
(12) STANDARD PATENT (11) Application No. AU 2016372824 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Uni-port hybrid gauge surgical apparatuses and methods 

(51) International Patent Classification(s) 
A61F 9/007 (2006.01) 

(21) Application No: 2016372824 (22) Date of Filing: 2016.12.13 

(87) WIPO No: WO17/103778 

(30) Priority Data 

(31) Number (32) Date (33) Country 
62/266,903 2015.12.14 US 

(43) Publication Date: 2017.06.22 
(44) Accepted Journal Date: 2021.05.20 

(71) Applicant(s) 
Alcon Inc.  

(72) Inventor(s) 
Hallen, Paul R.;Stark lIl, Walter J.  

(74) Agent / Attorney 
Phillips Ormonde Fitzpatrick, PO Box 323, COLLINS STREET WEST, VIC, 8007, AU 

(56) Related Art 
US 7285107 B1 
US 2012/0041461 Al 
US 2009/0163897 Al 
US 2014/0121469 Al 
US 6887221 B1 
US 2008/0172078 Al



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

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2017/103778 Al 
22 June 2017 (22.06.2017) WIPOIPCT 

(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 
A61F 9/007(2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, 

KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, 
(21) InternationalApplicationNumber: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, 

PCT/IB2016/057568 NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, 
(22) International Filing Date: RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, 

13 December 2016 (13.12.2016) TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, 
ZA, ZM, ZW.  

(25) Filing Language: English 
(84) Designated States (unless otherwise indicated, for every 

(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH, 

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, 

62/266,903 14 December 2015 (14.12.2015) US TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 

(71) Applicant: NOVARTIS AG [CH/CH]; Lichtstrasse 35, DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 
4056 Basel (CH). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 

(72) Inventors: HALLEN, Paul R.; c/o Alcon Research, Ltd., SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 

6201 South Freeway, Fort Worth, Texas 76134 (US). GW, KM, ML, MR, NE, SN, TD, TG).  

STARK, III, William J.; c/o Alcon Research, Ltd., 6201 Declarations under Rule 4.17: 
South Freeway, Fort Worth, Texas 76134 (US). - as to applicant's entitlement to applyfor and be granted a 

(81) Designated States (unless otherwise indicated, for every patent (Rule 4.17(ii)) 
kind of national protection available) AE, AG, AL, AM, _ as toethe applicant's entitlement to claim the priority of the ~- AO, AT, AU, AZ, BA, BB, BG,BH31,BN, BR, BW, BY, earlier application (Rule 4.17(iii)) 
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, 

[Continued on nextpage] 

(54) Title: UNI-PORT HYBRID GAUGE SURGICAL APPARATUSES AND METHODS 

(57) Abstract: Systems, apparatuses, and methods include a surgical ap
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region of a patient during a surgical procedure, and tissue- treating por
tion coaxially aligned with the illuminator portion.  
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UNI-PORTHYBRID GAUGE SURGICAL APPARATUSES ANDIMETHODS 

[OW)01] The present disclosure is directed to surgical itoments,systems, and 

methodsMore particularly, but not by way of limiation, the present disclosure is 

directed to surgical instruments, systems, and methods having a hybrid gauge body 

with functionalitv spaced along theinstrument 

8MACEGR(fIND 

[0012] Microsurgicalprocedures frequently require precision cutting and/or 

removing of various body tissues. For example, certain ophthalmic surgical 

proceduressuchas vitrectomy procedu require cutting and removing portions of 

the vitreous humor transparent jelly-likesaterial that filis the posterior segment of 

the eve. The vitreous humor, or vitreous, is composed of numerous microscopi 

fibrils that are often attac hed i Therefore, cutting and removing the 

vitreous must be done with great care to avoid traction on the retina, the separation of 

the retina from the choroid, a retinal tear, or, in the worstcase, cutting and removal of 

the retina itself. The cutting and removal of membranes may be particularly difficult 

in some delicate operations, such as mobile tissue management(eg, cutting and 

removal of vitreous near a detached prtionof the retina or retinal tear) and vitreous 

base dissection.  

[0003] Microsurgical procedures, such as those in the posterior segment.  

typically require numerous incisions to access the interior of the eye. Each additional 

incision may create risk for complications during the procedure and/or recovery.  

