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A surgical access system wherein a trocar has a seal at the proximal end of a trocar
cannula portion and a fluid inlet at the proximal end of the access system. The seal
allows an obturator with a handle to pass through the seal. The obturator has a
tapered distal end that includes a vent hole that is in fluid communication with the
fluid inlet. The wall thickness of the obturator is similar over the length of the taper.
The tapered section may be shaped as a cone, be rectangular in cross section or have
opposed curved raised portions.
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FIRST-ENTRY TROCAR SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims divisional status from Australian Patent Application No.

2009296212 filed 29 September 2009, which claims the benefit of U.S. Application No.

5 61/101,061, filed 29 September 2008, the entire disclosure of both of which is incorporated

by reference.

BACKGROUND

Technical Field

This disclosure is generally directed to surgical access devices, and more particularly,

10 to a first-entry surgical access system.

Description of the Related Art

Trocars are used for instrument access to body cavities in minimally invasive surgery,

for example, laparoscopic surgery. In laparoscopic surgery of the organs of the abdomen, the

abdomen is typically inflated or insufflated with an insufflation gas, for example, carbon

15 dioxide, which lifts the abdominal wall away from the internal organs, thereby facilitating

access to the organs, a condition referred to as pneumoperitoneum. Inserting trocars into an

abdomen under pneumoperitoneum is relatively easy. Because the abdominal wall is

distended away from the internal organs by the pressure of the insufflation gas, inadvertent

damage to the organs during insertion is reduced. Before pneumoperitoneum is established,

20 however, the abdominal wall through which the trocar is to be inserted contacts the internal

organs directly. Consequently, inserting the first trocar, referred to as first entry, carries an

increased risk of damaging the internal organs directly beneath the entry point.

SUMMARY OF THE INVENTION

25 According to a first broad aspect, there is provided a surgical access system

comprising:

a tubular trocar comprising a longitudinal axis, a proximal end, a distal end, an

elongate cannula, and a seal assembly disposed at a proximal end of the cannula;
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a fluid inlet disposed at a proximal end of the access system;

an obturator slidably insertable into the proximal end of the cannula and through the

seal assembly, the obturator comprising a longitudinal axis, a proximal end, a distal end, a

tubular shaft, a tapered tip disposed at the distal end of the shaft, at least one vent hole

5 disposed on the tip in fluid communication with the fluid inlet, and a handle disposed at the

proximal end of the shaft; the obturator having an inner surface that defines an inner contour

and an outer surface that defines an outer contour; the obturator having a wall thickness

defined between the inner surface and the outer surface;

wherein, in transverse cross-section of the tip, the outer contour substantially matches

10 the inner contour; and

wherein the obturator is sized and configured to receive a laparoscope having a

longitudinal axis, a distal end, and a transverse cross section at the distal end that is circular

in shape such that the distal end of the laparoscope is configured to contact the inner surface

of the obturator at a portion of the tip that has a transverse cross-section of the tip that is non-

15 circular in shape defining a gas flow channel between the laparoscope and the inner contour

of the tip.

Embodiments of the trocar access are also useful for drug delivery, and/or for fluid

and/or tissue aspiration.

In an embodiment, the outer contour and the inner contour, in transverse cross-section

20 of the tip, have a generally elliptical shape.

In another embodiment, the outer contour and the inner contour, in transverse cross-

section of the tip, have an S-shape.

In a further embodiment, the outer contour and the inner contour, in transverse cross-

section of the tip, have a hexagonal shape.

25 In one embodiment, in transverse cross-section of the tip, the outer contour has a

generally rectangular transverse cross-section.

In an example, the shorter dimension of the generally rectangular inner surface of the

tip of the obturator defines a stop for a laparoscope having a circular cross-section inserted

8810601 1 (GHMatters) P100703.AU.1



-3 -

into the obturator. A gas flow channel may be defined between the longer dimension of the

rectangular inner surface of the tip and the outer surface of the laparoscope.

The cross-sectional area of the obturator tip may increase in progressively proximal

cross-sections of the tip.

