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IRIS VALVE WITH NOVEL LOCKING MECHANISM AND CONTROL RING

BACKGROUND

The present invention relates in general to surgical devices and procedures, and more

particularly to access devices.

Surgical procedures are often used to treat and cure a wide range of diseases, conditions,

and injuries. Surgery often requires access to internal tissue through open surgical procedures or

endoscopic surgical procedures. The term "endoscopic" refers to all types of minimally invasive

surgical procedures including laparoscopic and arthroscopic procedures. Endoscopic surgery has

numerous advantages compared to traditional open surgical procedures, including reduced

trauma, faster recovery, reduced risk of infection, and reduced scarring. Endoscopic surgery is

often performed with an insufflatory fluid present within the body cavity, such as carbon dioxide

or saline, to provide adequate space to perform the intended surgical procedures. The insufflated

cavity is generally under pressure and is sometimes referred to as being in a state of

pneumoperitoneum. Access devices are often used to facilitate surgical manipulation of internal

tissue while maintaining pneumoperitoneum. For example, trocars are often used to provide a

port through which endoscopic surgical instruments are passed. Trocars generally have a sealing

valve that prevent the insufflatory fluid from escaping while an instrument is positioned in the

trocar. As a further example, hand access devices are also used during endoscopic surgery,

sometimes referred to as hand assisted laparoscopic surgery ("HALS"). A HALS access device

will typically seal around a surgeon's hand or arm to prevent the insufflatory fluid from escaping

while allowing the surgeon to manipulate tissue within the patient's body. Iris valves are

sometimes used to provide a seal in access devices.

While access devices and iris seals are known, no one has previously made or used an

access device in accordance with the present invention.

BRIEF DESCRIPTION OF DRAWINGS

While the specification concludes with claims which particularly point out and distinctly

claim the invention, it is believed the invention will be better understood from the following

description taken in conjunction with the accompanying drawings illustrating some non-limiting



examples of the invention. Unless otherwise indicated, like reference numerals identify the same

elements.

Fig. 1 depicts a perspective view of an access device with an iris valve in an opened

position;

Fig. 2 depicts a top plan view of an access device with the iris valve in a closed position;

Fig. 3 depicts an exploded view of an access device;

Fig. 4 depicts cross-sectional view of an access device;

Fig. 5 depicts a cross-section of a lock mechanism in a neutral position;

Fig. 6 depicts a cross-section of a lock mechanism in a tightening position;

Fig. 7 depicts a cross-section of a lock mechanism in a loosening position;

Fig. 8 depicts a perspective view of an access device with partially broken section

revealing a lock mechanism;

Fig. 9 depicts a cross-section of an access device with a lock mechanism in a neutral

position;

Fig. 10 depicts a perspective cross-section of an access device with a lock mechanism in

a loosening position; and

Fig. 11 depicts a perspective cross-section of an access device with a lock mechanism in

a tightening position.

DETAILED DESCRIPTION

Figs. 1-3 illustrate an access device (10) with an iris valve (20) adapted for HALS

procedures. The access device has a distal face (12) adapted to face the patient and a proximal

face (14) adapted to face away from the patient. The access device (10) includes an adjustable

iris valve (20) having an opened position and a closed position.. As shown in Fig. 1, the iris

valve (20) is in a fully opened position resulting in a passage (21) adapted to receive a surgeon's

hand and arm or surgical instruments. As shown in Fig. 2, the iris valve is in a closed position

where the passage (21) is closed. The passage (21) is adjustable to a variety of sizes between the

opened and closed positions to seal against the surgeon's arm during a HALS procedure and

maintain pneumoperitoneum.

The access device (10) may also include a wound protector (not shown). As one with

ordinary skill in the art will recognize, wound protectors are often placed in an abdominal



incision to prevent infection, facilitate wound retraction, and seal against the abdominal wall to

maintain pneumoperitoneum. Suitable wound protectors may be rigid or flexible and may be

fixed or variable length. In this embodiment the tabs (31) are provided to detachably connect the

access device (10) to a wound protector; however, it could also be permanently attached.

