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(57) Abstract: The surgical robotic access system provides access for robotic instruments and/or actuators including the introduction, 
operation and withdrawal of such robotic manipulators into a body cavity without permitting the escape of pressurized fluid or gas. The 

Surgical robotic access system also provides a multi-faceted range of movement without touching or effecting pressure on the opening 
in the patient's body cavity.
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SURGICAL ROBOTIC ACCESS SYSTEM FOR IRREGULARLY SHAPED ROBOTIC 
ACTUATORS AND ASSOCIATED ROBOTIC SURGICAL INSTRUMENTS 

Cross-reference to related applications 

[0001] This application claims the benefit of U.S. Application No. 62/393,305, filed on 

September 12, 2016, the entire disclosure of which is hereby incorporated by reference as if set 

forth in full herein.  

Background 

[0002] This application is generally directed to surgical access devices and more particularly to 

surgical access systems for surgical robotics or irregularly shaped instruments.  

[0003] Surgical robotics has been gaining acceptance and seeks to replace or assist in 

particular surgical procedures. In particular, some surgical assistance provided by surgical 

robotics is designed to alleviate complicated or repetitive tasks. However, surgical robotics 

provides challenges where procedures performed by a surgeon without robotic assistance would 

not encounter. One such area is with surgical access devices used in surgery to facilitate the 

introduction of various surgical instruments into natural biological vessels, conduits, orifices, 

cavities, and other interior regions of the body. Surgical robotic instruments or actuators impose 

other restrictions that are not encountered or not a limitation with other surgical instruments or 

actuators, e.g., a surgeon's hand. Such challenges are further exasperated by the limited or 

restricted surgical area or environment. For example, the surgical environment may require an 

introduction of laparoscopic or particular sized instruments or actuators into the abdomen of the 

body and/or introduced into regions that include fluid or gas under pressure.  

Summary 

[0004] In various exemplary embodiments, a surgical robotic access system comprises a 

surgical robotic access platform. The surgical robotic access platform comprises a sealing cap 

that sealingly conforms or engages with the irregularly shaped robotic manipulators and/or a 

robotic sheath while maintaining pneumoperitoneum during insertion, operation and removal of 

the robotic manipulator. In various exemplary embodiments, the robotic sheath is removably 

insertable into the sealing cap. In various exemplary embodiments, the sheath is removable, e.g., 

separable or can be torn, to expose the robotic manipulator or at least a portion of the robotic 
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manipulator and/or to remove the sheath from the surgical site, the robotic access platform, the 

robotic manipulator or any combination thereof.  

[0005] In various exemplary embodiments, a surgical robotic access system providing 

instrument access into a patient's body is provided. The surgical robotic access system 

comprises a surgical robotic access platform and a robotic sheath. The surgical robotic access 

platform has a proximal portion disposed externally relative to a patient's body and a distal 

portion positioned within a patient's body in which the proximal portion of the surgical robotic 

access platform includes a flexible seal. The robotic sheath has a proximal end and a distal end 

insertable through the flexible seal of the surgical robotic access platform. The robotic sheath 

also has an expandable cover disposed at the distal end of the robotic sheath and defines a cavity 

having proximal opening and a distal opening and through which a surgical robotic manipulator 

is insertable therethrough. In various exemplary embodiments, the expandable cover of the 

robotic sheath is arranged to encase and surround a distal end of the surgical robotic manipulator 

within the cavity of the robotic sheath and the flexible seal is arranged to encase and surround 

the expandable cover of the robotic sheath to compress the expandable cover of the robotic 

sheath against the distal end of the surgical robotic manipulator and thereby maintain an 

insufflation gas seal between the surgical robotic manipulator, the robotic sheath and the flexible 

seal.  

[0006] In various exemplary embodiments, the sealing cap comprises a mesh or mesh lined 

pattern molded into a flexible seal that prevents or reduces undesired movement of the area of 

the flexible seal that is sealing around the robotic manipulator and/or the robotic sheath. In 

various exemplary embodiments, the flexible seal includes or is incorporated with a netting, 

mesh, webbing or interwoven strings or plastic lines to support or reinforce the flexible seal.  

[0007] In various exemplary embodiments, the sealing cap includes a flexible seal fortified to 

resist puncture or damage from irregularly shaped or sharp robotic manipulators. In various 

exemplary embodiments, a protector or shield is embedded or attached to the flexible seal to 

protect the flexible seal, the robotic sheath, the robotic manipulator or any combination thereof.  

In various exemplary embodiments, the flexible seal includes shields or protectors such as sheets 

of resilient or puncture resistant film, fabric, plastic or the like within or on a surface of the 

flexible seal or arrayed at or near an access point or predefined opening through the seal. In 

various exemplary embodiments, the sealing cap provides laparoscopic or robotic manipulator or 

sheath, insufflation, and/or smoke evacuation access.  
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[0008] Accordingly, in one aspect, the present invention provides a surgical robotic access 

system providing instrument access into a patient's body. The surgical robotic access system 

comprises a surgical robotic access platform having a proximal portion disposed externally to a 

patient's body and a distal portion positioned within a patient's body. The proximal portion 

of the surgical robotic access platform includes a flexible seal and a robotic sheath having a 

proximal end and a distal end insertable through the flexible seal of the surgical robotic access 

platform. The robotic sheath has an expandable cover disposed at the distal end of the robotic 

sheath and defines a cavity having a proximal opening and a distal opening, through which a 

surgical robotic manipulator is insertable therethrough.  

[0009] In another aspect, the present invention provides a surgical robotic access system 

providing instrument access into a patient's body. The surgical robotic access system comprises 

of a surgical robotic access platform having a proximal portion disposed externally to a patient's 

body and a distal portion positioned within a patient's body. The proximal portion of the surgical 

robotic access platform includes a flexible seal and a robotic sheath having a proximal end and a 

distal end insertable through the flexible seal of the surgical robotic access platform. The robotic 

sheath has an expandable cover disposed at the distal end of the robotic sheath and defines a 

cavity having a proximal opening and a distal opening, through which a surgical robotic 

manipulator is insertable therethrough. The robotic sheath further comprises a retrieval tail 

extending proximally from the expandable cover.  

[0010] In another aspect, the present invention provides a surgical robotic access system 

providing instrument access into a patient's body. The surgical robotic access system comprises 

of a surgical robotic access platform having a proximal portion disposed externally to a patient's 

body and a distal portion positioned within a patient's body. The proximal portion of the surgical 

robotic access platform includes a flexible seal and a robotic sheath having a proximal end and a 

distal end insertable through the flexible seal of the surgical robotic access platform. The robotic 

sheath has an expandable cover disposed at the distal end of the robotic sheath and defines a 

cavity having a proximal opening and a distal opening, through which a surgical robotic 

manipulator is insertable therethrough. The expandable cover comprises a plurality of folds and 

one or more release lines, wherein the plurality of folds are removably connected to each other 

via the one or more release lines, and wherein proximal movement of the one or more release 

lines disengages or separates one or more of the plurality of folds from being connected to each 

other.  
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[0011] In another aspect, the present invention provides a surgical robotic access system 

providing instrument access into a patient's body. The surgical robotic access system comprises 

a surgical robotic access platform having a proximal portion disposed externally to a patient's 

body and a distal portion positioned within a patient's body, the proximal portion of the surgical 

robotic access platform including a flexible seal. The surgical robotic access system further 

comprises a robotic sheath having a proximal end and a distal end insertable through the flexible 

seal of the surgical robotic access platform, the robotic sheath having an expandable cover 

disposed at the distal end of the robotic sheath and defining a cavity having proximal opening 

and a distal opening and through which a surgical robotic manipulator is insertable therethrough.  

The expandable cover, while in a closed position, covers the distal opening of the cavity and, 

while in an open position, the expandable cover uncovers the distal opening of the cavity, 

providing the surgical robotic manipulator unobstructed access through the distal opening of the 

cavity, and is unable to revert back to the closed position once in the open position.  

[0012] These and other features of the invention will become more apparent with a discussion 

of exemplary embodiments in reference to the associated drawings.  

Brief Description of Drawings 

[0013] The present inventions may be understood by reference to the following description, 

taken in connection with the accompanying drawings in which the reference numerals designate 

like parts throughout the figures thereof.  

[0014] FIG. 1 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0015] FIG. 2 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0016] FIG. 3 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0017] FIG. 4 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0018] FIG. 5 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0019] FIG. 6 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  
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[0020] FIG. 7 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0021] FIG. 8 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0022] FIG. 9 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0023] FIG. 10 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0024] FIG. 11 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0025] FIG. 12 is a side view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0026] FIG. 13 is a side view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0027] FIG. 14 is a perspective view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0028] FIG. 15 is a top view of a sealing cap of a surgical robotics access system in accordance 

with various exemplary embodiments.  

[0029] FIG. 16 is a top view of a sealing cap of a surgical robotics access system in accordance 

with various exemplary embodiments.  

[0030] FIG. 17 is a bottom view of portions of a sealing cap of a surgical robotics access 

system in accordance with various exemplary embodiments.  

[0031] FIG. 18 is a bottom view of portions of a sealing cap of a surgical robotics access 

system in accordance with various exemplary embodiments.  

[0032] FIG. 19 is a top view of a sealing cap of a surgical robotics access system in accordance 

with various exemplary embodiments.  

[0033] FIG. 20 is a perspective view of a sealing cap and protector of a surgical robotics access 

system in accordance with various exemplary embodiments.  

[0034] FIG. 21 is a perspective view of a portion of a sealing cap of a surgical robotics access 

system in accordance with various exemplary embodiments.  

[0035] FIG. 22 is a perspective view of a sealing cap of a surgical robotics access system in 

accordance with various exemplary embodiments.  
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[0036] FIG. 23 is a perspective view of a sealing cap of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0037] FIG. 24 is a perspective view of a sealing cap and protector of a surgical robotics access 

system in accordance with various exemplary embodiments.  

[0038] FIG. 25 is a perspective view of a sealing cap of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0039] FIG. 26 is a perspective view of a sealing cap of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0040] FIG. 27 is a perspective view of a sealing cap of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0041] FIG. 28 is a side view of a robotic sheath of a surgical robotics access system in 

accordance with various exemplary embodiments.  