5 The wall thickness at the tip of the obturator may be substantially uniform to reduce

distortion of an image observed through the obturator tip.

According to a second broad aspect, there is provided a surgical access system

comprising: a tubular trocar comprising a longitudinal axis, a proximal end, a distal end, an

elongate cannula, and a seal assembly disposed at a proximal end of the cannula; a fluid inlet

10 disposed at a proximal end of the access system; an obturator slidably insertable into the

proximal end of the cannula and through the seal assembly, the obturator comprising a

longitudinal axis, a proximal end, a distal end, a tubular shaft, a tapered tip disposed at the

distal end of the shaft, at least one vent hole disposed on the tip in fluid communication with

the fluid inlet, and a handle disposed at the proximal end of the shaft; the obturator having an

15 inner surface that defines an inner contour and an outer surface that defines an outer contour;

the obturator having a wall thickness defined between the inner surface and the outer surface.

In transverse cross-section of the tip, the outer contour defines two diametrically opposed,

substantially straight lines interconnected by two diametrically opposed, outwardly curved

lines; the outer contour substantially matches the inner contour which also has two

20 diametrically opposed, substantially straight lines interconnected by two diametrically

opposed outwardly curved lines in the same transverse cross-section of the tip; and the

obturator is sized and configured to receive a laparoscope having a longitudinal axis, a distal

end, and a transverse cross section at the distal end that is circular in shape such that the

distal end of the laparoscope is configured to contact the inner surface of the obturator at a

25 portion of the tip that has a transverse cross-section of the tip that is non-circular in shape

defining a gas flow channel between the laparoscope and the inner contour of the tip.

In an embodiment, in transverse cross-section of the tip, the outer contour has four

comers, each defined by an intersection between a curved line a substantially straight line.
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In another embodiment, the area of the tip defined between the inner and outer

surfaces increases in progressively proximal cross-sections of the tip.

In a further embodiment, the gas flow channel is fluidly connected to the fluid inlet

and to the at least one vent hole disposed on the tip at a location distal to the point of contact

5 between the distal end of the laparoscope and the inner surface of the tip of the obturator.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more clearly ascertained, embodiments will now be

described, by way of example, with reference to the accompanying drawing, in which:

FIG. 1A is a front view and FIG. 1B is a side view of an embodiment of a surgical

10 access system comprising a trocar, an insufflating optical obturator, and a laparoscope. FIG.

1C is a front cross-sectional view and FIG. 1D is a side cross-sectional view a distal end of

the insufflating optical obturator illustrated in FIGS. 1A and 1B with a laparoscope inserted

therein. FIG. 1E is a top view of a transverse cross section of a tip of the insufflating optical

obturator illustrated in FIGS. 1A-1D.

15 FIG. 2A is a side cross-sectional view and FIG. 2B is a front cross-sectional view of a

distal end of another embodiment of an insufflating optical obturator with a laparoscope
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inserted therein. FIG. 2C is a top view of a transverse cross-section of a tip of the insufflating

optical obturator and laparoscope illustrated in FIGS. 2A and 2B.

FIG 3A is a longitudinal cross-section of another embodiment of an insufflating

optical obturator. FIG. 3B is a detailed cross section of a handle of the insufflating optical

5 obturator illustrated in FIG. 3A.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

FIGS. 1A and 1B are front and side views of an embodiment of a surgical access or

trocar system 1000, which is suitable, for example, as a first entry trocar system. The

illustrated embodiment is suitable, for example, as a 5-mm trocar system, as well as for trocar

10 systems of other sizes. The illustrated access system 1000 comprises a trocar 1100, an

obturator 1200, and a laparoscope 1300.

The trocar 1100 comprises a longitudinal axis, a proximal end, and a distal end. The

proximal end is disposed proximal to a user, for example, a surgeon, during use. Conversely,

the distal end is disposed away from the user during use. The obturator 1100 comprises a

15 tubular cannula 1110 and a trocar seal assembly 1120 disposed at the proximal end of the

cannula 1110. In the illustrated embodiment, the seal assembly 1120 comprises a fluid inlet

comprising a Luer fitting 1122 and a stopcock 1124. In other embodiments, the fluid inlet has

a different configuration and/or is disposed on another component, for example, on the

obturator 1100.

