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(57) ABSTRACT 

The various embodiments disclosed herein relate to proce 
dural space maintenance devices, medical device positioning 
devices, and devices that provide both procedural space main 
tenance and device positioning. Further embodiments relate 
to medical device insertion and/or retraction devices. 
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MEDICAL INFLATION, ATTACHMENT, AND 
DELIVERY DEVICES AND RELATED 

METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to Provisional 
Application No. 60/956,032, ?ledAug. 15, 2007; Provisional 
Application No. 60/ 990,062, ?led Nov. 26, 2007; and Provi 
sional Application No. 60/990,470, ?led Nov. 27, 2007; all of 
Which are hereby incorporated herein by reference in their 
entireties. 

TECHNICAL FIELD 

[0002] The embodiments disclosed herein relate to various 
medical devices and related components, including robotic 
and/ or in vivo medical devices and related components, along 
With related procedures and methods. Certain embodiments 
include various cavity in?ation or structural retention system 
embodiments, including in?atable devices, scaffold-like 
devices, and externally-supported Wall retention devices. 
Further embodiments include various medical device attach 
ment and control components, including attachment pin 
devices and magnetic attachment devices. Additional 
embodiments include various medical device delivery 
devices that can be used to deliver various types of medical 
devices, including in vivo devices, to target medical treatment 
areas, including tubular devices With operational distal ends 
that provide for simple delivery, control, and retrieval of 
various medical devices. 

BACKGROUND 

[0003] Invasive surgical procedures are essential for 
addressing various medical conditions. When possible, mini 
mally invasive procedures such as laparoscopy are preferred. 
[0004] HoWever, knoWn minimally invasive technologies 
such as laparoscopy are limited in scope and complexity due 
in part to l) mobility restrictions resulting from using rigid 
tools inserted through access ports, and 2) limited visual 
feedback. Known robotic systems such as the da Vinci® 
Surgical System (available from Intuitive Surgical, Inc., 
located in Sunnyvale, Calif.) are also restricted by the access 
ports, as Well as having the additional disadvantages of being 
very large, very expensive, unavailable in most hospitals, and 
having limited sensory and mobility capabilities. 
[0005] There is a need in the art for improved surgical 
methods, systems, and devices. 

SUMMARY 

[0006] One embodiment disclosed herein relates to a body 
cavity spatial support device having an in?atable body and an 
in?ation mechanism. In one embodiment, the body has a 
generally cylindrical shape, While in another embodiment it 
has a generally donut shape. Alternatively, the device can 
have tWo or more in?atable bodies. 

[0007] Another embodiment disclosed herein relates to a 
collapsible body cavity spatial support device. The device has 
at least three links hingedly coupled to each other and is 
con?gured to have a collapsed con?guration and a deployed 
con?guration. 
[0008] A further embodiment disclosed herein relates to a 
pin having a needle tip and a retention component. The pin 
can be con?gured to be inserted through a cavity Wall and be 
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urged aWay from the cavity to maintain a procedural space in 
the cavity. According to one implementation, tWo or more 
pins are used cooperatively to maintain the procedural space. 
[0009] Yet another embodiment disclosed herein relates to 
a pin having a grasping component con?gured to attach to an 
outer portion of the cavity Wall. In one embodiment, tWo or 
more of these pins can be used cooperatively to maintain the 
procedural space. 
[0010] One further embodiment disclosed herein relates to 
a procedural space maintenance system having at least tWo 
modular components that are coupled to each other and con 
?gured to be positioned inside a cavity of a patient. In one 
embodiment, the components each have at least one magnet. 
The system further comprises at least one external magnet 
con?gured to urge the at least tWo modular components aWay 
from the cavity and thereby maintain a procedural space in the 
cavity. In an alternative embodiment, the at least tWo modular 
components each have a mating or coupling component con 
?gured to couple With a medical device. 
[0011] Another embodiment disclosed herein relates to a 
device positioning system having at least tWo modular com 
ponents that are coupled to each other and con?gured to be 
positioned inside a cavity of a patient and attached to an 
interior cavity Wall. The components are con?gured to couple 
together to create an attachment component along Which a 
medical device can be positioned. Alternatively, the modular 
components have at least tWo legs to alloW the system to be 
positioned in the cavity (instead of the attachment compo 
nents for attaching to the interior Wall). 
[0012] A further embodiment disclosed herein relates to a 
device positioning and control system having at least one pin 
that is inserted through the cavity Wall and coupled to an arm 
of a medical device positioned inside the body cavity. The pin 
can be used to maintain the position of the device and, accord 
ing to a further embodiment, assist With the operation of the 
arm. 