Various tools are inserted through the incisions for use by a user, such as a surgeon or 

other medical professional, while performing the procedure For example, a portion 

of an infusion line may be inserted through one of the incisions. The infusion line 

deliversfluid to the interior of the eye to maiainin intraocular pressure, thereby 

preventing the eye from collapsing during the surgical procedure. An illuminator, 

which is a ditinct tool front the infusion line, may beinserted 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.  

[00041 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.  

[00051 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 

[00061 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.  

[00071 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.  

[00081 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.  

[00091 The surgical apparatus may include the first shoulder between the first 

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

[00101 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.  

[00111 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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[0012] It is to e understood that both the foregoing general description and 

the Following drawings and detailed description are eeinplay and explanatory in 

nature and are intended to provide an understanding of the present disclosure without 

limAng the scope ofthe present disclosure, In that regard, additional aspects, 

features, and advantages of the present disclosure will be apparent to one skilled in 

the art from the following.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Te accompanying drawingsllustrateipleentationsof the systems, 

devices, and mehtodsdisclosed herein and together with the description, serve to 

explain the principles of the present disclosure.  

[0014] FIG, 1 is an illustration of an ophithalmic surgical apparatus according 

to an exemplary aspect, 

[001S] FIG. 2 shows an example hybrid gauge needle in situ in an eye.  

[0016] FIG. 3 shows a css-sectonaiview of an example vitrectony probe 

with a hybrid gauge needle.  

[0017] Fig, 4A shows a oredetailed cross-sectional view of a needle of an 

example hybrid gauge needle.  

[0018] Fig. 4B shows th cross-sectionalviewof the needle of Fig. 4A with a 

slot for anillumination portion.  

[0019] Fg 5 shows a flow chart of an example method of perfonring a 

surgery.  

[0020] These figures will be better understood by reference to the following 

DetailedDescripton.  

[002]] For the purposes of promoting understanding of the principles of the 

present disclosure, referene will now be ade to the implmentationsillustrated in 

the drawings and specific language will be used to describe them. It will nevertheless 
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be understood that no limitation ofthe scope ofthe disclosure is intended. Any 

alterations and further modifications to the described devices, instruments,methods, 

and any further application of the principles of the present disclosure are hully 

contemplated as would normally occur to one skilled in the art to which the disclosure 

relates. Inaddton, thisdisclosure describes someelementsor featuresin detailwith 

respect to one or more implen nations or Figures whenthosesameelementsor 

features appear in subsequent Figures, without such a high level of detaii. It is fully 

contemplated that the features, components, and/orsteps described with respect to one 

or more implementationsor Figures may be combined with the features, components, 

and/or steps described with respect to other implementations or Figures odie present 

disclosure. For simplicity, in some instances thesame or similar releeenumbers 

are used thughout the drawingsto refer to thesaen or like pars.  

[0022] The present disclosure relates generally to surgical instruments, 

systems, and methods for performing a minimally invasive surgical procedure. In 

some implementations, the surgical instrument is a single-po!t, multi-function 

instrument. Single-port is intended to mean that single instrument simultaneously 

performs multiple surgical functions through a single port or incision. The 

instrument, depending on the embodinents, may combine functions of multiple 

instruments in manner that more efficiently perfoms a surgical poe isless 

invasive to the patient, and/or renders the technique easier for the surgeon,.Some 

embodiments of the nulti-auncsion instrument conbine functions of a vitrectomy 

probe, an illuminator, and an infusion line into a single instrument Because these are 

combined into a single instnment the surgeon can perform the vitrecto y with 

sufficient illuminaton oand infusion with a single hand, Tle second hand is then free 

to perform other processes or other elements ofthe surgery For example, the second 

hand may use a second surgical tool that would double utility (e.gexternal selral 

depression). Also, it woulreduce the incisions from threet (inciuding separate 

incisions for illumination, for infusion, and for the vitrectomy probe) to one Fewer 

incisions may reduce the opportunity for infection, may reduce the scar tissue.  

introduce less patient trauma to the issue, and may speed patient recovery tine, 

[0023] In som embodiments, the multi-funionnsrmnet may be utilized 

with an illuminated cannula that provideS additional illumination to the surgical site 
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A mutfunctioninstrumentmay then be introduced through the cannula to the 

surgical treatme t area in the patient.  