[0042] FIG. 29 is a cross-sectional side view of a robotic sheath and sealing cap of a surgical 

robotics access system in accordance with various exemplary embodiments.  

[0043] FIG. 30 is a top view of a robotic sheath and sealing cap of a surgical robotics access 

system in accordance with various exemplary embodiments.  

Detailed Description 

[0044] In accordance with various exemplary embodiments, a surgical robotic access system 

provides access for surgical robotic manipulators that includes but is not limited to robotic 

surgical instruments, actuators, irregularly shaped surgical instruments, and/or operative portions 

of a surgical robotic system or accessories thereof inserted and operating within a patient's body.  

The robotic manipulators are robotically controlled by the surgical robotic system autonomously 

or through assistance of a surgeon without a surgeon in direct contact or physically grasping the 

surgical robotic manipulator. The surgical robotics access system in accordance with various 

exemplary embodiments maintains pneumoperitoneum, patient safety and/or system integrity 

during installation, articulation, actuation and/or removal of the robotic manipulators.  

[0045] In various exemplary embodiments, the surgical robotic access system comprises a 

robotic sheath that enables ease of device placement without modifications to the robotic 

manipulator or a surgical robotic access platform. The sheath converts the robotic manipulator 

and in particular, the irregularly shaped robotic manipulators into a smooth and/or uniformed 

shape, size, surface area or any combination thereof for insertion, manipulation and withdrawal 
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of the robotic manipulator into a patient's body. Once the robotic manipulator is placed, in 

various exemplary embodiments, the sheaths may be removed to expose the robotic manipulator 

or at least a portion of the robotic manipulator.  

[0046] Referring now to FIG. 1, a robotic sheath 100 has a proximal portion and a distal 

portion. The distal portion of the sheath is configured to be inserted directly through a wall or 

opening in a patient's body or surgical access platform. In accordance with various exemplary 

embodiments and described in greater detail below, e.g., in reference to FIG. 29, the surgical 

access platform includes a sealing cap 800 removably coupled to a retractor or protector 820.  

The sealing cap 800 comprises a flexible seal 804 that in various exemplary embodiments is 

made of a flexible material such as a gel material.  

[0047] The robotic sheath includes retrieval tail 104 extending proximally from an expandable 

cover or compartment 108 having a distal end and a proximal end. The expandable cover 

defines a pocket or cavity 101 and in various exemplary embodiments, a funnel shaped cavity.  

The distal end of the cover includes an opening or aperture and the proximal end of the cover 

includes an opening. In various exemplary embodiments, the proximal opening is larger in 

diameter than the distal opening of the cover. The sheath includes an outer or exterior surface 

that is uniform and smooth. The sheath also includes an inner or interior surface that is uniform 

and smooth.  

[0048] The cover 108 is arranged to receive a robotic manipulator, e.g., a robotic surgical 

instrument or actuator, irregularly shaped surgical instrument or at least a distal portion thereof 

inserted into the delimited or defined lumen or cavity 101. In various exemplary embodiments, 

the cavity is also sized and shaped to retain and support the surgical robotic manipulator. The 

cover includes arcuate or curved sides 107, 109 separated by a slit 106. The slit or slot 106 

extends from the distal opening to the proximal opening of the cover. The slit or separation 

between the curved sides allows the cover or slit to enlarge or the curved sides to spread apart to 

thereby accommodate a wide range of robotic manipulators or surgical instruments having 

varying sizes, shapes, outlines, footprints and/or surfaces. In various exemplary embodiments, 

more than one slit is provided and with various lengths to further accommodate the contours or 

dimensions of the inserted manipulators. The curved sides and smooth surfaces assist in the 

insertion of the sheath into the body cavity or the access platform by providing a smooth 

interface with minimal friction between the body wall or access platform and the sheath. As 

such, irregular or aggressively formed manipulators are not in direct contact with the body or 
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access platform and thus cannot damage or their potential damage to the platform or incision site 

is reduced. Furthermore, the smooth inner surfaces of the cover do not damage or reduces 

potential damage to the cover and the inserted manipulator. As such, the sheath covers or 

converts the irregularly shaped robotic manipulator disposed therein into a uniform and smooth 

shape or continuous surface to ease entry and placement of the manipulator into the body cavity.  

[0049] In various exemplary embodiments, a flap 105 covers or encloses the distal opening in 

the cover 108. The flap is biased or removably attached to the distal end or tip of the cover 108.  

As such, the flap resists pressure or forces applied to the flap from an inserted manipulator.  

Once the flaps' bias is overcome or the flap is detached from the expandable cover, the inserted 

manipulator can then extend through the distal opening in the cover, unobstructed by the flap. In 

various exemplary embodiments, the flap once detached or biased open cannot be reclosed or 

reattached to obstruct the distal opening in the cover. The flap however remains attached to the 

distal end of the cover. As such, the sheath can be removed as a single monolithic structure. In 

various exemplary embodiments, the flap is flat or planar with a shape that mirrors the distal 

opening of the cover and provides a common and stable level or platform for the distal most end 

of the distal portion of the robotic manipulator. In various exemplary embodiments, the flap is 

attached to the cover through a living hinge.  

[0050] The cover and flap separates the robotic manipulator from the body and the platform 

thereby protecting the manipulator and the patient. As such, the inner surface of the flap is 

adjacent to the distal end or tip of the robotic manipulator and the outer surface of the flap is 

adjacent to or exposed to the surgical site. Similarly, the inner surface of the cover is adjacent to 

the sides of the robotic manipulator and the outer surface of the cover is adjacent to the sides of 

the body wall or the access platform. The flap also provides a known target for the inserted 

instrument including the bias or amount of force needed to open or dislodge the flap. Using this 

known target data, a corresponding haptic feedback can be determined and provided by a robotic 

surgical system to recognize or emulate the robotic manipulator entering the body wall, platform 

or the engagement of the flap by the inserted robotic manipulator.  

[0051] The sheath tail 104 extends from the cover and provides access or a grip area or 

platform to hold or stabilize the sheath for insertion or removal. The tail 104 as such stabilizes 

or supports the proximally extending longitudinal or elongate portion of the robotic manipulator.  

The tail 104 also provides a separate and sizable area or region to grasp or hold to remove the 

sheath from the surgical site. In various exemplary embodiments, the tail 104 is tied, coupled or 
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otherwise attached to the robotic manipulator or a robotic sleeve surrounding the robotic 

manipulator to remain attached to the robotic manipulator even after the manipulator is extended 

or inserted through the flap 105. In various exemplary embodiments, the tail 104 is grasped, 

moved longitudinally until the cover and/or flap clears the outer surface of the patient's body or 

the access platform and then is removed from the robotic manipulator and the surgical site. As 

such, the robotic manipulator can then come in direct contact with the patient or access platform 

in which the patient or access platform seals or provides an instrument seal directly against the 

outer surface of the inserted robotic manipulator. In various exemplary embodiments, the tail 

104 is grasped or otherwise fixed in place to hold or stabilize the sheath relative to the movement 

or motion of the inserted robotic manipulator and as such, as the robotic manipulator is extended 

distally, the sheath remains stationary being held in place by a grasper, clamp or other robotic or 

surgical instrumentation attached to or otherwise grasping the sheath.  

[0052] Referring to FIG. 2, in accordance with various exemplary embodiments, a robotic 

sheath 200 includes an expandable cover or enclosure 208. The cover 208 includes a proximal 

opening and defines a cavity or pocket 201. In the illustrated exemplary embodiment, the cover 

208 includes side flap or wall 202, an opposing side flap or wall 203 and a distal wall or flap 205 

that collectively define or delimit the cavity 201. A curved slit 206 separates the side wall 202 

from the distal or front wall 205 and a similar slit separates the side wall 203 from the distal wall 

205 and thereby allows the cavity defined by the cover to expand and accommodate various 

sized and shaped manipulators inserted therein. Also, in various exemplary embodiments, the 

distal wall can unfold or curl away distally thereby allowing the distal end of the manipulator to 

extend through the now unobstructed distal opening in the cover 208.  

[0053] In various exemplary embodiments, the cover is biased proximally to initially resist 

forces or pressures from a manipulator being moved distally but once overcome allows the distal 

end of the manipulator to extend there through. In various exemplary embodiments the distal 

wall 205 is removably attached to one or more side walls, e.g., the slits are or include 

perforations or the walls include a portion, bridge or connections to each other, to bias or resist 

the distal movement of the manipulator and the separation of the walls from each other. As such, 

once the bias of the distal wall is overcome or the distal wall is detached from the side walls, the 

distal wall can be moved or unfolded to provide unobstructed access through the distal opening 

in the sheath by an inserted instrument. In various exemplary embodiments, once the distal wall 
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is unfolded or detached from the side walls, the distal wall may not be reattached or folded back 

to cover or obstruct the distal opening of the sheath.  

[0054] Additionally, with the sheath being inserted into the access platform or through the 

body wall, the distal wall is biased proximally by the access platform or body wall contacting the 

distal wall thereby also counteracting any forces by the manipulator being inserted, enclosing the 

cavity and protecting the distal end of the inserted robotic manipulator.  

[0055] A tail 204 extends proximally from the cover 208 to support the robotic manipulator 

and provides a removal or insertion support for the deployment of the sheath 200. The tail also 

includes a curved connector portion 209 connected to the cover 208. The curved connector 

provides additional lateral or radial space between the robotic manipulator and the sheath and 

thus allows easier access and attachment of the robotic manipulator to the sheath. The curved 

connector also spaces the tail from the robotic manipulator to further facilitate accessibility of the 

removal or insertion area of the tail used to assist in the deployment and/or withdrawal of the 

sheath and the robotic manipulator.  

[0056] Referring now to FIGS. 3-6, the sheath 300 includes an expandable cover 308 defining 

a cavity or pouch 301 therein. The cavity is arranged to accommodate a robotic manipulator 

inserted or seated therein. The cover 308 is a tri-fold arrangement having first and second side 

folds or walls 307, 309 and a center or middle fold or wall 305. The side folds protect or cover 

the sides of the robotic manipulator inserted therein. The middle fold covers a distal opening of 

the cover 308. In various exemplary embodiments the first, second and middle folds are 

removably connected to each other and in various exemplary embodiments, the removable 

connection includes a release line or cord 306. In various exemplary embodiments, proximal 

movement of the release line disengages or separates the removable connection between the 

folds. As such, the middle fold 305 is released and can be moved distally to uncover or not 

obstruct the distal opening of the cover 308. In various exemplary embodiments, all the folds of 

the cover are disengaged and thereby separating all the folds from each other and unfolding or 

opening the cover or cavity.  

