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METHODS AND DEVICES FOR THE PREVENTION OF SURGICAL SITE 

INFECTIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Patent Application 

No. 61/585,052, entitled METHOD AND DEVICE FOR THE PREVENTION OF INCISIONAL 

SURGICAL SITE INFECTIONS, and filed January 10, 2012; U.S. Provisional Patent 

Application No. 61/603,673, entitled METHODS AND DEVICES FOR THE PREVENTION 

OF INCISIONAL SURGICAL SITE INFECTIONS, and filed February 27, 2012; U.S.  

Provisional Patent Application No. 61/620,813, entitled METHOD AND DEVICE FOR THE 

PREVENTION OF INCISIONAL SURGICAL SITE INFECTIONS, and filed April 5, 2012; and 

U.S. Provisional Patent Application No. 61/651,263, entitled METHODS AND DEVICES FOR 

THE PREVENTION OF INCISIONAL SURGICAL SITE INFECTIONS, and filed May 24, 

2012, the entire contents of which are incorporated herein by reference.  

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The field of the present application pertains to medical devices, and more 

particularly, to methods, systems, and devices to facilitate access to a surgical site within a body.  

Background 

[0003] Formerly known as "wound infection," surgical site infection (SSI) is 

generally defined by the Centers for Disease Control and Prevention (CDC) as an infection in the 

area of the surgical incision that occurs within 30 days of an operation. The CDC further 

subdivides SSI into two groups. The first group includes superficial and deep "incisional" SSI 

(ISSI). The second group includes "organ/space" SSI. These two groups appear to be somewhat 

different phenomena with respect to etiology, physiology, pathogenesis, clinical presentation, and 

treatment. Of note, the term "wound infection," as currently used in the medical colloquium, 

refers to and is more compatible with ISSI, as opposed to organ/space SSI.  
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[0004] ISSI affects approximately 3-4% of the more than 30 million operations 

performed in the U.S. each year. Although the state of current medical care has minimized the 

mortality associated with ISSI, the morbidity and associated costs to the healthcare system 

remain significant. On average, ISSI extends the length of an inpatient hospital stay by 9 days, as 

well as introduces the added necessity and costs of outpatient wound management, which can 

reach upwards of 10,000-45,000 U.S. dollars per patient. Estimates of the aggregate annual 

burden to the U.S. healthcare system exceed five billion U.S. dollars.  

[0005] The diagnosis of SSI is usually made by a physician and is usually based on 

the clinical finding of various signs and symptoms of infection at the incisional site, such as pain, 

tenderness, swelling, redness, warmth, and purulent drainage. Various ancillary tests, such as 

microbial cultures or radiographic exams (e.g., computed tomography scans), can aid in the 

diagnosis. The length of treatment can extend for weeks or even months.  

[0006] Obese patients are particularly vulnerable to developing wound infections, 

with a two to three fold increased risk relative to the overall population. This is at least partially 

due to the poor vascularization of subcutaneous fat, reducing the delivery of prophylactic 

intravenous (IV) antibiotics to the incision site. Furthermore, subcutaneous fat is an excellent 

media for the incubation of bacterial infection. With increasing rates of obesity worldwide, this 

will only further compound the problem of ISSI.  

[0007] Another risk factor for the development of ISSI is the type of surgical 

procedure performed. For example, colorectal surgeries are associated with a baseline infection 

rate of 15-20%. This is a result of the contaminated nature of the procedure, as fecal contents are 

often released into the operative field when colon, small bowel, or rectum is cut. Furthermore, 

colorectal surgery involves the manipulation and removal of large organs (e.g. the colon), and 

consequently, large incisions are often required to perform the procedures. ISSI risk is directly 

correlated with the size of surgical incision used to perform the case. These risks are further 

compounded when combined with other risk factors such as obesity. For example, the rates of 

wound infections in obese patients undergoing colorectal surgery increase to upwards of 33%, 

representing a major burden to the healthcare system in terms of the quality and cost of services.  

[0008] Prior surgical instruments and methods have been developed with the aim of 

reducing wound infections, yet the scope of the problem has not been reduced. Some solutions 
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have addressed the issue by implanting degradable sponges in the incision to combat the 

development of wound infections post-operatively. However, this approach led to increases in 

wound infection rates, as the immune system reacts poorly to the implant because the implant is a 

"foreign body." 

[0009] Surgeons have previously irrigated the incision or wound margins with fluids 

such as saline and/or antibiotics, but the practice has proved to be disruptive to surgical progress, 

difficult to implement and standardize in surgical practices, and consumes valuable time, 

increasing patient risk and increasing operative costs.  

[0010] Barrier wound protectors have also been employed to prevent the egress of 

bacteria into the incision, but this is merely a passive approach, and considering the barrier 

protection must be removed to complete the operation, the incision is inevitably exposed to the 

infectious contents contained within the surgical field. Additionally, wound protectors may be 

difficult to manipulate, especially when positioned in the surgical field. A further drawback is 

that the barrier can also trap bacteria onto the wound surface, allowing bacteria to proliferate in 

the wound space.  

[0011] Considering the significant morbidity and cost associated with SSI, it is 

desirable to provide a way to reduce the occurrence of SSI that is superior to the limitations of 

currently available commercial devices.  

[0012] In select situations, a key aspect of surgery involves obtaining adequate 

surgical "exposure," or alternatively, adequate visualization and access to target anatomical 

landmarks and structures to be operated upon. To achieve proper exposure, surgeons can use a 

variety of surgical retractors generally configured to maximize the opening of the incision and 

create space within the operative region (e.g. chest, abdomen, orbit, neck, and groin) to facilitate 

the completion of the surgical procedure.  

[0013] One surgical retractor used in abdominal surgery involves a top ring, bottom 

ring, and flexible tubular sheath disposed between the top and bottom rings. In numerous 

embodiments, manipulation of the top ring in a variety of ways (e.g., by rolling the sheath around 

the top ring) is sometimes effective to shorten the sheath length and retract the edges of the 

incision. In many cases, such surgical retractors incorporate barrier wound protection, the 

disadvantages of which have already been described.  
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[0014] The drawbacks of surgical retractors described in currently available 

commercial devices are numerous. They can be difficult to use, requiring additional time and the 

manual application of forces that may be difficult for surgeons to apply in an operative setting.  

They may require more than 1 person to operate, decreasing focus on the operative field, 

increasing operative time and personnel costs. In addition, due to the unpredictable nature of a 

surgical operation, the initial incision size may not be ideal, thus requiring lengthening during the 

course of the procedure. Many commercially available surgical retractors do not allow for an 

increase in incision size with the device in site. Moreover, currently available commercial 

surgical retractors may employ a design requiring a variety of sizes to accommodate the wide 

range of incision sizes encountered during surgery. As a result, hospitals may have to stock a 

range of device sizes, and often multiple devices are used in a single procedure as the size of the 

incision may be increased. Using multiple devices may result in increased healthcare costs, 

surgery duration, and infections.  

BRIEF SUMMARY 

[0015] It would therefore be desirable to provide improved surgical retractors which 

address at least some of the possible shortcomings of existing devices. Moreover, it would also 

be desirable if improved surgical retractors helped to reduce the incidence of SSI. At least some 

of these objectives are met by the exemplary embodiments described below. Not necessarily all 

such aspects or advantages are achieved by any particular embodiment. Thus, various 

embodiments may be carried out in a manner that achieves or optimizes one advantage or group 

of advantages as taught herein without necessarily achieving other aspects or advantages as may 

also be taught or suggested herein. For example, some embodiments reduce SSI but do not 

necessarily provide access to structures upon which a physician needs to operate. Several of the 

embodiments improve upon prior art retractors by transforming the retractors into systems that 

reduce SSI. Several embodiments provide access to structures upon which a physician needs to 

operate but do not necessarily reduce SSI.  

[0016] Various embodiments described below are directed to surgical access devices 

that are adapted to facilitate access to a surgical site within a body of a patient through an 

incision in the body. The surgical access device embodiments can comprise a first retention 

-4-



WO 2013/106347 PCT/US2013/020701 

ring; a second retention ring configured to expand from a collapsed configuration to an expanded 

configuration; and a pliable membrane extending between the first retention ring and the second 

retention ring. The pliable membrane can be configured to expand the incision to facilitate 

access to the surgical site. The surgical access device can also include a fluid delivery member 

coupled with at least one of the first retention ring, the second retention ring or the pliable 

membrane for delivering fluid to the surgical site.  

[0017] The first retention ring can be deformable. The first retention ring can also be 

an expandable retention ring. In various embodiments, the second retention ring is configured to 

selectively maintain the expanded configuration. In some embodiments, the second retention 

ring comprises at least four linkages pivotably coupled to one another such that expanding the 

second retention ring causes the linkages to pivot relative to each other.  

[0018] The second retention ring can also comprise ratchet teeth configured to 

selectively maintain the expanded configuration. The second retention ring can also comprise at 

least one ratchet pawl configured to selectively maintain the expanded configuration by engaging 

at least a portion of the ratchet teeth. The surgical access device can also include a release 

member configured to disengage the ratchet pawl from the ratchet teeth to enable the second 

retention ring to return to the collapsed configuration. In some embodiments, the surgical access 

device comprises a user interface button coupled to at least one of the ratchet teeth or to the 

ratchet pawl. The user interface button can be configured to disengage the ratchet pawl from the 

ratchet teeth to enable the second retention ring to return to the collapsed configuration.  

[0019] The surgical access device can also include a locking mechanism configured 

to selectively lock the second retention ring in the expanded configuration. The locking 

mechanism can comprise an indentation and a protrusion. The protrusion can be configured to 

engage the indentation to selectively lock the second retention ring in the expanded 

configuration.  

[0020] In certain embodiments, the pliable membrane comprises a tubular membrane, 

wherein the tubular membrane comprises a first end and a second end. The first end is coupled 

to the first retention ring and the second end is coupled to the second retention ring. The fluid 

delivery member can comprise a lumen with holes where the holes are configured to deliver fluid 
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to the surgical site. The fluid delivery member can also comprise a porous medium and/or a 

perforated membrane.  

[0021] In various embodiments, the surgical access device comprises a fluid removal 

member coupled with at least one of the first retention ring, the second retention ring or the 

pliable membrane for removing fluid from the surgical site. The fluid removal member can 

comprise a suction member.  

[0022] The first retention ring can be configured for advancement through the 

incision into the body. The second retention ring can be configured for placement outside the 

body.  

[0023] In at least one embodiment, a surgical access system is adapted to facilitate 

access to a surgical site within a body of a patient through an incision in the body. The surgical 

access system can comprise a first retention ring configured for placement within the body at or 

near the surgical site; a second retention ring configured for placement outside the body; and a 

pliable membrane extending between the first retention ring and the second retention ring. The 

system can also include a fluid delivery inlet coupled with the pliable membrane for introducing 

fluid into the surgical access system and at least one opening in the pliable membrane, wherein 

the at least one opening is in fluid communication with the fluid delivery inlet to allow the fluid 

introduced into the fluid delivery inlet to exit the surgical access system. The system can also 

include a fluid removal member coupled with at least one of the first retention ring or the pliable 

membrane for removing fluid from the surgical site.  

[0024] In some embodiments, the pliable membrane comprises a circumferential fluid 

dispersion ring. In other embodiments, the pliable membrane comprises a fluid-permeable tube.  

The fluid-permeable tube can comprise openings configured to deliver the fluid to the surgical 

site.  

[0025] In select embodiments, the pliable membrane comprises a tubular membrane 

and a tube with at least one lumen disposed in a spiral direction around the tubular membrane. A 

wire can be disposed inside at least a portion of the tube. In various embodiments, the surgical 

access system comprises a flow regulator in fluid communication with the fluid delivery inlet.  

[0026] In some surgical access systems, the pliable membrane comprises a fluid

permeable material and the surgical access system is configured to deliver the fluid from the fluid 
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delivery inlet to the fluid-permeable material. The fluid-permeable material can be configured to 

deliver the fluid to the surgical site. The fluid-permeable material can be a porous medium. The 

surgical access system can also include a first fluid conduit member in fluid communication with 

the fluid delivery inlet. The fluid removal member can comprise a second fluid conduit member 

coupled to the first retention ring. The first retention ring sometimes comprises a hollow ring.  

The second fluid conduit member can be in fluid communication with the hollow ring.  

[0027] In several embodiments, the surgical access system comprises a suction tube 

and the second fluid conduit member is in fluid communication with the suction tube. The 

pliable membrane can comprise a tubular membrane. The tubular membrane can comprise an 

upper portion and a lower portion. The lower portion is closer than the upper portion to the first 

retention ring. A first fluid conduit member can be in fluid communication with the upper 

portion, and a second fluid conduit member can be in fluid communication with the lower 

portion.  

[0028] In certain embodiments, the first retention ring and the second retention ring 

are circular. The surgical access system comprises a third retention ring in several embodiments.  

The surgical access system can also comprise a fourth retention ring.  

[0029] In various embodiments, a method for retracting tissue and providing fluid to 

a surgical site in a body during a surgical procedure comprises advancing a first retention ring 

into the body through an incision in a collapsed configuration and placing a second retention ring 

outside the body, wherein the second retention ring is coupled to the first retention ring by a 

pliable membrane. The method can also include retracting the tissue using the pliable membrane 

and introducing the fluid into a fluid delivery inlet coupled to the pliable membrane such that the 

fluid exits the pliable membrane through at least one opening in the pliable membrane. The 

method can also include suctioning the fluid into the pliable membrane and removing the fluid 

from the body.  

[0030] In several embodiments, a fluid conduit member is coupled to the first 

retention ring and the method comprises suctioning the fluid into the fluid conduit member and 

removing the fluid from the body. The fluid can comprise an antibiotic fluid. The fluid can also 

comprise a saline solution.  
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[0031] In some embodiments, the method comprises expanding the second retention 

ring whereby expanding the second retention ring causes the pliable membrane to retract the 

tissue around the incision. The second retention ring can comprise at least four linkages 

pivotably coupled to one another. Expanding the second retention ring can comprise pivoting the 

at least four linkages relative to each other. In various embodiments, a wire is spirally wound 

around the pliable membrane and the retracting the tissue comprises pulling the wire. In some 

embodiments, retracting the tissue comprises inflating at least a portion of the pliable membrane.  

