance durdng a vitectomy surgical procedure. The console 102
may iuclnde muoltiple functions, subassemblies, equipment, and other capabiities for
performing  one or roote surgical teatment procedurss, including  vitrectoroy

procedures.

sy In this embodiment, the surgical apparabis 100 inclodes & maels-
function instrument shown as a vilrectomy probe 119 for performing vitreciomy
procedures.  Here, the viltectomy probe 11 may be a uni-pors hybrid pauge
instroment Hat performs a number of funchons, including iBumination, infusion, and
the vitrectomy reatment for the removal of tissue, such as vitreous humor or rermoval
or irigation of wiksion fuwid introduced inio a chamber 1 & patisnt. The vitrectomy
probe is a uni-port prebe because mpliiple functions may be performed through 2
single port.  The vigectomy probe 110 incindes both 2 handle portion 112 and =
geadle portion 114, The handle poriion 112 atiaches to the console 102 via a cable
116 that may be configured to provide irrigation capabilities, aspiration capabilities,

power, of other cloments or (o the viirectomy probe (.

{826] Fig. 2 shows a portton of the needle portion 14 of the vitrectomy
probe 11 1o greater detad It de shown as it roay be disposed doring a surgical
procedure protrading into patient ussas, such a8 aneve 128, The eye 128 includes a
globe 122 with an anterior chamber 124, a posterior segment 126 and representations
of 2 lens 128, comnea 136, ids 132, ciliary bodles 134, and rabecular meshwoek 136
The needle portion 114 of the vitrectomy probe 110 extends through surface tissue
wnio the posterior segroent 126, Fig. 2 aiso shows & cannuia 140 that extends from the

exterior of the globe 122 into the postenior segroent 126,

a2 The canmuda (440 includes a hub 142 and a maln body 144, In this
smbodiment, the canoula 144 includes a valve (ool shovwn) disposed therein W lirail

the ogress of fluids, including vireous, from the posterior segment 126 throogh the

&
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mzin body 144 and the hob 142, The hub 142 is configured tn rest on the dssue
surface and preveny the cannuls 144 from entering Tunher nto the postenor segroend
126, In this embodiment, the main hody 144 inclodes an {llumination featore that aleo

provides iumdnation of the surgical region, including the surgical site.

[O028] The tlomination features on the cannula 140 may be fonned of one or
more optical fibers that carry bght from = light sowvee and emit the light in the
surgical region. Some implementations inclode one or more optical fibers disposed
along the main body of the canmnla, along the exiedor surface, the watarior surface, or
smbedded within the main body in o preformed groove, passage, or other feataes,
The optical fibers may direct light from & lght source, such as on the console 103
(Fig. 1}. on the hmb 142, or elsewhere disposed, and emit the light adjacent the distal
snd of the main body 144, This may permat the user to visuahize the inetor of the

surgical site using a surgical microscope or other visualization sysierm.

F32Y As can be seen, e needle portion 114 includes a dssue-reating
portion, shown here as 8 cutter portion 130, The needle portion also inchwdes an
dluminator portion 152 and an infusion partion 154, all of which are coaxlally aligned
slong a central oue 1350 The needle portion 114 {5 2 hybrid gauge system becanse it
inchades an exterior surface having different cross-section widths. Por example, in the
embodiment shown, the seedle portion 114 steps progressively down in dismeter or
cross-section from the infusion portion 134, to the iluminator portion 152, and to the

cutier portion 154,

#0348 The cutier portion 130 preforms the vilrectomy function of opening
and closiag & port 1o detach vitreous homor from e reting 2od 1o aspinte the vitreous
humeor from the posterior segreent 128, The tBuminator portion 152 15 embedded with
iflunminaiton elements, such as an optical fiber, and may provide additional light to the
surgical site from a locavon close in proximuty fo cuiting clements of the cuttor
portion £30, The infusion portion 134 s configured to provide infusion fHeid
maintain mtraocuiar pressare during 2 surgical process. Fach of these is deseribed in

greater detarl below.