[0024] fig. I illustrates a multi-function vitrectomy surgical apparatus, 

generally designated by the reference numeral 100, according to an exemplary 

embodiment. The surgical apparatus 100 includes a console 102 that includes a base 

housing 104 and an associated display screen 106 showing data relating to system 

operation and performance during a vitrecEtomysurgical procedure. The console 102 

may include multiple functions, subassembl equipment, and other capabilities for 

performing one or more surgical teatlent procedures, including vitreetomy 

procedures.  

[00251 In ths embodimnt,he surgical apparaus 100 iiclUdes a mE3I1i

function instrument shown as a vitrectomy probe I11 for performing vitrectomy 

procedures. Here, the vitretomy probe 11.0 may be a uni-port hybrid gauge 

instrument that performs a number of functions. including illuminaton, infusion, and 

the vitrectomy treatment for the removal of tissue, such as vitreous humor or removal 

orm iigation of Infusion Fluid introduced into a chamber in a patient Ihe vitrectomy 

probe is a uni-port probe because multiple functions may be performed through a 

single port. The vitrectomy probe 110 includes both a handle portion 112 and a 

needle portion 114, The handle portion 112 attaches to the console 102 via a cable 

116 that may be configured to provide iigationcapabilities, aspirationcapabilities 

power, or otter elements or to the vitrectony probe 110.  

[0026] Fig. 2 shows a portion of the needle portion 114 of the vitrectomy 

probe 110 in greater detail, t is shown as it may be disposed during a surgical 

procedure protruding into patient tissue,suchas an eye 120, The eye 120 includes a 

globe 122 with an anterior chamber 124, a posterior segment 126 and representations 

of a lens 12, cornea 130, iris 132, ciliary bodies 134, and trabecuar meshwork 1.36.  

The needle portion 114 of the viretumy probe 110 extends through surface tissue 

into the posterior segment 126. Fig. 2 also shows a cannula 140 that extends from the 

etrior of e globe 122 ito the posterior segme R 126.  

[0027] The canula 140 includes a hub 142 and a main body 144. In this 

enbodiment, the canIAla 140 includes a valve (not shown) disposhereiiin to limit 

the egress of fluids, including vitreous, from the posterior segment 126 through the 
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main body 144 and the huh 142. The huh 142 is configured to rest on the tissue 

surface and prevent fthe cannula 140 front entering frhe into the posetor segment 

126. In this embodiment,themain body 144 includesan illumination feature that also 

provides ilumination of the surgal egioL, including the surgical site.  

[0028] The illumination features on the cannula 140 may be formed of one or 

more optical fibers that carry light from a light source and emit the light in die 

surgical region Sone implementations include one or more optical fibers disposed 

along he main body of the canula, along the exterior surface, the interior surface, or 

cem led whin the main body in a preformed groove, passage, or other feature.  

The optical iers may direct light from a light source, such as on the console 102 

(Fig, 1), on the hub 142, or elsewhere disposed, and ernit thelight adjacent the distal 

end ofthe main body 144. This may permit the user to visuahe Wthe interior of the 

surgical siteusing a surgical microscope or other visualization system.  

[0029] As can be seen, the needle portion 114 includes atissuarating 

portion, shown here as a cutter portion 150. The needle portion also includes an 

iluminator portion 152 and an infusion portion 154, al oF which are coaxialy aligned 

along a central axis 155. The needle portion 114 is a hybrid gauge system because it 

includes an exterior surface having different cross-section widths. For example, in the 

embodient shown, the needle portion 114 steps progressively down in diameter or 

cross-secton from the infusion portion 154, to the illuminator portion 152, and to the 

cutterportion 150.  

[0030] The cutter portion 150 preforms the vitrectomy function of opening 

and closing a port to deac vitreous hunor from the retina and to aspirate the vitreous 

humor fromthe posterior segment 126. The illuminator portion 152 is embedded with 

illumination elements, such as an optical fiber, and may provide additional light to the 

surgical site from a locaionose in proximity to cutting elements of thectter 

portion 150. The infusion portion 154 is configured to provide infusion fluid to 

maintain intraocular pressure dunog a surgical process. Each of these is described in 

greater detail below.  