[0032] In multiple embodiments, a surgical access device that is adapted to 

facilitate access to a surgical site through an incision in a patient's body comprises a first a first 

retention member, an expandable second retention member, and a pliable membrane. The 

expandable second retention member can have a collapsed configuration and an expanded 

configuration. The pliable membrane can have a first end, a second end, an inner layer and an 

outer layer. The first end can be coupled to the first retention member, and the second end can be 

coupled to the second retention member. The inner layer and the outer layer form a space there 

between that carries a fluid. In these embodiments, when the pliable membrane expands radially 

outward, it engages and expands the incision when the second retention member is actuated into 

the expanded configuration.  

[0033] Some embodiments include a pliable membrane that has a hydrophilic 

coating disposed thereon, and the hydrophilic coating helps disperse the fluid along the 

membrane. One or more channels may be disposed on a surface of the pliable membrane such as 

the membrane's outer surface. The channels may direct the fluid along the pliable membrane.  

The fluid may be delivered from the channels to tissue in the surgical site that is adjacent the 

pliable membrane.  

[0034] In several embodiments, the inner layer and outer layer of the pliable 

membrane may be coupled together with a plurality of joined locations there between and this 

may prevent separation of the layers from one another. The joined locations may form a plurality 

of chambers in the space, and the fluid may flow into and out of a chamber without passing into 

another chamber. The pliable membrane may comprise a plurality of perforations, and the fluid 

may exit the space via the plurality of perforations. The plurality of perforations may comprise a 

first and a second perforation. The first perforation may be fluidly disposed along a first fluid 
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path through the pliable membrane, and a second perforation may be fluidly disposed along a 

second fluid path in the pliable membrane. The first fluid path may be fluidly independent of the 

second fluid path.  

[0035] The access device may further comprise a fluid delivery member such as one 

or more tubes, that is fluidly coupled with the space. A porous material may be disposed in the 

space between the layers. The device may also comprise a plurality of fluid flow channels that 

are disposed along the pliable membrane. The fluid flow along the fluid flow channels may be 

selectively controllable. The fluid flow channels may be coupled to a vacuum source, and the 

fluid may be removed from the surgical site via the plurality of fluid flow channels when suction 

or a vacuum is applied.  

[0036] Certain embodiments include a surgical access device adapted to facilitate 

access to a surgical site within a body of a patient through an incision in the body. The surgical 

access device can include a first retention member and a second retention member. The second 

retention member can be configured to expand from a collapsed configuration to an expanded 

configuration. The second retention member can include at least four linkages pivotably coupled 

to one another such that actuation of the linkages causes the linkages to pivot relative to one 

another thereby radially expanding or collapsing the second retention member. The surgical 

access device can also include a pliable membrane extending between the first retention member 

and the second retention member. The pliable membrane can be configured to engage and 

expand the incision to facilitate access to the surgical site when the second retention member is 

in the expanded configuration.  

[0037] In several embodiments, the second retention member is an expandable 

retention ring and the linkages are pivotably coupled together in a closed shape. The first 

retention member can be a closed and deformable retention ring. The first retention member can 

also be a closed and expandable retention ring. The second retention member can include a 

locking mechanism configured to selectively maintain the second retention member in the 

expanded configuration. The locking mechanism can comprise ratchet teeth on the second 

retention member configured to selectively maintain the expanded configuration. The locking 

mechanism can comprise a ratchet pawl on the second retention member configured to 

selectively maintain the second retention member in the expanded configuration by engaging at 
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least a portion of the ratchet teeth with the ratchet pawl. Several surgical access device 

embodiments comprise a release mechanism configured to disengage the ratchet pawl from the 

ratchet teeth to enable the second retention member to return to the collapsed configuration from 

the expanded configuration. Some embodiments include a user interface button operatively 

coupled to at least one of the ratchet teeth or to the ratchet pawl, wherein actuation of the user 

interface button disengages the ratchet pawl from the ratchet teeth to enable the second retention 

member to return to the collapsed configuration from the expanded configuration.  

[0038] In select embodiments, the locking mechanism comprises an indentation and a 

protrusion. The protrusion can be received in the indentation to selectively lock the second 

retention member in the expanded configuration.  

[0039] The pliable membrane can include a tubular membrane that comprises a first 

end and a second end. The first end can be coupled to the first retention member and the second 

end can be coupled to the second retention member.  

[0040] In several embodiments, the first retention member is sized for advancement 

through the incision into the body. The second retention member can be configured for 

placement outside the body.  

[0041] In at least one embodiment, a surgical access device comprises a first retention 

member and a second retention member having a collapsed configuration and an expanded 

configuration. The second retention member can comprise at least three linkages pivotably 

coupled to one another such that expanding the second retention member causes the linkages to 

pivot relative to each other. The surgical access device can also include a pliable membrane 

extending between the first retention member and the second retention member. The pliable 

membrane can be configured to engage and expand the incision to facilitate access to the surgical 

site when the second retention member is in the expanded configuration.  

[0042] In some embodiments, the second retention member is biased (e.g., spring 

loaded) towards the expanded configuration. In other embodiments, the second retention 

member is biased (e.g., spring loaded) towards the collapsed configuration. In some 

embodiments, each retention member is a retention ring that is noncircular.  

[0043] Multiple embodiments include a first retention member and an expandable 

retention member having an expanded configuration and a collapsed configuration. The 
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expandable retention member can comprise at least four linkages pivotably coupled to one 

another to form a closed shape, wherein actuation of the linkages causes the linkages to pivot 

relative to each other thereby expanding the expandable retention member. The embodiments 

can also include a pliable membrane extending between the first retention member and the 

expandable retention member, wherein the pliable membrane is adapted to engage tissue and the 

pliable membrane is configured to expand the incision to facilitate access to the surgical site 

when the expandable retention member is in the expanded configuration. Several embodiments 

comprise a radially expandable channel extending axially along the pliable membrane to 

provide access to the surgical site. Some embodiments include an expandable retention member 

that comprises at least ten linkages pivotably coupled to one another. Expandable retention 

members can include a living hinge that pivotably couples at least two of the linkages to one 

another.  

[0044] Select embodiments include a first retention member and a second retention 

member coupled to the first retention member by a connector. The connector can be a pliable 

membrane, a rigid connector, or any other suitable connector. The first retention member and the 

second retention member can be configured to expand the incision to provide access to the 

surgical site. The surgical access embodiment can also include a fluid delivery member coupled 

to the first retention member and a fluid delivery inlet in fluid communication with the fluid 

delivery member for introducing fluid into the surgical access system. The system can also 

include at least one opening in the fluid delivery member, wherein the at least one opening is in 

fluid communication with the fluid delivery inlet to allow the fluid introduced into the fluid 

delivery inlet to exit the surgical access system. Several embodiments also include a fluid 

removal member coupled with at least one of the first retention member, the second retention 

member, and the connector.  

[0045] Multiple surgical access embodiments include a first retention member 

configured for placement within the body at or near the surgical site, a second retention member 

configured for placement outside the body, and a pliable membrane extending between the first 

retention member and the second retention member. The embodiments can also include a fluid 

delivery inlet coupled with the pliable membrane for introducing fluid into the surgical access 

system and at least one opening in the pliable membrane, wherein the at least one opening is in 
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fluid communication with the fluid delivery inlet to allow the fluid introduced into the fluid 

delivery inlet to exit the surgical access system. The system can further include a fluid removal 

member coupled with at least one of the first retention member and the pliable membrane. The 

fluid removal member can comprise an outlet conduit coupled to a medical suction device.  

[0046] In several embodiments, the pliable membrane comprises a fluid-permeable 

material. The surgical access system can be configured to deliver the fluid from the fluid 

delivery inlet to the fluid-permeable material. The fluid-permeable material can be configured to 

deliver the fluid to the surgical site. The fluid-permeable material can be a porous medium. The 

pliable membrane can comprise a circumferential fluid dispersion member.  

[0047] The pliable membrane can include a fluid-permeable tube. The fluid

permeable tube can be disposed in a spiral direction around the pliable membrane and a wire can 

be disposed inside at least a portion of the fluid-permeable tube.  

[0048] Some embodiments include at least one flow regulator in fluid communication 

with the fluid delivery inlet. A fluid conduit member can be in fluid communication with the 

fluid delivery inlet. The fluid conduit member can be configured to be placed in fluid 

communication with a fluid source such as a saline bag. The first retention member and the 

second retention member are circular in several embodiments.  

[0049] Several embodiments include a first retention ring, a second retention ring, 

and a pliable membrane extending between the first retention ring and the second retention ring.  

The pliable membrane can comprise an inner wall and an outer wall, wherein the pliable 

membrane comprises a space between at least a portion of the inner wall and the outer wall. The 

space can be configured to enable fluid to pass through at least a portion of the pliable 

membrane. A fluid delivery inlet can be coupled with the pliable membrane for introducing the 

fluid into the surgical access system. The fluid delivery inlet can be in fluid communication with 

the space. There can be at least one opening in the pliable membrane, wherein the at least one 

opening is in fluid communication with the space to allow the fluid introduced into the fluid 

delivery inlet to pass through the space and then exit the surgical access system through the 

opening. A fluid removal member can be in fluid communication with the pliable membrane.  

The fluid removal member can comprise an outlet conduit coupled to a medical suction device.  
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[0050] Several embodiments include a method for retracting tissue of a surgical site 

of a body. The method can include inserting at least a portion of a surgical access device into an 

incision, wherein the surgical access device comprises a first retention member, a second 

retention member, a pliable membrane coupled between the first retention member and the 

second retention member, and a fluid delivery inlet configured to be placed in fluid 

communication with the pliable membrane. The method can also include advancing the first 

retention member into the body through the incision and placing the second retention member 

outside the body. Several embodiments include retracting the tissue using the pliable membrane 

and introducing fluid into the fluid delivery inlet such that the fluid exits the pliable membrane.  

[0051] Methods can also include suctioning at least a portion of the fluid into the 

surgical access device and removing the portion from the body. In select methods, a fluid 

conduit member is coupled to the first retention member, and the methods further comprise 

suctioning the fluid into the fluid conduit member and removing the fluid from the body. In 

some methods, the fluid is an antibiotic fluid, a saline solution, a diagnostic agent, or a 

therapeutic agent.  

[0052] Several method embodiments comprise expanding the second retention 

member, whereby expanding the second retention member causes the pliable membrane to retract 

the tissue around the incision. The second retention member can comprise at least four linkages 

pivotably coupled to one another, and expanding the second retention member can comprise 

pivoting the at least four linkages relative to each other. Expanding can comprise increasing the 

inner diameter of the second retention member. Some methods include a wire that is spirally 

wound around the pliable membrane and retracting the tissue comprises pulling the wire. In 

select methods, retracting the tissue comprises inflating at least a portion of the pliable 

membrane.  

[0053] Several method embodiments for retracting tissue of a surgical site of a body 

comprise inserting at least a portion of a surgical access device into an incision, wherein the 

surgical access device comprises a first retention member, a second retention member, a pliable 

membrane coupled between the first retention member and the second retention member, and a 

fluid removal conduit coupled to the first retention member. The method can further comprise 

advancing the first retention member into the body through the incision and placing the second 
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retention member outside the body. The method can also comprise retracting the tissue using the 

pliable membrane, suctioning a fluid into the surgical access device, and removing the fluid from 

the body. Some methods include introducing fluid into the surgical access device such that the 

fluid exits the pliable membrane. A suction device can be coupled to the fluid removal conduit.  

[0054] Multiple methods for retracting tissue of a surgical include inserting a 

retraction device into an incision, retracting tissue, introducing fluid into the retraction device, 

and forcing the fluid out of the retraction device into the surgical site. Forcing the fluid out of 

the retraction device can comprise creating sufficient pressure by positioning the fluid source 

sufficiently higher than the retraction device or surgical site such that gravity forces the fluid out 

of the retraction device. Forcing the fluid out of the retraction device can comprise forcing the 

fluid through a channel system that substantially circumscribes the retraction device. Forcing the 

fluid out of the retraction device can also include forcing the fluid through a porous material.  

Various methods also include suctioning the fluid from the surgical site into the retraction device 

and removing the fluid from the body. The retraction device can include an upper portion and a 

lower portion that are not in direct fluid communication, wherein forcing the fluid out of the 

retraction device comprises forcing the fluid out of the upper portion and suctioning the fluid 

from the surgical site comprises suctioning the fluid into the lower portion.  