[BO31] Fig. 3 shows a cross-sectional illustration of the exemplary vilrectony
probe 110, In s example, the vittecuwnny probe 110 {s 2 prevmaticadly deiven probe

that operates by receiving prenmatic pressure aliernating through first and second air
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supply ports 160 and 162, The needle portion 114 of the vitrectomy probe 110
includes the cutter portion 50 corpprising an ouler cuthing be 166, an wner cutting
tuhe 188, and a probe ectuator shown here as a reciprocating air driven diaphragm
170, all partially escased by the handle portion 112, The handle portion 112 includes
an end piece 174 at the vitrectomy probe proximal end with the first and sacond air

supply ports 160, 162 and one saction port 176,

{8633 Az can he seen, the culter portion 150 extends from the handle portion
and inclhudes a distal end 178, Fig. 4A shows the distal end 178 of the culter poriion
150 o greater detall. The onter cutting tube 166 has a closed end 182 and an outer
port 184 that recetves tissoe, such as ophthislmic tssue, The outer port 184 is in fhud
communicaiion with an inner chennel 186 of the ouler cutting tube 186, The inner
cutfing tobe 168 is located within the inoer chaonel 186 of the outer cutting twbe 166,
The inner cuttlng tube 168 has au luner bore 190, an open end 192, and a cutiing
surface 194, The inner bore 190 is in fhud communication with an aspiration line {aot
shown) that connects {0 & vacuarn pressure that polls tissne into the outer port 184
when the inner cutling tibe [8% 5 locaied away from the ouler port 134, The inner
cutfing tube 168 moves within the inner channel 186 of the outer cuiting wbe 166 10
ot sssge thot is polied into the outer port 134 by the aspiration systern. The

ophithalmic dssue received by the cuter port 134 s prefembly vilreous or membranes.

{833 When vsed to cut fissue, the inner culfing lube 168 i3 imitially moved
away Trom the outer port 184 and the vacuum pressnre puils tissue wnio the outer port
i84 and the inner channel (85, The nner cotiing tuwbe 168 then moves toward the
outer port 184 and severs the dssue within the inner chanoe! 186, The severed tissue 1y
pulled through the inner bore 190 of the inoer cntting tube 168 by the aspiration
sysiern. The toner cutting mbe 168 then moves away from the oaler port 184, and the
cufting procoss i3 repeated. A cutting cycle inclodes moving the inner coiting tube
168 to open the outer port 184 and then nroving the inner cutling tube 168 o close the
outer port 184 o indiale the cut and et the Diner cotiing wbs 168 © s staruog

position tor the next cutting cyele.

REIREE With reference now o both Figs. 3 and 4, the inner cutiing vibe 168 is
driverr by air pressure directed on opposing sides of the diaphragm 170, In one

exaraple of operation, if air pressure & Wncreased af the Gt port 160, the diaphoagm
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173 wall move distally, displacing the inner cutting tube 168 relative to the outer
cutting tmbe 156, thereby closing the tisspe-receiving onter port 184 of the ouier
cufting wbe 166, This cuts any vitreous material which may have been aspirated into
the tisspe-receiving outer port 184, Venfing the pressure atb the fst port 160 asd
increasiny the pressue av the second air supply port 167 will move the daphragm 170
proximally, opening the tissue-receiving outer port 184 so that it can diaw in new
vitrepus maieral o be o, Ws worth noting that other embodimenis inciude
alternative probe actiators.  For example, somse actoator ermbodiments inchude a
piston moior in place of o diaphragm. In this type of embodiment, the catier portion
130 is arranged s0 that movement of the piston also moves the inoer entiing tube 168
of the cutler portion 150, Yel other actuator embodimenis include other {ypes of

prewmatic or electrle motors that drive the inner cotiing tube 168,

{6835} o the hybod gauge needle portion 114 shown, the oxtter portion 130
forms the distal end and has 2 smaller diameter, and therefore a smaller cross-
sectional distance, than the iHuminaior portion 152 or the infusion portdon 154, While
the diameter may be any suitable size, (n some embodimends, the diameter ia sclected
o he within 2 range of about 20-48 gauge, and may be selecied to be within & mnge of
ahout 25-30 gauge. In some erabodiments, the dismeter of the cuter portion 150 1s

seiected Lo be about 27 gauge.

{8838} Alihough described as a cutter portion, the Gssue-lreating portion may
be formed of other instruments or tools configurad to treal tissue during a surgical
procedure. In some ornbodimenis, the tissue treatiog portion is a foreeps, @ scoper, oF

ottier tool that may be used 1o perform a surgical wreatment.