20 In the illustrated embodiment, the obturator 1200 is an insufflating optical obturator,

as will be described in greater detail below. The obturator 1200 comprises a longitudinal axis,

a proximal end, and a distal end. The obturator 1200 comprises an elongate shaft 1210, which

is dimensioned for slidable insertion into and removal from the tubular cannula 1110 of the

trocar, a tip 1220 disposed at the distal end of the shaft 1210, and a handle 1230 disposed at

25 the proximal end of the shaft 1210. In some embodiments, the obturator tip 1220 is a

bladeless tip. In other embodiments, the tip 1220 has another configuration useful for

traversing and/or penetrating body tissue, for example, a sharp tip, a pointed tip, a pyramidal

tip, a bladed tip, a conical tip, and/or a tip comprising one or more sharp edges or sharpened

edges. In other embodiments, the tip 1220 is a radiused blunt tip, which is advantageous for

30 traversing an existing body orifice, and/or relatively soft or fatty tissue.
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The trocar 1100 and obturator 1200 independently comprise any suitable material.

Those skilled in the art will understand that different components of the trocar 1100 and/or

obturator 1200 comprise different materials in some embodiments. Suitable materials

include, for example, at least one of a polymer, metal, ceramic, and the like. Suitable

5 polymers include engineering polymers, polycarbonate, polysulfone, PEEK, polyether block

amide (PEBAX@), polyester, copolyester, acrylic, and the like. Some embodiments of the

trocar 1100 and/or obturator 1100 further comprise a composite, for example, a fiber-

reinforced polymer. In some embodiments, a stronger material permits reducing a wall

thickness of a component without reducing the strength thereof. For example, some

10 embodiments of a metal or composite obturator shaft 1210 are thinner than a corresponding

polymer version, thereby increasing the diameter of a lumen thereof without increasing the

outer diameter. As discussed in detail below, increasing lumen diameter improves gas flow

through the device.

For example, in some embodiments, obturator shaft 1210 comprises a metal tube, for

15 example, a stainless steel tube, with a polycarbonate tip 1220 insert molded onto the tube. In

some embodiments, the metal tube has a wall thickness as thin as about 0.003" (about 0.076

mm). An metal obturator shaft 1210 with an inside diameter of about 0.235" (about 6 mm)

and an outside diameter of about 0.241" (about 6 mm) provides an acceptable insufflation gas

flow rate. The relationship between gas flow rate and component dimensions and

20 configurations is discussed in detail below.

Embodiments of the cannula 1110 typically comprise a rigid material. Some

embodiments of the obturator shaft 1210 comprise a rigid material and/or a flexible material

because the obturator shaft 1210 is largely supported by the cannula 1110 during use in some

embodiments.

25 The laparoscope 1300 comprises a proximal end and a distal end 1304 (FIGS. 1C and

1D). The laparoscope 1300 is of any suitable type, for example, comprising an eyepiece at a

proximal end and an objective at a distal end thereof. The distal end 1304 of the laparoscope

1300 is dimensioned for slidable insertion into and removal from the obturator shaft 1210.

FIG. 1C is a front cross-sectional view and FIG. 1D is a side cross-sectional view of

30 the distal end of the insufflating obturator 1200 with a laparoscope 1300 inserted therein. The
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illustrated embodiment depicts a bladeless obturator 1200 suitable for visualization and

insufflation therewith. The device include a pair of vent holes 1222 at the distal tip 1220 of

the bladeless obturator, through which an insufflating gas, such as carbon dioxide, flows into

a body cavity, as discussed in greater detail below. Other embodiments comprise more or

5 fewer vent holes 1222. For example, some embodiments of the tip 1220 of the obturator

comprise a single vent hole 1222. In the illustrated embodiment, the vent holes 1222 are

generally circular. In other embodiments, the vent holes 1222 have another shape, for

example, oval, elliptical, tear-drop shaped, slot shaped, slit shaped, chevron-shaped,

triangular, rectangular, rhomboid, polygonal, and the like. In some embodiments, at least one

10 vent hole 1222 has a different shape from another vent hole 1222.