[0055] These and other embodiments are described in further detail in the following 

description related to the appended drawing figures.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] Figure 1 is a diagrammatic illustration of an incision in a patient's body; 

[0057] Figure 2 is a diagrammatic illustration of the incision illustrated in Figure 1 

after the incision has been at least partially expanded; 

[0058] Figure 3 is a partial cross-sectional view of one embodiment of a surgical 

access device that is disposed in an incision and provides access to a surgical site; 

[0059] Figure 4 is a perspective view of an embodiment of a fluid irrigation system in 

the form of two rings connected by a flexible conduit comprising a plurality of walls; 

[0060] Figure 5 is a cross-sectional view of an inlet conduit, pliable membrane, and 

second retention ring, according to one embodiment; 
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[0061] Figure 6 is a cross-sectional view of a pliable membrane and first retention 

ring, according to one embodiment; 

[0062] Figure 7 is a cross-sectional view that illustrates how a surgical access device 

provides access through skin and subcutaneous fat in route to a target site, according to one 

embodiment; 

[0063] Figure 8 is a cross-sectional view that illustrates an embodiment that 

comprises a third retention ring; 

[0064] Figures 9a-9d illustrate top views of various retention ring embodiments with 

different shapes; 

[0065] Figure 10 is a cross-sectional view that illustrates a surgical access device 

wherein the fluid delivery member comprises a porous medium, according to one embodiment; 

[0066] Figure 11 is a cross-sectional view that illustrates a surgical access device 

wherein the fluid delivery member comprises a porous medium, according to one embodiment; 

[0067] Figure 12 is a cross-sectional view of an embodiment in which the fluid 

delivery member is located near the proximal end of a surgical access device; 

[0068] Figure 13 is a cross-sectional view of an embodiment in which the fluid 

delivery member is located near the distal end of a surgical access device; 

[0069] Figure 14 is a perspective view of an embodiment in which a pliable 

membrane comprises a tubular membrane and a routing tube with at least one lumen; 

[0070] Figures 15a-15c illustrate embodiments of holes, slits, and spiral slots in 

various routing tubes; 

[0071] Figure 16 is a side view that illustrates an example routing tube orientation 

angle, according to one embodiment; 

[0072] Figure 17 is a side view that illustrates another example routing tube 

embodiment wherein a tubular membrane has a substantially cylindrical shape; 

[0073] Figure 18 is a side view of an embodiment wherein a pliable membrane 

includes irrigation tubing; 

[0074] Figure 19 is a side view of an embodiment that comprises a flow controlling 

means such as a flow regulator; 
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[0075] Figure 20 is a side view of an embodiment configured to expand an incision 

by inflating chambers; 

[0076] Figure 21 is a perspective view of an embodiment configured to expand an 

incision by inflating chambers; 

[0077] Figure 22 is a side view of an embodiment wherein an expandable ring is 

configured to expand an incision; 

[0078] Figure 23 is a top view of an embodiment with an expandable ring in a 

collapsed configuration; 

[0079] Figure 24 is a top view of an embodiment with an expandable ring in an 

expanded configuration; 

[0080] Figure 25 is a bottom view of approximately half of an expandable ring 

embodiment; 

[0081] Figures 26-29 are flow charts illustrating exemplary method steps; 

[0082] Figure 30a is a top view of a portion of an expandable ring with non-living 

pivots and living hinges, according to one embodiment; 

[0083] Figure 30b is a top view of a portion of an expandable ring with living pivots 

and living hinges, according to one embodiment; 

[0084] Figure 31a is a top view of a completely expanded ring that is elliptical, 

according to one embodiment; 

[0085] Figure 31b is a top view of a completely collapsed ring that is elliptical, 

according to one embodiment; 

[0086] Figure 32 is a top view of a portion of an expandable ring with a locking 

mechanism, according to one embodiment; 

[0087] Figure 33 is a cross-sectional view of a torsion spring and torsion spring pin, 

according to one embodiment; 

[0088] Figure 34 is a top view of a portion of an expandable ring with a pivot lock, 

according to one embodiment; 

[0089] Figure 35 is a partial cross-sectional view of a pivot lock embodiment; 
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[0090] Figure 36 is a top view of a portion of an expandable ring with a torsion spring 

assembly that creates a torsional force that expands the expandable ring, according to one 

embodiment; 

[0091] Figures 37-38 are top views of a portion of an expandable ring with an elastic 

member, according to one embodiment; 

[0092] Figures 39-40 are top views of a retention member, according to one 

embodiment; 

[0093] Figure 41 is a top view of an embodiment with two retention members 

coupled by a connector; 

[0094] Figure 42 is a top view of an adapter member that connects to pivots, 

according to one embodiment; 

[0095] Figure 43 is a cross-sectional view of an interface between an adapter member 

and a pivot, according to one embodiment; 

[0096] Figure 44 is a side view of a surgical access device with channels, according 

to one embodiment; 

[0097] Figure 45 is a cross-sectional view of the embodiment shown in Figure 44; 

[0098] Figure 46 is a side view of a surgical access device with joined layers, 

according to one embodiment; 

[0099] Figure 47 is a cross-sectional view of the embodiment shown in Figure 46; 

[0100] Figure 48 is a side view of a surgical access device wherein a joined length 

generally isolates one perforation from another perforation, according to one embodiment; 

[0101] Figure 49 is a side view of another embodiment wherein joined lengths 

generally isolate one perforation from another perforation; 

[0102] Figure 50 is a side view of a surgical access device wherein a member is 

disposed inside a chamber to maintain the chamber's patency, according to one embodiment; 

[0103] Figure 51 is a side view of a surgical access device with selective fluid 

delivery, according to one embodiment; 

[0104] Figure 52 is a side view of a surgical access device with selective fluid 

removal, according to one embodiment; and 
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[0105] Figure 53 is a side view of a surgical access device wherein a member is 

disposed inside fluid removal chamber to maintain the chamber's patency, according to one 

embodiment.  

DETAILED DESCRIPTION 

[0106] Although certain embodiments and examples are disclosed below, inventive 

subject matter extends beyond the specifically disclosed embodiments to other alternative 

embodiments and/or uses, and to modifications and equivalents thereof. Thus, the scope of the 

claims appended hereto is not limited by any of the particular embodiments described below. For 

example, in any method or process disclosed herein, the acts or operations of the method or 

process may be performed in any suitable sequence and are not necessarily limited to any 

particular disclosed sequence. Various operations may be described as multiple discrete 

operations in turn, in a manner that may be helpful in understanding certain embodiments; 

however, the order of description should not be construed to imply that these operations are order 

dependent. Additionally, the structures, systems, and/or devices described herein may be 

embodied as integrated components or as separate components.  

[0107] For purposes of comparing various embodiments, certain aspects and 

advantages of these embodiments are described. Not necessarily all such aspects or advantages 

are achieved by any particular embodiment. Thus, for example, various embodiments may be 

carried out in a manner that achieves or optimizes one advantage or group of advantages as 

taught herein without necessarily achieving other aspects or advantages as may also be taught or 

suggested herein.  

[0108] Referring now to Figures 1-3, physicians incise a portion of a patient's body to 

facilitate access to a surgical site. For example, the surgical site may be deep within the patient's 

body such that the physician must incise and dissect through the patient's skin 2, subcutaneous 

tissue, and deep soft tissue (such as fascia and muscle) in order to reach an organ on which the 

physician needs to operate. Referring now to Figure 1, incisions 4 are typically too narrow to 

facilitate access to a surgical site. Surgical access devices 8a often expand the incision 4 to 

facilitate access to the surgical site. For example, surgical access devices 8a may be wound 

retractors that retract the tissue around the incision 4 such that the incision width 6 is larger after 
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the surgical access device 8a retracts the tissue than before the surgical access device 8a retracts 

the tissue. Figure 2 shows an example of an expanded incision, although expanded incisions 

may have a wide variety of shapes and sizes. In other embodiments, the surgical access device 

8a does not retract the tissue around the incision 4, but generally conforms to the shape of the 

incision 4 and generally takes the shape of the incised tissue from the skin to the surgical site.  

[0109] Figure 3 illustrates one embodiment of a surgical access device 8a that is 

disposed in an incision and provides access to a surgical site. Exemplary surgical access devices 

may include surgical retractors that retract the tissue around the incision 4 to form a wider 

incision width than the initial incision. Other exemplary surgical access devices do not retract 

tissue or make the incision wider, but deliver fluid to the surgical site and/or remove fluid from 

the surgical site. In Figure 3, the patient's body is shown as a cross section while the surgical 

access device 8a is not shown as a cross sectional view. The surgical access device 8a comprises 

an upper member 10 and a lower member 12. A sheath 14 extends between the upper member 

10 and the lower member 12. In an embodiment, the sheath 14 comprises a tubular membrane 

that is coupled to the upper member 10 and to the lower member 12. In select embodiments, the 

upper member 10 and the lower member 12 are retention rings. In other embodiments, the upper 

member 10 and the lower member 12 are other retention devices such as adhesive straps. A fluid 

delivery member 16 is coupled to the upper member 10 and a fluid conduit member 18 is 

placeable in fluid communication with the fluid delivery member 16. The fluid conduit 

member 18 can be a tube or catheter with one lumen or with multiple lumens. The fluid delivery 

member 16 can be a tube, a tube with holes, a sponge, a porous medium, and/or another suitable 

item that can delivery fluid. The sheath 14 can be a pliable membrane, a rigid membrane, or a 

tube of sufficient diameter to enable access to the surgical site. In one embodiment, the sheath 

14 is a plastic, conical tube that is sufficiently rigid to expand the incision. In some 

embodiments, the fluid conduit member 18 is an inlet conduit member.  

[0110] Figure 3 illustrates how the surgical access device 8a provides a path through 

the skin 2, subcutaneous fat 20, and muscle 22 to facilitate access to an organ 24 on which the 

physician needs to operate. Fluid can flow through the fluid conduit member 18 to the fluid 

delivery member 16, which delivers the fluid to one or more parts of the surgical site including, 

but not limited to, the skin 2, subcutaneous fat 20, muscle 22, and organs 24. The fluid may be 
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comprised of, but is not limited to, saline solution, water, antibiotic solution, solution containing 

a dye, solution containing radioactive particles, solution containing fluorescent particles, solution 

containing nanoparticles, solution containing narcotic agents, solution containing analgesic 

agents, diagnostic agents, therapeutic agents, and/or solution containing immunotherapeutic 

agents. Some embodiments irrigate with gels and/or pastes. Some embodiments deliver heated 

fluids that are above room temperature. For example, fluids may be heated using a Level 1@ H

1200 Fast Flow Fluid Warmer manufactured by Smiths Medical (Dublin, OH). Other 

embodiments deliver cold fluids that are below room temperature.  

[0111] As is explained in greater detail below, surgical access devices can comprise a 

tissue barrier such as a sheath, a flexible conduit, or a pliable membrane. Tissue barriers can 

come in diverse shapes, sizes, and materials. In some embodiments, a purpose of a tissue barrier 

is to help irrigate the surgical site by increasing the probability of the irrigating fluid, paste, gel, 

or substance of being in contact with the desired portions of the surgical site. In some 

embodiments, a purpose of the tissue barrier is to help retract the tissue.  

[0112] Figure 4 illustrates an embodiment of a fluid irrigation system in the form of 

two rings connected by a flexible conduit comprising a plurality of walls. The fluid delivery 

member 16 comprises a pliable membrane 34 with perforations 36. The perforations 36 can be 

arranged in any suitable manner. In one embodiment, the perforations 36 are evenly spaced apart 

to irrigate the entire surgical site. In another embodiment, the perforations 36 are generally 

clustered towards the second retention ring 32 such that the fluid drips down the walls of the 

surgical site. The perforations 36 make the pliable membrane 34 a fluid-permeable material.  

Not all of the perforations 36 in Figure 4 are labeled in order to make the illustration less 

cluttered and easier to see. The perforations 36 are illustrated as small, black dots in Figure 4.  

The plurality of walls can be heat sealed together in select portions.  

[0113] The pliable membrane 34 can be any tissue barrier that is at least partially 

flexible or is at least partially conformable under normal tissue retracting conditions. Pliable 

membranes 34 can come in many shapes and thicknesses. In one embodiment, the pliable 

membrane 34 is one inch thick. In other embodiments, the pliable membrane 34 is less than 0.01 

inch thick. In some embodiments, the pliable membrane 34 forms a tube. In other embodiments, 

the pliable membrane 34 is not tubular, but is shaped like a flat sheet.  
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[0114] In some embodiments, the pliable membrane 34 includes seals to prevent 

billowing of the structure. Preventing billowing helps provide reliable access to the surgical site.  

[0115] In this embodiment, the surgical access device 8b comprises a first retention 

ring 30 that is coupled to a second retention ring 32 by a flexible conduit or pliable 

membrane 34. In the illustrated embodiment, the pliable membrane 34 is a tubular membrane, 

the first retention ring 30 is circular, and the second retention ring 32 is circular. Tubular 

membranes can have many cross sectional shapes including, but not limited to, cross sections 

that are square, diamond, parallelogram, rectangular, triangular, pentagonal, hexagonal, and 

elliptical.  

[0116] The second retention ring can be attached to a frame such as a Bookwalter 

retractor made by Codman & Shurtleff, Inc. (a Johnson & Johnson company). Attaching the 

second retention ring to a frame can provide the mechanical rigidity necessary in some 

embodiments to expand the incision.  

[0117] In some embodiments, the pliable membrane 34 includes at least two 

perforations 36 or holes. The perforations may have many shapes including, but not limited to, 

round, triangular, and rectangular. In some embodiments, the perforations are different sizes.  

For example, the perforations 36 located within one inch of the second retention ring 32 may be 

25 to 200% larger in cross-sectional area than the perforations 36 located 1.5 to 10 inches from 

the second retention ring 32 to provide a more even flow or to provide a biased flow. In one 

embodiment, the pliable membrane has at least ten perforations 36 but less than 125 perforations 

36. In another embodiment, the pliable membrane 34 has at least 125 perforations 36 but less 

than 500 perforations 36. The perforations may be located in a sinusoidal pattern, a zigzag 

pattern, or in a straight line.  

[0118] The interior surface of the pliable membrane 34 permits access to the surgical 

field with the hand or other instruments (e.g., robots, laparoscopic instruments, retractors, tissue 

sealing devices). The illustrated embodiment comprises a fluid source 44, which may be a bag or 

container that holds a fluid. An inlet conduit 40 places at least a portion of the surgical access 

device 8b in fluid communication with the fluid source 44. The inlet conduit 40 may be an inlet 

tube. An outlet conduit 42 is in fluid communication with at least a portion of the surgical access 

device 8b. The outlet conduit 42 may be an outlet tube.  
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[0119] In one embodiment, the second retention ring 32 comprises an inlet conduit 

such as a fluid delivery inlet 46. Gravity can typically drive the fluid through the system, 

although some embodiments utilize a pump or other pressure source. In one embodiment, an 

outlet conduit of the first retention ring 30 is in fluid communication with the inlet conduit 40 via 

space formed between two generally concentric flexible walls.  

[0120] Figure 5 provides a cross-sectional view through the inlet conduit 40, pliable 

membrane 34, and second retention ring 32. Fluid 48 entering the second retention ring 32 by 

means of the inlet conduit 40 is directed between an inner wall 50 and an outer wall 52 of the 

pliable membrane 34. The outer wall 52, which is configured to be in contact with tissue in the 

wound, comprises a plurality of perforations 36 configured to deliver at least a portion of the 

fluid 48 to the tissue in or near the surgical site. In this manner, fluid, such as antibiotic fluid, 

saline solution, or other fluid, is delivered to wound tissues. In various embodiments, the 

perforations are less than 0.25 mm, between 0.15 mm and 0.35 mm, between 0.25 mm and 

0.50 mm, or between 0.5 mm and 1.5 mm. The space 62 between the inner wall 50 and the outer 

wall 52 enables fluid to pass between at least a portion of the inner wall 50 and the outer wall 52.  