In this embodiment the iris valve (20) comprises a flexible and resilient diaphragm

member. In the assembled access device (10) as shown in Figs 1 and 2, the iris valve (20)

includes a radial extending distal flange portion (22), a radial extending proximal flange portion

(23), and an transition portion (24) defining the passage (21). As shown in Fig. 3, prior to

assembly the iris valve (20) is a generally tubular shape made from an resilient material such as

polyisoprene, silicone, or polyurethane with a thickness less than about 0.02 inches, and

preferably between 0.009 to .02 inches. The flange portions (22, 23) are formed by radially

stretching the tube such that the distal and proximal ends (25, 26) attach to lips (32, 52) on the

frame members (30, 50), respectively. O-rings (27, 28) also engage the ends (25, 26) near the

lips and facilitate the connections and seals. Optionally, the o-rings (27, 28) could be

incorporated into the iris valve (20) to minimize the number of components reducing cost and

improve assembly techniques.

In this embodiment the frame members (30, 50) have relative axial positions, with

proximal frame member (50) being positioned proximally relative the distal frame member (30).

In this embodiment the frame members (30, 50) are ring-shaped and are axially aligned with one

another and the passage (21). The ring-shaped frame members (30, 50) define an opening sized

to receive a human hand. The frame members (30, 50) can rotate relative one another about a

common axis, which in turn adjusts the iris valve (20) between the opened and closed positions.

In this embodiment the frame members (30, 50) can rotate relative to one another while

maintaining the relative axial positions. In other words, the frame members (30, 50) can rotate

without substantial deviation of the relative axial spacing.

The resilient nature of the iris valve may induce a relative rotational bias between the

frame members (30, 50) toward the opened position. A lock may be used to prevent the relative

rotational movement induced by the iris valve (20) bias. In the present embodiment the frame

members (30, 50) can rotate relative to one another in a first rotational direction to open the iris

valve (20) only when the lock is released; however, the lock will not prevent the frame members



(30, 50) from rotating relative one another in a second rotational direction to close the iris valve

(20).

The present embodiment includes a control ring (40) that also has a relative axial position

relative the frame members (30, 50). All three components (30, 40, 50) are nested within one

another. The control ring (40) is operatively to selectively release the lock when turned in the

first rotational direction relative the distal frame member (30). In addition, when turned in the

second rotational direction relative the distal frame member (30), the control ring (40) engages

the proximal frame member (50) and urges the iris valve (20) toward the closed position. During

such use, the control ring (40) and the frame members (30, 50) all maintain their the relative

axial positions. Thus, the opening and closing the iris valve (20) may be achieved by simply

rotating the control ring (40) in the appropriate direction.

Optionally, the relative rotational movement of the frame members (30, 50) may be

constrained to less than 270 degrees. In the present embodiment the control ring (40) includes an

arcuate channel spanning about 245 degrees. A nub extendes from the distal frame member (30)

and rides in the channel. The two ends of the channel operate as stops against the nub limiting

the rotational range of movement to within the channel, thus limiting the relative rotational

movement between the control ring (40) and distal frame member (30). Since the rotational

position of the proximal frame member (50) is dependent on the position of the control ring (40),

the channel and nub cooperate to limit the relative rotational movement of the frame members

(30, 50) to about 245 degrees.

Figs. 4-7 illustrate internal features the access device (10). The lock comprises a ratchet

(33) and pawl (55) mechanism. The ratchet (33) is attached to the distal frame member (30).

Optionally, the ratchet (33) may have an arcuate span less than 270 degrees. The ratchet (33)

comprises teeth that are radially oriented and face laterally outward, but other teeth arrangements

are also contemplated including axial or medial facing teeth. The pawl (55) pivots about the pin

(56) that is attached to the proximal frame member (50). A biasing member (57), shown in this

embodiment as a spring, biases the pawl (55) to engage the ratchet (33). A pusher (41) is

attached to the control ring (40). As the control ring (40) is rotated in the closing direction, the

position of the pusher (41) will move between the pawl (55) and the stop (53) on the proximal

frame member (50). The pusher (41) has an angular stroke of between less than about 30 degrees



between the pawl (55) and the stop (53). The control ring (40) has three operating positions or

states, depending on the position of the pusher (41) within its angular stroke.