In some embodiments, the obturator 1200 is an optical obturator in which at least a

portion of a distal end of the tip 1220 of the bladeless obturator comprises a generally

transparent or translucent material, through which tissue is visualized during the insertion of

the obturator 1200 through a body wall. Embodiments of the bladeless obturator 1200 are

15 dimensioned and configured to receive therein any suitable laparoscope 1300, which typically

includes an imaging element and fiber optic light fibers (not illustrated). The illustrated

embodiment of the tip 1220 comprises at least one laparoscope stop 1224, which assists in

positioning the laparoscope 1300 within the obturator 1200. In other embodiments one or

more laparoscope stops are disposed within the obturator shaft 1210 and/or at the intersection

20 of the shaft 1210 and tip 1220. Other embodiments do not comprise a laparoscope stop.

The illustrated embodiment of the bladeless optical insufflating obturator 1200

includes a tip 1220 configuration comprising one or more features that enhance the

visualization and clarity through the tip of the obturator. The illustrated transparent tip 1220

of the obturator through which tissue is observed comprises a wall 1225, at least a portion of

25 which has a substantially uniform thickness. The uniform wall thickness reduces distortion of

an image observed through the obturator tip 1220. In some embodiments, the entire obturator

tip 1220 comprises a substantially uniform wall thickness. Embodiments of bladeless optical

obturators comprising non-uniform wall thicknesses typically exhibit less clear imaging

through the obturator tip because the varying wall thickness distorts the image transmitted

30 therethrough, for example, in bladeless optical obturators comprising a generally circular
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inner contour and a generally rectangular outer contour.

FIG. 1E is a top view of a transverse cross section of the obturator tip 1220 illustrated

in FIGS. 1A-1D. In the illustrated embodiment, an inner contour 1226 of the obturator tip

1220 has a generally rectangular transverse cross section, which substantially matches an

5 outer contour 1228 of the obturator tip, which also has a generally rectangular transverse

cross section. In other embodiments, the inner and outer transverse cross-sectional contours

1226 and 1228 of the obturator tip 1220 have another shape, for example, generally elliptical,

hexagonal, S-shaped, or another suitable shape. In some embodiments, a portion of an

interior surface the tip 1220 at which the distal end laparoscope 1300 contacts has a contour

10 different from a shape or contour of the distal end of the laparoscope. For example, in

embodiments in which the distal end of the laparoscope 1300 is circular, the portion of the tip

1220 at which the distal end of the laparoscope 1300 contacts is not circular, thereby defining

a gas flow channel therebetween, as discussed in greater detail below.

In some embodiments, at least a portion of the wall 1225 of the obturator tip 1220

15 comprises a thin-wall configuration. The thin-wall configuration enables light to travel

through the material with reduced loss in intensity, thereby enhancing the visibility of tissue

through the obturator tip 1220 as the obturator is advanced and placed into the targeted body

cavity. The thin-wall configuration also reduces distortion of the image viewed through the

obturator tip 1220 and maintains the color accuracy of the viewed tissue. Some embodiments

20 of the obturators 1200 have tip wall thicknesses of from about 0.02" (about 0.5 mm) to about

0.025" (about 0.65 mm) for about 5-mm to 12-mm obturators. In some embodiments, the tip

wall is thicker, for example, to provide additional strength.