[0031] Fig. 3 shows a cross-setionalillustration of the exemplary vitrectonmy 

probe 110, In this example, the vitrectomy probe 110 is a pnenaiticay driven probe 

that operates by receiving pneumatic pressure aternating through first and second air 
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supply ports 160 and 162, The needle portion114 of the vitrectiomy probe 110 

includes the cuter portion 150 comprising an outer cutting tube 166, an inner cutting 

tube 168, and a probe actuator shown here as a reciprocating air driven diaphragm 

170, all partially encased by the handle portion 112, The handle portion 112 includes 

an end piece 174 at the vitrectomy probe proximal end with the first and second air 

supply ports 160, 162 and one suction port 176.  

[0032] As can he seen, the cutter portion 150 extends from the handle portion 

and includes a distal end 178. Fig. 4A shows the distal end 178 of the cutter poion 

150 in greater detail The outer cutting tube 166 has a closed end 182 and an outer 

port 184 that receives tissuesuch as ophthalmic tissue The outer port 184 is in fluid 

communication with an inner channel 186 of the outer cutting tube 166. The inner 

cutting tube 168 is located within the inner channel 186 of the outer cutting tube 166.  

The inner cutting tube 168 has an inner bore 190, an open end 192, and a cutting 

surface 194. The inner bore 190 is in fluid conununication with an aspiration line (not 

sow) that connectsto a vacum pressure that pulls tissue into the outer port 184 

when the inner cutting tube 168 is located away from the outer port 184. The inner 

cutting tube 168 moves within the inner channel 186 of the outer cutting tube 166 to 

cut issethat is pulled into the outer port 1:4 by the aspiration sstem The 

ophthahnic tissue received by the outer port 184 is preferably vitreous ormembranes.  

[0033] Whe used to cut tissue, the inner cutting tube 168 is initially moved 

away iro the outer port 184 and the vacuum pressure pulls tissue into the outer port 

184 and the inner bannei 186. The inner cetiug tube 168 then toves toward de 

outer port 184 and severs the tissuewithin the inner channel 186. The severed tissue is 

pullkd tough the inner bore 190 of the inner cutting tube 168 by thespiration 

system heinner cutting tube 168 then noves away from the outer port 184, and tie 

curing process is repeated. A cutting cycle includes moving the inner cutting tube 

168 to open the outer port 184 and then moving the inner cutting tube 168 to close tihe 

outer port 184 to initiate the cut and return the inner cutting tube 168 to its starting 

position or the next cutting cycle 

[0134 With reference now to both Figs. 3 and 4, thinner cutting tube 168 is 

driven by air pressure directed on opposing sides of the diaphragm 170. In one 

example of operation, if air pressure is increased at the first port 160, the diaphragm 
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170 will move distally, displacing the inner cutting tube 168 relative to theouter 

cutting tube 166, thereby closing the tissue-receiving outer po. 184 of the ouer 

cutting Eube 166. This cuts any vitreous material which may have been aspirated into 

the tissue-receiving outer port 184. Venting the pressure at thirst pot 160 and 

increasing the pressure a the second airsupply port 162 will move the diaphragm 170 

proximally, opening the tissue-receiving outer port 184 so that it can draw in new 

vitreous material to be cut It's worth noting that other embodimentsinclude 

altemnatieprobe actuators. For examplesone actuator embodiments include a 

piston rmo0r in placeof a diaphragm. in this type of embodiment, the cutter portion 

150 is arranged so that movement of the piston also moves the inner cuting tube 1.68 

of the cutter potion 150. Yet other actuator ebodimetsinclude other types of 

pneumatiC orelectric motors that drive the inner cutting tube 168.  

[0035] In the hybrid gauge needle portion 114 shown,the cutter portion 150 

forms the distal end and has a smaller diameter, and therefore smaller cross

sectional distance, than teilluminator portion 152 or the infusion portion 154. While 

the diameter may be any suitable size, in sen embodiments, the diameter is selected 

to be within a range of about 20-40 gauge, and may be selected to be wiin a range of 

about 25-30 gauge. in some enbodiments, thediameter of the cutter poton 150 is 

selected to be about 27 gauge.  