{38371 The Horainator portion 152 {s disposed adjacent the cotter portion 1530
and is awanged w provide iluminationg light o the surgicad site o that the user can
see the surgieal site. In this embodiment, the iluminator portion emits light in the
dirsction of the cutter portion 3¢ that the region being treated by the cotter portion i3

illnminated.

A

{3038 In the exemplary embodiment shown, the Hhaminator portion 1532 has a
larger diameter, and therefore & larger cross-scotional distance, and iz coaxial with the
cntder portion 153G Accordingly, 2o Wlundnation shoulder 200 provides a step from

the couter portion dameter to the Huminator portion dameter. The showlder 200 may

10
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be a sicoth increase, such as a fapered shoulder region, or may be a sharp siep as
shown in Fig. 44, such that the shoulder surface is perpendicular to the central axis
1358 of the needie portion 114, The shouider 200 may be spaced from the surface of
the cutter portion 150 so that Hght emilted from the shoulder 200 may illuminate

along the cutter porticn 130, as well as away from the cuiter portion 150,

{38} in some embodirsents, the Mluwminator portion 152 may comprise one
or raore opical fibers 202 that s embedded within or disposad along the Harsiuator
portion 152, The optical {ibers 202 may extend to a hght sovree, such as & Hght
source on the consnle 102 (Fig. 1), The Hluminator portion 132 may emit light from &
single potnt or from a plurality of points about the circunderence of the Jlummnator
portion. In the embodiment shown ta Big. 4A, two optieal fibers 202 are spaced apaxt
from one another by {80 deprees about the central axis 155 of the neadie portion 114,
in other erabodirosnis, the optical lbers 202 may be spaced at other angles. Some
embodiments have three optical fibers disposed 120 degrees apart fom one anothey
aboul the cicumierence of the illuminator portion 152, In this embodiment, the
optica! fibers include an emitting end 204 that is disposed Gush with or adfacent to the
shoufder 200, The mwlt-gange pature of the exemplary embodiment in Fig. 4A
onables the emitting ends 204 of the opical fibers 1o be spaced apat fror the surface
of the cutter portion 1300 in some embodiroents, at feast one aptical Hber 202 has an
emitiing end that is axially aligned with the outer port 184, in the manner shown in
Fig. 44, Accordingly, light ensitted from s optical fiber may enabie the user w
perceive the vitreous and Hguid as i Hows toward and into the port duzing o surgical

procedure.

[aa] Some needle portion embodiments include Teatures adjaeent the
emitting cod 204 that permit the lght o be emited al a wide angle, and 1 some
ernhodirients, in 2 fap-shape. For example, some embodiments nclude the optical
fiber 207 disposed a0 that the emitting eud 204 s disposed proximal of the shoulder
200 and is therefore protected by the sumrvunding structure. The tlluminator portion
152 may be tommed o provide an tlumination pathway that permmis the Hgha to
illuminate the area about the surgical site. In some examples, the tluminator portion
152 comprises a Y-shaped cutowt in s onter surface adiacent the shoulder 2000
Because of the cutout, Hght emitied may be permitted (o shise in a fanshape with a

wide-angle sven with the emitiing end 204 being disposed proxinal {in the direction
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toward the handle pordon of the shoolder 200, 1o ather embodiments, the Hureinator
pottion 152 inclpdes an outer cylindrical surface having a fiat portion formed at 3
distal end. The emiting end 204 may be disposed berween the portior and the outer
surface. In some embodiments, the flat portion may appear as a flat {ormed on the
cirpumferense of the iluminator portion 132 or may be formed as an indenied pottion
or notch {shown as 203 1o Flg. 48) ino the outer surface. The indest or noteh 203
may have o V-shape with the open end of the V {acing toward the distal culier portion

to direct enitted light in a fan-chape toward the cutter portion.

4t} In the hybnd gaoge needle portion 114 shown, the huminator portion
152 has 2 smaller dlameter than the infosion portion 154 and has & larger diameter
than ke colter portion 130, While the diamater of the Hluminator portion 152 may be
any swiable size, in some embodimenis, the diameter is selected o be within & range
of about 20-40 gauge, and may be selected o be within a raage of about 20-28 gauge.
In some embodiments, the diammeter of the illomdnaioer portion 152 {s selectad o be

about 25 pauge.