[0057] In various exemplary embodiments, the release cord or line disengages the middle fold 

from the first and second folds separating the first and second folds from the middle fold. The 

release line remains connected to the middle fold thereby allowing the regulation of the 

movement of the middle fold relative to the first and second folds. As such, movement of the 

middle fold may be restricted as the sheath is inserted and at a particular depth or timing, the 
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middle fold is allowed move completely away from the first and second folds to expose the distal 

end and allow unobstructed deployment of the inserted manipulator through the sheath.  

Movement of the middle fold may also be restricted to enlarge the cavity defined by the folds to 

accommodate larger or various sized and shaped instruments beyond the initial dimension or 

shape of the initial cavity defined by the folds. However, the middle fold being restricted and in 

place continues to protect the distal end of the inserted manipulator and facilitates entry of the 

sheath through the access device.  

[0058] In various exemplary embodiments, the release line disengages one or more of the folds 

from one or more of the rest of the folds to provide different access or exposure of the robotic 

manipulator to the surgical site or to expand portions of the cavity as desired to accommodate a 

particular robotic manipulator. In various exemplary embodiments, one or more release lines are 

attached to one or more folds and in various exemplary embodiments a release line is connected 

to each fold thereby allowing individual and selective operation of the folds relative to each other 

and dynamically adjust the cavity and exposure of robotic manipulator as required. In various 

exemplary embodiments, the connection of the folds and the release line is a perforation such 

that movement of the release line separates portions of the middle fold along the perforation to 

releasably disengage the release line from the middle fold. In various exemplary embodiments 

the connection, disengagement of the connection or both are selectively and operationally 

activated to incrementally, partially or fully expand the cavity of the sheath and/or separate or 

unfold the sides or walls of the sheath and/or the flap. In various exemplary embodiments, once 

separated from a wall or fold, the walls or folds cannot be reattached and thus the sheath 300 can 

be removed from the surgical site to further prevent any inadvertent obstruction, leak path or 

restriction at the surgical site. A tail 304 extends proximally from the cover 308 to support the 

robotic manipulator and provides a removal or insertion support for the deployment of the sheath 

300.  

[0059] Referring to FIGS. 7-11, in accordance with various exemplary embodiments, a robotic 

sheath 400 includes an expandable cover 411 having curved side walls 407, 409 removably 

connected to each other through interfacing cutouts and tabs. A center wall 405 is removably 

connected to one or both of the side walls 407, 409. In various exemplary embodiments, the 

center wall includes foldable or deformable tabs 408 insertable into cutouts or apertures 403 in 

one or more of the side walls to removably connect the center wall to one or more of the side 

walls. The cover defines or delimits a cavity or enclosure 401 in which a robotic manipulator or 
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at least a distal portion thereof is arranged to be seated therein. In various exemplary 

embodiments, one or more of the side walls includes foldable or deformable tabs insertable into 

cutouts or apertures in one or more of the side walls to removably connect one of the side walls 

to the other one of the side walls. In the illustrated exemplary embodiment, the side wall 407 

includes an aperture or cutout 402 and the side wall 409 includes a deformable tab 406 insertable 

into the aperture 402 to removably connect the side walls 407, 409 together.  

[0060] The connection between the center and side walls, e.g., the spacing between walls or 

the spacing between the tabs and apertures of the walls, the resilient or flexible material of the 

walls, or a combination thereof allows the cavity defined by the cover to expand to accommodate 

various sized and shaped robotic manipulators inserted therein. Also in various exemplary 

embodiments, the center wall can unfold or curl away distally thereby allowing the distal end of 

the instrument to extend through the now unobstructed distal opening in the cover. The cover is 

biased proximally to resist forces or pressures from a robotic manipulator being moved distally.  

[0061] Once the bias of the center wall is overcome or the center wall is detached from one of 

the side walls, the center wall can be moved or unfolded to provide unobstructed access through 

the distal opening in the sheath by an inserted robotic manipulator. In various exemplary 

embodiments once the center wall is unfolded or detached from one of the side walls, the center 

wall may not be reattached or folded back to cover or obstruct the distal opening of the sheath.  

In various exemplary embodiments, the deformable or frangible tabs or apertures are disengaged 

or torn from each other to unfold or detach the sheath from the robotic manipulator. As shown in 

FIG. 9, only the center wall may be operationally detached from one or both of the side walls to 

provide unobstructed access through the opening in the sheath. With the side walls attached to 

each other, however, the sheath can remain connected to the robotic manipulator to further 

protect the manipulator or patient during operation and withdrawal of the manipulator. As 

illustrated in FIGS. 10-11, all the folds or wall may be detached from each other to, for example, 

ease removal of the sheath from the robotic manipulator and/or the surgical site, to provide 

different access or exposure of the robotic manipulator to the surgical site or to expand portions 

of the cavity as desired to accommodate a particular robotic manipulator. The center wall in 

various exemplary embodiments may also be reattached to the side wall by inserting the tab 408 

into aperture 403 of side wall 409 to further assist in the removal of the manipulator from the 

surgical site. Similarly, the side walls may be reattached by inserting tab 406 of side wall 409 

into aperture 402 of side wall 407. A tail 404 extends proximally from the cover 411 to support 
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the robotic manipulator and provides a removal or insertion support for the deployment of the 

sheath 400.  

[0062] Referring to FIG. 12, the sheath 500 includes a proximal cover 506 and a distal cover 

508. The proximal cover includes an elongate portion or tail 504 with arcuate sidewalls 502, 503 

that cover portions of a robotic manipulator inserted therethrough. A vertical slit 505 extends 

between the sidewalls and thus allows the side walls to move away from each other. Thus, the 

proximal cover can expand to accommodate various sized and shaped robotic manipulators. The 

proximal cover along with the distal cover extends the support and conversion of the robotic 

manipulator and extends the protection of the robotic manipulator, the patient and an access 

platform. As such, the curved sidewalls 502, 503 with smooth outer surfaces further assist in the 

insertion of the sheath into the body cavity or the access platform by providing a smooth 

continuous interface with minimal friction between the body wall or access platform and the 

sheath. Furthermore, the smooth inner surfaces of the cover do not damage or reduces potential 

damage to the cover and the inserted manipulator.  

[0063] A horizontal slit 507 separates the sidewalls 502,503 of the proximal cover from the 

distal cover and thereby further allows the proximal cover to expand and the distal cover to 

separate from the proximal cover. The distal cover includes a proximal opening connecting to a 

central lumen or cavity 501 delimited by the proximal cover 506. The distal cover 508 also 

includes a distal opening coupled to the proximal opening of the distal cover and also defines or 

delimits a cavity or lumen through the distal cover 508. In various exemplary embodiments, the 

cavity of the distal cover 508 and the cavity of the proximal cover 506 are interconnected and in 

which the robotic manipulator is inserted, seated within and moved there through. In various 

exemplary embodiments, the distal cover 508 is arranged to swing, pivot or be displaced away 

from the proximal cover 506 and thereby provides an unobstructed pathway from a proximal 

opening in the proximal cover to the distal opening in the proximal cover. The tail 504 

surrounded by side walls 502, 503 extends from the distal cover 508 to support the robotic 

manipulator and provides a removal or insertion support for the deployment of the sheath 500.  

[0064] In various exemplary embodiments, the distal cover 508 is hemispherical to ease 

placement of the sheath and in various exemplary embodiments has a proximal opening but no 

distal opening to further define the cavity in which a robotic manipulator is held, enclosed or 

encased therein. As such, in various exemplary embodiments, the entire distal cover is 
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displaceable away from the proximal cover to provide an unobstructed pathway out from the 

proximal cover.  

[0065] In FIG. 13, the sheath 600 is a monolithic sheet with ends 607, 609 wrapped around 

each other and defining a cavity or lumen 601. The lumen connects a proximal opening to a 

distal opening of the sheath. The proximal opening has a diameter larger than the diameter of the 

distal opening. The sheath provides a proximal cover 608 having a frustoconcial shape to 

facilitate insertion of the sheath. In various exemplary embodiments, the distal end includes a 

movable distal wall covering or obstructing the distal opening of the sheath. In various 

exemplary embodiments, a tail 604 extends from a portion near the proximal opening of the 

sheath or along the entire length of the sheath to support the robotic manipulator and provides a 

removal or insertion support for the deployment of the sheath. The ends of the sheath at the 

overlap 606 are movable relative to each other and thereby allowing expansion of the sheath and 

thus accommodating various sized and shaped instruments inserted therein. Apertures and 

detents, ratchet like mechanisms or the like in various exemplary embodiments interconnect the 

ends 607, 609 of the sheath to provide incremental and operational adjustment or enlargement of 

the cavity 601 of the sheath. As such, the sheath 600 extends the support and conversion of a 

robotic manipulator to a uniform, smooth and/or continuous surface or shape and extends the 

protection of the robotic manipulator, the patient and an access platform.  

[0066] In FIG. 14, a sheath 700 includes a proximal opening and a distal opening with a 

central lumen 701 connecting the openings together. Arcuate side sections or walls 707, 709 

define the central lumen or cavity in which a robotic manipulator may be inserted into. The side 

walls 707, 709 protect the inserted robotic manipulator. One or more slits 706 extend from the 

proximal opening to the distal opening and thereby allows the cover 708 or its side walls to move 

away from each other and thus expand thereby accommodating various sized and shaped robotic 

manipulator. The cover 708 has a frustoconcial shape to facilitate insertion of the sheath. In 

various exemplary embodiments the side walls are biased closed or towards each other and 

thereby provide a clamping or further fortifying the securement of the sheath to the robotic 

manipulator. In various exemplary embodiments, the side walls are attached or incorporated with 

spring-like material, elastic strips or fibers or shape memory alloy to bias the side walls or the 

cover closed or towards each other. Likewise, the distal and proximal openings of the sheath can 

also expand to accommodate various sized and shaped robotic manipulators being inserted 

through the sheath. The side walls 707, 709 are connected to each other at a distal end and thus 
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expand proximally to distally as needed to accommodate the inserted robotic manipulator. In 

various exemplary embodiments, the connection is frangible or detachable to allow complete 

separation of the side walls from each other. Additionally, the side walls separated from each 

other eases removal of the sheath from the surgical site, the surgical robotic manipulator or both.  