[0036] Although described as a cutter portion, the tissue-treating portion may 

be formed of other instrumentsor tools configured to treat tissue during a surgical 

procedure. In some embodiments, the tissue treating poton is a forceps,a scraper or 

other tool that ay be used toperon a surgical treatment.  

[0037] The ilhunatorportio 1.52 is (isposed adjacent the cutter portion 150 

and is arranged to provide illuminating light to the surgical site so that the user can 

see the surgical site. In this embodimnent, theilluminator portion emits light inthe 

direction of the cutter portion so that the region being treated by the cuuer portion is 

illuminated 

[0038] In the exemplary embodiment shown, he minatoportion 152 has a 

larger diameter, and therefore a larger cross-sectional distance, and is coaxial with the 

cutter portion 10. Accordingly, an illumination shoulder 200 provides a stepfron 

the cutter portion diameter to the illuminator portion diameter, The shoulder200may 
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be a smooth increase, such as tapered shoulder region, or may be a sharp step as 

shown in Fig. 4A, such that the shoulder surface is perpendicular to the central axis 

155 of de needle portion 114. The shoulder 200 may be saced from the surface of 

the cutter portion 150 so that light emitted from the shoulder 200 may illuminate 

along the cutter portion 150, as wall as away from the cutter portion 150.  

[0039] In some embodiments, the illuminator portion 152 may comprise one 

or more opical fibers 202 that are embedded within or disposedalong 1he illuminator 

portion 152, The optical fibers 202 may extend to a light source, such as a light 

source on the console 102 (Fig. 1 ). The illuminator portion 152 may emit light from a 

sie poin or from a plurality of points about the circumference of the iluminator 

portion, in the embodiment shown inig. 4A, two opicalfibers 202 arespaced apart 

from one another by 180 degrees about the central axis 155 of the needle portion 114.  

In other embodiments,the optical fibers 202 may be spaced at other angles, Some 

embodiments have three optical fibers disposed 120 degrees apart from one another 

about the circumereceof the illuminator portion 152. In this embodiment, the 

optical fibers include an enining end 204 that is disposed fush with or adjacentto the 

shoulder 200. The multi-gauge nature of the exemplary embodiment in Fig. 4A 

enables the emitting ends 204 of the ocalfibers toe spaced partorn the surface 

o the cutter portion 150. in soeembodiments,at least one optical fiber 202 has an 

emitting end that is axially aligned with the outer port 184, in tne manner shown in 

Fig 4A Accordingy, light emitted front this optical fiber tna enable the user to 

perceive the vitreous and liquid as it flows toward and into the port during a surgical 

pr±ocedure.  

[0040] Some needle portion enbodiments include features adjacent the 

emitting end 204 that permit the light to be emitted at a wide angle, and in son 

embodiments, in a fan-shape, For example. some embodiments iclude the optical 

fiber 202 disposed so that the enirting end 204 is disposed proximal of the shoulder 

200 and is therefore protected by the surrounding structure. The illuminator portion 

152 may be onmed to provide an illumination pathway that permits the light to 

illuminate there about de surgical site. In soie examples, the illuiinator portion 

152 comprises a V-shaped cutout in its outer surface adjacent the shoulder 200.  

Because of the cutout, light emitted may be permitted to shiein a fan-shape with a 

wide-angleeven with the emitting end 204 being disposed proximal (in the direction 
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toward the hdle portion) of the shoulder 200. In other emodiments,theilluminator 

portion 152 includes anl uter cylindrical surface having a flat portion formed at a 

distal end. Theemitting end 204 may be disposed between thepeortion and the outer 

surface. In some embodiments, the flat portion may appear as a flat formed on the 

circumrrence of the illuminator portion 152 or may be formed as an indented portion 

or notch (shown as 205 in Fig. 4B) into the outer surface. The indent or notch 205 

May have a V-shape with the open end of the V facing toward the distal cutterportion 

to direct emitted light in a fan-shape toward the cutter portion.  