All transparent materials have a light transmittance value of less than 100%. That is,

less than 100% of the light incident on the material is transmitted directly through the

25 material. For a given transparent material, as the wall thickness of the material increases, the

amount of light that travels through the material decreases. Moreover, because the

illuminating light is directed from within the obturator 1200, the light must travel through the

obturator tip 1220 twice, thereby doubling the loss of light due to the transmittance

characteristics or absorption of the obturator tip 1220. Embodiments of an obturator tip 1220

30 with a reduced wall thickness reduce the loss of light or absorption thereby, thereby
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improving the image of the tissue through which the obturator 1200 is advanced, and

maintaining the color accuracy and fidelity of the observed tissue.

In some embodiments, the obturator shaft 1210 and tip 1220 are injection molded as a

unitary or single, integral component, which, in combination with the thin-wall tip 1220,

5 allows positioning or placing a distal end 1304 of the laparoscope (FIGS. 1C and 1D) in close

proximity to and/or within the tip 1220 of the obturator. By placing the distal end 1304 of the

laparoscope in close proximity to and/or within the tip 1220 of the obturator, an image

produced through the laparoscope 1300 is magnified compared with an image produced by a

distal end 1304 of the laparoscope 1300 positioned at a greater distance from the obturator tip

10 1220. For example, in some embodiments of a 5-mm bladeless optical obturator designed to

accommodate laparoscopes with diameters of from about 5 mm to about 5.5 mm, the distal

end of the laparoscope is positionable as close as about 0.442" (about 11 mm) from the distal

end of the obturator 1200. Some embodiments of a 12-mm bladeless optical obturator

designed to accommodate about 10-mm diameter laparoscopes, permit positioning the distal

15 end of the laparoscope as close as about 0.79" (about 20 mm) from the distal end of the

obturator 1200 or less than about 0.83" (about 21 mm) from the distal end of the obturator

1200. In these embodiments, the magnification through the 5-mm optical obturator is greater

than that for the 12-mm optical obturator.

The enhanced visibility through the tip 1220 of the obturator also enhances the

20 visibility of the vent holes 1222 in the tip of the obturator. Consequently, in some

embodiments, the vent holes 1222 are useful as markers for indicating the penetration depth

of the obturator tip 1220. As the surgeon advances the trocar system 1000 through tissue, the

surgeon can view the vent holes 1222 through the laparoscope 1300, thereby observing when

the vent holes 1222 have traversed a body wall, such as the abdominal wall. Once the vent

25 holes 1222 have traversed a body wall and entered a body cavity, the trocar system 1000 need

not be advanced further. Accordingly, the enhanced visibility of the obturator tip 1220

permits precise placement of the access system 1000, and consequently, the trocar 1100 into a

body cavity, thereby preventing the trocar 1100 from being advanced too far into the body

cavity. Because the surgeon is able to precisely place the trocar system 1000 across a body

30 wall until just the portion of the obturator tip 1200 comprising the vent holes 1222 is
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positioned within the body cavity, the risk of injury to internal body structures is reduced.

In some embodiments, one or more indicia are provided on at least one vent hole

1222, thereby increasing the utility, visibility, and/or prominence of the vent holes 1222 as

depth indicators. For example, in some embodiments, one or more contrasting and/or

5 fluorescent colors are printed in the vent hole 1222 bores.

In some embodiments, one or more marker bands or indicia are disposed proximate to

or near at least one vent hole 1222, for example, by printing one or more contrasting or

fluorescent marker bands. The enhanced visibility through the tip 1220 of the obturator

permits using the marker bands for monitoring the penetration depth of the obturator 1200.

10 For example, in some embodiments, the marker band is highly visible through the

laparoscope 1300 as a rectangular band positioned just proximal to the vent holes 1222. In

other embodiments, the marker bands have another shape, for example, dots. As a surgeon

advances the access system 1000 through the tissue, the surgeon can view the position of the

marker band to determine when the vent holes 1222 have traversed a body wall. The

15 enhanced visualization through the obturator tip 1220 enables precise placement of the trocar

1100 into a body cavity, thereby preventing the trocar 1100 from being advanced too far into

the body cavity. Precisely placing the access system 1000 across a body wall until just the

portion of the obturator tip 1220 with the vent holes 1222 is in the body cavity reduces the

risk of injury to internal body structures.