In the neutral position or state, as demonstrated in Fig. 5, the pusher (41) is positioned

anywhere within its angular stroke without operatively engaging the pawl (55) or the stop (53).

The pawl (55) is engaged with the ratchet (33) to prevent the rotational bias induced by the iris

valve (20) towards the opened position, thus locking the iris valve (20) in its current position. In

the neutral state it is contemplated that the control ring (40) may have an idle "play"

corresponding to the angular stroke of the pusher (41). Optionally, a spring could be added to

bias the pusher (41) against the stop (53).

In the tightening position or state, as demonstrated in Fig. 6, the pusher (41) operatively

engages the stop (53) to induced a torque on the proximal frame member (50). When the torque

exceeds the bias induced by the iris valve (20), the proximal ring (50) will rotate relative the

distal ring (30) and move the iris valve (20) toward the closed position. After sufficient angular

movement, the pawl (55) will advance clockwise to the adjacent tooth in the ratchet (33).

Accordingly, the iris valve (20) is incrementally closed. Thus, by rotating the control ring (40)

clockwise the iris valve (20) will close.

In the loosening position or state, as illustrated in Fig. 7, the pusher (41) operatively

engages the pawl (55) to lift the pawl (55) away from the ratchet (33) and disengage the pawl (5)

from the ratchet (33) tooth. The rotational bias induced by the iris valve (20) will act on the

proximal frame member (50) and advance the pawl (55) counterclockwise away from the pusher

(41). After the pusher (41) disengages the pawl (55), the spring (57) will bias the pawl (55) to

reengage the ratchet (33) at the next tooth. Accordingly, the iris valve (20) is incrementally

opened. Thus, by rotating the control ring (40) counterclockwise the iris valve (20) will open.

Fig. 8 illustrates another embodiment of an access device (100) having a ring-shaped

proximal frame member (150) and a ring-shaped distal frame member (130) nested within one

another. An iris valve (not shown) would be connected to frame members (130, 150) in a similar

manner as the frame members (30, 50) and would be operationally and structurally similar to iris

valve (20). The frame members (130, 150) can rotate relative one another while maintaining the

relative axial positions to open and close the iris valve. A ratchet (133) and pawl (155) lock

mechanism is used to prevent relative rotational movement between the frame members (130,

150). In the present embodiment the frame members (130, 150) can rotate relative one another in



the first rotational direction to open the iris valve only when the lock is released; however, the

lock will not prevent the frame members (130, 150) from rotating relative one another in a

second rotational direction to close the iris valve.

The ratchet (133) is attached to the distal frame member (130) and has laterally facing

teeth. A spring (157) biases the pawl (155) to engage the ratchet (133). When the pawl (155) is

engaged with the ratchet (133), relative rotational movement between the frame members (130,

150) in the first rotational direction is prevented. The lock can be released by depressing the

actuator button (140), which it acts on the arm (158) to lift the pawl (155) away from the ratchet

(133). Thus, by depressing the button (140) the pawl (155) is disengaged and the proximal frame

member (150) may be rotated counterclockwise to open the iris valve. Relative rotational

movement between the frame members (130, 150) in the second rotational direction will cause

the pawl (155) to advance clockwise to the adjacent tooth in the ratchet (133). Accordingly, the

iris valve is incrementally closed. Thus, clockwise rotation of the proximal frame member (150)

will close the iris valve.

Figs. 9-1 1 illustrate another embodiment of an access device (200) having a ring-shaped

proximal frame member (250), a ring-shaped distal frame member (230), and a control ring (240)

nested within one another. An iris valve (not shown) would be connected to frame members

(230, 250) in a similar manner as the frame members (30, 50) and would be operationally and

structurally similar to iris valve (20). The frame members (230, 250) can rotate relative one

another while maintaining the relative axial positions to open and close the iris valve. A lock

mechanism is used to prevent relative rotational movement between the frame members (230,

250). In the present embodiment the frame members (230, 250) can rotate relative one another in

a first rotational direction to open the iris valve only when the lock is released; however, the lock

will not prevent the frame members (230, 250) from rotating relative one another in a second

rotational direction to close the iris valve.