[0013] Yet another embodiment disclosed herein relates to 
a delivery or removal device having a tubular body, a device 
lumen, a Wire lumen, and a Wire disposed through the device 
and Wire lumens. In accordance With one embodiment, the 
Wire has an attachment component. In another embodiment, 
the tubular body has a protrusion at a distal end of the body. In 
a further embodiment, the protrusion is a deployable protru 
sion. In yet another embodiment, the protrusion has a device 
receiving component. 
[0014] While multiple embodiments are disclosed, still 
other embodiments of the present invention Will become 
apparent to those skilled in the art from the folloWing detailed 
description, Which shoWs and describes illustrative embodi 
ments of the invention. As Will be realiZed, the invention is 
capable of modi?cations in various obvious aspects, all With 
out departing from the spirit and scope of the present inven 
tion. Accordingly, the draWings and detailed description are 
to be regarded as illustrative in nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A is a side cutaWay vieW depicting an in?at 
able device for maintaining procedural space in a body cavity, 
according to one embodiment. 

[0016] FIG. 1B is a perspective cutaWay vieW of the device 
of FIG. 1A. 
[0017] FIG. 1C depicts another side cutaWay vieW of the 
device of FIG. 1A. 
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[0018] FIG. 1D shows a perspective cutaway view of the 
unin?ated device of FIG. 1A. 
[0019] FIG. 2A is a perspective cutaway view of an in?at 
able device for maintaining procedural space in a body cavity, 
according to another embodiment. 
[0020] FIG. 2B is a side cutaway view ofthe device ofFIG. 
2A. 
[0021] FIG. 2C is a side cutaway view of the unin?ated 
device of FIG. 2A. 
[0022] FIG. 3 is a schematic depiction of an in?atable bal 
loon having an inner skeleton, according to one embodiment. 
[0023] FIG. 4A is a side cutaway view depicting a device 
for maintaining procedural space in a body cavity, according 
to one embodiment. 

[0024] FIG. 4B is a perspective cutaway view of the device 
of FIG. 4A. 
[0025] FIG. 4C is another side cutaway view of the device 
of FIG. 4A. 
[0026] FIG. 4D is a schematic depiction of the device of 
FIG. 4A in a collapsed con?guration. 
[0027] FIG. 5A is a side view of a wall retention pin having 
a retention component in the collapsed con?guration, accord 
ing to one embodiment. 
[0028] FIG. 5B is a side view the wall retention pin of FIG. 
5A in which the retention component is in the deployed 
con?guration. 
[0029] FIG. 5C is a side cutaway view of three wall reten 
tion pins similar to that of FIG. 5A in use, according to one 
embodiment. 
[0030] FIG. 5D is another side cutaway view of the three 
wall retention pins of FIG. SC in a relaxed con?guration in 
which the cavity wall is not being urged away from the cavity. 
[0031] FIG. 6A is a side cutaway view of three wall reten 
tion pins, each having an attachment component, according to 
another embodiment. 
[0032] FIG. 6B is another side cutaway view of the three 
wall retention pins of FIG. 6A in a relaxed con?guration in 
which the cavity wall is not being urged away from the cavity. 
[0033] FIG. 7A is a side cutaway view of a wall retention 
system, according to one embodiment. 
[0034] FIG. 7B is a perspective cutaway view of the wall 
retention system of FIG. 7A. 
[0035] FIG. 7C is a perspective view of one modular com 
ponent of a wall retention system, according to one embodi 
ment. 

[0036] FIG. 7D is a perspective cutaway view of another 
modular component of a wall retention system, according to 
another embodiment. 
[0037] FIG. 8A is an end view ofa modular component of 
a wall retention system, according to a further embodiment. 
[0038] FIG. 8B is a side view ofthe modular component of 
FIG. 8A. 
[0039] FIG. 9 is a side cutaway view of a device support 
system, according to one embodiment. 
[0040] FIG. 10 is a side cutaway view of another device 
support system, according to another embodiment. 
[0041] FIG. 11 is a side cutaway view of yet another device 
support system, according to a further embodiment. 
[0042] FIG. 12 is a perspective cutaway view of a device 
support and control system, according to another embodi 
ment. 

[0043] FIG. 13 is a perspective view of a procedural deliv 
ery device, according to one embodiment. 
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[0044] FIG. 14 is a perspective view of another delivery 
device, according to another embodiment. 
[0045] FIG. 15 is a side cutaway view of another delivery 
device, according to a further embodiment. 
[0046] FIG. 16 is a side view of another delivery device 
component, according to another embodiment. 
[0047] FIG. 17A is a side cutaway view of another delivery 
device, according to another embodiment. 
[0048] FIG. 17B is another side cutaway view of the deliv 
ery device of FIG. 17A. 
[0049] FIG. 17C is another side cutaway view of the deliv 
ery device of FIG. 17A. 
[0050] FIG. 18 is a perspective view of a retraction device, 
according to one embodiment. 