{8442} The infusion portion 154 is arranged as an outer surface of tie needle
portion 114 and 1 disposed adjacent o the tHuminator portion 152, The infusion
portion 134 acts o ditact infusion Bwd inde the sorgical region. Depending on the
embodirneni, the infusion portion 154 may form or may include one or more infusion
poris 206 that direct infusion fladd into the surgical region. In some embodiraents, the
infusion portion 134 and the ihuminator portion 132 wgether form one or maore
fumens 208 lezding to the infozion poris 288, In some embodiments, the fumen i5 a
single, anoula lurcen formed between the infusion poriion 154 and the illuminator
nortion 152, In other entbodimenis, & plurality of lumens spaced about the Hluminaior
porion 152 is forreed into the infusion portion 154, For example, one embodiment
inchades fwo lumens spaced 150 dogrees apart,  Another embodiment inciudes three
lumens spaced 120 degrees apart. In some embodiments, the Jumens are formed as
graoves in the imner surfece of the infusion poriien 154, Flaid provided from the
console (02 (Fig. 1) may be fod to the virrectomy probe 110 and then fo the hamen
208 and out of the infusion port 206, Por exarsple, ibe console may include a fluid
sonroe such as a geservoir of fluid and 2 pump or other flow mechanism in fluid

communication with such ¢ resrvoin
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{8843] In the hyhrid gauge needle portion 114 shown, the infusion portion 154
has a lapger diameter thao the Hlymdnator portion 152 and has a larger disruster than
the cutter portion 130, 1t therefore has a larger cross-sectional distance than the
WHumdnalor podtion 152, While e diameter of the infusion portion 154 may be any
suitable size, tn sorae smbodirnents, the diameter is selected o be within a range of
abowt 13-34 gauge, and may be selected to be within 2 range of sbont 18-27 gange. In
some embodiments, the dameter of the infusion portion 134 5 selected w be abow 23
gavge. While described in terms of diameter, some ersbodirnents have non-ciroular
outer surfaces, and therefore the cross-sectional distance meay be used in place of
diameter. Por example, some wnstruments may have an oval cross-section or ather

shape.

FEGdE4] FrZ 5 lfustmates an exermplary ruethod 300 of performing an
ophthalmic surgical procedure.  As iHostrated, the method 300 inchudes a nomber of
enumerated steps. Implementations of the method 300 may inclode additional steps

before, after, and {n between the srnmernaied sieps, Ta some aplerneniations, one or

more of the enumeraled steps may be omitted or performed in 2 different order.

3

{6457 The method may begin at 302 and includes creating an incision in the
eye o aceess the intenior, such as a posterior segment of the eye. Depending upon the

technigue, the user may create the incisions through the sclers 1n the pars plana using

a trocar. The incision may be referred t0 as 2 sclemotomy. A wrocar blade i5 then
remaoved, with the trocar canpuis remaining within the incision and defining 2 lureen
o the posterior segment of the eye, such as the vitveous chamber  In some
emboadiments, the ttocar cannola includes iBumination features, such 48 one or more
eptical Hiundnaoon fibors that carry Haht from 2 Hght source and cmit fipht oto the
eve. As mndicated above, the canonla may be a valve canla that prevents [huids
andfor tissue, such as vitreous homor, from Howing throogh the cannula port. This
helps maintain the infraccular pressure {n the eve al an accepiable level. Depending
on the embodiment, e hght source on the canouda reay be disposed on the consale
{Fig. 1}, on a surgical microscope, or elsewhere about the surgical room.  Some

embodiments iocinde the source on the cannuia iiselfl

G468} At 304, the method 300 inchudes inserting 2 multi-function instrument,

such as the viteciomy probe 10, theough the lumen of the comnula and wio the

13
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tnterior of the eve. In some technigues, this inelodes inserting 2 hybrid gaugs
instrurnent that includes a tissue-treating pogdion {2.g., a cutier portion), an Hluminator
portion, and an infusion portion, with the cutter porton having a first gavge size, the
luminator portion having a second, Iarger gauge size, and an infusion portion having
& third larger gouge slee. Accordingly, theoeogh o single-port access cannala, & user
can perform a virectomy procedure, iiuminate the surgical site and/or the region to
be reated, and infuse flmid to maintain the intraocular eye pressure ab a desired level.