In the illustrated exemplary embodiment, the sheath does not include a flap obstructing the distal 

opening of the sheath. In various exemplary embodiments, portions of the side walls overlap 

each other and as such, the side walls overlapping each other cover portions of the slit. A tail 

704 surrounded by side walls 707, 709 and/or extending from the cover 708 supports the robotic 

manipulator and provides a removal or insertion support for the deployment of the sheath 700.  

As such, the sheath 700 extends the support and conversion of a robotic manipulator to a 

uniform, smooth and/or continuous surface or shape and extends the protection of the robotic 

manipulator, the patient and an access platform.  

[0067] It should be appreciated that the described features and details of the various exemplary 

embodiments are illustrative and can be applicable to the other various exemplary embodiments 

although not explicitly shown or described. Accordingly, combinations of exemplary 

embodiments and features or aspects of various exemplary embodiments or combinations of 

exemplary embodiments described can also be applicable to the other exemplary embodiments.  

Any missing described combination or feature is for clarity or to avoid repetition.  

[0068] The following remaining description provides features or aspects applicable to the 

various sheath exemplary embodiments and thus the below described sheath or sheaths refers to 

all the sheath exemplary embodiments, e.g., sheaths 100-700. In various exemplary 

embodiments, the tail or the elongate portion of the sheath acting or operating as a tail may be 

shorten or have a length equal or less than the length of the cover as needed, e.g., where 

operating space is limited or greater flexibility or mobility is needed. Similarly, in various 

exemplary embodiments the tail of the various sheaths may be removed. In various exemplary 

embodiments, the tail is elongate and is longer than the cover as applicable, e.g., where larger 

coverage or protection of the robotic manipulator is desired and/or larger removal or insertion 

area for the deployment of the sheath is desired. In various exemplary embodiments, the tail 

extends proximally from the expandable cover and is elongate and planar and is lengthwise 

longer than the expandable cover. In various exemplary embodiments, the tail of the various 

sheaths includes a curved or raised connector portion connected to the cover. The curved 

connector provides additional lateral or radial space of the robotic manipulator allowing easier 
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access and attachment of the robotic manipulator to the sheath and spaces the tail from the 

robotic manipulator to further facilitate accessibility of the removal or insertion area of the tail to 

assist in deployment of the sheath.  

[0069] In various exemplary embodiments, the sheath is made of a flexible and compressible 

material to conform to the robotic manipulator to affect an instrument seal due to compressive 

forces of the body wall or the access platform on the sheath. In various exemplary embodiments, 

the robotic sheath is made of a flexible and compressible material with a lower durometer than 

the surgical robotic manipulator and is arranged to conform to the surgical robotic manipulator 

due to compressive forces of the flexible seal of the surgical robotic access platform arranged to 

compress the cavity of the expandable cover of the robotic sheath against the distal end of the 

surgical robotic manipulator and to maintain an insufflation gas seal between the surgical robotic 

manipulator. In various exemplary embodiments, the sheath includes a funnel-shaped cover to 

provide or ease access of the sheath through the body wall or access platform.  

[0070] The various sheaths in various exemplary embodiments include a cover or an 

expandable portion to accommodate various sized and shaped robotic manipulators. The sheath 

covers irregularly shaped, sharp, rough, textured, or other manipulators having undercuts, 

protrusions, detents or other similar extremities that may damage the patient and/or access 

platform or create leak paths. As such, the sheath converts irregular shaped robotic manipulators 

to a more uniform or smooth shape for insertion, operation and removal without interfering or 

unduly limiting the range of operation of the robotic manipulator. The sheath thus protects the 

patient, the robotic manipulator and the access platform.  

[0071] The expandable portion of the sheath in various exemplary embodiments includes side 

walls to protect the outer surface or region of the robotic manipulator. The expandable portion 

includes an opening that facilitates insertion of the robotic manipulator to be seated therein. The 

distal opening facilitates access of the robotic manipulator through the sheath. The side walls 

also provide a smooth and uniform outer surface to protect the entry point or area into the body 

or access platform. The outer surface also minimizes leak paths or facilitates sealing. The outer 

surface also facilitates entry and removal of the sheath.  

[0072] The side walls in various exemplary embodiments define a cavity wherein the distal 

end of the robotic manipulator can be seated to secure or attach the sheath to the robotic 

manipulator. The cavity also provides an area or region in which a distal force applied by the 

robotic manipulator is applied or experienced by the sheath. In various exemplary embodiments, 
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the cavity or lumen of the various sheaths is filled or lined with foam, inflated bladders or gel 

cushions to further protect the instrument seated within the cavity. The foam or other protective 

material is lined, affixed or adhered to portions of the cover to ensure the protective material 

moves away from the path of the inserted instrument or follows movement of the cover while 

remaining affixed to the cover to avoid obstructions or debris as the cover or portions thereof are 

displaced. In various exemplary embodiments, the protective material is made of a material 

different from the material of the expandable cover and has a lower durometer than the material 

of the expandable cover. The various sheaths in various exemplary embodiments include an 

inner surface that is smooth and uniform to facilitate entry, removal and passage of the robotic 

manipulator through the sheath. The inner surface also protects or does not harm the robotic 

manipulator inserted therein.  

[0073] In various exemplary embodiments, the slit or separation between the side walls or the 

expandable portion of the various sheaths provides an exit region for the sheath to be removed or 

separated from the robotic manipulator. In various exemplary embodiments, the sheath is 

removed from the robotic manipulator and in which case the robotic manipulator remains 

stationary as the sheath is separated from the instrument. With the robotic manipulator 

remaining stationary, manipulation or placement of the robotic manipulator does not have to be 

performed or in some cases performed again. As such, operation times or steps can be reduced 

or avoided. Also, additional space or range of movement for the robotic manipulator is not 

required to perform the separation of the sheath which can be an issue in the limited confines of 

the surgical space or the given access platform.  

[0074] In various exemplary embodiments the cover of the various sheaths are made of a 

spring like material and thus is arranged to return to its original shape or position and thus 

provides a clamping or compression force upon the inserted robotic manipulator to ensure the 

cover remains in place protecting the distal end of the robotic manipulator. In various exemplary 

embodiments, portions of the sheath, e.g., the walls, folds or flaps or the proximal cover and the 

distal cover, are made of different materials from each other to accommodate particular robotic 

manipulators and their operation. For example, one wall of the sheath is made of a rigid material 

to protect a particular portion of the robotic manipulator requiring enhanced protection and a 

different wall of the sheath is made of a soft or less rigid material to enhance conformance of the 

sheath to the robotic manipulator.  
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[0075] In various exemplary embodiments, the various sheaths are molded into a shape or 

outline with the outer surface being continuous, uniform and smooth to ease insertion and 

placement. The various sheaths include an inner surface forming a cavity or housing for the 

placement, protection, support and ultimately an entryway for the robotic manipulator. As such, 

the robotic manipulator and in particular the sharp or irregularly shaped manipulators can be 

inserted into a surgical site without compromising the integrity of the access system or patient 

safety. In various exemplary embodiments, the sheath is removed or portions thereof exposing 

the robotic manipulator for entry into the surgical site.  

[0076] In various exemplary embodiments, the integrity, shape, dimension or outline of the 

cavity of the various sheaths can be maintained and thus disrupted by or at a single point or area 

by an attachment or release mechanism. In various exemplary embodiments, a release line is 

provided at a release area such that after insertion of the sheath, the release line or mechanism is 

activated remotely or externally from the sheath or outside the patient to cause the cavity to 

unfold, separate, tear or breakaway and thus facilitating removal of the sheath and/or exposing or 

not obstructing the robotic manipulator or portions thereof. In various exemplary embodiments, 

distal movement of the tail of the sheath causes the cavity or portions of the sheath to unfold, 

breakaway, separate or tear and thus allowing quick removal of the sheath and exposure of the 

robotic manipulator.  

[0077] In various exemplary embodiments, the portions are held together by coupling or an 

interconnection or connector, such as a releasable adhesive, heat bond, mechanical interlocks, 

magnets or other similar non-permanent or detachable mechanisms to allow the separation of 

portions of the sheath as desired. The connection or interlocks may include notches, tabs, detents 

or other similar defects on portions or ends of the cover to create or increase the mechanical 

interlock of the cover ends. Ball and socket, opposing hooks, ratchets, spring pins, or other 

connector configurations may also be provided to lock or connect portions of the sheath together.  

Alternatively, in various exemplary embodiments, the portions of the sheath, e.g., cover ends or 

walls, may be left uncoupled or separated and not connected. In various exemplary 

embodiments, the coupling, connector or interconnection of the portions of the sheath provides a 

one-way incremental and operational adjustment of the portions of the sheath, e.g., the cover, 

lumen or cavity, that once adjusted or manipulated, the coupling or connector is unable to be 

reattached or readjusted, e.g., once enlarged is unable to be contracted.  
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[0078] In various exemplary embodiments, the coupling, connector or interconnection of 

portions of the sheath is used to temporarily maintain a specified sheath shape or size. In various 

exemplary embodiments, releasing, disengaging or removing the coupling, e.g., by pulling a cord 

or manipulating a release actuator connected to the coupling, connector or interconnection, after 

insertion of the sheath would unfold or deploy the sheath or portions thereof to thereby facilitate 

removal of the sheath, access for the robotic manipulator, enlargement of the cavity or any 

combination thereof. In various embodiments, the disengagement may be incremental, one-way 

or both. In various exemplary embodiments, moving or pulling the tail or proximal end of the 

sheath proximally would unfold or deploy the sheath such as tearing or disengaging the 

interconnection between the sides or folds of the sheath. In various exemplary embodiments, the 

sheath may include one or more folds, walls or flaps that may be folded, formed or 

interconnected into a desired shape and dimension to accommodate the robotic manipulator or 

surgical site. In various exemplary embodiments, the size and shape of the spacing or slits 

between the folds, walls or flaps may be formed or temporarily connected into a desired shape 

and dimension to accommodate the robotic manipulator or surgical site. In various exemplary 

embodiments, the sheath may include a proximal cover, a distal cover or both with different sizes 

and shapes and defining or delimiting similar or different sizes and shapes of cavities or lumens 

to accommodate a particular robotic manipulator. In various exemplary embodiments, the sheath 

may include a proximal cover, a distal cover or both with similar sizes and shapes and defining 

or delimiting similar or different sizes and shapes of cavities or lumens to accommodate a 

particular robotic manipulator.  