[0051] FIG. 19A is a cross-sectional depiction of an inser 
tion device, according to one embodiment. 
[0052] FIG. 19B is a cross-sectional depiction of another 
insertion device, according to one embodiment. 
[0053] FIG. 19A is a cross-sectional depiction of a further 
insertion device, according to one embodiment. 
[0054] FIG. 20A is a perspective view of an insertion and 
retraction device, according to one embodiment. 
[0055] FIG. 20B is another perspective view of the device 
of FIG. 20A. 

DETAILED DESCRIPTION 

[0056] The various systems and devices disclosed herein 
relate to devices for use in medical procedures and systems. 
More speci?cally, the various embodiments relate to various 
cavity in?ation or structural retention system embodiments, 
various medical device attachment and control components, 
and various medical device delivery, control, and retrieval 
devices, all of which can be used in various procedural 
devices and systems. 
[0057] It is understood that the various embodiments of 
cavity structural retention systems, device attachment com 
ponents, and device delivery, control, and retrieval systems 
and other types of devices disclosed herein can be incorpo 
rated into or used with any known medical devices, including, 
but not limited to, robotic or in vivo devices as de?ned herein. 

[0058] For example, the various embodiments disclosed 
herein can be incorporated into or used with any of the medi 
cal devices disclosed in copending US applications Ser. No. 
11/932,441 (?led on Oct. 31, 2007 and entitled “Robot for 
Surgical Applications”), Ser. No. 11/695,944 (?led onApr. 3, 
2007 and entitled “Robot for Surgical Applications”), Ser. 
No. 1 1/ 947,097 (?led on Nov. 27, 2007 and entitled “Robotic 
Devices withAgent Delivery Components and Related Meth 
ods), Ser. No. 11/932,516 (?led on Oct. 31, 2007 and entitled 
“Robot for Surgical Applications”), Ser. No. 11/766,683 
(?led on Jun. 21, 2007 and entitled “Magnetically Coupleable 
Robotic Devices and Related Methods”), Ser. No. 1 1/ 766,720 
(?led on Jun. 21 , 2007 and entitled “Magnetically Coupleable 
Surgical Robotic Devices and Related Methods”), Ser. No. 
11/966,741 (?led on Dec. 28, 2007 and entitled “Methods, 
Systems, and Devices for Surgical Visualization and Device 
Manipulation”), Ser. No. 12/171,413 (?led on Jul. 11, 2008 
and entitled “Methods and Systems of Actuation in Robotic 
Devices”), 60/956,032 (?led Aug. 15, 2007), 60/990,062 
(?led on Nov. 26, 2007), 60/990,076 (?led Nov. 26, 2007), 
60/990,086 (?led on Nov. 26, 2007), 60/990,106 (?led on 
Nov. 26, 2007), 60/990,470 (?led on Nov. 27, 2007), 61/030, 
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588 (?led on Feb. 22, 2008), and 61/030,617 (?led on Feb. 22, 
2008), all of Which are hereby incorporated herein by refer 
ence in their entireties. 

[0059] In an exemplary embodiment, any of the various 
embodiments disclosed herein can be incorporated into or 
used With a natural ori?ce translumenal endoscopic surgical 
device, such as a NOTES device. Those skilled in the art Will 
appreciate and understand that various combinations of fea 
tures are available including the features disclosed herein 
together With features known in the art. 

[0060] Certain device implementations disclosed in the 
applications listed above can be positioned Within a body 
cavity of a patient, including certain devices that can be 
positioned against or substantially adjacent to an interior 
cavity Wall, and related systems. An “in vivo device” as used 
herein means any device that can be positioned, operated, or 
controlled at least in part by a user While being positioned 
Within a body cavity of a patient, including any device that is 
positioned substantially against or adjacent to a Wall of a body 
cavity of a patient, further including any such device that is 
internally actuated (having no external source of motive 
force), and additionally including any device that may be used 
laparoscopically or endoscopically during a surgical proce 
dure. As used herein, the terms “robot,” and “robotic device” 
shall refer to any device that can perform a task either auto 
matically or in response to a command. 