20 Referring to FIGS. 1C and 1D, some embodiments provide a device comprising an

insufflation flow path or channel 1400 defined by an inner wall of the obturator shaft 1210

and the laparoscope 1300. For example, embodiments of a 5-mm bladeless optical trocar with

a 5-mm obturator are dimensioned and configured to accommodate laparoscopes with

diameters of from about 5 mm to about 5.5 mm (from about 0.197" to about 0.217") with an

25 insufflation flow channel 1400 extending longitudinally through the inside of the obturator

between the outside wall of the laparoscope 1300 and the inside wall of the obturator shaft

1210. The insufflation flow channel 1400 is dimensioned to accommodate a suitable flow of

an insufflating gas, for example, carbon dioxide. In some embodiments, a cross-sectional area

of the insufflation flow channel is at least about 0.0025 in2 (about 1.6 mm 2). In the illustrated

30 embodiment, an inside diameter of the obturator shaft 1210 is larger compared with the
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inside diameter of the obturator shaft of a typical 5-mm optical obturator. Increasing the

inside diameter of the obturator shaft 1210 defines a generally cylindrical flow channel 1400

sufficient for insufflation when either a 5-mm or 5.5-mm laparoscope 1300 is inserted into

the obturator 1200. In the illustrated embodiment, an outer diameter of the obturator shaft

5 1210 is also increased. To accommodate the slightly larger obturator shaft 1210, in some

embodiments, the inner diameter and outer diameter of the trocar cannula 1110 are also

increased compared with typical a 5-mm trocar cannula.

EXAMPLE 1

A polycarbonate insufflating obturator was manufactured in which the inner diameter

10 of the 5-mm insufflating obturator shaft was 0.235" (6 mm), the outer diameter was 0.272"

(6.9 mm), and the wall thickness was 0.018" (0.46 mm). The inner diameter of the mating 5-

mm cannula was 0.277" (7 mm), the outer diameter was 0.343" (8.7 mm), and the wall

thickness of the cannula was 0.033" (0.84 mm). Based on these dimensions, the cross-

sectional area of the obturator flow channel with a 5.5 mm laparoscope inserted therein was

15 0.0064 in2 (4.1 mm2), which provides a carbon dioxide flow rate of about 6 L/min at an

insufflator pressure setting of about 1.6-2 KPa (about 12-15 Torr).

EXAMPLE 2 (COMPARATIVE EXAMPLE)

For comparison, a polycarbonate 5-mm bladeless optical trocar designed to

accommodate 5-mm to 5.5-mm laparoscopes included an obturator with an inner diameter of

20 0.219" (5.6 mm), an outer diameter of 0.225" (5.7 mm), and a wall thickness of 0.003" (0.076

mm). The mating cannula for this obturator had an inner diameter of 0.227" (5.8 mm), an

outer diameter of 0.287" (7.3 mm), and a wall thickness of 0.03" (0.76 mm). For comparison,

the cross-sectional area of the obturator flow channel with a 5.5-mm laparoscope inserted in

the obturator was 0.00068 in2 (0.44 mm 2), which provides an insufficient flow of carbon

25 dioxide through the device.

EXAMPLE 3

A 5-mm obturator is molded from polycarbonate with an inside diameter of 0.230"

(5.8 mm) and a wall thickness of 0.021" (0.53 mm). The carbon dioxide flow rate through

this obturator with a 5.5-mm laparoscope inserted therein is about 3.5 L/minute at an
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insufflator pressure setting of about 1.6-2 KPa (about 12-15 Torr). The increased wall

thickness improves the injection molding process for manufacturing the obturator shaft.

The tip 1220 of a bladeless insufflating obturator is designed to separate and dilate

tissue and muscle fibers during traversal of a body wall. Because of the dilating and

5 separating properties of a 5-mm insufflating trocar, increasing the outer diameters of the

obturator shaft 1210 and the cannula 1110, as compared with typically sized 5-mm bladeless

trocars, does not adversely affect the insertion force of the trocar in the illustrated

embodiment. The wall thickness of the obturator shaft 1210 is also sufficient to permit

injection molding the shaft 1210 and tip 1220 as a single piece, thereby reducing the overall

10 device cost and increasing production capacity.