Thus, the fluid can travel in the space 62 through at least a portion of the pliable membrane 34 

before the fluid exits the surgical access system. In one embodiment, the space 62 is filled with a 

porous material and the inner wall 50 and the outer wall 52 are nonporous materials.  

[0121] Select embodiments include a pliable membrane 34 with a coating. In order to 

enhance the ability of the surgical access device 8c to deliver fluid to the surgical access site 

including, but not limited to skin 2, subcutaneous fat 20, muscle 22, and organs 24, the pliable 

membrane 34 can be provided with a hydrophilic coating, such as the Hydak@ hydrophilic 

coating provided by Biocoat, Inc., to encourage fluid dispersion along its surface. The coating 

can be applied to one or both sides of outer wall 52. The coating can also be applied to the inner 

wall 50. A coating on a surface that defines the boundary of the space 62 can enhance fluid 

dispersion throughout the space 62. Enhanced fluid dispersion can increase the number of the 

perforations 36 through which fluid flows to irrigate the surgical site. The coating on an outer 

surface of the outer wall 52 can enhance the fluid dispersion along the exterior of the surgical 

access device 8c and, therefore, enhance the fluid delivery to the surgical access site.  
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[0122] In one embodiment, the fluid 48 has at least three flow stages. In a first flow 

stage 54, the fluid 48 flows through the inlet conduit 48. In a second flow stage 56, a least a 

portion of the fluid 48 flows between the inner wall 50 and the outer wall 52. In a third flow 

stage 58, at least a portion of the fluid 48 flows through the perforations 36 in route to surgical 

site tissue. Another embodiment includes a fourth flow stage 60, in which at least a portion of 

the fluid 48 flows past the perforations 36 in route to more distally located perforations and/or to 

other features that are located closer than the perforations 36 to the first retention ring 30.  

[0123] In another embodiment, the inlet conduit 40 is not in fluid communication 

with the second retention ring 32, but the inlet conduit 40 is in fluid communication with the 

pliable membrane 34.  

[0124] Figure 6 provides a cross-sectional view through the pliable membrane 34 and 

first retention ring 30. In an embodiment, the first retention ring 30 comprises a hollow ring 64 

and a fluid removal conduit 68 is in fluid communication with the hollow ring 64. The fluid 

removal conduit 68 may be placed in fluid communication with the outlet conduit 42, which may 

be connected to a medical suction device 72 (see Figure 4), pump, or vacuum such that the outlet 

conduit 42 is a suction tube. The medical suction device 72 creates a pressure that is lower than 

atmospheric pressure to remove fluid from the surgical site. The fluid removal conduit 68 may 

be a tube, a channel, or any other suitable conduit.  

[0125] The first retention ring 30 may include a ring opening 70 into which the 

medical suction device 72 may suck fluid 48 (not shown in Figure 6) or bodily fluids from the 

surgical site. The first retention ring 30 may be configured to collect fluid from the wound for 

drainage purposes. In another embodiment, the pliable membrane 34 is configured to collect 

fluid from the wound for drainage purposes. For example, the pliable membrane 34 may have 

pores or perforations that are in fluid communication with the medical suction device 72. Thus, 

the system can remove fluid by pulling the fluid into the pliable membrane and out the outlet 

conduit 42.  

[0126] In one embodiment, at least a portion of the inner wall 50 and at least a 

portion of the outer wall 52 are fused together near the distal end of the pliable membrane 34.  

This embodiment may prevent direct fluid flow from the inlet conduit 40 to the outlet conduit 42 
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by forcing the fluid 48 to flow out of the surgical access device 8b before going back into the 

surgical access device 8b for removal from the patient's body.  

[0127] In another embodiment, the fluid flow comprises two stages. In the flow exit 

stage 74, the fluid 48 exits the surgical access device 8b and irrigates at least a portion of the 

surgical site. In the flow removal stage 76, the fluid 48 and bodily fluid are drawn into the 

surgical access device 8b, travel generally proximally in the fluid removal conduit 68, and are 

removed from the patient's body.  

[0128] Figure 7 illustrates how a surgical access device 8c provides access through 

skin 2 and subcutaneous fat 20 in route to a target site 80. The target site 80 can be any site on 

which the physician desires to operate. In this embodiment, the outlet conduit 42 is coupled to a 

distal portion of the surgical access device 8c. The distal portion to which the outlet conduit 42 

is coupled may be the first retention ring 30 or may be a distal portion of a sheath 82.  

[0129] In an embodiment, the sheath 82 is a pliable membrane. In another 

embodiment, the sheath is not a pliable membrane. The fluid 48 (not shown) may enter the fluid 

delivery inlet 46, exit the sheath 82, and irrigate the wound. The surgical access device 8c may 

irrigate any tissue, including but not limited to skin, subcutaneous tissue, subcutaneous fat, 

fascia, muscle, organs, or any other part of the patient's body. After irrigating the wound, fluid 

collected in the surgical site may be removed through the outlet conduit 42.  

[0130] In another embodiment, the sheath 82 includes an inner wall 50 and an outer 

wall 52. In another embodiment, the sheath is made of a single material such as a sponge. In 

various embodiments, the sponge material is Rayon@, polyester, or cotton.  

[0131] Figure 8 illustrates an embodiment which comprises a third retention ring 84.  

In one embodiment, the third retention ring 84 is coupled to the sheath 82 and is part of a surgical 

access device 8d. In this embodiment, the first retention ring 30 is used to remove fluid. In 

another embodiment, the third retention ring 84 is used to remove fluid. A tissue barrier 86 

generally holds the incision 4 open to provide surgical access. The tissue barrier 86 may be 

plastic, rubber, metal, or any other suitable material. In one embodiment, the tissue barrier is 

titanium. In various embodiments, the tissue barrier is polytetrafluoroethylene (PTFE), expanded 

polytetrafluoroethylene (ePTFE), polyurethane, or medical-grade silicone.  
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[0132] Although Figure 4 illustrates circular retention rings, retention rings can be 

many diverse shapes. For example, Figures 9a-9d illustrate various retention ring embodiments 

that can be coupled to pliable membranes, sheaths, and tissue barriers. The retention ring 

embodiments illustrated in Figures 9a-9d are examples of closed shapes. Figure 9a illustrates a 

star-shaped retention ring 90. Figure 9b illustrates a diamond-shaped retention ring 92.  

Figure 9c illustrates a cross-shaped retention ring 94. Figure 9d illustrates an elliptical retention 

ring 96. A surgical access system can have retention rings with different shapes. For example, a 

surgical access system can have a circular retention ring and a square retention ring. Any of the 

embodiments described herein may employ any of the shapes in Figures 9a-9d.  

[0133] Figure 10 illustrates a surgical access device 8e wherein the fluid delivery 

member 16 comprises a porous medium 100. The porous medium 100 is an example of a fluid

permeable material. The porous medium 100 can be any material with pores large enough that 

liquid water can pass through the material with an input pressure equal to a one meter column of 

water in normal atmospheric conditions at room temperature. The porous medium 100 can also 

be any material through which liquid water can be pumped. In various embodiments, the porous 

medium is a sponge. In the embodiment illustrated in Figure 10, the pliable membrane 

comprises a sheath 82 and a porous medium 100. The porous medium 100 is located on the 

exterior of the surgical access device 8e to enable the porous medium 100 to touch tissue in the 

surgical site. The sheath 82 lines the interior of a surgical access channel. In another 

embodiment, a substantial portion of the pliable membrane consists of a porous medium and the 

pliable membrane does not necessarily comprise a sheath or additional tissue barrier.  

[0134] Several embodiments of surgical access devices reduce SSI by irrigating the 

surgical site with a fluid that reduces infection. Irrigation can be directed to the surgical site such 

that fluid contacts the tissue in a way that makes an infection less likely.  

[0135] Fluid 48 may flow to the surgical access device 8e via the inlet conduit 40, 

which may be in fluid communication with a fluid reservoir such as a bag or syringe that contains 

fluid. The inlet conduit 40 may be a tube that is coupled to a fluid delivery inlet port 102. The 

inlet port fluidly couples the inlet conduit 40 to the surgical access device 8e. In the embodiment 

illustrated in Figure 10, the inlet conduit 40 is in fluid communication with a pliable membrane.  

The inlet port 102 fluidly couples the inlet conduit 40 to the porous medium 100.  
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[0136] The outlet conduit 42 is in fluid communication with the porous 

membrane 100 such that fluids flow from the surgical site into the porous medium 100 and out of 

the patient through the outlet conduit 42, which may be a rubber tube or a flexible plastic tube.  

In various embodiments, the inlet conduit 40 and the outlet conduit 42 are detachable from the 

surgical access device 8e.  

[0137] As illustrated in Figure 10, the pliable membrane comprises a tubular 

membrane. The tubular membrane comprises an upper portion 104 and a lower portion 106.  

The lower portion 106 is closer than the upper portion 104 to the first retention ring 30. A first 

fluid conduit member, illustrated as inlet conduit 40, is in fluid communication with the upper 

portion 104. A second fluid conduit member, illustrated as outlet conduit 42, is in fluid 

communication with the lower portion 106. In one embodiment, the upper portion 104 is not in 

direct fluid communication with the lower portion 106 such that fluid from the first fluid conduit 

cannot flow to the second fluid conduit without exiting the surgical access device and then 

reentering the surgical access device. The user forces the fluid out of the upper portion 104 into 

the surgical site by applying sufficient pressure to the fluid such that the fluid flows out of the 

upper portion 104 and into the surgical site. In many embodiments, gravity provides sufficient 

pressure to cause the fluid to flow into the surgical site.  

[0138] In another embodiment, the upper portion 104 is not in substantially direct 

fluid communication with the lower portion 106 such that the majority of fluid from the first 

fluid conduit cannot flow to the second fluid conduit without exiting the surgical access device 

and then reentering the surgical access device.  

[0139] Figure 11 illustrates an embodiment of a surgical access device 8f. A porous 

medium 100, such as a diffusion sponge or foam, prophylactically doses the subcutaneous tissue 

in antibiotic solution to defend against microbial invasion both during surgery and after surgery.  

The porous medium 100 can be open cell foam. Fluid may be fed into the surgical access 

device 8f via gravity. A circumferential infusion channel system 112 is embedded within the 

porous medium to enable uniform perfusion rates. The channel system 112 may include multiple 

channels that together provide the necessary fluid pathways. For example, one channel may wrap 

180 degrees around the perimeter and another channel may wrap another 180 degrees around the 

perimeter such that together the channels form a system that wraps all the way around the 
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perimeter. A circumferential vacuum channel 114 is placed in fluid communication with a 

suction tube 110. The suction tube 110 is connected to medical suction to remove fluid from the 

surgical site. In another embodiment, the suction tube 110 is fluidly coupled to a surgical access 

device that does not have a circumferential suction channel 114.  

[0140] The circumferential suction channel 114 may be located proximally to the first 

retention ring 30 and distally to the circumferential infusion channel system 112. This 

configuration allows gravity to generally pull fluid from the inlet conduit 40 to the suction tube 

110. In various embodiments, the fluid removal means is located near the distal end of a surgical 

access device to reduce instances of unwanted fluid pooling in the surgical site.  

[0141] In several embodiments, the fluid removal system is positioned in a manner 

that is highly effective at removing unwanted fluid, which can increase surgical site visibility.  

Increasing surgical site visibility can improve patient outcomes by enabling more precise surgery 

and can reduce procedure times, which can lower the probability of SSI.  

[0142] In another embodiment, a surgical access device comprises a first retention 

ring, a second retention ring, and a porous medium that extends between the first retention ring 

and the second retention ring. The porous medium is impregnated or soaked with chemical or 

biological means to prevent infection before the porous medium is inserted into the surgical site.  

[0143] Figure 12 illustrates an embodiment in which the fluid delivery member 16 is 

located near the proximal end of a surgical access device 8g. This configuration uses gravity to 

distribute fluid down through the surgical site. For example, fluid that exits the fluid delivery 

member 16 in the subcutaneous fat layer could drip down to a target site, such as an abdominal 

cavity. In one embodiment, the fluid delivery member 16 is connected to the second retention 

ring 32. In another embodiment, the fluid delivery member 16 is integrated into the second 

retention ring 32.  

[0144] The fluid delivery member 16 in Figure 12 is a circumferential fluid 

dispersion ring. A circumferential fluid dispersion ring may wrap around a portion of the 

surgical access device 8g and may be located on the surgical access device 8g such that is does 

not rely on gravity to distribute fluid to the surgical site.  

[0145] Figure 13 illustrates an embodiment in which the fluid delivery member 16 is 

located near the distal end of a surgical access device 8h. This embodiment can be used to 
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remove fluid through the fluid delivery member 16. For example, the inlet conduit 40 can be 

placed in fluid communication with the fluid delivery member 16 and a medical suction 

device 72 (see Figure 4). Thus, the medical suction device 72 can suck fluid from the surgical 

site into the fluid delivery member 16, through the inlet conduit 40, and out of the patient's body.  

In one embodiment, a surgical access device removes fluid from the surgical site, but does not 

irrigate the surgical site.  

[0146] In various embodiments, the fluid delivery member 16 is placed within 

10 mm, 20 mm, 30 mm, or 50 mm of the distal end of the surgical access device 8h. The fluid 

delivery member 16 may be a foam or sponge. In one embodiment, the fluid delivery member 16 

is connected to the first retention ring 30. In another embodiment, the fluid delivery member 16 

is integrated into the first retention ring 30.  

[0147] Figure 14 illustrates an embodiment in which the pliable membrane 34 

comprises a tubular membrane 120 and a routing tube 122 with at least one lumen. The routing 

tube 122 is disposed in a spiral direction around the tubular membrane 120. The tubular 

membrane 120 comprises a first end 120a and a second end 120b. The first end 120a is coupled 

to the first retention ring 30. The second end 120b is coupled to the second retention ring 32.  

The routing tube 122 may be adhesively bonded to the tubular membrane 120. In one 

embodiment, the routing tube 122 is chemically bonded to the tubular membrane 120.  

[0148] In another embodiment, the routing tube 122 is disposed in a helical direction 

around the tubular membrane 120. For the purposes of this application, spiral directions include 

helical directions.  