Preferably the lock mechanism comprises three or more ball and wedge track

mechanisms; however, this embodiment has five ball and wedge track mechanisms. A wall (233)

is attached to the distal frame member (230). In this example the wall (233) is textured with axial

ribs, but other surfaces could also be used. A track is defined between the wall (233) and the

proximal frame member (250). Each track includes a narrow portion (258) that transitions to a

wide portion (259). A ball (255) is positioned in the wide portion (259), but the ball (255) is too



small to fit in the narrow portion (258). A spring (257) biases the ball (255) toward the narrow

portion (258). A pusher (241) is attached to the control ring (240) and is positioned in the narrow

portion (258) of the track. As the control ring (240) is rotated, the position of the pusher (241)

will move between the ball (255) and the stop (253) on the proximal frame member (250). The

pusher (241) has an angular stroke of less than about 30 degrees between the ball (255) and the

stop (253). The control ring (240) has three operating positions or states, depending on the

position of the pusher (241) within its angular stroke.

In the neutral position or state, as demonstrated in Fig. 9, the pusher (241) is positioned

anywhere within its angular stroke without operatively engaging the ball (255) or the stop (253).

The balls (255) are wedged in the track where the narrow portion (258) transitions to the wide

portion (259). The wedged balls (255) engage both frame members (230, 250) and prevent

relative rotational movement in the first rotational direction to open the iris valve. Thus, the

wedged balls (255) resist the rotational bias induced by the iris valve and lock the iris valve in its

current position. In the neutral state it is contemplated that the control ring (240) may have an

idle "play" corresponding to the angular stroke of the pusher (241).

In the loosening position or state, as illustrated in Fig. 10, the pusher (241) operatively

engages the ball (255) pushing it toward the wide portion (259) thus liberating the ball (255)

from being wedged in the track. The rotational bias induced by the iris valve will act on the

proximal frame member (250) and advance the proximal frame member (250) counterclockwise

disengaging the pusher (241) from the ball (255). The spring (257) will then bias the ball (255)

back into its wedged position. Accordingly, the iris valve is incrementally opened. Thus, by

rotating the control ring (240) counterclockwise the iris valve will open.

In the tightening position or state, as demonstrated in Fig. 11, the pusher (241)

operatively engages the stop (253) to induced a torque on the proximal frame member (250).

When the torque exceeds the rotational bias induced by the iris valve, the proximal ring (250)

will rotate relative the distal ring (230) and move the iris valve toward the closed position. Due

to the direction of the track transition between the narrow and wide portions (258, 259), the ball

(255) will not prevent relative rotational movement in the second rotational direction to close the

iris valve. Accordingly, the iris valve is incrementally closed. Thus, by rotating the control ring

(240) clockwise the iris valve will close.



Preferably, the access devices described above will be processed before surgery. First, a

new or used access device is obtained and if necessary cleaned. The access device can then be

sterilized. In one sterilization technique the access device is placed in a closed and sealed

container, such as a plastic or TYVEK bag. Optionally, the access device can be bundled in the

container as a kit with other components, including one or more of the following: a wound

protector, a mounting ring for the wound protector, a tube of lubricant, a marker, an incision

template or scale, an instruction sheet, and the like. The container and access device, as well as

any other components, are then placed in a field of radiation that can penetrate the container,

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

access device and in the container. The sterilized access device can then be stored in the sterile

container. The sealed container keeps the access device sterile until it is opened in the medical

facility.

Having shown and described various embodiments and examples of the present

invention, further adaptations of the methods and devices described herein can be accomplished

by appropriate modifications by one of ordinary skill in the art without departing from the scope

of the present invention. Several of such potential modifications have been mentioned, and

others will be apparent to those skilled in the art. For instance, the specific materials, dimensions,

and the scale of drawings will be understood to be non-limiting examples. In addition, the

foregoing teachings could be implemented for non-HALS procedures, such as reducing the scale

to seal against instruments in traditional laparoscopic procedures. Accordingly, the scope of the

present invention should be considered in terms of the following claims and is understood not to

be limited to the details of structure, materials, or acts shown and described in the specification

and drawings.