This reduces the nomber of acoess incistons and the nomber of dostrumends used in the

surgery and provides numerous advantages 1o the both the user and the patient.

{6471 At 306, with the ostoament protruding into the intarior of the eye, the
waer may deliver fhid (o the imenior of the eye o maintain intraocular pressure.
Debivering foid may nclude activaling an infusion mode on the console or other
infusion fhudd souree, and injecung Hmd through the infusion potion of insttument
inte the interior of the eye. Injecting Fund through the inlusion portion may inclode
imjecting fluid frore a lomse or pord in the infuston portion.  Depending on the
simpctural arrangement, the fomen or port may be fommed within the infusion portion
only, ur aliernaiively, may be formed between a surface of the infusion portion and &
surface of the thorsinator portion. In some smbodiments, the infusion port is aonolar
shaped and coaxial with an axis of the mstrumeni, while (o other embodiments, the
nfusion pordon inclodes one port or 2 ploiadity of ports spaced about the axis of e

instrument. The wission fud may be any fuid described hersin or that is otherwise

suitehie for flushing, treating, or matntaining pressure within the sye.

{DO481 At 308, at the sarse tirpe as delivering nfoston fluid to the eye, the
instruraent may ithrminate the interior of the eye with the :lluminator portion. The
luminator portion reay ilominate the surgical site and 10 some embodunents, may
iHominate the dasus-treating portion, such as the cutier portion, of the instrurnent. Tn
embaodiments where the surgical ireatment end of the instrument is a cotier portion,
fhis fechaigne may include Hursinating a port of the cutier portion so that tssue and
fond bewng aspivated ino the port can be visnally percetved by the user. As deseribed
heredn, the iHundnator portion raay include powering a light soures at the console, or
reay include 2 hght sonres elsewhere disposed about the surgical o, In some
embodiments, the Hght source is disposed on the instrument wsell, Mominating the

interior of the oyve with the lght source wav inciude Hhunination optical fiber tips
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disposed af or adjseent 2 shouider separating & cufler portion from an illuminator

portion. The steps 305 and 308 may be performed sirmlianeousty,

(09491 At step 310, and at the same e as delivering flmid and iHaminating
the tnterior of the eye, the methed may 1aclude weating dssue or fluid on the interior
of the eye. Treating the tisane may be done in a varety of ways using the instrument.
When the tlssue-lreating portion of the malid-function instrnment {s a Colier pordon,
this may inclode performing a vitrectomy procedure on the eye. It may also include
performing sther treatments on the eve when the tssue-treating portion of the cutier

poriion ¢ an alternative Ussue or treatment implersent,

{054} Upon conclusion of the surgieal procedure, the  mwit-function

instroment roay be withdrawn,  Becsuse the nolt-function instroment, combings

muliiple functionality into a single instrument, the instnument may be minirasily
invasive and muliple functions may be accomplished through only = single incision
This may streambine the surgery, provide For easier nstrument bandbng by the vser,

and may provide betier patient outeome,

{853} While the systerns and raethods herein refer 10 a virectomy probe, it
should be understond that the mult-function insiroment may inclnde iHlumination.
fusion, and slierpative ool porbions for treating tssue.  For example, some
gmbodiments inciude forceps as ussue-Ureatment portions, with hybrid gauge
integrated infusion and illumination as described herein.  Ober dssue-freatracnt
portions inclode scissors, lasar probes, aspiration probes, dlatherray probes, flex loop
probes, floid injection devices, human lens fragmeniation probes, endoscopes, among
others.  All of these may be uged with bybrid gauge infegrated iofusion andfor
iheminalion as described herein. Handebeld fiberoptics may also mclude hybrid

gauge integrated infusion andfor tiumination as described herein.