[0149] The surgical access system 8i illustrated in Figure 14 comprises a wire 124 

disposed inside at least a portion of the routing tube. The surgical access device 8i may have an 

anchor 126 or point at which the wire 124 is anchored to the surgical access device 8i. The 

wire 124 is generally slideably disposed inside the routing tube 122 except for at one or more 

anchor points or attachment points. In one embodiment, the wire 124 is anchored near its distal 

end. Pulling on the proximal end of the wire 124 imparts a straightening force on the generally 

curved routing tube 122. Thus, pulling the wire causes the tissue to retract around the incision by 

increasing the rigidity of the tubular membrane 120. The pliable membrane 34 may be a 

polyurethane sheath that acts as a barrier to tissue in the surgical site.  
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[0150] The routing tube 122 illustrated in Figure 14 is permeable to enable the fluid 

48 to exit the routing tube 122 and irrigate the wound. The routing tube 122 may be permeable 

because it comprises perforations, which may include many different shapes such as holes 130, 

slits 132, and spiral slots 134. Figures 15a-15c illustrate embodiments of holes 130, slits 132, 

and spiral slots 134. Thus, the routing tube 122 is a type of fluid-permeable tube. Other types of 

fluid-permeable tubes are not configured to enable a wire to be slideably disposed inside the 

tubes.  

[0151] Figure 16 illustrates the routing tube orientation angle 140, which helps define 

the spiral direction in which the wire 124 wraps around the tubular membrane 120 relative to the 

longitudinal axis of the surgical access device 8i. The routing tube orientation angle 140 can be 

any angle between 90 degrees and -90 degrees. In various embodiments, the routing tube 

orientation angle 140 is between 90 degrees and 60 degrees, between 70 degrees and 50 degrees, 

and between 35 degrees and 55 degrees. Other embodiments include the negative versions of the 

previously described ranges.  

[0152] Figure 17 illustrates another embodiment with a routing tube orientation 

angle 140. In this embodiment, the tubular membrane 120 has a substantially cylindrical shape.  

[0153] Figure 18 illustrates an embodiment wherein the pliable membrane 34 

includes irrigation tubing 144. The inlet conduit 40 is in fluid communication with the irrigation 

tubing 144 such that the fluid 48 flows though the inlet conduit 40, into the irrigation tubing 144, 

and out into the surgical site. In various embodiments, the irrigation tubes 144 are generally 

formed in an undulating pattern with portions that are generally vertical.  

[0154] Figure 19 illustrates an embodiment wherein the fluid delivery member 16 

comprises a tubing having a lumen 146 with holes 148. The lumen holes 148 are configured to 

deliver fluid to the surgical site.  

[0155] Figure 19 also illustrates an embodiment that comprises a flow controlling 

means such as a flow regulator 150. A flow controlling means can optionally be placed within 

the inlet flow system to limit the flow rate into the surgical access device 8k. A flow controlling 

means can optionally be placed within the outlet flow system to limit the flow rate out of the 

surgical access device 8k. Additionally, the flow controlling means can be integrated with a fluid 

conduit connector or integrated into a portion of the surgical access device 8k.  
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[0156] The flow regulator 150 can contain a means of regulating pressure and/or flow 

rate into the device. Optionally, the regulation means can be a pressure-reducing element, such 

as a high flow resistance member. Optionally, the regulation means can establish a pressure 

threshold to substantially ensure sufficient pressure exists to establish the fluid flow. The 

regulation means can be comprised of a one-way valve with a defined cracking pressure, a 

flapper valve, or a duckbill valve. Additionally, the flow controlling means assembly can 

incorporate a feedback element indicating to the user when fluid is flowing through the device.  

For example, the flow controlling means can include a spinning turbine indicator.  

[0157] Figures 20 and 21 illustrate another means to expand the incision to facilitate 

access to a surgical site within a patient's body. The surgical access device 8L comprises a first 

retention ring 30, a second retention ring 32, and a pliable membrane 34 extending between the 

first retention ring 30 and the second retention ring 32. The pliable membrane 34 is configured 

to expand the incision by inflating with a liquid or a gas. The pliable membrane 34 comprises 

inflatable chambers 152, which are selectively placeable in fluid communication with a fluid 

source. Inflating the inflatable chambers 152 pushes the surgical site in an outward direction.  

Thus, the surgical access device 8L expands the incision.  

[0158] A high-pressure fluid source 156 (as shown in Figure 21) may be used to 

inflate the inflatable chambers 152. In one embodiment, the inflatable chambers 152 are inflated 

to 30 pounds per square inch. Inflation tubes 158 place the high-pressure fluid source 156 in 

fluid communication with the inflatable chambers 152. In one embodiment, at least some of the 

inflatable chambers 152 are approximately donut-shaped or hoop-shaped. In another 

embodiment, an inflatable chamber is helical or spherical. In one embodiment, the high-pressure 

fluid source is a pressurized CO2 cartridge.  

[0159] Figures 22-25 illustrate an expandable ring embodiment with at least ten 

linkages. In some embodiments, surgical access devices with an expandable ring enable wound 

irrigation, but do not expand the incision to enable surgical access. In other embodiments, 

surgical access devices with an expandable ring do not enable wound irrigation, but expand the 

incision to enable surgical access. In other embodiments, surgical access devices with an 

expandable ring enable wound irrigation and expand the incision to enable surgical access.  
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[0160] The embodiment illustrated in Figures 22-25 comprises a first retention 

ring 30, an expandable ring 160, and a pliable membrane 34 extending between the first retention 

ring 30 and the expandable retention ring 160. Figure 23 shows the expandable ring 160 in a 

collapsed configuration 160a. Figure 24 shows the expandable ring 160 in an expanded 

configuration 160b. Not all of the elements in Figure 24 are labeled in order to make the 

illustration less cluttered and easier to see. For example, not all of the pivots 164, which are 

represented by circles, are labeled. Some of the pivots 164 are hidden by linkages 162. Not all 

of the linkages 162 are labeled. The patient's skin 2 in Figures 23 and 24 is indicated by cross 

hatching. A central channel 78 extends through the center of the pliable membrane 34 to provide 

access to the surgical site, which is target site 80 in Figure 24.  

[0161] Several embodiments of systems with expandable retention rings reduce the 

need to use different retractor sizes in a single surgical site because the expandable retention ring 

can grow in diameter as the incision size increases. These embodiments sometimes eliminate the 

need to replace a first retractor with a second, larger retractor if the incision becomes larger.  

[0162] The collapsed configuration 160a is the configuration in which the expandable 

ring 160 has the smallest inner diameter 170. Configurations with an inner diameter 172 that is 

larger than the smallest inner diameter 170 are expanded configurations. In one embodiment, the 

inner diameter of the maximum expanded configuration is at least 50% larger than the inner 

diameter of the collapsed configuration 160a. In another embodiment, the inner diameter of the 

maximum expanded configuration is at least 100% larger than the inner diameter of the collapsed 

configuration 160a. In yet another embodiment, the inner diameter of the maximum expanded 

configuration is at least 200% larger than the inner diameter of the collapsed configuration 160a.  

In many embodiments, there are many expanded configurations with inner diameters that are 

smaller than the inner diameter of the maximum expanded configuration.  

[0163] In the illustrated embodiment, the expandable ring 160 is configured to 

expand from a collapsed configuration 160a to an expanded configuration 160b. The expandable 

ring 160 is an example of an expandable retention member. The expandable retention ring 160 

comprises at least four linkages 162 pivotably coupled to one another by pivots 162 such that 

expanding the expandable ring 160 causes the linkages 162 to pivot relative to each other. In 
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other embodiments, an expandable retention member comprises at least three linkages that may 

form in a "C" shape.  

[0164] Figure 24 shows the upper side of the expandable ring 160. Figure 25 shows 

approximately half of the lower side of the expandable ring 160. A pivot 164 may be formed by 

a pin on one link that is pivotably located inside a cylindrical hole of another link. Both 

Figure 24 and Figure 25 show pivot embodiments, although other expandable ring 160 

embodiments comprise other pivot styles, pivot locations, and pivot geometries.  

[0165] The first retention ring 30 and the second retention ring 32 may be made from 

rubber. In the embodiment illustrated in Figure 22, a first retention ring 30a is made from 85 

Shore A medical-grade rubber. This first retention ring 30a is deformable because a physician 

can squeeze the ring's otherwise circular shape into an elliptical shape or into another suitable 

shape to squeeze the ring into the incision in a collapsed configuration. Once the ring is in the 

desired location inside the patient's body, the physician can stop squeezing the ring to allow the 

ring to at least partially return to its initial shape. In this embodiment, the initial shape is circular.  

Thus, the ring would return to a generally circular shape or to a generally elliptical shape. A 

retention ring is deformable if a typical physician can substantially deform the retention ring to 

place the retention ring into an incision without breaking the retention ring. In several 

embodiments, the first retention ring 30 is not deformable.  

[0166] In an embodiment, the second retention ring 32 is made from 50 Shore D 

medical-grade plastic. In this embodiment, the second retention ring 32 is less flexible than the 

first retention ring 30 because the second retention ring 32 does not have to collapse or deform to 

enter the patient's body. In other embodiments, the second retention ring 32 collapses and/or 

deforms.  

[0167] In several embodiments, a pliable membrane is made from medical-grade 

silicone rubber. In some embodiments, the pliable membrane comprises a silicone tube with an 

inner diameter large enough to enable a physician's hand to pass through the inner diameter. In 

some embodiments, the pliable membrane may also include a plastic tube that spirals around the 

silicone tube.  

[0168] In other embodiments, the pliable membrane comprises polyethylene, 

polyurethane, or nylon. In one embodiment, the tubular membrane is made from polyethylene.  
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[0169] In any method or process disclosed herein, the acts or operations of the 

method or process may be performed in any suitable sequence and are not necessarily limited to 

any particular disclosed sequence. Moreover, the methods described herein include many 

optional steps and many optional step elements and portions. Many of the methods depicted in 

the Figures include alternative steps. Thus, method embodiments often do not include 

performing each step depicted in the Figures, but rather often include only a subset of the 

depicted steps.  

[0170] A method for retracting and providing fluid to tissue around an incision in a 

body during surgery may involve advancing a first retention ring into the body through the 

incision in a collapsed configuration and placing a second retention ring outside the body. The 

second retention ring may be coupled to the first retention ring by a pliable membrane. The 

pliable membrane may be configured to retract the tissue around the incision. The method may 

further involve retracting the tissue around the incision and introducing the fluid into a fluid 

delivery inlet coupled to the pliable membrane such that the fluid exits the pliable membrane 

through at least one opening in the pliable membrane.  

[0171] The method may additionally involve vacuuming or suctioning the fluid into 

the pliable membrane and removing the fluid from the body. Alternatively or additionally, a 

fluid conduit member may be coupled to the first retention ring and the method may involve 

vacuuming or suctioning the fluid into the fluid conduit member and removing the fluid from the 

body. The fluid may comprise an antibiotic fluid, a saline solution, any suitable irrigation fluid, 

any medicating fluid, or any other therapeutic fluid.  

[0172] The method may additionally involve expanding the second retention ring 

whereby expanding the second retention ring causes the pliable membrane to retract the tissue 

around the incision. In select embodiments, the second retention ring comprises at least four 

linkages pivotably coupled to one another and expanding the second retention ring comprises 

pivoting the at least four linkages relative to each other.  

[0173] In another embodiment, a wire is spirally or helically wound around the 

pliable membrane and retracting the tissue around the incision comprises pulling the wire.  

Pulling the wire alters the hoop strength of the pliable membrane, which retracts the tissue. In 

various configurations, pushing the wire increases the hoop strength, which retracts the tissue. In 
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such cases, a wire is spirally or helically wound around the pliable membrane and retracting the 

tissue around the incision comprises pushing the wire.  

[0174] In another embodiment, retracting the tissue around the incision involves 

inflating at least a portion of the pliable membrane. In one embodiment, inflatable air chambers 

inflate such that they become donut-shaped or such that they form a tube through which a 

physician can insert her hand to reach the target site. Fluids such as water and saline solution 

may be used to inflate the chambers. Gases may also be used to inflate the chambers. The 

membrane may be permeable to permit the inflating material to exit the membrane and be 

delivered to the tissue.  

[0175] Figure 26 illustrates an alternative method embodiment. Step 202 may 

include advancing a first retention ring into a body through an incision. Step 204 may involve 

placing a second retention ring outside the body. The second retention ring may be coupled to 

the first retention ring by a tissue barrier. The surgical access device may comprise the first 

retention ring, the second retention ring, and the tissue barrier. Step 206 may involve retracting 

the incision using at least a portion of the surgical access device. Step 208 may include 

introducing fluid into a fluid delivery inlet fluidly coupled to the surgical access device such that 

the fluid exits the surgical access device. Step 210 may include irrigating at least a portion of a 

surgical site with the fluid.  

[0176] Several other embodiments do not include irrigation or fluid removal. For 

example, Figure 27 illustrates an alternative method embodiment. As shown in Step 220, the 

method may include advancing a first retention ring into a body through an incision. As shown 

in Step 222, the method may also include placing a second retention ring outside the body. The 

second retention ring may be coupled to the first retention ring by a pliable membrane, a tubular 

member, a conical member, and/or by a tissue barrier. As shown in Step 224, the method may 

also include expanding the second retention ring, whereby expanding the second retention ring 

causes the pliable membrane to retract tissue around the incision. As shown in Step 226, the 

second retention ring may comprise at least four linkages. Expanding the second retention ring 

may comprise pivoting the at least four linkages relative to each other. In another embodiment, 

the second retention ring has at least three pivoting linkages. In yet another embodiment, the 
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second retention ring has at least ten pivoting linkages. In yet another embodiment, the second 

retention ring has at least nineteen pivoting linkages.  

[0177] Figure 28 illustrates many different method steps that may apply to various 

embodiments. Step 230 may include advancing a first retention ring into a body through an 

incision. Advancing the first retention ring through an incision may involve collapsing or 

deforming the first retention ring to enable the first retention ring to enter the incision. Step 232 

may include placing a second retention ring outside the body. The second retention ring may be 

coupled to the first retention ring by a pliable membrane. The pliable membrane may be 

configured to retract tissue around the incision.  

