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ABSTRACT 

Devices and methods are provided for removing fluid from a surgical access device 

and/or from surgical instruments passed therethrough, and for preventing such fluid from 

accumulating. For example, in one embodiment, an exemplary device can include a body 

defining a working channel that is configured and sized to allow for passage of a surgical 

instrument therethrough. A number of seals can be disposed in the working channel so as to 

contact the inserted surgical instrument. One or more outlets can be oriented to direct gas, such 

as air or an insufflation gas, into the working channel so as to remove fluid on the seals, or other 

parts of the surgical access device, as well as the surgical instruments themselves. In some 

embodiments, constant flows of gases can be arranged to act as shields to help prevent fluid from 

accumulating on the surgical access device and/or surgical instruments.
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GAS JET FLUID REMOVAL IN A TROCAR 

FIELD 

The present disclosure generally relates to devices and methods for removing fluids from a 

surgical access device and/or from surgical instruments passed therethrough and to devices and 

methods for preventing such fluids from accumulating.  

BACKGROUND 

During laparoscopic surgery, one or more small incisions are formed in the abdomen and a 

trocar is inserted through the incision to form a pathway that provides access to the abdominal 

cavity. The trocar is used to introduce various instruments and tools into the abdominal cavity, 

as well as to provide insufflation to elevate the abdominal wall above the organs. During such 

procedures, a scoping device, such as an endoscope or laparoscope, is inserted through one of the 

trocars to allow a surgeon to view the operative field on an external monitor coupled to the 

scoping device.  

Scoping devices are often inserted and removed through a trocar multiple times during a 

single surgical procedure, and during each insertion and each removal they can encounter fluid 

that can adhere to the scopes lens and fully or partially impede visibility through the lens.  

Furthermore, a scope can draw fluid from inside or outside a patient's body into the trocar and 

deposit it there. Such fluid can adhere to the lens of the scope or other instrument upon its 

reinsertion through the trocar. The lens of the scope thus needs to be cleaned to restore visibility, 

5 often multiple times during a single surgical procedure. Each lens cleaning can require removing 

the scope from the body, cleaning fluid from the scope lens, and reintroducing the scope into the 

body. Such lens cleaning is a time-consuming procedure and can increase the chances of 

complications and contamination from repeated scope insertion and removal.  

Accordingly, there is a need for methods and devices for improving visibility through a lens 

0 of a scoping device during a surgical procedure.  
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SUMMARY 

In one embodiment, a surgical access device is provided which includes a body that defines 

a working channel. The working.channel can be configured and sized to allow for passage of a 

surgical instrument therethrough. The surgical access device also can include a seal extending at 

least partially across the working channel so as to contact a surgical instrument inserted 

therethrough and at least one outlet formed through a sidewall of the body. The at least one 

outlet can be configured to receive gas flow and can be oriented to direct gas flow towards the 

seal in the working channel for removing fluid on the seal. In some embodiments, the at least 

one outlet can have tapered nozzles formed thereon.  

The body can have a variety of configurations. For example, the body can have proximal 

and distal ends, and the at least one outlet can be disposed proximal to the seal. The body can 

include a proximal housing and a distal cannula extending from the housing and configured to be 

inserted into a body cavity. In some embodiments, the at least one seal and the at least one outlet 

can be disposed in the proximal housing.  

Virtually any kind of seal can be used. For example, the seal can be at least one of a multi

layer seal, a duckbill seal, a flapper seal, an annular seal, a zero-closure seal, a seal with a slit

shaped opening, a universal seal, an O-ring, a diaphragm seal, a gel seal, and so on. The seal can 

have an opening formed therein and the at least one outlet can be oriented so as to direct gas 

toward the opening. Further, the seal can have a slit-shaped opening formed therein, and the at 

least one outlet can be configured to direct gas in a direction substantially perpendicular or 

5 parallel to the opening.  

The surgical access device can have a wide variety of further features. For example, the 

surgical access device can include at least one outlet formed through a sidewall of the body and 

configured to receive gas flow from an insufflation port and deliver gas flow to the working 

channel. The surgical access device can include a valve element associated with the at least one 

0 outlet to control gas flow therethrough. The valve element can be coupled to a control device 

that provides signals to control gas flow through the valve element. The surgical access device 

can further include a plurality of outlets, and gas flow from each the plurality of outlets can be 
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independently controllable. The surgical access device can further include an exhaust port 

coupled to at least one of the working channel and the at least one outlet.  

In another embodiment, a trocar assembly is provided which has a housing defining a 

working channel sized and configured to receive a surgical instrument. In some embodiments, a 

cannula can extend from the housing, the housing and cannula defining the working channel 

sized and configured to receive a surgical instrument. The trocar assembly can include a seal 

disposed in the housing and extending at least partially across the working channel for contacting 

a surgical instrument. A wide variety of seals can be used, such as a multi-layer seal, a duckbill 

seal, a flapper seal, an annular seal, a zero-closure seal, a seal with a slit-shaped opening, a 

universal seal, an O-ring, a diaphragm seal, a gel seal, or others. The trocar assembly also can 

include at least one inlet formed in the housing for receiving gas and at least one outlet within the 

working channel and in communication with the at least one inlet. The outlet(s) can be oriented 

to direct gas flow from the at least one inlet towards the seal. The outlet(s) also can be oriented 

to direct gas toward an opening formed in the seal. Furthermore, in some embodiments, the 

working channel of the trocar assembly can have proximal and distal ends, and the at least one 

outlet can be disposed proximal to the seal.  