CLAIMS

1. A laparoscopic surgical access device, comprising:

a) a first frame and a second frame, the first and second frames having relative axial

and relative angular positions;

b) a flexible and resilient iris valve connected to the first and second frames, the iris

valve having a closed position and an opened position based on the relative

angular position of the first and second frames; and

c) a lock connected to the first and second frames, the lock being selectively

operative to prevent relative rotational movement in a first rotational direction;

wherein the first and second frames can rotate relative one another in the first rotational

direction to open the iris valve when the lock is released while maintaining the relative axial

positions of the first and second frames; and

wherein the first and second frames can rotate relative one another in a second rotational

direction to close the iris valve while maintaining the relative axial positions between the first

and second frames.

2 . The laparoscopic surgical access device of claim 1, wherein the frames are ring-shaped.

3 . The laparoscopic surgical access device of claim 1, wherein the lock comprises a ratchet

and pawl.

4 . The laparoscopic surgical access device of claim 1, wherein the lock comprises a wedge

track and ball.

5 . The laparoscopic surgical access device of claim 4, comprising three or more pairs of

wedge tracks and balls.

6 . The laparoscopic surgical access device of claim 1, wherein the relative angular

positions are less than 270 degrees.



7 . A method of processing a device for surgery, comprising:

a) obtaining the laparoscopic surgical access device of claim 1;

b) sterilizing the laparoscopic surgical access device; and

c) storing the laparoscopic surgical access device in a sterile container.

8. A surgical kit, comprising the laparoscopic surgical access device of claim 1 and a

detachable wound protector.

9 . A hand assisted laparoscopic surgical access device, comprising:

a) a first ring and a second ring, the first and second rings being rotateable relative

one another about a common axis, the first and second rings being sized to receive

a human hand;

b) a flexible and resilient iris valve connected to the first and second rings, the iris

valve having a closed position and an opened position based on the relative

angular position of the first and second rings; and

c) means for locking and releasing the rings in selective relative angular positions.

10. The hand assisted laparoscopic surgical access device of claim 9, wherein the means for

locking and releasing comprises a ratchet, a pawl, and a third ring rotateable relative the first and

second rings and operable to release the pawl from the ratchet.

11. The hand assisted laparoscopic surgical access device of claim 9, wherein the means for

locking and releasing comprises a ratchet, a pawl, and a button operable to release the pawl from

the ratchet.

12. The hand assisted laparoscopic surgical access device of claim 9, wherein the means for

locking and releasing comprises a wedge track and a ball.

13. The hand assisted laparoscopic surgical access device of claim 12, further comprising a

third ring rotateable relative the first and second rings and operable to push the ball.



14. A method of processing a device for surgery, comprising:

a) obtaining the hand assisted laparoscopic surgical access device of claim 9;

b) sterilizing the hand assisted laparoscopic surgical access device; and

c) storing the hand assisted laparoscopic surgical access device in a sterile container.

15. A hand assisted laparoscopic surgical access device, comprising:

a) a first ring and a second ring rotateable relative one another about a common axis;

b) a flexible and resilient iris valve connected to the first and second rings, the iris

valve having a closed position and an opened position based on the relative

angular position of the first and second rings, the iris valve inducing a rotational

bias between the first and second rings towards the opened position;

c) a ratchet and pawl counteracting the iris valve rotational bias; and

d) a pawl lifter arranged to selectively disengage the pawl.

16. The hand assisted laparoscopic surgical access device of claim 15, wherein the ratchet is

radially oriented.

17. The hand assisted laparoscopic surgical access device of claim 15, further comprising a

third ring operatively connected to the pawl lifter.

18. The hand assisted laparoscopic surgical access device of claim 15, further comprising a

button operable to activate the pawl lifter.

19. The hand assisted laparoscopic surgical access device of claim 15, further comprising a

biasing member biasing the pawl toward the ratchet.