[0079] Additionally, with the sheath being inserted into the access platform or through the 

body wall, the center wall, fold, flap and/or cover is biased proximally by the access platform or 

body wall contacting the fold, wall, flap and/or cover thereby also counteracting any forces by 

the robotic manipulator being inserted, enclosing the cavity and encasing and protecting the 

inserted robotic manipulator.  

[0080] In various exemplary embodiments, the robotic manipulator is moved to separate the 

sheath from the robotic manipulator. With the robotic manipulator causing the separation, a 

separate actuator or similar engagement portion can be avoided. In particular, a separate actuator 

is not required to access the tail of the sheath to remove the sheath once the instrument is placed 

at the surgical site.  

~ 19 ~



[0081] The different or varied robotic sheaths may be used for or to identify different robotic 

manipulators or other identifying indicia of the robotic manipulator operation, surgical robotic 

system or surgical procedure. In various exemplary embodiments, the sheath is made from 

molded silicone, rolled plastic shim material, folded films or any combination thereof. In 

various exemplary embodiments, the sheath is cost effective and can be single-use disposable for 

each access or placement of the sheath. In various exemplary embodiments, the slits or spacing 

or distance between the folds, walls or flaps are constant or continuous. In various exemplary 

embodiments, the distance between the folds, walls or flaps is between 2 to 4 millimeters.  

[0082] Referring now also to FIGS. 15-29, in various exemplary embodiments, a surgical 

robotic access system comprises a surgical access platform. The surgical access platform 

comprises a flexible seal 804 that sealingly conforms or engages with the robotic manipulators 

and/or the sheath while maintaining pneumoperitoneum during insertion, operation and removal.  

The flexible seal in various exemplary embodiments is contained, integrated or attached to a cap 

ring or cover 808 to form a sealing cap 800.  

[0083] The sealing cap 800 in various exemplary embodiments is incorporated with or 

removably attached to a retractor or protector 820 that provides retraction and/or protection of 

the incision or opening in the patient. In various exemplary embodiments, the retractor includes 

a sleeve or tube 816 extending between an inner ring 815 placed inside the patient and an outer 

ring 817 placed outside the patient. Both rings can be rigid, flexible or any combination thereof.  

The sleeve is flexible and cylindrical. In various exemplary embodiments, the sleeve has another 

shape, such as an oval or a more complex shape, is adjustable, is transparent or any combinations 

thereof. In various exemplary embodiments, the length of the sleeve is adjustable by varying the 

location of the outer and inner rings or by gathering or winding portions of the sleeve around the 

outer ring, the inner ring, an adaptor, another ring or the like and any combination thereof. In 

various exemplary embodiments, the sleeve is non-adjustable defining a fixed length and 

diameter access channel. In various exemplary embodiments, the sleeve includes one or more 

coatings such as a lubricious coating, anti-microbial coating or both. Examples of sealing caps, 

retractors and/or protectors are described in U.S. Patent Publication No. 2007/0088204 Al, the 

disclosure of which of incorporated by reference as if set forth in full herein. Examples of a 

flexible seal or material including gel material are described in U.S. Patent Application No.  

10/381,220, filed March 20, 2003, the disclosure of which is hereby incorporated by reference as 

if set forth in full herein.  
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[0084] In various exemplary embodiments, the sealing cap covers the proximal or outer 

portion of the retractor/protector. In various exemplary embodiments, the sealing cap provides 

additional access areas or portions. In the illustrated exemplary embodiment, the sealing cap 

includes a flexible seal or cover made of a flexible material, e.g., gel material, surrounding the 

sheath and through which robotic manipulators may be inserted directly there through for 

additional access into the patient. In various exemplary embodiments, auxiliary surgical 

instruments are insertable directly through the flexible seal in portions around or adjacent the 

sheath. The flexible seal provides a seal around or sealingly engages an outer surface of the 

auxiliary surgical instruments as the instruments are inserted, utilized or withdrawn from the 

flexible seal around the sheath and provides a seal in various exemplary embodiments in the 

absence of a surgical instrument inserted in the flexible seal around the sheath.  

[0085] The retractor/protector 820 provides a stable platform to connect the sealing cap 800 to 

the patient. The stable platform allows movement of the sheath within the flexible seal while 

minimizing any additional movement or forces caused by movement of the sheath on the flexible 

seal. As such, the outer portion of the flexible seal, the ring or both reduces or dissociates 

movement of the flexible seal caused by the sheath relative to the rest of the sealing cap and the 

patient. Also, the retractor/protector attached to the sealing cap further dissociates movement of 

the sealing cap on the patient caused by movement of the flexible seal of the sealing cap. The 

retractor/protector also atraumatically retracts the opening in the patient to increase range of 

access or mobility of the robotic manipulators and positions the tissue, around and through the 

opening, away from potential contact or trauma from the inserted surgical robotic manipulators.  

[0086] In various exemplary embodiments, an instrument shield or retractor shield is disposed 

between the sealing cap and the retractor to prevent or reduce potential damage to the retractor or 

protector and/or to direct off-axis manipulators towards the center or opening in the patient. In 

various exemplary embodiments, the sealing cap may be connected directly to the patient via 

sutures or adhesive and may be provided with or without the retractor, shield or both.  

[0087] In various exemplary embodiments, the sheath is removably insertable into the sealing 

cap and, in various exemplary embodiments, a raised portion of the flexible seal surrounds a 

cavity to further secure or reinforce the engagement of the sheath with the flexible seal. In 

various exemplary embodiments, the flexible seal has a uniform height or thickness throughout 

the seal. In various exemplary embodiments, the flexible seal has a center cavity disposed within 

the cavity to further assist in the insertion of a manipulator and sealing against the manipulator or 
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in the absence of the manipulator. As such, the center cavity provides another reduced layer of 

thickness or increased flexibility relative to the surrounding cavity and the surrounding flexible 

seal, e.g., the material within the cavity or between the cavity and the edge or outer periphery of 

the sealing cap.  

[0088] In various exemplary embodiments, the flexible seal within and/or below the sheath 

provides a seal for a surgical robotic manipulator to be inserted there through or in the absence of 

a manipulator inserted through the flexible seal. The reduced portion of the flexible seal defined 

and/or confined by the sheath provides a consistent density or consistency to provide a 

predefined or pre-known or predictable insertion force that may be used to generate haptic 

feedback or other similar sensor information to be recognized by the surgical robotics system to 

identify and/or simulate the insertion and withdrawal of the surgical robotic manipulator.  

[0089] In various exemplary embodiments, the sealing cap includes a flexible seal being 

resilient to doming during insufflation and to the insertion and removal of irregularly shaped or 

sharp robotic manipulators. Anti-doming of the flexible seal of the sealing cap in various 

exemplary embodiments comprises a mesh or a mesh lined pattern molded into the flexible seal 

that limits the amount of movement along a central axis of the sealing cap while still providing 

freedom for the flexible seal to seal around a robotic manipulator. In various exemplary 

embodiments, as shown for example in FIGS. 17-18, a line 809, e.g., a monofilament line, is cast 

or molded into the flexible seal in a star or web pattern to reduce doming of the flexible seal 

during pneumoperitoneum. In various exemplary embodiments, the line is weaved through the 

apertures or holes in the cap ring 808 to form a pattern to support and/or reinforce the flexible 

seal under pneumoperitoneum. In various exemplary embodiments, In various exemplary 

embodiments, the line is weaved into a pattern with the middle of the pattern being clear of the 

line. In various exemplary embodiments, the ends of the line are tied in a knot and/or adhered 

and loosely weaved to prevent deformation of cap ring during pre-molding. The anti-doming of 

the flexible seal prevents or reduces undesired movement of the area of the flexible seal or the 

sheath within the flexible seal that is sealing around the robotic manipulator and/or the robotic 

manipulator sealingly engaging the flexible seal. In various exemplary embodiments, the 

monofilament line is molded into the flexible seal and weaved through apertures in the cap ring 

in a pattern with the middle of the pattern being clear of the line. In various exemplary 

embodiments, the monofilament line being made of a material different from the flexible 

material of the flexible seal and has a thickness smaller than the thickness of the flexible material 
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[0090] In various exemplary embodiments, the sealing cap includes a flexible seal fortified to 

resist puncture or damage from irregularly shaped or sharp robotic manipulators. In various 

exemplary embodiments, the flexible seal includes one or more shields or protectors, e.g., sheets 

of puncture resistant film, fabric or the like, within or attached to the flexible seal and/or 

augmenting a specific access point or area through the flexible seal such as an opening or slit.  

The one or more shields also help to deflect off-axis robotic manipulators into alignment or 

towards the center or midline of the patient opening or the flexible seal as the robotic 

manipulator is inserted or passes through the flexible seal.  

[0091] In various exemplary embodiments, the one or more shields are embedded in the 

flexible seal and are arranged inside the inner periphery of the sealing cap. In various exemplary 

embodiments, the protectors are positioned between the inner and outer surface of the flexible 

seal. The protectors are confined within a particular area or space of the flexible seal to allow 

additional access through the surrounding flexible seal as well as to allow freedom of movement 

of the flexible seal unencumbered or obstructed by the protectors. The flexible seal in one 

exemplary embodiment is made of a gel material and in various exemplary embodiments an 

upper surface of the shields and a lower and/or side surfaces of the shields are surrounded by or 

directly attached and embedded in the flexible seal.  