The trocar assembly can have a wide variety of further features. For example, in some 

embodiments, the trocar assembly can include at least one outlet within the working channel and 

configured to receive gas flow from an insufflation port and deliver gas flow to the working 

channel. In some embodiments, the trocar assembly can include a plurality of outlets, and gas 

flow from each of the plurality of outlets can be independently controllable. The trocar assembly 

also can include a valve element associated with the at least one outlet to control gas flow 

therethrough. The valve element can be coupled to a control device that provides signals to 

control gas flow through the valve element. The trocar assembly can include an exhaust port 

coupled to at least one of the working channel, the at least one outlet, and the at least one inlet.  

D A valve element can be associated with the exhaust port and calibrated to release gas therefrom 

at a predetermined pressure.  

Further, the trocar assembly can include a second seal that is disposed in the housing and 

that has a different shape than the other seal. The second seal can be spaced apart from the other 
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seal and extend at least partially across the working channel. The trocar assembly can further 

include at least one outlet within the working channel and in communication with the at least one 

inlet, and the outlet(s) can be oriented to direct gas from the at least one inlet towards the second 

seal.  

In yet another aspect, a method for delivering a surgical instrument to a treatment site is 

provided. In one embodiment, the method can include passing a surgical instrument through a 

working channel of a trocar assembly such that at least one seal disposed in the working channel 

contacts the surgical instrument, and directing gas toward the at least one seal to remove fluid 

from the at least one seal.  

Gases can be directed in a variety of ways. For example, gas can be directed through an 

outlet that opens into the working channel. A stream of gas can be aimed at the at least one seal.  

Gas can be directed across an opening formed in the at least one seal. Gas can be directed 

against the least one seal during passage of the surgical instrument through the working channel.  

A wide range of variations are possible. For example, an inlet on the trocar assembly can 

be coupled to a gas source. The rate of gas flow can be controlled. Further, gas can be released 

from the working channel via an exhaust path.  

In yet another embodiment, a method of processing a device can be provided, and can 

include obtaining a surgical access device or a trocar assembly, sterilizing the obtained trocar 

assembly or surgical access device; and storing the trocar assembly or surgical access device in a 

sterile container.  

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the following detailed description taken 

in conjunction with the accompanying drawings, in which: 

FIG. 1 is a perspective view of one exemplary embodiment of a surgical access device 

having an body that defines a working channel configured to allow for passage of surgical 

instruments; 
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FIG. 2 is a sectioned perspective view of the surgical access device shown in FIG. 1 which 

shows a plurality of exemplary outlets for directing gas flow towards seals in the working 

channel; 

FIG. 3 is a sectioned side view of the surgical access device shown in FIG. I which shows a 

plurality of exemplary outlets for directing gas flow towards seals in the working channel; 

FIG. 4A is a perspective view of an exemplary seal and illustrates exemplary gas flows that 

can be directed at the seal for removing fluid therefrom; 

FIG. 4B is a perspective view of another exemplary seal and illustrates exemplary gas flows 

that can be directed at the seal for removing fluid therefrom; 

FIG. 4C is a perspective view of yet another exemplary seal and illustrates exemplary gas 

flows that can be directed at the seal for removing fluid therefrom; 

FIG. 4D is a perspective view of yet another exemplary seal and illustrates exemplary gas 

flows that can be directed at the seal for removing fluid therefrom; 

FIG. 5 is a sectioned side view of an alternate embodiment of a surgical access device 

which includes a plurality of exemplary inlets formed in the surgical access device and coupled 

to outlets for directing gas flow toward seals in a working channel; 

FIG. 6 is a schematic view of the surgical access device shown in FIG. 1 coupled to a valve 

element which is controlled by a control device, and further shows a sensing device coupled to 

the control device; 

FIG. 7A is a sectioned side view of the surgical access device shown in FIG. I with an 

5 exemplary exhaust port formed therein; 

FIG. 7B is a schematic view of one embodiment of an exhaust port for the surgical access 

device shown in FIG. 7A; 

FIG. 7C is a schematic view of another embodiment of an exhaust port for the surgical 

access device shown in FIG. 7A; 
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FIG. 8 is a perspective view of an exemplary sleeve for receiving a surgical instrument and 

creating a gas curtain across a portion of the surgical instrument; 

FIG. 9 is a sectioned side view of the proximal end of the sleeve shown in FIG. 8; 

FIG. 10 is a sectioned side view of the distal end of the sleeve shown in FIG. 8; 

FIG. 11 is a sectioned side view of an alternate embodiment of a sleeve for receiving a 

surgical instrument which includes a diverter at a distal end thereof; and, 

FIG. 12 is a perspective view of the distal end of the sleeve shown in FIG. 11.  