[0061] Certain implementations disclosed herein relate to 
cavity in?ation or cavity structural retention devices or sys 
tems that are con?gured to provide space Within the cavity of 
a patient for purposes of operating various medical devices 
and components Within the cavity to perform one or more of 
various medical procedures, including, for example, the vari 
ous medical devices and procedures disclosed in the various 
applications listed above and incorporated herein. 
[0062] FIGS. 1A-1D, 2A-2C, and 3 depict various embodi 
ments of in?atable devices that can be used to provide or 
create procedural space in a body cavity. 
[0063] FIGS. 1A-1D depict one example of an in?atable 
cavity in?ation system 10A, 10B, according to one embodi 
ment. In this embodiment, the system 10A, 10B has tWo 
in?atable components 10A, 10B, Which can also be referred 
to herein as “balloons.” The tWo balloons 10A, 10B can be 
inserted into and positioned in a body cavity as best shoWn in 
FIGS. 1A-1C such that they create or provide space Within the 
cavity that alloWs a user (such as a doctor or surgeon) to 
operate various devices and/or perform various procedures 
Within the space in the cavity. The tWo balloons 10A, 10B can 
be positioned in any fashion Within the cavity to maintain the 
surgical space in the cavity. Alternatively, one in?ation bal 
loon or more than tWo in?ation balloons can be positioned in 
the body cavity. 
[0064] According to one embodiment, the body cavity is 
the abdominal cavity 12 as shoWn best in FIGS. 1A-1C. In 
such an embodiment, the balloons 10A, 10B are positioned 
on or adjacent to the various organs and tissues 14 in the 
cavity 12. Alternatively, the cavity can be any knoWn body 
cavity. 
[0065] In one implementation, the in?atable components 
10A, 10B are made of polyethylene terephthalate (“PET”), 
Which is manufactured byAdvanced Polymers, Inc. of Salem, 
HN. Alternatively, the components 10A, 10B can be made of 
nylon. In a further alternative, the components 10A, 10B are 
made of polyurethane. In yet another alternative, the compo 
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nents 10A, 10B can be made of any knoWn expandable, 
durable, biocompatible material that can be used in medical 
devices. 

[0066] The in?atable components 10A, 10B in one 
embodiment have tubing (not shoWn) or any other such con 
nection attached to the components 10A, 10B that can couple 
the components to an external pump (not shoWn) that can be 
used to in?ate the balloons 1 0A, 1 0B . Alternatively, the in?at 
able components 10A, 10B each have an in?ation device (not 
shoWn) disposed someWhere Within or on each balloon 10A, 
10B that can be used to in?ate each balloon 10A, 10B. 
According to one embodiment, the in?ation device is a 
robotic device With a pressuriZed cavity that is opened for 
“self” in?ation of the balloon. 

[0067] In an alternative embodiment as shoWn in FIGS. 
2A-2C, a single in?atable component 20 is provided that is 
shaped like a donut or hoop. In this embodiment, the single 
component 20 can provide su?icient space Within the 
patient’s cavity to alloW a user to operate a medical device 
and/or perform a medical procedure. According to one imple 
mentation, the donut-shaped balloon 20 can be positioned 
over the target procedural site such that the open portion in the 
center of the balloon 22 forms or maintains a procedural 
cavity space for purposes of the procedure. 
[0068] It is understood that such a donut-shaped balloon 20 
can be made of the same material as the balloons 10A, 10B 
discussed above. 

[0069] In use, any of the balloons 10A, 10B, 20 can be 
utiliZed in the folloWing manner. The un-in?ated balloon(s) 
can be positioned inside the cavity as shoWn for example in 
FIGS. 1D and 2C. Once positioned, the balloon (or balloons) 
is in?ated to provide or create procedural space Within the 
cavity. At the conclusion of the procedure, the balloon(s) can 
be de?ated or the pressurized gas can be sucked out by an 
external pump, and then the balloon(s) can be removed. 

[0070] In a further alternative, any con?guration of the 
balloons 10A, 10B, 20 can include internal structural mem 
bers such as a series of pins or linkages inside of the balloons. 
FIG. 3 provides a schematic depiction of one embodiment of 
a balloon 30 having a skeleton or inner structure 32 disposed 
Within the balloon 30. In the embodiment of FIG. 3, the 
skeleton 32 is a Wire mesh similar to a stent. Alternatively, the 
skeleton 32 can be any structure con?gured to provide some 
deployable rigidity or structure to the balloon 30. 

[0071] In use, the balloon 30 can be inserted in a de?ated or 
undeployed state and, once positioned as desired, the inner 
structure 32 is triggered to expand into the deployed position 
as shoWn in FIG. 3 to provide or maintain a procedural space 
Within a body cavity. According to one implementation, the 
inner skeleton 32 deploys in a fashion similar to a vascular 
stent, in Which a tool of some kind is used to actuate the 
skeleton 32 to deploy. According to a further embodiment, the 
skeleton 32 locks into place upon deployment. 
[0072] It is understood that many different medical devices, 
components, and procedures can be used in conjunction With 
the various in?atable device embodiments as shoWn in FIGS. 
1A-1D, 2A-2C, and 3, including the positionable in vivo 
devices and various robotic devices and procedures described 
in the various applications disclosed and incorporated by 
reference above. That is, the various in?atable device 
embodiments can be used to provide and/or maintain proce 
dural space in a body cavity such that any type procedure or 
related device for use in a body cavity can be used in the 