[0041] In the hybrid gauge needle portion 114 shown, the illuminator portion 

152 has a smaller diameter than the infusion portion 154 and has a larger diameter 

than the cutter portion 150. While the diameter of theillunnatotportion 152 may be 

any suitablesize, in some embodiments, the diameter is selected to he within a range 

of about 20-40 gauge, and may be selected to be within a range of about 20-28 gauge.  

In some embodiments, the dimeter of the illuminator potion 152 is selected to be 

about 25 gauge.  

[0042] The infusion portion 154 is arranged as an outer surface of the needle 

portion 114 and is disposed adjacent to the iluminator portion 152. The infusion 

portion 154 acts to direct infusion uid into the srcal region. Dependigon the 

embodime, the infusion portion 154 may form or may include one or more infusion 

ports 206 ihat direct infusion fluid into the surgical region. In someebodiments,the 

infusion portion 154 and the illuminator potion 152 together iorm one or more 

lumens 208 leading to the infusion ports 206. In some embodiments, the lumen is a 

single, annulate lumenformed between the infusion portion 154 and the illumninator 

portion 152. In other embodiments, a plurality oflumensspacedabout the illuminator 

poron 152 is formed into the infusion pordon 154. For example, one embodiment 

includes two lumens spaced 180 degrees apart. Another embodiment includes three 

lumens spaced 120 degrees apart. In some embodiments, the lumens are formed as 

grooves in the inner surface of the infusion portion 154. Fluid provided from the 

console 102 (Fig. ) may be fed to the virectomy probe 110 and then to the lumen 

208 and out of the infuton port 206. For exarnpl, the console may include a fluid 

source such as a reservoir of fluid and a pump or other flow mechanism in fluid 

comnunicatonwithsuch a reservoir.  
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[0043] In the hybrid gauge needle portion 114shown, the infusion portion IS 

has a larger diameter than the illunnnato portion 152 and has a larger diameter than 

the cutter portion 150. it therefore has a larger cross-sectional distance than the 

illuminator potion 152. While the diameter of the infusion portion 154 may be any 

suitable size, in sone embodirents, the diameter is selected, to bewithin a range of 

about 15-30 gauge, and may be selected to be within a rangeof about 18-27 gauge. In 

some enbodiments, the diameter of the infusion portion 154 isselected to beabout 23 

gauge. While described in terms of diameter, some ihbodiments have non-circular 

outer surfaces, and therefore the cross-sectional distance m-y e used in place of 

diameter. For example, soreinstuments may have an oval cross-section or other 

shape.  

[0044] FIG. 5 illustrates an exenplary nethod 300 of performing an 

ophthalmic surgical procedure. As illustrated, the method 300 includes a number of 

enumerated steps. Implementations of the method 300 nay include additional steps 

before, after, and in between the enneated steps In some implenentations,oneor 

more ofthe enumerated steps may be omitted or performed in a different order.  

[0045] The method rnay begin at 302 and includes creating an incision in the 

eye to access the interior, such as a posterior segment of the eye. Depending upon the 

technique, the user may create the incisions through the sclera in the pars plana using 

trocar. The incision may be referred to as a scleroton A trocar blade is then 

removed, with tie trocar cannula remaining within the incision and defining a lumen 

into the posterior segment of the eye, such as the vitreous chamber. In some 

embodinents, the trocar cannula includes illumination features, such as one or more 

optical illuninaon fibers that carry light from a light source and emit light into the 

eye. As indicated above, the canula maY be a valve canniula that prevents fluids 

aud/orissue, such as vitreous humor, from flowing through the cannula port This 

helps amtin the intraoculu pressure in the eye at an acceptable level Depending 

on the embodiment, the lightsource onthe cantnulamay be disposed on the console 

(Fig. t), on a surgical microscope, or elsewhere about the surgical room. Some 

embodimentsinclude thesourceon the cannula itself.  

[0046] At 304, the method 300 includes inserting a multi-functioninstrument, 

suchas he vitreciomy probe t0, through the lumen of the cannula and into te 
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interior of the eye. In some techniques, this includes inserting a hybrid gauge 

instrument that includes a tissue-treating portion (eg, a cutter portion), an illuminator 

portion, and an infusion portion, with the cutter portion having a first gaugesize,the 

illuminator portion having a second, larger gauge size, and an infusion portion having 

a third larger gauge size Accordingly, through asingle-port access cannula, a user 

can perform a vitrectomy procedure, illuminate the surgical site and/or the region to 

he treated, and infuse fluid to maintain the intraocular eye pressure at a desired level 

Tbis reduces the number of access incisions and thei nuber ofituments used in the 

surgery and provides numerous advantages to the both theuser and the patient 

[0047] At 306, with the listument protrdinginto the interorof the eye, the 

user may deliver fluid to the interior of the eye to miainintraocular pressure.  