DETAILED DESCRIPTION 

Certain exemplary embodiments will now be described to provide an overall understanding 

of the principles of the structure, function, manufacture, and use of the devices and methods 

disclosed herein. One or more examples of these embodiments are illustrated in the 

accompanying drawings. Those skilled in the art will understand that the devices and methods 

specifically described herein and illustrated in the accompanying drawings are non-limiting 

exemplary embodiments and that the scope of the present application is defined solely by the 

claims. The features illustrated or described in connection with one exemplary embodiment may 

be combined with the features of other embodiments. Such modifications and variations are 

intended to be included within the scope of the present disclosure.  

The present disclosure generally describes methods and devices useful for removing fluid 

from surgical access devices and/or instruments received therein. They are also useful for 

preventing fluid from attaching to or accumulating on surgical access devices and/or surgical 

5 instruments. They are also useful for removing fluids from instruments, such as scopes, as they 

pass through surgical access devices, which can be advantageous in controlling and/or limiting 

the opportunity for such fluids to come in contact with seals or other parts of the surgical access 

device. A person skilled in the art should appreciate that the term fluid, as used herein, is 

intended to include any substance that, when on a surgical instrument, can adversely affect the 

0 functioning of the instrument or a surgeon's ability to use it. Fluids include any kind of bodily 

fluid, such as blood, and any kind of fluid introduced during a surgical procedure, such as saline.  
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Fluids also include fluid/solid mixtures or fluids with particles (such as pieces of tissue) 

suspended or located therein, as well as gases and viscous materials.  

FIG. I illustrates one exemplary embodiment of a surgical access device 100. The surgical 

access device 100 can have a variety of configurations, but as shown, the surgical access device 

can be in the form of a trocar assembly. The surgical access device 100 generally can include a 

body with proximal 102 and distal ends 104, and the body can define a working channel 114.  

The working channel 114 can be adapted to pass surgical instruments therethrough, for example 

to access a surgical site. The body of the surgical access device 100 need not be uniform. For 

example, as shown in FIG. 1, the surgical access device 100 can include a housing 108 and a 

cannula 110 or hollow tube extending distally therefrom. The surgical access device 100 also 

can include an inlet 106 or insufflation port, which in many embodiments can receive a gas (such 

as carbon dioxide) which can be used for insufflation of a body cavity into which the surgical 

access device 100 is inserted, as is known in the art. In other embodiments a wide range of 

gases, including virtually any bio-compatible gas, can be used. A control element 112, here 

illustrated as a rotatable tab, can be coupled to the inlet 106 for controlling gas flow 

therethrough, for example via a valve element which can be disposed in the housing 108.  

FIGS. 2 and 3 illustrate further features of the surgical access device 100. For example, the 

surgical access device 100 can include one or more seals 200, 202, which can vary widely in 

form. The seals 200, 202 can be disposed at virtually any location in the working channel 114, 

and can extend at least partially across the working channel 114 so as to contact a surgical 

instrument passed therethrough and create a seal against the instrument. As shown in FIGS. 2 

and 3, a wide variety of seals having a wide variety of shapes and sizes can be used. For 

example, as shown in the illustrated embodiment, the surgical access device 100 can include a 

proximal multi-layer seal 200 and a distal duckbill seal 202 or other seal having one or more slits 

formed therein. Such seals can extend to varying degrees across the working channel 114, as 

0 some may extend only slightly into the working channel 114, while others may completely span 

(or almost completely span) the distance across the working channel 114.  

One or more outlets 204, 206, 208, 210, 212 (hereinafter collectively referred to as "outlets 

204-212"), can open into the working channel 114. The outlets 204-212 can be disposed at 
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various locations in the working channel 114. Further, the outlets 204-212 can have a variety of 

configurations and can be coupled to a variety of gas sources, as will be described in more detail 

below. However, in one embodiment, the outlets can be coupled to the inlet 106 via, for 

example, channels formed within the housing 108. The channels and outlets 204-212 can bring 

gas flow from the inlet 106 to the working channel 114 and can direct gas flow towards one or 

more of the seals 200, 202. Although gas flow can be directed in a wide variety of ways, in the 

illustrated embodiment of FIG. 2, exemplary gas flow from the outlets 204-212 is illustrated by 

the arrows 204', 206', 208', 210', 212' (hereinafter collectively referred to as "arrows 204'

212"'). Depending on the orientation of such outlets and the nature of the gas flow (for example 

the pressure/velocity), gas flow can be directed against, across, or around the seals, in a parallel 

or tangential fashion relative to the seals, or in virtually any desired fashion. In use, such gas 

flow can remove fluid from the seals 200, 202 (or from wherever the gas flow is directed) and 

can prevent accumulation of fluid. Such gas flow can also remove fluid from instruments. For 

example, gas flow can blow off fluid on the lens and/or shaft of a scope as it is retracted or 

inserted through the working channel 114, preventing or reducing the opportunity for such fluid 

to be transferred to the seals 200, 202 or other part of the surgical access device 100.  