20. A method of processing a device for surgery, comprising:

a) obtaining the hand assisted laparoscopic surgical access device of claim 15;

b) sterilizing the hand assisted laparoscopic surgical access device; and

c) storing the hand assisted laparoscopic surgical access device in a sterile container.



2 1. A surgical access port for the hand, comprising:

a) a first ring and a second ring rotateable relative one another about a common axis,

the first and second rings defining an opening sized to receive a human hand;

b) a flexible and resilient iris valve positioned in the opening and connected to the

first and second rings, the iris valve having a closed position and an opened

position depending on the relative angular position of the first and second rings,

the iris valve inducing a rotational bias between the first and second rings towards

the opened position;

c) a lock connected to the first and second rings preventing relative rotational

movement towards the opened position; and

d) a third ring rotateable relative the first and second rings, the third ring being

operable to release the lock and open the iris valve when rotated in a first

rotational direction.

22. The surgical access port of claim 21, wherein the lock comprises a ratchet and pawl.

23. The surgical access port of claim 22, wherein the third ring comprises a pawl lifter that

disengages the pawl from the ratchet when rotated in the first rotational direction.

24. The surgical access port of claim 21, wherein the lock comprises a ball interposed

between the first and second rings, the ball having a locked position where the ball engages both

rings to prevent relative rotational movement towards the opened position and an unlocked

position.

25. The surgical access port of claim 24, wherein the third ring comprises pusher operable to

move the ball from the locked to unlocked positions when rotated in the first rotational direction.

26. The surgical access port of claim 21, wherein the first ring is proximal the second ring.



27. The surgical access port of claim 21, wherein the first, second, and third rings are nested

within one another.

28. A method of processing a device for surgery, comprising:

a) obtaining the surgical access port of claim 21;

b) sterilizing the surgical access port; and

c) storing the surgical access port in a sterile container.

29. A surgical access port, comprising:

a) a first ring and a second ring defining an opening, the first ring being rotateable

relative the second ring in an opening direction and being rotateable relative the

second ring in a closing direction;

b) a flexible and resilient iris valve positioned in the opening and connected to the

first and second rings, the iris valve having a closed position and an opened

position based on the relative angular position of the first and second rings, the

iris valve inducing a rotational bias on the first ring in the opening direction;

c) a lock connected to the first and second rings counteracting the iris valve

rotational bias;

d) a third ring operable to release the lock when rotated in the opening direction and

being operable to close the valve when rotated in the closing direction.

30. The surgical access port of claim 29, wherein the first ring is proximal the second ring.

31. A sterile surgical kit, comprising the surgical access port of claim 29 and a wound

protector.

32. A method of processing a device for surgery, comprising:

a) obtaining the surgical access port of claim 29;

b) sterilizing the surgical access port; and

c) storing the surgical access port in a sterile container.



33. A surgical access device, comprising:

a) a proximal ring;

b) a distal ring;

c) an iris valve connected to the proximal and distal ring, the iris valve having a

closed position and an opened position based on the relative angular position of

the proximal and distal rings;

d) a control ring rotateable relative the proximal and distal rings, the control ring

comprising:

(i) a neutral state wherein the iris valve is locked in its current position;

(ii) a loosening state wherein rotational movement of the control ring in a first

direction will adjust the iris valve toward the opened position; and

(iii) a tightening state wherein rotational movement of the control ring in a

second direction will adjust the iris valve toward the closed position.

34. The surgical access device of claim 33, further comprising a lock preventing relative

rotational movement between the proximal and distal rings.

35. The surgical access device of claim 34, wherein in loosening state the control ring

disengages the lock.

36. The surgical access device of claim 34, wherein the lock comprises a ratchet and pawl.

37. The surgical access device of claim 33, wherein in the neutral state the control ring has a

angular stroke of less than about 30 degrees.

38. The surgical access device of claim 33, wherein in tightening state the control ring

engages the proximal ring to urge relative rotational movement relative the distal ring.

39. A method of processing a device for surgery, comprising:

a) obtaining the surgical access device of claim 33;



b) sterilizing the surgical access device; and

c) storing the surgical access device in a sterile container.

40. A sterile surgical kit, comprising the surgical access device of claim 13 and a wound

protector.
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