[0092] In various exemplary embodiments, as shown for example in FIGS. 15-18, a surgical 

robotic access system is provided in which a sealing cap includes protectors or shield leaves 801, 

803 to protect the flexible seal 804, the robotic sheath, the robotic manipulator or any 

combination thereof. The shield leaves 801, 803 are embedded in the flexible seal 804 that is 

attached to or integrated into a ring, cap or cover 808. By embedding the shield leaves in the 

flexible seal, any forces that may dislodge the shield is eliminated or greatly reduced. In various 

exemplary embodiments, the shield leaves 801, 803 are a pair of rectangular fabric or film sheets 

covering a center region of the flexible seal. In various exemplary embodiments, the film or 

fabric sheets are one by three inch strips. In various exemplary embodiments, the shield leaves 

have a plurality of openings along their edges or ends assisting in the attachment and securement 

of the shield leaves to the flexible seal. In various exemplary embodiments, the shield leaves 

have or define a central opening with the edges of the shield leaves embedded into the flexible 

seal. In various exemplary embodiments, the shield leaves are made of a material different from 

the flexible material of the flexible seal and have a higher durometer than the flexible material 

and/or have a higher leak rate than the flexible material in presence and absence of an instrument 
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inserted therethrough. The shield leaves in various exemplary embodiments are embedded in the 

flexible seal by attaching to the leaves to a metallic shim. The metallic shim holds the 

arrangement or placement of the shield leaves to be molded or embedded into the flexible seal.  

The metallic shim also spaces or separates the leaves to provide a space or opening between the 

leaves during the molding or embedding of the leaves into the flexible seal. Once formed, the 

metallic shim can be removed from the flexible seal.  

[0093] Additionally, a filament or line, as previously described, may also be weaved through 

the cap ring to form a pattern to further support the flexible seal and the shield and to reduce 

doming of flexible seal during pneumoperitoneum. As such, the line is cast or molded along 

with the shield leaves into the flexible seal. In various exemplary embodiments, the leaves are 

disposed in the middle of the flexible seal to shield an inner layer of a slit, opening or an x-slit 

within the flexible seal. In various exemplary embodiments, the slit or x-slit is created using 

sheet metal glued together in a specific orientation providing a taper such that device tips will be 

funneled towards the center of the slit and protect the flexible seal from puncturing. In various 

exemplary embodiments, the middle portions of film strips or sheets are glued to x-slit shims to 

hold the sheets in place while flexible material of the flexible seal is being cured or molded. In 

various exemplary embodiments, the shield sheets or film has a low friction or non-tacky side to 

ease manufacturing and operational movement of the shield and a fabric side to provide 

additional protection to the sheets, the flexible seal, or an opening through the flexible seal or to 

provide a predefined target area. In various exemplary embodiments, the low friction side is face 

down in the mold, which faces up proximally or towards a surgeon in operation and the fabric 

side adheres to the flexible seal and keeps the shield in place in the flexible seal. In various 

exemplary embodiments, the low friction side is coated or otherwise formed or arranged to 

remain separate from flexible material of the flexible seal. In various exemplary embodiments, 

the inserted robotic manipulator or sheath contacts the low friction side of shield and the shield 

prevents the inserted manipulator or sheath from digging into the flexible material of the flexible 

seal.  

[0094] In various exemplary embodiments, the flexible material, e.g., a gel material, is poured 

into a mold to hold x-slit shim in place and prevent air from being trapped under a sheet. Also, 

the x-slit shim prevents the shield leaves from resting against the mold as the gel material is 

being cured to ensure the gel material is between the mold and the shield leaves. As such, the 

leaves remain within gel material or under the outer surface of the gel material and a hole or 
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opening for the gas (e.g., carbon dioxide) to escape is avoided. After curing, e.g., removing heat 

and cooling, the x-slit shims are removed while the shield leaves remain within the flexible 

material. In various exemplary embodiments, the shield leaves are disposed to augment or 

reinforce the opening or x-slit in the flexible seal.  

[0095] In various exemplary embodiments, an opening actuator, e.g., one or more handles and 

lines 811, cord, string or the like are attached to one or more of the shield leaves, e.g., shield leaf 

803. Manipulation of the opening actuator opens or closes the shield leaves by adjusting the 

separation or space between the shield leaves. For example, moving or pulling the line 

proximally and/or laterally loosens or increases separation, distance or spacing between the 

shield leaves and/or the portions of the flexible material surrounding or adjacent to the shield to 

thereby ease placement of robotic manipulator. Similarly, releasing or not manipulating the line 

allows the shield and/or flexible seal to remain or return to their initial state and thus apply radial 

or compression force or circumferential pressure and provide sealing engagement with the 

robotic manipulator or sheath in place or fortify portions of the flexible seal, e.g., around a 

central opening in the flexible seal.  

[0096] In various exemplary embodiments, the shield may be of varied shapes, sizes and 

number. For example, as shown in FIG. 19, scalloped shields or tear dropped shaped seals 812 

are arrayed covering a center region of the flexible seal. The flexible seal surrounding the 

scalloped shields 812 remains unobstructed. As shown, the shields and/or flexible seal may 

include indicia or other indicators to highlight a portion of the flexible seal, the shield and/or 

sealing cap to direct or provide a target area for the sheath and/or robotic manipulator to be 

inserted therethrough.  

[0097] In various exemplary embodiments, the scalloped shields so arranged can flex or move 

distally and assist in moving the flexible seal from the pathway of the inserted sheath or robotic 

manipulator to guide the sheath or manipulator and partially or fully protect the flexible seal.  

The scalloped shields are arranged or interconnected with each other such that movement of one 

of the shields effects movement of the surrounding shields to further guide and facilitate entry of 

the sheath or robotic manipulators through the flexible seal.  

[0098] In various exemplary embodiments, the flexible seal, as shown in FIGS. 20-21, 

includes a shield 814, e.g., a single piece or monolithic shield, to guide robotic manipulators or 

sheaths through the access platform and provide further protection for the sheath, flexible seal or 

access platform. The shield includes holes or apertures along its edges or ends to enhance 
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securement of shield to the flexible seal. In various exemplary embodiments, the shield 814 is a 

curved or angled plastic or fabric sheet. The shield includes angled side walls 821, each identical 

and mirror images of each other that meet together at their edge and in various exemplary 

embodiments over a midline of flexible seal or above the slit. Top and bottom angled walls 822 

fill in top or bottom portions of the shield to direct the shield and an inserted sheath or 

manipulator towards the middle or center edge of the side walls. In various exemplary 

embodiments, tabs or flanges 823, 824 extend from the side walls, the top wall and/or bottom 

wall and in various exemplary embodiments include holes or apertures 825, 826 to further 

fortify, embed or secure attachment of the shield to the flexible seal.  

[0099] In various exemplary embodiments, the shields or protectors have one edge elevated 

above an edge at the midline of the flexible seal to provide a tapered or sloped shielded entry to 

facilitate movement of the protectors and to direct the inserted robotic manipulator towards the 

slit in the flexible seal. In various exemplary embodiments, the flexible seal or material directly 

under the protectors are correspondingly shaped and sized to accommodate the shape and size of 

the protectors. The shields in various exemplary embodiments are cast into the flexible seal to 

protect or reinforce the flexible seal or material from being torn or punctured by the tips of the 

surgical robotic manipulators in such a way to effectively disrupt or make ineffective the zero 

sealing or instrument sealing capabilities of the sealing cap. In various exemplary embodiments, 

the shields are made out of a soft and durable material to provide a lubricious surface for the tips 

of the robot manipulators to ride against during insertion or withdrawal of the robot actuators. In 

various exemplary embodiments, the shield is made from a material different, more durable and 

rigid or any combination thereof than the material of the flexible seal. In various exemplary 

embodiments, the shield, shields or protectors are made of a material different from the flexible 

material of the flexible seal and have a higher durometer than the flexible material and/or have a 

higher leak rate than the flexible material in presence and absence of an instrument inserted 

therethrough. In various exemplary embodiments, one or more opening actuators, e.g., one or 

more handles and/or lines, cord, string or the like, are attached to one or more shields or portions 

of the shield to adjust, e.g., increase or decrease, the separation or distance between the one or 

more shields or portions of the shield corresponding with movement of the one or more opening 

actuators.  

[0100] In various exemplary embodiments, a double duckbill seal is cast into the flexible seal 

to provide an additional or separate zero seal or seal in absence of a surgical robotic manipulator.  
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The duckbill seal in various exemplary embodiments is made of a material different from the 

material of the flexible seal. The duckbill seal is compressible by the surrounding flexible seal to 

further enhance the seal of the duckbill seal. In various exemplary embodiments, the duckbill 

seal does not extend through the flexible seal and instead is completely embedded in the flexible 

seal to further enhance the seal of the sealing cap and the duckbill seal. The protector or shields 

in various exemplary embodiments may be included and precede the duckbill seal.  

[0101] In various exemplary embodiments an insufflation port 806, an evacuation port 805 or 

both are disposed through the ring 808, the flexible seal 804 or both to access the body cavity.  

As such, gas or fluid such as insufflation gas can be externally supplied via an inlet of the 

insufflation port 806 from a gas source outside or external to the patient and the robotic access 

system. The externally supplied gas is introduced into the patient through an outlet of the 

insufflation port while the flexible seal prevents any gas or fluid from escaping. Similarly, gas or 

fluid such as smoke may be extracted from within the patient through the inlet of the evacuation 

port 805 and pulled out externally through an outlet of the evacuation port into an appropriate 

canister, suction or evacuation system to properly dispose of the potentially harmful or disruptive 

gas or fluid.  

[0102] In various exemplary embodiments, an outer portion of the flexible seal is coupled to 

the ring 808 and in one exemplary embodiment is molded to a plurality of apertures disposed 

along the periphery of the ring. In various exemplary embodiments, the ring 808 of the sealing 

cap includes a pivotably coupled latch 807 along with a stationary ledge or flange 810 assisting 

in removably coupling the sealing cap to the protector. In various exemplary embodiments, the 

ring and flexible seal are made of the same material and thus together form a monolithic 

structure. In various exemplary embodiments, as shown for example in FIGS. 22-23, the flexible 

seal 804 includes one or more zero seals 901, 902, 903 such as a duckbill or flapper seal attached 

to or integrated into the flexible seal in absence of a trocar, sheath or the like not inserted into the 

flexible seal. In various exemplary embodiments, one or more septum or instruments seal are 

integrated or included with one or more zero seal to further sealingly engage with an outer 

surface of inserted sheath and/or manipulator. The zero seals, instrument seals or both provide 

additional target areas for the sheaths and/or robotic manipulators and may be provided with 

reduced thickness or stiffness to ease insertion of an inserted robotic manipulator and sealing of 

the flexible seal when the robotic manipulator is withdrawn. In various exemplary embodiments, 
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the zero seals 901, 902, 903 and flexible seal 804 are molded as a single monolithic structure and 

thus are made of the same material.  