Referring to FIGS. 1-3, the surgical access device 100 can have a wide variety of shapes 

and sizes, and can be made of virtually any bio-compatible material, for example, plastic. As 

previously mentioned, in some embodiments, the surgical access device 100 can have an body 

(in some cases, an elongate body) with a working channel 114 defined therethrough. Both the 

body and working channel 114 can be of any width or diameter. The working channel 114 can 

have circular, oblong, or any other cross-sectional shape, and can be of any width (or diameter) 

along part or all of its length. In some embodiments, the working channel can have a width or 

diameter between about 3 and about 30 mm. However, it should be understood that the size of 

the working channel 114 need not be uniform along its length, as shown in FIGS 2-3.  

0 As previously mentioned, the surgical access device 100 can include a housing 108 and 

cannula 110, which can have a wide variety of forms. The housing 108 can be of virtually any 

shape and size. In some embodiments, the housing 108 can be ergonomically shaped and sized 

to facilitate user-manipulation (for example, to facilitate twisting the surgical access device with 

an obdurator extending therethrough for entering a body, or to facilitate manually orienting the 
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surgical access device 100 to adjust a view of a scope extending through the surgical access 

device 100 into a body). In some embodiments, the cannula 110 can have surface features 520, 

such as ridges (best seen in FIG. 5), formed thereon to reduce slippage in circumstances where 

the surgical access device 100 is seated through the skin. The distal end 104 of the cannula 110 

can be tapered or pointed, as shown in FIGS 1-3. It should be understood that the surgical access 

device 100 can be a trocar of any kind, including bladeless, blunt tip, and dilating trocars. More 

information about surgical access device, including trocars, can be obtained from U.S. Patent 

Application Nos. 11/855,777, titled "Trocar Assembly" and filed September 14, 2007, and 

11/781,645, titled "Surgical Access Device" and filed July 23, 2007, the teachings of which are 

hereby incorporated by reference in their entireties.  

Any kind of seal can be used in the surgical access device 100. As shown in FIGS. 2-3 and 

with more detail in FIG. 4A, seal 200 can be a multi-layer seal. Such a multi-layer seal 200 can 

include a plurality of flaps 400 disposed around a central opening 402. As shown in FIGS. 2-3 

and with more detail in FIG. 4B, seal 202 can have an opening 404 formed therein which can be 

generally slit-shaped, and further can be configured as a duckbill seal as is known in the art. The 

opening 404 can be narrow and linear in some embodiments, while in others it can be non-linear 

(for example, a curved, sawtooth or zig-zag pattern). FIGS. 4C and 4D illustrate other 

exemplary seals, along with arrows indicating exemplary gas flows that can be directed towards 

such seals. FIG. 4C shows an exemplary seal 406 which is the in the form of an O-ring. The 0

ring can be of any shape and size, for example, the O-ring can be circular in cross section or can 

be rectangular and/or shaped like a bushing. FIG. 4D shows an exemplary funnel-shaped seal 

408 which includes a central opening 410. Other possible seals include flapper seals, annular 

seals, a zero-closure seals (including zero-closure multi-layer seals), universal seals, diaphragms, 

0-rings, and gel seals.  

In some embodiments, different seals in the surgical access device 100 can be adapted for 

0 different purposes. For example, in FIGS. 2-3, multi-layer seal 200 can be adapted to contact a 

surgical instrument when it is disposed in the working channel 114, while seal 202 can be 

adapted to create a seal when no instrument is disposed in the working channel 114. However, 

in some embodiments, the seals need not be configured to contact and/or seal against a surgical 
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instrument. For example, seals can be provided to impede insufflation gas flow and/or to prevent 

objects of certain sizes from passing therethrough.  

In many cases, the seals can be made of an elastomeric material such as rubber. However, 

any bio-compatible material can be used, including many kinds of plastics. Further information 

about seals can be obtained from U.S. Patent Nos. 5,628,732; 5,792,113; and 5,350,364; and 

U.S. Patent Application No. 11/952,464, titled "Trocar Seal With Reduced Contact Area" and 

filed December 7, 2007, the teachings of which are hereby incorporated by reference in their 

entireties. FIGS. 4A-D also include arrows 412 to 430 which illustrate exemplary gas flows 

which can be directed towards the seals, as will be discussed in more detail below.  

The outlets 204-212 can have a wide variety of configurations. For example, the outlets 

204-212 can be circular, oblong, rectangular and so on. In some embodiments, the outlets 204

212 can take the form of openings formed in the working channel. Such openings may be of any 

shape and size, for example in some embodiment one or more outlets can be narrow openings or 

slits formed in the working channel 114. In some embodiments, the outlets 204-212 can be flush 

or recessed from an interior wall of the working channel, while in other embodiments the outlets 

204-212 can protrude or extend from an interior wall of the working channel. However, it can be 

advantageous to configure the outlets so as to avoid interfering with a surgical instrument in the 

working channel 114. Further, nozzles can be coupled to the outlets or formed on the outlets to 

direct gas flow therethrough and/or to create desired the desired flow of gas towards a seal. An 

exemplary tapered nozzle 300 is illustrated in FIG. 3 coupled to outlet 204. Outlets and nozzles 

can be oriented to direct streams of gas at a seal in flows that are suitable for removing fluid.  