HEERY Persong  of ordmary skl in the an will appreciate that the
implementations encompassed by the present disclosure are not Hmited o the
particuiar exemplary implementations described abave. ¥n that regacd, although
tHusiragve {(mplemeniations bave been shown and deseribed, 2 wide range of
modification, change, combination, and substitution iz contemplated in the foregoing
disclosure. I is understond that such variations may be naade o the omgoing withoot

departing from the scope of the present disclosure. Accordingly, it is appropriate that
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he appended claims be construed broadly and in a manner consigtont with the present

disclosure.
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The claims defining the invention are as follows:

1. A multi-function surgical apparatus, comprising:

a handle portion for grasping by a user;

an illuminator portion extending from the handle portion and arranged to provide
illumination to a surgical region of a patient during a surgical procedure;

a vitrectomy cutter portion extending from the handle portion and coaxially aligned with
the illuminator portion, the vitrectomy cutter portion including a port for aspirating vitreous
humor, the illuminator portion being disposed to illuminate a region about the port;

a first shoulder between the illuminator portion and the vitrectomy cutter portion, the
illuminator portion being arranged to emit light from the first shoulder; and

an infusion portion extending from the handle portion, the infusion portion being
arranged to introduce infusion fluid to the surgical region,

wherein the infusion portion is arranged to introduce the infusion fluid to the surgical
region through an annular infusion port disposed at a second shoulder between an outer surface

of the infusion portion and the illuminator portion.

2. The surgical apparatus of claim 1, wherein the illuminator portion comprises a fiber

arranged to emit light onto the port for aspirating vitreous humor.

3. The surgical apparatus of claim 1 or claim 2, wherein the illuminator portion is

concentrically disposed about the vitrectomy cutter portion.

4, The surgical apparatus of any one of claims 1 to 3, wherein the illuminator portion has a

cross-sectional width greater than a cross-sectional width of the vitrectomy cutter portion.

5. The surgical apparatus of any one of claims 1 to 4, wherein the illuminator portion
comprises an optical fiber configured to emit light toward a surgical site treated by the

vitrectomy cutter portion.

6. The surgical apparatus of any one of claims 1 to 5, wherein the illuminator portion
includes an outer cylindrical surface having a flat portion formed at a distal end, the flat portion
being disposed and arranged to direct emitted light to extend in a fan-shape toward the

vitrectomy cutter portion.

7. The surgical apparatus of any one of claims 1 to 6, comprising:
a needle portion extending from the handle portion, comprising:

the infusion portion, the infusion portion having a first cross-sectional width;
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the illuminator portion, the illuminator portion having a second cross-sectional
width different than the first cross-sectional width; and

the vitrectomy cutter portion extending distally beyond one of the illuminator
portion and the infusion portion, the vitrectomy cutter portion having a third cross-

sectional width different than the first and the second cross-sectional widths.

8. The surgical apparatus of claim 7, comprising:

the first shoulder between the first cross-sectional width and the second cross-sectional
width, the first shoulder including the infusion port that introduces the infusion fluid to the
surgical region; and

the second shoulder between the second cross-sectional width and the third

cross-sectional width, the illumination being emitted from the second shoulder.

9. The surgical apparatus of any one of claims 1 to 8, wherein the infusion portion, the

illuminator portion, and the vitrectomy cutter portion are concentrically disposed.

10.  The surgical apparatus of any one of claims 1 to 9, wherein the infusion port is annularly

shaped and concentrically disposed relative to the illuminator portion.

11.  The surgical apparatus of any one of claims 1 to 10, comprising a plurality of optical

fibers carried by and radially spaced about the illuminator portion.

12.  The surgical apparatus of any one of claims 1 to 11, comprising a cannula including
illumination features configured to illuminate a portion of the surgical region, the cannula being
sized to receive the infusion portion, the illuminator portion, and the vitrectomy cutter portion

therethrough.

13.  The surgical apparatus of any one of claims 1 to 12, wherein the vitrectomy cutter portion

has an inner cutter and outer cutter and a tissue-receiving port in the outer cutter.

14. A method for treating a patient with a multi-function surgical apparatus, the method
comprising:

introducing into a patient through a single incision, an infusion portion
arranged to introduce infusion fluid to a surgical region, an illuminator portion arranged to
provide illumination to a portion of the patient, a vitrectomy cutter portion configured to engage
tissue or liquid within the patient, and a first shoulder between the illuminator portion and the
vitrectomy cutter portion; and

simultaneously performing the following:

18



2016372824 23 Apr 2021

introducing illumination from the first shoulder between the illuminator portion and the
vitrectomy cutter portion, the illuminator being arranged to emit light from the first shoulder;

introducing an infusion fluid to the surgical region through an annular infusion port
disposed at a second shoulder between an outer surface of the infusion port and the illuminator
portion; and

treating the patient with the vitrectomy cutter portion.
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