FIG. 2A is a side cross-sectional view and FIG. 2B is a front cross-sectional view of a

distal end of another embodiment of an insufflating optical obturator 2200 with a laparoscope

2300 inserted therein. FIG. 2C is a top view of a transverse cross section of a tip 2220 of the

insufflating optical obturator 2200 and laparoscope 2300 illustrated in FIGS. 2A and 2B. The

15 following description refers to a 12-mm obturator sized to accommodate 10-mm

laparoscopes, which defines an insufflation flow channel sufficient for generating

pneumoperitoneum. Those skilled in the art will understand that the illustrated embodiment

is also scalable to other size trocar systems.

The illustrated 12-mm obturator also accommodates smaller laparoscopes 2300 such

20 as 5-mm and/or 5.5-mm diameter laparoscopes. The tip 2220 of the obturator is configured

such that a distal end 2304 a 5-mm to 5.5-mm laparoscope is insertable deep into a tapered

portion of the obturator tip 2220, while still defining an insufflation flow channel 2400 with a

sufficient minimum area for a suitable flow of carbon dioxide around the laparoscope 2300.

In the illustrated embodiment, a shorter dimension or width of a generally rectangular internal

25 surface 2226 of the tip of the obturator defines a stop for a 5-mm and/or 5.5-mm laparoscope

2300. The insufflation flow channel 2400 is defined by the area between the internal longer

dimension or internal length of the internal surface 2226 of the tip and the outside wall of the

laparoscope 2300, as best viewed in FIGS. 2A and 2C. The insufflation flow channel 2400 is

fluidly connected to one or more vent holes 2222 disposed on the tip. The embodiment

30 illustrated in FIG. 2A also comprises an optional stop 2224 for a 10-mm laparoscope.
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Some embodiments in which distal end of the 5-mm or 5.5 mm laparoscope 2300 and

the portion of the inner surface 2226 of the tip that acts as a stop therefor have similar shapes

do not provide an insufflation flow channel 2400 with an sufficiently large minimum area to

provide a desired insufflation gas flow. For example, inserting a round laparoscope 2300 into

5 an obturator 2200 in which the stop portion of the inner surface 2226 has a circular transverse

cross section provides only a small or even no flow channel 2400, thereby effectively

isolating the vent holes 2222 from the lumen of the shaft 2210 and preventing gas flow

therethrough.

The illustrated trocar system exhibits improved flexibility, versatility, and/or

10 performance, while reducing cost and inventory requirements. Pairing a 5-mm and/or 5.5-mm

laparoscope with a 12-mm obturator improves the flow rate of carbon dioxide through the

obturator 2200 with the laparoscope inserted therein compared with the flow rate through the

obturator 2200 with a 10-mm laparoscope inserted therein. Also, a hospital or clinic may not

have any 10-mm zero-degree laparoscopes readily available, whereas many facilities have 5-

15 mm and/or 5.5-mm zero-degree laparoscopes readily available. Another advantage is that the

distal end of a 5-mm or 5.5-mm laparoscope is closer to the distal end of the obturator tip

2200 compared with a 10-mm laparoscope, thereby providing a magnified image. For

example, in the illustrated embodiment, the distal end of a 5-mm or 5.5-mm laparoscope is

positioned at about 0.430" (about 11 mm) from the distal end of the tip 2200 of the obturator,

20 while the distal end of a 10-mm laparoscope is positioned at about 0.790" (about 20 mm)

from the distal end of the tip 3220 of the obturator.

FIG. 3A is a longitudinal cross-section of another embodiment of an insufflating

obturator 3200 and FIG. 3B is a detailed longitudinal cross section of a proximal end thereof.