Arrows 204'-212' shown in FIGS. 2-3 illustrate exemplary gas flows from the outlets 204

212 towards one or more seals in the surgical access device 100. For example, arrow 204' 

indicates that outlet 204 can direct gas across a linear opening formed in seal 202. Arrow 206' 

indicates that outlet 206 can direct gas along or parallel to the linear opening formed in seal 202.  

0 Arrow 208' indicates that outlet 208 can direct gas across a central opening in seal 200. Arrow 

210' indicates that outlets 210 can direct gas in an annular fashion around the working channel 

114 at a point distal to seal 202. Arrow 210" indicates that outlets 210 can direct gas downward 

into the working channel 114 in cannula 110. In other embodiments, outlets 210 can direct gas 
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across the working channel 114 to form a gas curtain (or in other words, a shield formed by 

flowing gas). A gas curtain can be created, for example, with a continuous flow of gas that is 

suitable to prevent or impede fluid from passing and thereby prevent/reduce its accumulation on 

the seal (or other surface) behind the gas curtain. An outlet can be disposed proximal to seal 200 

or seal 202 to form such a gas curtain across the working channel 114. Arrow 212' indicates that 

outlet 212 can direct gas downwards onto or against seal 202.  

FIGS. 4A to 4D include arrows to illustrate yet other exemplary gas flows that can be 

directed towards seals from outlets. Arrow 412 indicates that gas can be directed across a central 

opening of seal 200, while arrow 414 indicates that gas can be directed onto or against seal 200.  

Arrows 416 and 418 indicate that gas can be directed perpendicular to and parallel to opening 

404 of seal 202, respectively. Gas flows can also be directed against opening 404. Arrows 424 

and 426 indicate that gas can be directed around O-ring seal 406, while arrow 420 indicates that 

gas can be directed against seal 406. Arrow 428 indicates that gas can be directed down onto 

seal 408 and against an opening 410 therein. Arrow 430 indicates that gas can be directed across 

opening 410 of the seal 408.  

Additionally, several outlets can be located in conjunction with one another such that, 

collectively, they produce a desired flow. For example, multiple outlets can be oriented in a 

directional ring around the inside perimeter of the working channel 114 to create an annular gas 

flow. Alternatively, circular or annular gas flow can be created with an outlet formed by a 

opening or slit formed at least partially around the inner periphery the working channel 114, such 

5 as an annular opening.  

It should be understood that the outlets 204-212 shown in FIGS. 1-3 illustrate exemplary 

locations for the outlets 204-212 and that the number and location of such outlets can vary 

widely. Any configuration which removes fluid or which prevents fluid from accumulating can 

be used. In many embodiments, the configuration of the outlets can depend on the location, 

0 shape and size of the seals in the working channel 114.  

As previously mentioned, the outlets 204-212 can be coupled to the inlet 106 via one or 

more internal channels or tubes formed in the housing 108. Such internal channels can distribute 

gas from the inlet 106 to the various outlets 204-212. In some embodiments all outlets can be 
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coupled to an inlet that is for insufflation purposes. However, in other embodiments, one or 

more dedicated fluid-removal inlets can be provided so as to segregate gas distribution for 

insufflation and removal of fluid. Such a configuration can accommodate for differences 

between gas for insufflation and fluid-cleaning. For example, different gases, pressures, and 

flow characteristics (for example, continuous vs. periodic flow) can be used for insufflation vs.  

fluid-cleaning. In some embodiments, different outlets can be connected to separate inlets so 

that there can be such differences among the outlets used for fluid-cleaning (for example, outlets 

at different pressures, or some outlets providing continuous gas flow while others are periodic).  

FIG. 5 shows an alternate embodiment of a surgical access device 500 in which inlets 404, 

406, 408, 412 (hereinafter referred to collectively as "inlets 404-412") are included. Although 

any combination of connections is possible, each inlet 404-412 can be coupled to one or more 

outlets that are shown in FIG 3. For example, inlet 404 can be coupled to outlet 204, inlet 406 

can be coupled to outlet 206, inlet 408 can be coupled to outlet 208, inlet 412 can be coupled to 

outlet 212. Additional inlets can be included.  

Valve elements can be included in the channels or otherwise associated with one or more 

outlets to control the gas flow therefrom. FIG. 6 shows a schematic view of an exemplary valve 

element 600 coupled to an inlet of surgical access device 100 to control gas flow from a gas 

source 610. Any number of such valve elements can be placed in a gas path to control gas flow 

to outlets collectively or independently. The valve elements can be disposed internally or 

externally to the surgical access device 100. It should be understood that the valve element 600 

can be in addition to the control element 112 that was illustrated in FIG. 1 (and was described as 

a rotatable tab coupled to inlet 106), or can be provided for inlets that do not have a control 

element 112.  