Delivering fuid May include activating an infusionmode on the console or other 

infusion fluid sourceand inecth g uid through the infusion portion of instirunent 

into the interior of the eye. Injecting fluid through the infusion portion may include 

injecting fluid from a lumen or port in the infusion portion. Depending on the 

structural arranementthe lumen or port may be iormed within the infusion portion 

only, or aernatvely n-ay be formed between a surface of the infusion portion and a 

surface of theiluitorportion. In ome ebodimentsthe infusion port is annular 

shaped and coaxial with an axis of the instrument while in other embodiments, the 

infusion portion incuies one pot or a plumlity of ports spaced about the axis of the 

instrument. The infusion fluidrayheanyfluid described herein or that is otherwise 

suitable for flushing, treating, or maintainingpressure within the eye.  

[0048] At 30 at the same time as delivering infusionfluid to the eye, the 

instrument nmy illuminate theinterior of the eye with the iuminator portion. The 

illuminator potion my illuminate the surgical site and in soinc embodiments,may 

illuminate the tissue-treating portion, such as the cutter portion, of teinstrument. In 

embodimentswhere the surgical treatment end of the instrument is a cutter portion 

this technique may include illuminating a port of the cutter portion so that tissue and 

ud being aspirated into the prt can be visually perceived by these As described 

herein, the illuminator portion may include powering a light source at the console, or 

ray include a light source elsewhere disposed aboutthe surgical room. In some 

embodiments, the light source is disposed on the instrumentitself. Illuminating the 

interior of the eye with the light source may include iliunination optcal fiber tips 
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disposed at or adjacent a shoulder separating a cutter portion from an illuminaor 

portion. Thesteps 306 and 308 may be perfoned suhntaeously, 

[0049] At step 310, and at te same time as delivering Ruid and illuminatig 

theinterior of the eye the methods av include treating tissue or fluid on the interior 

of theeye. Treating the tissue may be done in a variety ofways using te instrument.  

Whenthe tissue-treating portion the uhiFUUctio instrument isa cutter portion 

this may include performinqga virectony procedure on the eye, It may also include 

performing other treatments on the eye when the tissue-treating portion of the cutter 

portion is an alternative tissue or reatent implement 

[0050] Upou conclusion of the surgical procedure, the multi-function 

insirument mabe withdrawn. Because multi-unction instrumentconines 

multiple functionaltyinto a single instrument, the insrument may be minimally 

invasive and multiple functions may be accomplished through only a single incision.  

This nay streamline the surgery, provide for easierinstrument handling by ihe user, 

and may provide better patient outcome.  

[00511 While the systems and methods herein refer to a vitrectony probe, it 

should be understood that the multi-functioninstrument may include illumination, 

infusion, and atemative toI portions for treating tissue. For example. sone 

embodiments include forceps as tissue-treatment portions, with hybrid gauge 

integrated infusion and illumination as described herein. Other tissue reament 

ponions include scissors, laser probes, aspiration probes, diathermy probes, flex loop 

probes, fluid injection devices, human lens fragmentation probes, endoscopes, among 

others. All of these may be used with hybrid gauge integrated infusion andot 

illumination as described herein. Hand-held fiberoptics may also include hybrid 

gauge integratedinibsion and/or illumination as described herein.  

[0052] Persons of ordinary skill in the art will appreciate that the 

implementations encompassed by the present disclosure are not limited to the 

particular exemplary implementations described above. In that reaird, although 

illustrative implementations have been shown and described, a wide range of 

modification, change, combination, and substitution is contemplated in the foregoing 

disclosureItis understood that such variations May ben mde to the foregoing without 

departing from the scope of the present disclosure. Accordingly, it is appropriate that 
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the appended claims be construed broadly and ina manner consistent 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 I 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: 
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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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