[0103] As shown in FIGS. 24-27, the flexible seal 804 in various exemplary embodiments 

includes a plurality of apertures. Two of the apertures 1111, 1113 include an elastomeric 

cylindrical laterally extending bellows that are used to both attach and sealingly engage a trocar 

or sheath to the flexible seal 804. The surrounding material of the flexible seal 804 is less 

resilient or stiffer than the bellows surrounding or attached to the apertures of the flexible seal.  

As such, the surgeon is provided a pronounced degree of movement for the attached trocar or 

sheath. In various exemplary embodiments, the flexible seal has a central aperture 1112 that is 

larger than the other apertures. In various exemplary embodiments, each or some of apertures 

include or have a zero seal such as duckbills 1121, 1122 or flapper seal 1123 attached to or 

integrated into the respective aperture to provide a seal in absence of a trocar, sheath or the like 

not inserted into the apertures. In various exemplary embodiments, one or more septum or 

instruments seals are integrated or included with one or more zero seals to further sealingly 

engage with an outer surface of an inserted sheath and/or manipulator. In various exemplary 

embodiments, removable access ports 1116, 1118 of varied diameter size are provided for 

auxiliary surgical instruments or surgical robotic manipulators and are inserted into the apertures 

1111, 1112, 1113 and/or around a sheath or central aperture 1112. In various exemplary 

embodiments, the removable access ports comprise of a cannula with an attached or integrated 

seal assembly with an instrument seal, zero seal or both. The cannula in various exemplary 

embodiments has one or more support structures on the outer surface of the cannula to 

removably secure the removable access port to the flexible seal. In various exemplary 

embodiments the removable access ports are all utilized to increase triangulation manipulation or 

viewing for the surgical procedure and may include additional inlets/outlets for insufflation 

and/or evacuation.  

[0104] In various exemplary embodiments, the surgical robotic access system provides access 

into a patient's body cavity for a 22mm diameter surgical robotic manipulator and/or a sheath.  

The surgical robotic access system provides a seal, e.g., a zero seal, when the robotic 

manipulator and/or sheath are not inserted through the robotic access system. The surgical 

robotic access system also provides an instrument seal when the robotic manipulator is inserted 

through the robotic access system. The seal prevents the loss or escape of fluids or gases used or 

encountered in a surgical procedure. The surgical robotic access system in various exemplary 

~-28-~



embodiments also provides access for introducing or removing of gas or fluids such as 

insufflation gas, smoke or the like. The surgical robotic access system provides protection for 

and from distal tips of the robotic manipulator from damaging the surgical robotic access system, 

the patient and the robotic manipulator.  

[0105] In various exemplary embodiments, a surgical robotic access system provides a seal 

arrangement for a surgical robotic manipulator to be inserted there through or in the absence of a 

manipulator. In accordance with various exemplary embodiments, as shown in FIG. 28, the 

sheath 300 may be introduced through a body wall and into a patient's body cavity through an 

incision or opening in the patient. Similarly, as shown for example in FIGS. 29-30, the sheath in 

accordance with various exemplary embodiments may be introduced through an access platform.  

(Although sheath 300 is shown in FIGS. 28-30, other various sheath exemplary embodiments 

(e.g., sheaths 100-700) described throughout the application may be similarly used.) Likewise, 

although a particular surgical access platform and/or sealing cap is shown, other surgical access 

platform exemplary embodiments and features thereof described throughout the disclosure may 

be similarly utilized. Prior to introduction into the patient, the sheath has expanded or contracted 

to accommodate and support the robotic manipulator and otherwise converted an irregularly 

shaped robotic manipulator to a uniform and smooth form for entry into the patient's body.  

After insertion into the body cavity via an incision, opening and/or a surgical access platform, 

the robotic manipulator may be extended distally tearing, unfolding or exiting from the distal end 

of the sheath to perform its intended surgical function. In various exemplary embodiments, prior 

to the sheath being introduced into the patient and/or the surgical access platform, the patient's 

body cavity is not insufflated and after insertion, the patient's body cavity is insufflated.  

Alternatively or additionally, the sheath may be retracted or pulled back proximally to expose or 

cause the robotic manipulator to exit the sheath thereby allowing the robotic manipulator to 

perform its intended surgical function unimpeded. After use, the robotic manipulator may be 

retracted proximally and/or the sheath may be moved distally to again cover or encase the 

robotic manipulator within the sheath. As such, the sheath and the robotic manipulator may be 

removed or withdrawn together from the patient's body and/or surgical site. In various 

exemplary embodiments, the sheath may be completely removed from the surgical site before or 

after withdrawal of the robotic manipulator from the patient's body or surgical site. In various 

exemplary embodiments, a frangible collar 302 is disengaged or torn to detach the sheath from 

the robotic manipulator.  
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[0106] In accordance with various exemplary embodiments, the dashed lines 24 represent the 

protector and its film that may be twisted prior to its insertion into or within the opening in the 

patient. The film twisted can further assist in sealing the opening of the patient. In various 

exemplary embodiments, the dashed lines 16 represent the body wall and the sleeve of the 

retractor retracting the opening in the patient to ease access into the patient. In the illustrated 

exemplary embodiments, one or more of the components are shown transparent or translucent to 

better show some of the underlying components or features otherwise hidden by the flexible seal 

or sealing cap. In various exemplary embodiments, the dashed line 18 outlines or provides a 

different consistency or flexibility of the flexible seal relative to the surrounding material and in 

various exemplary embodiments the flexible seal within the dashed line 18 is firm or more rigid 

relative to the surrounding material and thus moves or translates freely relative to the ring while 

the sheath remains static relative to the flexible seal immediately surrounding the sheath. The 

dashed lines 3, 5 generally represent the upper and lower surfaces of the body wall of a patient.  

Additionally, in various exemplary embodiments and operations, the patient's body cavity is 

insufflated or under pressure. The dashed line 7 represents the mid-line or longitudinal axis of 

the surgical robotic access system and in various exemplary embodiments represents an initial 

incision or opening in the patient.  

[0107] In the illustrated exemplary embodiments, it is exemplified that the surgical robotic 

access system, e.g., the sealing cap and the sheath, may have different sizes, shapes and 

dimensions. The dimensions, shapes and sizes may be dictated or determined based on the 

surgical procedures or the surgical robotic system. The sheath, for example, although shown as 

generally frustoconical, tubular or cylindrical may be of varied shapes and dimensions such as 

an hour-glass or the like to optimize the surgical site space or sealing engagement with surgical 

robotic manipulator or the sealing cap. Similarly, the materials of the surgical robotic access 

system may vary to optimize the surgical site space or connectivity to the surgical robotic 

system. In various exemplary embodiments, the sheath is made of a flexible and compressible 

material or made of a lower durometer than the flexible material to conform to the robotic 

manipulator to affect an instrument seal due to compressive forces of the body wall or the access 

platform, e.g., the flexible seal, on the sheath. In various embodiments, the robotic sheath is 

rigid or is made of a material with a higher durometer than the flexible material of the access 

platform in that the material of the robotic sheath is arranged to resist compressive forces of the 
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flexible material thereby protecting the surgical robotic manipulator and yet maintaining an 

insufflation gas seal between the robotic sheath and the flexible material.  

[0108] Throughout a surgical procedure, the surgical robotic manipulator may be interchanged 

with other surgical robotic manipulators each having differing or varying geometry and/or 

dimensions. The robotic manipulator, e.g., exemplary robotic instrument 11, is robotically 

controlled autonomously or through assistance of a surgeon without a surgeon in direct contact 

or physically grasping the surgical robotic manipulator. The distal ends of the surgical robotic 

manipulator in various exemplary embodiments are removable and hot swappable with other 

distal ends of the surgical robotic manipulator that are arranged to preform specific surgical 

functions, such as stapling, electro-cautery, grasping, viewing, cutting and the like. In various 

exemplary embodiments, the robotic manipulator is surrounded by a robotic drape or sleeve 

integrated with or included with the surgical robotic system but is separate and distinct from the 

sheath. In various exemplary embodiments, both the robotic sleeve and the robotic manipulators 

are robotically controlled. The robotic sleeve in various exemplary embodiments includes a 

flexible robotic housing or tube and collar through which a surgical robotic manipulator can be 

maneuvered there through and into a patient's body. The robotic sleeve like the surgical robotic 

manipulator is similarly attached or included with the sheath in accordance with various 

exemplary embodiments described throughout the application.  

[0109] The surgical robotic manipulators can vary in shape and sizes and thus the sheath, 

sealing cap or combinations thereof in various exemplary embodiments provides an adaptable 

yet static sealing arrangement to seal against the varied shapes and sizes of the surgical robotic 

manipulators or in the absence of a surgical robotic manipulator. The sheath, sealing cap or 

combinations thereof also does not damage or disrupt the surgical robotic manipulator. The 

sheath, sealing cap or combinations thereof also facilitates the seal with the opening in the body 

and allows freedom of movement of a robotic manipulator which facilitates the seal with or to a 

robotic sleeve and/or manipulator and reduces potential damage to the robotic sleeve and/or 

manipulator due to off axis movements. In various exemplary embodiments, the sheath, sealing 

cap or combinations thereof also facilitates a seal with the opening in the body and the sealing 

cap allows freedom of movement of a sheath which facilitates the seal with or to a robotic sleeve 

and/or manipulator and reduces potential damage to a robotic sleeve and/or manipulator due to 

off axis movements.  
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[0110] The above description is provided to enable any person skilled in the art to make and 

use the surgical robotic access system described herein and sets forth the best modes 

contemplated by the inventors of carrying out their inventions. Various modifications, however, 

will remain apparent to those skilled in the art. It is contemplated that these modifications are 

within the scope of the present disclosure. Different exemplary embodiments or aspects of such 

exemplary embodiments may be shown in various figures and described throughout the 

specification. However, it should be noted that although shown or described separately each 

exemplary embodiment and aspects thereof may be combined with one or more of the other 

exemplary embodiments and aspects thereof unless expressly stated otherwise. It is merely for 

easing readability of the specification that each combination is not expressly set forth. It is 

therefore also to be understood that the system or devices may be practiced otherwise than 

specifically described, including various changes in the size, shape and materials. Thus, 

exemplary embodiments described should be considered in all respects as illustrative and not 

restrictive.  