Although the valve element 600 in FIG. 6 is illustrated with a rotating flap, any kind of 

valve element can be used. The valve element 600 can be coupled to a control device 602, such 

0 as lever, button, foot pedal, or other actuator, which can allow a user to actuate the valve element 

600 and thereby control the flow of gas to one or more of the outlets. Also, in some 

embodiments, a user-actuated pumping device 604 can be coupled to one or more of the outlets.  
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For example, a hand-actuated bulb can be provided, and can allow a user to manually initiate a 

jet of gas.  

The control device 602 can include an electronic system, or can be coupled to one. Such a 

configuration can provide for automated fluid-cleaning at predetermined times or intervals. The 

control device 602 can also be coupled to a sensing device 606 to determine when to clear fluid.  

For example, a pressure sensor or pressure-actuated switch in the surgical access device 100 can 

sense when an instrument is inserted or retracted therethrough and can cause the control device 

602 to trigger ajet of gas.  

FIG. 7A shows an exemplary exhaust port 700 which can be included in the surgical access 

device 100. Exhaust port 700 can be configured to release or vent excess gas within the working 

channel 114. Exhaust port 700 can have a wide variety of forms. As shown in FIG. 7B, the 

exhaust port 700 can be a constant pressure relief valve 702. Relief valve 702 can include a 

housing 704 which includes a stopper element, such as a ball 706, that is disposed against a 

biasing element, such as a spring 708. The stopper element, biasing element, and other 

characteristics of the valve 702 can be configured to release gas from the working channel 114 

once it reaches a selected level. The exhaust port 700 can also be in the form of a calibrated 

mass flow orifice 710, as shown in FIG. 7C. The calibrated mass flow orifice 710 can be made 

of ceramic, metal, plastic, or any other bio-compatible material. Exhaust port 700 also can be 

coupled to a control device to receive input from a user or from a sensing device, to determine 

when and how much gas to release.  

5 In use, inlet 106 (or other inlets, as previously mentioned) can be coupled to a gas source, 

and gas can be directed periodically or continuously towards one or more of the seals 200, 202 

(in any fashion previously described, for example). Any kind of gas can be used, although in 

some embodiments it can be convenient to use carbon dioxide if it is already available for 

insufflation purposes. In some embodiments, a vapor or a cleaning fluid can be introduced 

0 through the outlets, optionally followed by suctioning. In yet other embodiments, suctioning can 

be provided through the outlets. Gas flow can remove fluid accumulated on a seal during a 

surgical procedure and prevent its transfer to a surgical instrument, such as a laparoscope or 

endoscope, which is being passed through the working channel 114. Gas flow also can remove 
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fluid on a surgical instrument as it is moved through the working channel, preventing or reducing 

the opportunity for such fluid to be transferred onto the seals or other parts of the surgical access 

device. Typically, such surgical instruments are passed through the working channel 114 to a 

surgical site at the distal end 104 of the surgical access device 100. Gas flow can also have the 

effect of removing fluid from surgical instruments themselves as they are inserted into or 

removed from the working channel 114. For example, gas flow directed towards seals can have 

such an effect. Further, gas flow can be directed into the working channel 114, but not 

necessarily towards a seal, to create a gas curtain which can remove fluid from a surgical 

instrument as it passes therethrough, and/or prevent fluid from passing the curtain into the 

surgical access device 100. Gas flow can be at any pressure suitable for removing fluid or 

preventing/reducing its accumulation. In some embodiments, the pressure ranges can be suitable 

for laparoscopy. By way of non-limiting example, gas can be pressurized in a range of about 14 

to 22 mmHg.  

FIG. 8 illustrates one exemplary embodiment of a sleeve 800 which can be useful for 

cleaning fluid from a surgical instrument and/for reducing the accumulation of fluid on a surgical 

instrument. As shown, the sleeve 800 can include a body with proximal and distal ends 802, 

804. The body can define a working channel 810, which can be shaped and sized to receive a 

surgical instrument, such as a laparoscope or endoscope. The body can include a housing 812 

with tube 814 extending distally therefrom. The housing 812 can include a port 806 for 

receiving gas into the working channel 810, as shown in more detail in FIG. 9. The housing also 

can include a screw 808, which can extend into the working channel 810 and which can be 

tightened against a surgical instrument inserted into the sleeve 800. A grommet (such as an 

elastomeric O-ring) can be disposed around the working channel 810 to form a seal against a 

surgical instrument inserted therein.  