[0178] Step 234 may include retracting the tissue around the incision. Step 236 may 

include expanding the second retention ring, whereby expanding the second retention ring causes 

the pliable membrane to retract the tissue around the incision. The second retention ring may 

comprise at least four linkages, at least ten linkages, or at least nineteen linkages. Step 240 may 

include pivoting the linkages relative to each other to expand the second retention ring. Step 242 

may include retracting the tissue around the incision by pulling a wire or by pushing a wire. The 

wire may be spirally or helically wound around the pliable membrane. Step 244 may include 

retracting the tissue around the incision by inflating at least a portion of the pliable membrane to 

expand the outer diameter of the pliable membrane to push the tissue out of the way and to create 

an access channel through which the physician can insert a hand.  

[0179] Step 246 may include introducing fluid into a fluid delivery inlet coupled to 

the pliable membrane such that the fluid exits the pliable membrane through at least one opening 

in the pliable membrane. Other embodiments include at least six openings in the pliable 

membrane.  

[0180] Step 250 may include vacuuming or suctioning at least a portion of the fluid 

into the pliable membrane or into another part of the surgical access device. Another 

embodiment includes vacuuming or suctioning at least a portion of the fluid into the first 

retention ring. Yet another embodiment includes vacuuming or suctioning at least a portion of 

the fluid into the second retention ring.  
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[0181] Step 252 may include vacuuming or suctioning at least a portion of the fluid 

into a fluid conduit member that is coupled to a surgical access device. The surgical access 

device may comprise the first retention ring, the second retention ring, and the pliable membrane.  

[0182] Step 254 may include removing at least a portion of the fluid from the 

patient's body. For example, at least a portion of the irrigating solution and additional bodily 

fluid, such as blood, may be removed from the patient's body.  

[0183] Figure 29 illustrates various manufacturing and/or assembly steps that apply to 

various embodiments. Step 260 may include constructing a first retention ring. Step 262 may 

include constructing a second retention ring. Step 264 may include coupling the first retention 

ring to the second retention ring using a pliable membrane. In at least one embodiment, one end 

of a pliable membrane is coupled to a first retention ring and a second end of the pliable 

membrane is coupled to a second retention ring. In other embodiments, a retention ring is 

coupled to a portion of the pliable membrane that is between the first end and the second end.  

[0184] Step 266 may include coupling a fluid delivery conduit to the pliable 

membrane such that the fluid delivery conduit is capable of fluid communication with the pliable 

membrane. Step 270 may include fluidly coupling a fluid delivery conduit to the first retention 

ring such that the fluid delivery conduit is capable of fluid communication with the first retention 

ring. Step 272 may include fluidly coupling a fluid delivery conduit to the second retention ring 

such that the fluid delivery conduit is capable of fluid communication with the second retention 

ring.  

[0185] Step 274 may include coupling a fluid removal conduit to the pliable 

membrane such that the fluid removal conduit is capable of removing fluid from the pliable 

membrane. Step 276 may include coupling a fluid removal conduit to the first retention ring 

such that the fluid removal conduit is capable of removing fluid from the first retention ring.  

Step 280 may include coupling a vacuum or suction device to the fluid removal conduit.  

Step 282 may include coupling a fluid source to the fluid delivery conduit.  

[0186] Figures 24 and 25 illustrate an expandable ring embodiment that comprises 

pivots 164, which pivotably couple linkages 162. Other expandable ring 160 embodiments 

comprise other pivot styles, pivot locations, and pivot geometries. In several embodiments, 
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expandable rings do not use pivots, but instead use living hinges. Living hinges may pivotably 

couple linkages.  

[0187] In one embodiment, a second retention ring is configured to expand from a 

collapsed configuration to an expanded configuration. The second retention ring comprises at 

least four linkages pivotably coupled to one another by living hinges such that expanding the 

second retention ring causes the linkages to pivot relative to each other. In several embodiments, 

a first retention ring is configured to expand from a collapsed configuration to an expanded 

configuration. The first retention ring comprises at least four linkages pivotably coupled to one 

another by living hinges such that expanding the second retention ring causes the linkages to 

pivot relative to each other.  

[0188] In at least one embodiment, two sets of linkage chains having living hinges 

connecting each link are connected to each other by a pinned pivot joint. In one embodiment, a 

living hinge is made by a section of material that is thinner and more flexible than the adjoining 

sections of material that the living hinge connects.  

[0189] Figure 30a illustrates a section of an expandable ring embodiment with living 

hinges 300 and pivots 164. In this embodiment, both the living hinges 300 and the pivots 164 

help to pivotably couple the linkages 162. The linkages 162 are coupled by living hinges 300 

instead of being coupled solely by hinges comprising of one or more parts rotating about a 

bearing surface. One example of a bearing-surface, pivot design is a part rotating about a pin.  

The bearing surfaces may be the inner diameter of a cylindrical hole and the outer diameter of a 

pin. Bearing-surface pivots may be referred to as bearing surface hinges, pinned hinges, or pin 

joints. Potential advantages of living hinges may include reduced part count, less assembly 

complexity, and improved durability.  

[0190] In the embodiment illustrated in Figure 30a, each linkage subassembly is 

formed in a generally "zig-zag" shape. In other words, in several embodiments, the shape 

substantially shortens its overall length when its linkages 162 are brought together by bending the 

living hinges 300 that join the linkages 162 of the subassembly. The bending of the living hinges 

300 enables the linkages 162 to pivot relative to each other. This pivoting action is permitted by 

a region of substantially thinner material in the bending area. In one embodiment, the material 

used to create the linkages 162 has high fatigue resistance. Several embodiments use 
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polypropylene, polyethylene, or another suitable polyolefin. Other polymers may be used, and in 

some embodiments, metals may be used.  

[0191] The two linkage subassemblies can be pivotably joined by a pinned hinge joint 

or other suitable non-living hinge joint to enable the expanding ring design described previously.  

In Figure 30a, the subassemblies are pivotably joined by pivots 164.  

[0192] Various embodiments utilize injection molding, die cutting, water-jet cutting, 

wire electrical discharge machining, laser cutting, and etching to manufacture the linkages. In 

one embodiment, an expandable ring is manufactured by over-molding in a single-shot mold, 

with pin-hinge elements molded in place.  

[0193] Figure 30b illustrates a section of an expandable ring embodiment wherein all 

of the pivoting sections are living hinges 300 rather than traditional pin pivots. In this 

embodiment, living hinges 300 pivotably couple the linkages 162. Cylindrical hinges 302 couple 

intersecting linkages 162. Cylindrical hinges 302 are another type of living hinge that are 

essentially cylindrical columns of the material used to mold the linkages 162. The cylindrical 

hinges 302 twist to enable the linkages 162 to pivot relative to each other. In this embodiment, 

the entire expandable ring may be molded as a single piece.  

[0194] In various embodiments, the linkages of an expandable ring have different 

lengths and are oriented relative to each other at different angles. This approach enables 

noncircular and/or nonsymmetrical collapsed and expanded shapes. Noncircular shapes can be 

advantageous to better match the geometry of an expanded incision than is possible with a 

circular shape.  

[0195] Expandable rings may have many different types of shapes including the 

shapes illustrated in Figures 9a-9d. For example, an expandable ring may have an elliptical 

shape as shown in Figure 9d. The curvature of an elliptical expandable ring is greater near an 

end of the major axis than near the near an end of the minor axis. Curvature can be controlled by 

adjusting the link angle of individual linkages, where the link angle is defined as the angle 

between a line connecting a first pivot disposed at a first end of the linkage and a second pivot 

disposed at a substantially central portion of the linkage and a line connecting a third pivot 

disposed at a second end of the linkage and the second pivot. Greater curvature can be achieved 

by decreasing the link angle of the pivotably coupled links. Lesser curvature can be achieved by 
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increasing the link angle of the pivotably coupled links. In other words, the link angles near an 

end of the major axis are smaller than link angles near an end of the minor axis. In one 

embodiment, the link angle of the pivotably coupled links at an end of the major axis are 150 

degrees, while the link angle of the pivotably coupled links at an end of the minor axis are 165 

degrees.  

[0196] Figure 31a illustrates an expandable ring 160 in a completely expanded 

configuration. Figure 31b illustrates the expandable ring 160 from Figure 31a in a completely 

collapsed configuration. Not all of the elements in Figure 31b are labeled in order to make the 

illustration less cluttered and easier to see. For example, not all of the pivots 164, which are 

represented by small circles, are labeled. The expandable ring 160 illustrated in Figures 31a 

and 31b is elliptical. The angle between adjacent linkages 162 is called the link angle. The 

lengths of the linkages 162 and the link angles play an important role in determining the shape of 

the expandable ring 160. Using different lengths and link angles enable many diverse 

expandable ring shapes including shapes that are generally circular, elliptical, rectangular, and 

triangular.  

[0197] Differing regions of curvature can be achieved by incorporating different link 

angles. As illustrated in Figure 31b, link angles 166 and 168 are generally smaller in regions of 

greater curvature (e.g., near the major axis of an elliptical shape) than in regions of lesser 

curvature (e.g., near the minor axis of an elliptical shape).  

[0198] Maintaining an expanded configuration is often desirable to facilitate surgery 

as well as to deliver a therapeutic fluid. In general, a kinematic property of several of the 

expandable ring embodiments disclosed previously is that constraining the relative position of 

any 2 links or pivots is sufficient to constrain the shape of the expandable ring structure. This 

property arises from the linkages being coupled together in an expandable, interrelated manner.  

[0199] The retention ring may comprise ratchet teeth configured to selectively 

maintain an expanded configuration. The retention ring may also comprise at least one ratchet 

pawl configured to selectively maintain the expanded configuration by engaging at least a portion 

of the ratchet teeth. The surgical access device may also comprise a release member configured 

to disengage the ratchet pawl from the ratchet teeth to enable the retention ring to return to the 

collapsed configuration. In select embodiments, the surgical access device comprises a user 
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interface button coupled to at least one of the ratchet teeth and/or to the ratchet pawl. The user 

interface button is configured to disengage the ratchet pawl from the ratchet teeth to enable the 

retention ring to return to the collapsed configuration. In at least one embodiment, the surgical 

access device comprises a locking mechanism. The locking mechanism is configured to 

selectively lock the second retention ring in an expanded configuration. The locking mechanism 

can comprise a protrusion and an indentation. The protrusion is configured to engage the 

indentation to selectively lock the retention ring in the expanded configuration.  

[0200] Figure 32 illustrates an expandable ring 160 embodiment with a locking 

mechanism 310. The illustrated locking mechanism 310 is constrained between two pivots. The 

locking mechanism is rotatably attached to one pivot. The locking mechanism 310 has teeth, 

which may be ratchet teeth 312. One or more ratchet teeth 312 couple to a protrusion 314 (such 

as a pin or a protuberance) on a second pivot or on a linkage. In at least one embodiment, the 

protrusion 314 is a ratchet pawl configured to selectively maintain an expanded configuration by 

engaging at least a portion of the ratchet teeth 312. The valleys between the teeth 312 are 

indentations 316. The protrusion 314 is configured to engage at least one indentation 316 to 

selectively lock the expandable ring 160 in an expanded configuration. Note that placing the 

protrusion 314 in a different indentation 316 enables different expandable configurations, which 

have different diameters. Thus, the illustrated embodiment is configured to selectively maintain 

various expanded configurations.  

[0201] A release mechanism 320 is configured to disengage the protrusion 314 from 

the ratchet teeth 312 to enable the expandable ring 160 to return to a collapsed configuration.  

Pressing on the release mechanism 320 in a direction that is transverse to the longitudinal axis of 

the locking mechanism 310 pushes the protrusion 314 out of the indentation 316 and away from 

the ratchet teeth 312. As a result, the locking mechanism 310 no longer constrains the distance 

between the two pivots and the expandable ring 160 is free to change in diameter.  

[0202] Other embodiments involve other means of constraining the relative 

movement of two linkages. In at least one embodiment, an expandable ring's diameter is locked 

by constraining relative movement between a joint and a linkage. In yet other embodiments, 

multiple locking mechanisms are used on one expandable ring to reduce the system's dependence 

on the interrelatedness of the linkages. This approach enables less rigid components to provide 
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sufficient overall rigidity. In one embodiment, the linkages are molded from medical-grade 

polyetheretherketone (PEEK). In some embodiments, the linkages are machined from a metal 

such as stainless steel to provide sufficient rigidity and to enable repeated autoclave sterilization.  

[0203] Referring now to Figures 32 and 33, locking mechanism 310 may be coupled 

to one pivot with a torsion spring pin 322 to push the teeth 312 towards the protrusion 314.  

Thus, the torsion spring 328 biases the locking mechanism 310 towards the protrusion 314, 

which may be on a pivot. The teeth 312 illustrated in Figure 32 are slanted such that the 

protrusion 314 readily slips out of the indentations 316 when the expandable ring 160 is 

expanding, yet the teeth 312 prevent the protrusion 314 from slipping out of the indentations 316 

when external forces attempt to collapse the expandable ring 160. Thus, the expandable ring 160 

resists compressive forces but allows expansive forces to expand the expandable ring 160.  

Figure 33 illustrates a cross-sectional view of the torsion spring 328 and the torsion spring pin 

322.  

[0204] Another embodiment includes a first magnet disposed at the non-pinned end 

of the locking mechanism 310 and a second magnet disposed near the protrusion 314. The 

magnets provide the biasing force described above. Although the embodiments illustrated in 

various figures show the locking mechanism 310 rotatably pinned near the inner diameter of the 

expandable ring 160, the locking mechanism 310 in other embodiments is rotatably pinned near 

the outer diameter of the expandable ring 160.  

[0205] In another embodiment, the locking mechanism is a piston-cylinder apparatus.  

A check valve prevents fluid from entering the cylinder, which resists tensile forces. This system 

can be configured to not resist expansion forces to enable easy expansion of the ring structure to 

cause incision expansion. Alternatively, a valve can be added to selectively resist further 

expansion. To release the constraint, the valve can be opened, permitting free expansion and 

collapse. In another embodiment, a rotating latch attached to one pivot, releasably engages 

another pin by virtue of teeth formed to latch with the pivot. In yet another embodiment, a caulk

gun-style mechanism is employed as the releasable locking mechanism. In this embodiment, the 

mechanism has higher friction in one direction than in the other direction. The caulk-gun-style 

mechanism is released by actuating the spring-biased tab or "garage" engaged against the sliding 

element.  
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[0206] In yet another embodiment, the releasable locking mechanism is a cable, wire, 

or string that substantially resists tension maintained by a clamp mechanism disposed between 

one or more pivot points. The tension resisting capability is released by pressing a button on the 

clamp mechanism, thereby removing the clamping force.  