[0111] It is to be understood that, if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of the common 

general knowledge in the art, in Australia or any other country 

[0112] In the claims which follow and in the preceding description of the invention, except 

where the context requires otherwise due to express language or necessary implication, the word 

"comprise" or variations such as "comprises" or "comprising" is used in an inclusive sense, i.e.  

to specify the presence of the stated features but not to preclude the presence or addition of 

further features in various embodiments of the invention.  
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Claims: 

1. A surgical robotic access system providing instrument access into a patient's body, the 

surgical robotic access system comprising: 

a surgical robotic access platform having a proximal portion disposed externally to a 

patient's body and a distal portion positioned within a patient's body, the proximal portion of the 

surgical robotic access platform including a flexible seal; and 

a robotic sheath having a proximal end and a distal end insertable through the flexible 

seal of the surgical robotic access platform, the robotic sheath having an expandable cover 

disposed at the distal end of the robotic sheath and defining a cavity having proximal opening 

and a distal opening and through which a surgical robotic manipulator is insertable therethrough, 

wherein the expandable cover, while in a closed position, covers the distal opening of 

the cavity and, while in an open position, the expandable cover uncovers the distal opening of the 

cavity, providing the surgical robotic manipulator unobstructed access through the distal opening 

of the cavity, and is unable to revert back to the closed position once in the open position.  

2. The system of claim 1, wherein the expandable cover of the robotic sheath is arranged 

to encase and surround a distal end of the surgical robotic manipulator within the cavity of the 

robotic sheath and the flexible seal is arranged to encase and surround the expandable cover of 

the robotic sheath to compress the expandable cover of the robotic sheath against the distal end 

of the surgical robotic manipulator and thereby maintain an insufflation gas seal between the 

robotic sheath and the flexible seal.  

3. The system of claims 1 or 2, wherein the expandable cover includes curved sides 

separated by a slit extending from the distal opening of the expandable cover to the proximal 

opening of the expandable cover.  

4. The system of claim 3, wherein the expandable cover further comprises a distal flap 

removably attached to the distal end of the expandable cover.  

5. The system of claim 3, wherein the expandable cover further comprises a distal flap 

biased in a closed position covering the distal opening in the expandable cover.  
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6. The system of claims 4 or 5, wherein the distal flap is planar and movable to be 

disposed flushed against the distal opening of the expandable cover and wherein the proximal 

opening of the expandable cover is larger in diameter than the distal opening of the expandable 

cover.  

7. The system of claims 1 or 2, wherein the expandable cover comprises two side walls 

and a distal wall to collectively define the cavity in the expandable cover.  

8. The system of claim 7, wherein the expandable cover includes a first curved slit 

separating one of the two side walls from the distal wall and a second curved slit separating 

another of the two side walls from the distal wall, the distal wall arranged to unfold away from 

the two side walls.  

9. The system of claims 1 or 2, wherein the expandable cover comprises a first fold, a 

second fold, and a middle fold positioned between the first fold and the second fold, and wherein 

the first fold, the, second fold, and middle fold are removably connected to each other.  

10. The system of claim 9 further comprising a release line removably connecting the first 

fold, the second fold, and the middle fold to each other.  

11. The system of claim 10, wherein movement of the release line in a proximal direction 

releases the connection between the first fold, the second fold and the middle fold thereby 

separating the folds from each other and allowing the middle fold to unfold distally under 

pressure of the surgical robotic manipulator being moved distally through the cavity.  

12. The system of claim 11 further comprising a perforation in one or more of the folds at a 

connection area in one or more of the folds and the release line, wherein the movement of the 

release line separates portions of the one or more folds along the perforation to releasably 

disengage the release line from the one or more folds.  
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13. The system of claim 9 further comprising a first release line removably attached to at 

least one of the first and second folds and a second release line removably attached to the middle 

fold thereby allowing individual and selective movement of the folds relative to each other.  

14. The system of claims 1 or 2, wherein the expandable cover comprises a plurality of 

folds collectively delimiting the cavity of the expandable cover and at least one release line 

removably attached to at least one fold of the plurality of folds.  

15. The system of claims 1 or 2, wherein the expandable cover includes curved side walls 

and a center wall removably connected to each other through interfacing cutouts and tabs.  

16. The system of claim 15, wherein the center wall includes deformable tabs insertable 

into cutouts in one or more of the curved side walls to removably connect one or more of the side 

wall to the center wall.  

17. The system of claims 15 or 16, wherein one or more of the curved side walls includes 

deformable tabs insertable into cutouts in one or more of the curved side walls to removably 

connect one of the side walls to the other one of the curved side walls.  

18. The system of claims 15, 16, or 17, wherein one or more of the curved side walls 

includes deformable tabs insertable into cutouts in the center wall to removably connect one or 

more of the curved side walls to the center wall.  

19. The system of any one of the preceding claims, wherein the expandable cover includes 

an exterior surface and an interior surface, and wherein both the exterior and interior surfaces are 

uniform and smooth.  

20. The system of claim 19, wherein the interior surface of the expandable cover is lined 

with a protective material affixed to the interior surface 
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21. The system of claim 20, wherein the protective material is a material different from a 

material of the expandable cover, and wherein the protective material has a lower durometer than 

the material of the expandable cover.  

22. The system of claim 20 or claim 21, wherein the protective material is made of foam.  

23. The system of any one of the preceding claims, wherein the robotic sheath is monolithic 

and made from molded silicone.  

24. The system of any one of the preceding claims, wherein the flexible seal has a uniform 

height and thickness throughout the flexible seal.  

25. The system of any one of the preceding claims, wherein the robotic sheath further 

comprises a retrieval tail extending proximally from the expandable cover, the retrieval tail being 

elongate and planar being lengthwise longer than the expandable cover.  

26. The system of any one of the preceding claims, wherein the flexible seal further 

comprises a shield embedded within the flexible seal, the shield being made of a material 

different from a flexible material of the flexible seal, having a higher durometer than the flexible 

material and having a higher leak rate than the flexible material in presence and absence of the 

surgical robotic manipulator inserted therethrough.  

27. The system of claim 26, wherein the shield has a monolithic structure with angled side 

walls meeting together at an edge and over a midline of the flexible seal, a top angled wall 

meeting at one end of the edge of the angled side walls and a bottom angled wall meeting at an 

opposing end of the edge of the angled side walls.  

28. The system of claim 26, wherein the shield comprises a plurality of shield leaves 

disposed at a center region of the flexible seal and embedded within the flexible seal.  
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29. The system of claim 28 further comprising a movable line attached to at least one of the 

plurality of shield leaves to adjust a distance between the plurality of shield leaves with a 

movement of the movable line.  

30. The system of claims 28 or 29, wherein the plurality of shield leaves have a scalloped 

shape and are arranged in an interlocking array covering the center region of the flexible seal.  

31. The system of any one of claims 26 to 30, wherein the shield has a plurality of openings 

along an edge of the shield embedded within the flexible seal.  

32. The system of any one of the preceding claims, wherein the flexible seal further 

comprises a monofilament line molded into the flexible seal and weaved through apertures in a 

cap ring in a pattern with a middle of the pattern being clear of the monofilament line.  

33. The system of claim 32 wherein the monofilament line is made of a material different 

from a flexible material of the flexible seal, and wherein the monofilament line has a thickness 

smaller than the thickness of the flexible material.  

34. The system of any one of the preceding claims, wherein the cavity of the expandable 

cover of the robotic sheath is arranged to expand upon insertion of the surgical robotic 

manipulator into the cavity and the flexible seal is arranged to encase and surround the 

expandable cover of the robotic sheath.  

35. The system of any one of the preceding claims, wherein the robotic sheath is made of a 

material with a lower durometer than the surgical robotic manipulator, and wherein the robotic 

sheath is arranged to conform to the surgical robotic manipulator due to compressive forces of 

the flexible seal of the surgical robotic access platform arranged to compress the cavity of the 

expandable cover of the robotic sheath against the distal end of the surgical robotic manipulator 

and to maintain an insufflation gas seal between the surgical robotic manipulator, the robotic 

sheath and the flexible seal.  
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36. The system of any one of the preceding claims, wherein a distal most end of the robotic 

sheath is operationally disposed beneath a lower surface of the flexible seal and the proximal 

portion of the robotic sheath and the flexible seal are operationally disposed outside of the 

patient's body.  

37. The system of any one of the preceding claims, wherein the robotic sheath is removable 

from the surgical robotic manipulator with the surgical robotic manipulator being stationary, and 

wherein a distal portion of the surgical robotic manipulator being disposed through the flexible 

seal of the surgical access platform.  

38. The system of claim 1, wherein the expandable cover of the robotic sheath is arranged 

to encase and surround a distal end of the surgical robotic manipulator within the cavity of the 

robotic sheath and the flexible seal is arranged to encase and surround the expandable cover of 

the robotic sheath to compress the expandable cover of the robotic sheath, wherein the 

expandable cover is made of a material with a higher durometer than a flexible material of the 

flexible seal in that the material of the robotic sheath, and wherein the material of the expandable 

cover is arranged to resist compressive forces of the flexible material of the flexible seal and to 

maintain an insufflation gas seal between the robotic sheath and the flexible seal.  

39. The system of any one of the preceding claims, wherein the proximal portion of the 

surgical robotic access platform further comprises a ring surrounding and connected to the 

flexible seal, and wherein the distal portion of the surgical robotic access platform comprises a 

compressible sleeve and an inner ring, the inner ring arranged to be positioned within a patient's 

body and the compressible sleeve connecting the inner ring to the ring surrounding and 

connected to the flexible seal.  

40. The system of claim 1, wherein the expandable cover further comprises side flaps that 

collectively define the cavity of the robotic sheath with a distal flap, and the side flaps are 

adapted to be moved or unfolded to provide the surgical robotic manipulator unobstructed access 

through the distal opening of the robotic sheath once the distal flap covering the distal opening of 

the expandable cover is in the open position.  

~ 38~



41. The system of claim 40, wherein the side flaps are configured to not revert back to the 

closed position once in the open position.  

42. The system of claim 40, wherein the side flaps are removably attached to the distal flap.  

~-39-~
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