As shown in FIG. 10, the distal end 804 of the tube 814 can be beveled. Bevel 1000 can be 

0 shaped to direct gas laterally across the working channel 810, as shown by exemplary arrows 

1002, 1004. In many embodiments, the sleeve 800 can be sized such that when fully inserted the 

distal end of the surgical instrument is disposed near or at the beveled distal end 804 of the tube 

814. In some embodiments, the sleeve 800 can include a size adjuster (such as a threaded 

cylinder which can be rotated to extend proximally from the housing 812 in a progressive 
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manner), which can allow one to adjust the length of the working channel 810 and thereby bring 

the distal end of an inserted surgical instrument in proximity to the beveled distal end 804.  

In use, a surgical instrument can be inserted into the working channel 810 of the sleeve 800.  

If desired or necessary, the distal end of the instrument can be brought in proximity to the distal 

end 804 of the sleeve 800. The screw 808 can be used to lock the surgical instrument in place.  

Gas can be directed through the port 806, distally through the working channel 810, and across 

the distal end or face of the surgical instrument via bevel 1000. In some embodiments, a 

continuous or substantially continuous flow of gas can be directed to the distal end 804 of the 

tube 814, across the working channel 810, and across the distal end or the distal face of a surgical 

instrument. Such a continuous flow of gas can create a gas curtain, which can reduce/prevent 

fluid from accumulating on the distal end of a surgical instrument. For example, such a curtain, 

which can be created by a boundary layer of flowing gas, can help to keep the lens of a scope 

clear of fluid, thus enhancing visualization. Fluid approaching the gas curtain can be deflected, 

and fluid adhering to the surgical instrument can be removed by the constant flow. The surgical 

instrument, with the sleeve 800 attached, can be inserted and removed from a surgical site, for 

example through a natural orifice or via a trocar with reduced fluid accumulation.  

A range of variations are possible. For example, in other embodiments, the port 806 can be 

coupled to a channel formed in or along the working channel, so that gas flow for fluid-removal 

purposes is separated from the working channel 810 as it is delivered to the distal end of the tube 

814. In other embodiments, gas flow can be controlled by a valve mechanism, control device 

and/or sensing device, as previously described in connection with FIG. 6. Further, as one skilled 

in the art will understand, a variety of gases, cleaning agents and/or fluids, can be used.  

FIG. 11 illustrates an alternate embodiment of a sleeve 800' for a surgical instrument. As 

shown, sleeve 800' can have a diverter 1108 at a distal end 804' thereof. Spacers 1102 and 1104 

can be included in the working channel 810' to align the surgical instrument, and/or maintain the 

0 surgical instrument at a fixed distance from the inner wall of the working channel 810' to allow 

for gas flow to the distal end 802', and also can provide appropriate spacing for proper function 

of the diverter 1108. Arrow 1106 illustrates exemplary gas flow out of the diverter 1108 and 

across a distal end 804' of the sleeve 800'. FIG. 12 illustrates a more detailed view of the 
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diverter 1108. The diverter can have a variety of shapes, including any shape sufficient to direct 

gas across an end of the surgical instrument. However, as shown the diverter 1108 has a 

substantially crescent shape and extends approximately halfway around the circumference of the 

distal opening of the working channel 810'.  

The sleeves described above in connection with FIGS. 8-11 can be employed as an 

accessory or a retrofit to a surgical instrument. For example, a sleeve can be used an overtube 

for a surgical instrument such as a scope, and the scope assembly with the overtube can be 

inserted through a surgical access device, such as a trocar. Alternatively, the features of the 

sleeves described above can be integrated into a surgical access device. For example, the 

features described above can be incorporated into a trocar.  

The devices disclosed herein can be designed to be disposed of after a single use, or they 

can be designed to be used multiple times. In either case, however, the device can be 

reconditioned for reuse after at least one use. Reconditioning can include any combination of the 

steps of disassembly of the device, followed by cleaning or replacement of particular pieces, and 

subsequent reassembly. In particular, the device can be disassembled, and any number of the 

particular pieces or parts of the device can be selectively replaced or removed in any 

combination. Upon cleaning and/or replacement of particular parts, the device can be 

reassembled for subsequent use either at a reconditioning facility, or by a surgical team 

immediately prior to a surgical procedure. Those skilled in the art will appreciate that 

reconditioning of a device can utilize a variety of techniques for disassembly, cleaning and/or 

5 replacement, and reassembly. Use of such techniques, and the resulting reconditioned device, 

are all within the scope of the present application.  

Preferably, the devices described herein will be processed before surgery. First, a new or 

used tool is obtained and if necessary cleaned. The tool can then be sterilized. In one 

sterilization technique, the tool is placed in a closed and sealed container, such as a plastic or 

0 TYVEK bag. The container and tool are then placed in a field of radiation that can penetrate the 

container, such as gamma radiation, x-rays, or high-energy electrons. The radiation kills bacteria 

on the instrument and in the container. The sterilized instrument can then be stored in the sterile 

container. The sealed container keeps the instrument sterile until it is opened in the medical 
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facility. It is preferred that the device is sterilized. This can be done by any number of ways 

known to those skilled in the art including beta or gamma radiation, ethylene oxide, or steam.  