[0207] Although several embodiments include a bar-like latch, other embodiments 

utilize dramatically different locking mechanisms. For example, the embodiment illustrated in 

Figure 34 has a pivot lock 324, which limits the rotation of a first link 162a and a second link 

162b about their connecting pivot. This single pivot lock 324 can lock the diameter of the entire 

expandable ring. Other embodiments include multiple pivot locks 324. The pivot lock 324 

includes a user interface button 326. In one embodiment, the pivot lock 324 enables expansion 

of the expandable ring 160 but prevents collapse of the expandable ring 160. Pressing the user 

interface button 326 releases the pivot lock 324 to enable the expandable ring 160 to return to the 

collapsed configuration 160a. In one embodiment, a pivot lock is constructed through the use of 

a deformable plug, which increases the rotational friction between links, and thus, constrains the 

structure's shape. In another embodiment, a rotational ratcheting mechanism is disposed upon 

the pivot. The rotational ratcheting mechanism has locking teeth engaged in a position to 

maintain the expandable ring's shape. Pressing a button releases the locking teeth to enable 

collapsing the ring.  

[0208] Figure 35 illustrates cross section 35 from Figure 34. In Figure 35, the first 

linkage 162a, the second linkage 162b, and the rotational ratchet pawl 330 are shown as cross 

sections to make the other portions of Figure 35 visible. (The other portions of Figure 35 are not 

shown as cross sections.) The first linkage 162a comprises a rotational ratchet pawl 330. The 

user interface button 326 comprises rotational ratchet teeth 332 and a reduced diameter zone 334.  

A spring 336 pushes the user interface button 326 upward to the maximum height of the user 

interface button 326. When the user interface button 326 is at its maximum height, the rotational 

ratchet teeth 332 engage the rotational ratchet pawl 330. When the user interface button 326 is 

pressed downward, the rotational ratchet teeth 332 disengage the rotational ratchet pawl 330 and 

the rotational ratchet pawl 330 enters the reduced diameter zone 334, which allows the first 

linkage 162a to rotate freely relative to the second linkage 162b. In one embodiment, the user 

interface button 326 is coupled to the second linkage 162b such that they cannot rotate relative to 

-42-



WO 2013/106347 PCT/US2013/020701 

each other. In another embodiment, the user interface button 326 is coupled to the second 

linkage 162b such that such that they cannot rotate relative to each other in one direction, but can 

rotate relative to each other in the opposite direction.  

[0209] Figure 36 illustrates yet another embodiment. The tissue surrounding the 

surgical access device places a compressive force on the expandable ring that pushes the 

expandable ring towards a collapsed position. The torsion spring assembly 340 resists the 

tissue's compressive force. The rotational force of the torsion spring assembly 340 tends to 

expand the expandable ring. In practice, the expandable ring naturally goes to its most expanded 

diameter unless another force resists the torsion spring assembly 340. The physician compresses 

the expandable ring to facilitate placing the surgical access device into the incision. Once the 

physician releases the compressive force that she is applying with her hands, the torsional spring 

assembly 340 causes the expandable ring to expand towards its most expanded diameter while 

the tissue of the surgical site applies a compressive force. The expansion force of the torsional 

spring assembly 340 and the compressive force of the tissue reach equilibrium, which typically 

enables a large enough opening through the surgical access device for the physician to access 

target tissue.  

[0210] Some embodiments include multiple torsion spring assemblies 340. One 

embodiment has torsion spring assemblies 340 at each pivot of the expandable ring 160.  

[0211] In another embodiment, the expandable ring 160 has two or more discrete 

stable configurations. In one embodiment, one stable configuration is a substantially collapsed 

configuration and another stable configuration is an expanded configuration. Such behavior can 

be implemented using a bistable or over-center mechanism, in which the lowest energy 

configuration corresponds to these two (or more) desired configurations.  

[0212] Figures 37 and 38 illustrate a portion of an expandable ring 160. In an 

embodiment with multiple, stable configurations, an elastic member 350 (rubber band, spring, 

etc.) is disposed about three pivots 164, where two anchor pivots 164a are connected to a primary 

linkage 162a and a third pivot 164b is connected to a secondary linkage 162d. In one 

embodiment, each end of the elastic member 350 is anchored to a point such as an anchor 

pivot 164a and the elastic member 350 stretches about a pivot 164b located along the length of 
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the elastic member 350 between the ends of the elastic member 350 that are anchored as 

illustrated in Figures 37 and 38.  

[0213] Figure 37 illustrates a partially expanded configuration. Figure 38 illustrates a 

fully expanded configuration. Note how the overall length (and therefore the stored energy) of 

the elastic member 350 passes through a maximum as the device is extended, leaving two low

energy geometric configurations that correspond to the desired configurations of the expandable 

ring 160.  

[0214] Figures 39-40 illustrate an embodiment of a second retention member 360a,b 

configured to expand from a collapsed configuration 360a to an expanded configuration 360b.  

The second retention member 360a,b comprises at least three linkages 162 pivotably coupled to 

one another by pivots 164 such that expanding the second retention member 360a,b causes the 

linkages 162 to pivot relative to each other. The embodiment illustrated in Figures 39-40 is an 

open shape and is an example of a "C" shape. Some "C" shaped embodiments include curved 

linkages that may form a shape that is closed in a collapsed configuration and open in an 

expanded configuration. Other embodiments of retention members include retention rings of 

diverse shapes including the closed shapes illustrated in Figures 9a-9d. Yet other retention 

member embodiments include retention frames. The second retention member 360a,b illustrated 

in Figures 39-40 is an example of a retention frame, although other second retention member 

embodiments are not retention frames.  

[0215] Figure 41 illustrates an embodiment wherein two retention members 400 

expand an incision 4 to facilitate access to a target site 80. The retention members 400 are 

coupled by a connector 450. The illustrated connector 450 and retention members 400 are 

stainless steel to provide rigidity and reusability. A fluid delivery member 416 is coupled to each 

retention member 400. Each fluid delivery member 416 has openings 454 to allow fluid (not 

shown) to exit the surgical access system 456 to irrigate the surgical site. The illustrated fluid 

delivery members 416 are made from silicone, are disposable, and clip to the retention members 

400. The "C" shaped clips 452 are welded to the retention members 400 and are sized to receive 

the fluid delivery members 416. Each fluid delivery member 416 is coupled to a fluid delivery 

tube 426 or to another means of delivering fluid via a fluid delivery inlet 446. Fluid can flow 

though the fluid delivery tubes 426, through the fluid delivery inlets 446, through the fluid 
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delivery members 416, out of the openings 454, and into the target site 80. Other embodiments 

include more than two retention members 400 and components that are shaped differently than 

illustrated in Figure 41.  

[0216] The surgical access system 456 embodiment illustrated in Figure 41 can also 

include a fluid removal member 458 that is in fluid communication with a medical suction device 

72. The fluid removal member 458 can be a silicone tube that is coupled to the surgical access 

system 456 by a "C" shaped clip 452. The fluid removal member 458 is configured to remove 

fluid from the surgical site.  

[0217] In one embodiment, the surgical access system 456 does not have means to 

irrigate the surgical site but does have means to remove fluid from the surgical site. An example 

embodiment does not include fluid delivery members 416 but does include at least one fluid 

removal member 458. In several embodiments, connecting a surgical access device to a rigid 

frame or to a structure rigidly connected to another rigid structure, such as a surgical bed, may be 

advantageous. Connecting a surgical access device to a rigid structure can assist the surgeon in 

moving the surgical field access to a different location to provide easier access to different body 

tissues that need to be manipulated during surgery. As described above, the surgical device can 

be locked into a rigid structure that may be free to move to different locations or may be fixed in 

one location by attaching the rigid structure to a rigid adaptor configured to connect the locked 

device to a frame. In some embodiments, the frame is part of the surgical bed such that the 

surgical access device can be immobilized relative to the surgical bed.  

[0218] As shown in Figure 42, an exemplary embodiment of this approach is an 

adaptor member 470 that connects to two of the pivots 164a,b of the surgical access device 8m 

(shown in Figure 22). The two engagement features on the adaptor member 470 are a hole 472 

and a slot 474. The hole 472 engages a first pivot 164b and the slot 474 engages a second pivot 

164a. In this embodiment, the surgical access device 8m can lock in a plurality of expanded 

configurations. Thus, the distance between the first pivot 164b and second pivot 164a can 

change. Therefore, the slot 474 allows the adaptor member 470 to engage the second pivot 164a 

regardless of varying expanded configurations. In one embodiment, the hole 472 for the first 

pivot 164b is used to constrain the device in translation, and slot 474 configured for the second 
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pivot 164a is used to constrain the surgical access device 8m in rotation about said first pivot 

164b.  

[0219] As shown in Figure 43, the interface between adaptor member 470 and pivots 

164 can include a radial protrusion 482 on pivot post 480 and an indentation 484 on the adaptor 

member 470 to constrain the adapter member 470 to the pivots 164 as well as facilitate simple 

assembly and disassembly when needed during a surgical procedure. In some embodiments, this 

engagement means is additionally beneficial because the surgical access device 8m may need to 

be selectively anchored in different locations with different pivots 164 throughout a case.  

[0220] The entire contents of U.S. Patent No. 4,254,763, entitled SURGICAL 

RETRACTOR ASSEMBLY, and filed June 7, 1979 are incorporated herein by reference. A 

rigid frame, such as shown in U.S. Patent No. 4,254,763, can be a surgical device that is rigidly 

attached to a surgical bed to provide a plurality of attachment surfaces and locations for various 

surgical retractors used within a surgery. The retractor allows a surgeon to easily attach and 

remove retraction members using a ratchet pawl member that connects the retractor to the frame.  

[0221] Referring now to Figures 6-7 of U.S. Patent No. 4,254,763, one embodiment 

of a ratchet pawl member is shown as element 72. The ratchet pawl member 72 can have an 

opening 78 for accepting a member with ratchet teeth and a spring-loaded ratchet pawl 79 for 

engaging said ratchet teeth to selectively maintain the relative location of the two members.  

[0222] Referring now to Figure 42 in this document, the end opposite the pivot 

engagement hole 472 and slot 474 can include a post 476 and ratchet teeth 478 configured for 

acceptance into ratchet pawl member 72 (shown in U.S. Patent No. 4,254,763).  

[0223] In surgical use, adapter member 470 can be attached to the surgical access 

device 8m as described above and then positioned as desired relative to the surgical incision. A 

ratchet pawl member can then be attached to a rigidly fixed retractor such as a Bookwalter 

retractor. Post 476 on adapter member 470 can then be placed within the opening of a ratchet 

pawl member to engage the ratchet pawl and ratchet teeth. The post 476 can be moved relative 

to the ratchet pawl member until the surgical access device, and therefore, the surgical field 

access, is in the desired location.  

[0224] Referring now to Figures 44-45, in some embodiments, the surgical access 

device 8c can contain a sheath 82 that comprises channels 490 to deliver fluid to a surgical site.  

-46-



WO 2013/106347 PCT/US2013/020701 

The channels 490 illustrated in Figures 44-45 are external channels, although some embodiments 

include internal channels. Sheath 82 can be a unitary structure, such as a film or sheet, with one 

or more external-facing channels 490. In some embodiments, the sheath 82 is a non-unitary 

structure. Channels 490 can deliver fluid along their length and expose the abutting surgical site 

tissue to fluid. This embodiment can expose a significant surface area of the surgical site to a 

fluid. The channels 490 can be disposed at any angle. Other embodiments include hundreds of 

channels. Several embodiments include channels that intersect with each other to further 

enhance fluid delivery. The depth of a channel 490 can be configured so as to maintain a patent 

channel even with retraction forces applied to the sheath 82. Various embodiments include 

channels that are 0 to 0.1 inches deep, 0.1 to 0.35 inches deep, and 0.2 to 0.5 inches deep.  

Several embodiments include channels having different depths or channels of varying depths.  

Channels 490 can be embossed onto sheath 82 using manufacturing processes such as hot 

embossing or thermoforming. Not all channels 490 are labeled in Figures 44-45 to make the 

Figures easier to see. The channels 490 illustrated in Figures 44-45 have similar shapes, 

although other embodiments comprise channels with different shapes.  

[0225] Referring now to Figures 46-47, a sheath 82 can comprise an inner layer 50 

and an outer layer 52. The outer layer 52 can comprise a plurality of perforations 36. Several 

embodiments include 25 to 2,000 perforations. The inner layer 50 and the outer layer 52 can be 

joined to each other in distinct locations 492 to prevent the layers from separating from each 

other in the joined areas. This separation can cause the inner layer 50 to deflect into central 

channel 78 of the device and reduce the cross sectional area of channel 78. The joined locations 

492 can be created by heat sealing, radio frequency welding, ultrasonic welding, or by using an 

adhesive to join the inner layer 50 and the outer layer 52. Joined locations 492 can be linear, 

curved, or of any advantageous profile to reduce the ability of the sheath to separate. Joined 

locations 492 can be comprised of a repeated pattern of one or more joined area shapes. Joined 

locations 492 can be different lengths and widths. Joined locations 492 can be seals.  

[0226] The inner layer 50 and the outer layer 52 illustrated in Figure 46 are quilted 

together. Quilted together means that the inner layer 50 and the outer layer 52 are joined at over 

three locations disposed between the distal and proximal ends of the sheath 82. In several 

embodiments, the inner layer 50 and the outer layer 52 are joined at 3 to 10 locations, 10 to 20 
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locations, 20 to 200 locations, and over 200 locations. The joined locations 492 can be spaced at 

regular or irregular intervals. Not all joined locations 492 and perforations 36 are labeled in 

Figures 46-47 to make the Figures easier to see. The joined locations 492 are illustrated as 

rectangles, although other joined location 492 shapes are used in other embodiments.  

Perforations 36 are depicted as circles, although other perforation 36 shapes are used in other 

embodiments.  

[0227] Referring now to Figures 48-49, joined lengths 494 can be used to isolate one 

or more perforations from one or more other perforations. The joined lengths 494 can define 

chambers 496 in which fluid can pass within but cannot pass beyond. In other words, several 

embodiments include chambers 496 that are sealed from one another such that fluid cannot pass 

from one sealed chamber to another sealed chamber without exiting the perforations 36.  

Additional joined locations 492 can be included to prevent separation of the inner layer 50 and 

outer layer 52 within the chambers 496. Chambers 496 can be oriented in a direction 

substantially perpendicular to or parallel to or oblique to the axis of the central channel 78 of the 

surgical access device 8c. In one embodiment, inlet conduit 40 is a tube with holes 130 (see 

Figure 15) along the tube's entire distal end or along a portion of the distal end. Inlet conduit 40 

can be configured such that it passes through each chamber 496 to supply fluid to each chamber 

such that the inlet conduit 40 is in fluid communication with each chamber 496. In several 

embodiments, one or more holes 130 of the inlet conduit 40 are in fluid communication with 

each chamber 496 such that fluid can generally reach each perforation 36.  

[0228] As shown in Figure 50, a compressible member 498, such as a piece of foam 

or other porous material or non-porous material, can be disposed within chambers 496 to 

maintain patency under a compressive force such as those present during surgical retraction. The 

compressible member 498 can help hold a chamber 496 open to facilitate fluid flow, which may 

have the purpose of irrigation or fluid removal. Other embodiments include at least one 

compressible member 498 in each chamber 496. In several embodiments, member 498 is an 

incompressible member configured to prop open a chamber 496. The member 498 is illustrated 

with dashed lines because it is located inside the sheath 82. In other embodiments, the member 

498 is located outside of the sheath 82.  
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[0229] As illustrated in Figure 51, flow to each chamber 496 defined by joined 

lengths 494 can be controlled to selectively deliver fluid to one or more perforations 36 in the 

sheath 82. In several embodiments, this configuration is advantageous to selectively deliver fluid 

to perforations 36 that substantially contact the surgical site. In one embodiment, fluid delivery 

member 40 can comprise a plurality of tubes 500 whose distal ends are in fluid communication 

with different chambers 496. The chambers 496 can be oriented in a direction substantially 

perpendicular to or parallel to or oblique to the axis of the central channel 78 of the surgical 

access device 8c. The tubes 500 can be connected to a manifold 502 with a series of valves 504, 

such as needle valves or gate valves, that control flow to one or more tubes 500. In some 

embodiments, a surgeon can, at the time of operation, open one or more valves 504 to deliver 

fluid to one or more tubes 500 and, therefore, to one or more chambers 496 and perforations 36.  

Thus, the surgeon can deliver fluid to some perforations 36 while not delivering fluid to other 

perforations 36.  

[0230] As illustrated in Figure 52, chambers 496 defined by joined lengths 494 can 

additionally be used to apply suction to the surgical access device 8c and to remove fluid from 

the surgical site through perforations 36. An outlet conduit 68 can be connected to a medical 

suction device 72 (see Figure 4) on a proximal end (not shown) and a manifold 502 on a distal 

end. The manifold 502 can comprise one or more valves 504 connected to tubes 500 to 

selectively apply suction to one or more chambers 496. The surgeon can, at the time of 

operation, open one or more valves 504 to remove fluid from one or more tubes 500, and 

therefore, to remove fluid from one or more chambers 496 via perforations 36.  

[0231] As illustrated in Figure 53, a compressible member 498, such as a piece of 

foam or other porous material or non-porous material, can be disposed between inner layer 50 

and outer layer 52 and within a chamber 496 to maintain patency under a compressive force such 

as negative gauge pressure (e.g., suction) and additionally retraction forces present during 

surgery. Additionally, the outlet conduit 68 may be connected to one or more chambers 496 in 

the surgical access device 8c.  

[0232] Not all perforations 36, joined locations 492, joined lengths 494, chambers 

496, tubes 500, and valves 504 are labeled in Figures 48-53 to make the Figures easier to see.  
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[0233] The terms "approximately," "about," and "substantially" as used herein 

represent an amount close to the stated amount that still performs a desired function or 

achieves a desired result. For example, the terms "approximately," "about," and 

"substantially" may refer to an amount that is within less than 10% of, within less than 5% of, 

within less than 1% of, within less than 0.1% of, and within less than 0.01% of the stated 

amount.  

[0234] The term "up to about" as used herein has its ordinary meaning as known to 

those skilled in the art and may include 0 wt. %, minimum or trace wt. %, the given wt. %, and 

all wt. % in between.  

[0235] Elements or components shown with any embodiment herein are exemplary 

for the specific embodiment and may be used on or in combination with other embodiments 

disclosed herein.  

[02361 While the invention is susceptible to various modifications and alternative 

forms, specific examples thereof have been shown in the drawings and are herein described in 

detail. It should be understood, however, that the invention is not to be limited to the 

particular forms or methods disclosed, but to the contrary, the invention is to cover all 

modifications, equivalents and alternatives thereof.  

[02371 Throughout this specification, unless the context requires otherwise, the 

word "comprise" or variations such as "comprises" or "comprising", will be understood to 

imply the inclusion of a stated element or integer or method step or group of elements or 

integers or method steps but not the exclusion of any element or integer or method step or 

group of elements or integers or method steps.  

[0238] The reference in this specification to any prior publication (or infonnation 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgement or admission or any form of suggestion that the prior publication (or 

information derived from it) or known matter forms part of the common general knowledge in 

the field of endeavour to which this specification relates.  
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CLAIMS: 

1. A surgical access device adapted to facilitate access to a surgical site within a body of 

a patient through an incision in the body, the surgical access device comprising: 

a first retention member; 

a second retention member configured for placement outside the body and configured 

to expand from a collapsed configuration to an expanded configuration, wherein the second 

retention member comprises at least four linkages pivotably coupled to one another such that 

actuation of the linkages causes the linkages to pivot relative to one another thereby radially 

expanding or collapsing the second retention member; and 

a pliable membrane extending between the first retention member and the second 

retention member, the pliable membrane configured to engage and expand the incision to 

facilitate access to the surgical site when the second retention member is in the expanded 

configuration.  

2. A surgical access device adapted to facilitate access to a surgical site within a body of 

a patient through an incision in the body, the surgical access device comprising: 

a first retention member; 

a second retention member configured for placement outside the body and having a 

collapsed configuration and an expanded configuration, wherein the second retention member 

comprises at least three linkages pivotably coupled to one another such that actuation of the 

linkages causes the linkages to pivot relative to each other thereby expanding or collapsing the 

second retention member; and 

a pliable membrane extending between the first retention member and the second 

retention member, the pliable membrane configured to engage and expand the incision to 

facilitate access to the surgical site when the second retention member is in the expanded 

configuration.  

3. A surgical access device adapted to facilitate access to a surgical site within a body of 

a patient through an incision in the body, the surgical access device comprising: 

a first retention member; 
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an expandable second retention member configured for placement outside the body and 

having an expanded configuration and a collapsed configuration, wherein the expandable 

second retention member comprises at least four linkages pivotably coupled to one another to 

form a closed shape, and wherein actuation of the linkages causes the linkages to pivot relative 

to each other thereby expanding the expandable second retention member; 

a pliable membrane extending between the first retention member and the expandable 

second retention member, wherein the pliable membrane is adapted to engage tissue and the 

pliable membrane is configured to expand the incision to facilitate access to the surgical site 

when the expandable second retention member is in the expanded configuration; and 

a radially expandable channel extending axially along the pliable membrane to provide 

access to the surgical site.  

4. A surgical access system adapted to facilitate access to a surgical site within a body of 

a patient through an incision in the body, the surgical access system comprising: 

a first retention member; 

a second retention member coupled to the first retention member by a connector, 

wherein the first retention member and the second retention member are configured to expand 

the incision to provide access to the surgical site, wherein the connector comprises two or 

more fluidly independent chambers; 

a fluid delivery member fluidly coupled to the connector; and 

a first group of perforations in a first chamber of the connector, wherein the first group of 

perforations is in fluid communication with the fluid delivery member to allow a fluid to 

irrigate the surgical site.  

5. A surgical access system adapted to facilitate access to a surgical site within a body of 

a patient through an incision in the body, the surgical access system comprising: 

a first retention member configured for placement within the body at or near the 

surgical site; 

a second retention member configured for placement outside the body; 

a pliable membrane extending between the first retention member and the second retention 

member, wherein the pliable membrane comprises two or more fluidly independent chambers; 
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a fluid delivery member coupled with the pliable membrane for introducing fluid into 

the surgical access system; and 

a first group of perforations in a first chamber of the pliable membrane, wherein the 

first group of perforations is in fluid communication with the fluid delivery member to allow 

the fluid to irrigate the surgical site.  

6. A surgical access system adapted to facilitate access to a surgical site within a body of 

a patient through an incision in the body, the surgical access system comprising: 

a first retention ring; 

a second retention ring; 

a pliable membrane extending between the first retention ring and the second retention 

ring, wherein the pliable membrane comprises an inner wall and an outer wall, wherein the 

pliable membrane comprises a space between at least a portion of the inner wall and the outer 

wall, wherein the space is configured to enable fluid to pass through at least a portion of the 

pliable membrane, wherein the pliable membrane comprises two or more fluidly independent 

chambers; 

a fluid delivery member coupled with the pliable membrane for introducing the fluid 

into the surgical access system, wherein the fluid delivery inlet is in fluid communication with 

the space; and 

a first group of perforations in a first chamber of the pliable membrane, wherein the 

first group of perforations is in fluid communication with the space to allow the fluid to 

irrigate the surgical site.  

7. A surgical access system adapted to facilitate access to a surgical site through an 

incision in a patient's body, said system comprising: 

a first retention member; 

an expandable second retention member configured for placement outside the body and 

having a collapsed configuration and an expanded configuration; and 

a pliable membrane having a first end, a second end, an inner layer and an outer layer, 

wherein the first end is coupled to the first retention member, and wherein the second end is 

coupled to the second retention member, and wherein the inner layer and the outer layer form 
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a space therebetween, the space configured to carry a fluid, wherein the inner layer is coupled 

to the outer layer with a plurality of joined locations therebetween, the plurality of joined 

locations preventing separation of the inner and outer layers, and wherein the pliable 

membrane expands radially outward to engage and expand the incision when the second 

retention member is actuated into the expanded configuration.  

8. A method for retracting tissue of a surgical site of a body, the method comprising: 

inserting at least a portion of a surgical access device into an incision, wherein the 

surgical access device comprises a first retention member, a second retention member, a 

pliable membrane comprising an inner layer and an outer layer with a space therebetween, the 

pliable membrane coupled between the first retention member and the second retention 

member, and a fluid delivery inlet configured to be placed in fluid communication with the 

pliable membrane; 

advancing the first retention member into the body through the incision; 

placing the second retention member outside the body; 

retracting the tissue using the pliable membrane; 

introducing fluid into the fluid delivery inlet such that the fluid flows through the space 

and exits an opening in a lateral surface of the pliable membrane and the introduced fluid 

contacts a wall of the surgical site; and 

suctioning at least a portion of the fluid after the fluid contacts the wall of the surgical 

site into the surgical access device.  

9. A method for retracting tissue of a surgical site of a body, the method comprising: 

inserting at least a portion of a surgical access device into an incision, wherein the 

surgical access device comprises a first retention member, a second retention member, a 

pliable membrane coupled between the first retention member and the second retention 

member, and a fluid removal conduit coupled to the first retention member; 

advancing the first retention member into the body through the incision; 

placing the second retention member outside the body; 

retracting the tissue using the pliable membrane; 
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introducing a fluid into the surgical access device such that the fluid exits the pliable 

membrane and wherein the introduced fluid flows out of the surgical access device into the 

body before being suctioned back into the surgical access device; 

suctioning the fluid from the body into the surgical access device; and 

removing the fluid from the body.  

10. A method for retracting tissue of a surgical site of a body, the method comprising: 

inserting a retraction device into an incision; 

retracting tissue; 

introducing fluid into the retraction device; 

forcing the fluid out of the retraction device into the surgical site, wherein the 

retraction device comprises a pliable membrane comprising an inner layer and an outer layer 

with a space therebetween, and wherein the fluid exits an opening in a lateral surface of the 

pliable membrane, and wherein fluid flows through the space, wherein the introduced fluid 

contacts a wall of the surgical site; and 

suctioning at least a portion of the fluid after the fluid contacts the wall of the surgical 

site into the retraction device.  

11. The surgical access device of any one of Claims 1-3, wherein the second retention 

member comprises a locking mechanism configured to selectively maintain the second 

retention member in the expanded configuration.  

12. The surgical access device of Claim 11, wherein the locking mechanism comprises 

ratchet teeth on the second retention member configured to selectively maintain the expanded 

configuration.  

13. The surgical access device of Claim 11, wherein the locking mechanism comprises an 

indentation and a protrusion, wherein the protrusion is received in the indentation to 

selectively lock the second retention member in the expanded configuration.  
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14. The surgical access system of Claim 6, further comprising a fluid removal member in 

fluid communication with the first retention ring, wherein the first retention ring comprises a 

hollow ring and the fluid removal member is in fluid communication with the hollow ring.  

15. The surgical access system of any one of Claims 4-7, further comprising a fluid 

removal member coupled to a distal portion of the surgical access system.  

16. The surgical access device of Claim 7, further comprising a porous material disposed 

in the space.  

17. The surgical access system of Claim 7, wherein the plurality ofjoined locations form a 

plurality of chambers, and wherein the fluid is adapted to flow into or out of a chamber 

without passing into another adjacent chamber.  

18. The method of Claims 8 and 9. further comprising expanding the second retention 

member whereby expanding the second retention member causes the pliable membrane to 

retract the tissue around the incision.  

19. The method of any one of Claims 8-10, wherein the fluid exits the pliable membrane at 

a location disposed between the first and second retention members.  

20. The method of any one of Claims 8-10, wherein the pliable membrane comprises a 

plurality of perforations and wherein the fluid exits at least some of the plurality of 

perforations to the surgical site.  
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