One skilled in the art will appreciate further features and advantages based on the above

described embodiments. Accordingly, the invention is not to be limited by what has been 

particularly shown and described, except as indicated by the appended claims. All publications 

and references cited herein are expressly incorporated herein by reference in their entirety.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A surgical access device, comprising: 

a body defining a working channel configured and sized to allow for passage of a surgical 

instrument therethrough; 

a seal extending at least partially across the working channel so as to contact a surgical 

instrument inserted therethrough; 

at least one outlet formed through a sidewall of the body and configured to receive gas 

flow, the at least one outlet being oriented to direct gas flow towards the seal in the working 

channel for removing fluid on the seal.  

2. The surgical access device of claim 1, further comprising at least one outlet formed 

through a sidewall of the body and configured to receive gas flow from an insufflation port 

and deliver gas flow to the working channel.  

3. The surgical access device of claim 1, wherein the body has proximal and distal ends, and 

the at least one outlet is disposed proximal to the seal.  

4. The surgical access device of claim 1, wherein the body includes a proximal housing and 

a distal cannula extending from the housing and configured to be inserted into a body cavity.  

5. The surgical access device of claim 4, wherein the at least one seal and the at least one 

outlet are disposed in the proximal housing.  

6. The surgical access device of claim 1, wherein the seal is at least one of a multi-layer 

seal, a duckbill seal, a flapper seal, an annular seal, a zero-closure seal, a seal with a slit

0 shaped opening, a universal seal, an O-ring, a diaphragm seal, and a gel seal.  

7. The surgical access device of claim 1, wherein the at least one outlet has a tapered nozzle 

to focus gas flowing therefrom towards the seal.  
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8. The surgical access device of claim 1, wherein the seal has an opening formed therein 

and the at least one outlet is oriented so as to direct gas toward the opening.  

9. The surgical access device of claim 1, wherein the seal has a slit-shaped opening formed 

therein, and the at least one outlet is configured to direct gas in one of a substantially 

perpendicular or parallel direction to the opening.  

10. The surgical access device of claim 1, further comprising a valve element associated with 

the at least one outlet to control gas flow therethrough.  

11. The surgical access device of claim 10, wherein the valve element is coupled to a control 

device that provides signals to control gas flow through the valve element.  

12. The surgical access device of claim 1, further comprising an exhaust port coupled to at 

least one of the working channel and the at least one outlet.  

13. A trocar assembly, comprising: 

a housing defining a working channel sized and configured to receive a surgical 

instrument; 

a seal disposed in the housing and extending at least partially across the working channel 

for contacting a surgical instrument; 

at least one inlet formed in the housing for receiving gas; and 

at least one outlet within the working channel and in communication with the at least one 

inlet, the at least one outlet oriented to direct gas flow from the at least one inlet towards the 

seal.  

0 

14. The trocar assembly of claim 13, wherein the housing has a cannula extending therefrom, 

the housing and the cannula defining the working channel sized and configured to receive a 

surgical instrument.  
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15. The trocar assembly of claim 14, further comprising at least one outlet within the 

working channel and configured to receive gas flow from an insufflation port and deliver gas 

flow to the working channel.  

16. The trocar assembly of claim 14, wherein the working channel has proximal and distal 

ends, and the at least one outlet is disposed proximal to the seal.  

17. The trocar assembly of claim 14, wherein the seal is at least one of a multi-layer seal, a 

duckbill seal, a flapper seal, an annular seal, a zero-closure seal, a seal with a slit-shaped 

opening, a universal seal, an O-ring, a diaphragm seal, and a gel seal.  

18. The trocar assembly of claim 14, further comprising: 

a second seal disposed in the housing and having a different shape than the seal, the 

second seal being spaced apart from the seal and extending at least partially across the 

working channel; and 

at least one outlet within the working channel and in communication with the at least one 

inlet, the at least one outlet oriented to direct gas from the at least one inlet towards the 

second seal.  

19. The trocar assembly of claim 14, further comprising a valve element associated with the 

at least one outlet to control gas flow therethrough.  

20. The trocar assembly of claim 19, wherein the valve element is coupled to a control device 

that provides signals to control gas flow through the valve element.  

0 21. The trocar assembly of claim 14, further comprising an exhaust port coupled to at least 

one of the working channel, the at least one outlet, and the at least one inlet.  

22. The trocar assembly of claim 21, further comprising a valve element associated with the 

exhaust port and calibrated to release gas therefrom at a predetermined pressure.  

5 

21



23. A method for delivering a surgical instrument to a treatment site, comprising: 

passing a surgical instrument through a working channel of a trocar assembly such that at 

least one seal disposed in the working channel contacts the surgical instrument; and 

directing gas toward the at least one seal to remove fluid from the at least one seal.  

24. The method of claim 23, wherein a stream of gas is aimed at the at least one seal.  

25. The method of claim 23, further comprising controlling a rate of the gas flow.  

26. The method of claim 25, wherein the gas is directed against the least one seal only during 

passage of the surgical instrument through the working channel.  

27. The method of claim 23, further comprising releasing gas from the working channel via 

an exhaust path.  
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