The insufflating obturator 3200 comprises a shaft 3210, a tip 3220, and a handle 3230. The

25 handle 3230 comprises a funneled entry 3232 disposed at a proximal end thereof A seal

assembly 3240 is disposed distally thereof Accordingly, the seal assembly 3240 is spaced

from and/or recessed from the proximal end of the obturator 3200, thereby encasing the seal

assembly 3240 within the handle 3230. Thus, in the illustrated embodiment, the seal

assembly 3240 is protected from direct user contact and/or manipulation. In some

30 embodiments in which a seal assembly 3240 is disposed at the proximal end of the obturator
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3200 and externally accessible, one or more components of the seal assembly 3240 are

vulnerable to inadvertent deformation, for example, during placement of the trocar system,

which can cause loss of pneumoperitoneum. Furthermore, in some embodiments, the seal

assembly 3240 is vulnerable to deliberate and/or inadvertent removal and/or loss. The

5 illustrated seal assembly 3240 seals with instruments of varying diameters as well as

providing a zero seal in the absence of an instrument. Again, using a 12-mm obturator as an

illustrative example, the seal assembly 3240 seals with any of 5-mm laparoscopes, 5.5-mm

laparoscopes, and/or 10-mm laparoscopes, thereby preventing leakage of carbon dioxide from

the proximal end of the obturator 3200.

10 In the illustrated embodiment of the obturator 3200, at least one opening 3206

perforates the shaft 3210, fluidly connecting the interior or lumen with the exterior thereof.

When inserted into a suitable trocar, for example, embodiments of the trocar 1110 illustrated

in FIGS. 1A and 1B, the at least one opening 3206 fluidly connects the interior or lumen of

the obturator 3200 to the fluid inlet 1122, thereby permitting fluid flow from the fluid inlet

15 1122, through the openings 3210, and out the vent holes 3222. Some embodiments of the

obturator 3200 comprise a single opening perforating the shaft. In some embodiments, the

opening or openings 3206 independently have another shape, for example, circular, oval,

elliptical, tear-drop shaped, slot shaped, slit shaped, chevron-shaped, triangular, rectangular,

rhomboid, polygonal, and the like.

20 Referring to FIG. 3B, which is a detailed longitudinal cross section of the proximal

end of the obturator 3200 illustrated in FIG. 3A, the illustrated seal assembly 3240 comprises

an internal septum seal 3242 and an internal duckbill valve 3244 disposed at the proximal

end of the obturator shaft 3210. The septum seal 3242 prevents carbon dioxide from leaking

from the obturator 3200 when a laparoscope 3300 is inserted therein. The duckbill valve

25 3244 prevents carbon dioxide from leaking in the absence of a laparoscope 3300, for

example, when the laparoscope 3300 is withdrawn from the obturator 3200 or not used at all.

The illustrated embodiment also comprises a sleeve 3246 disposed proximally of the septum

seal 3242, which prevents and/or reduces inversion of the septum seal 3242 on withdrawal of

the laparoscope 3300 therefrom. The septum seal 3242 and the duckbill valve 3444 are

30 disposed between the obturator shaft 3210 and the obturator handle 3230 in the illustrated
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embodiment. The obturator handle 3230 comprises a funneled entry 3232 at its proximal end

leading into a guide channel 3234, which guides or directs the laparoscope 3300 into the

obturator 3200. Some embodiments of the obturator handle 3230 comprise a space in the

guide channel 3234 sufficient to permit at least some septum seal 3234 inversion during

5 laparoscope 3300 withdrawal without binding the laparoscope 3300. For example, in some

embodiments, the diameter of the cap guide channel 3234 is larger than the diameter of the

laparoscope plus the thickness of the inverted septum seal, which is sufficient to prevent

binding or lock-up of the laparoscope 3300 during withdrawal from the obturator 3200.

In some embodiments, at least one of the septum seal 3242 and duckbill valve 3244 is

10 treated by a chlorination process, which reduces friction when inserting, rotating, and/or

withdrawing the laparoscope 3300, which typically has a polished surface that generates high

friction with septum seals 3242 and duckbill valves 3244. In some embodiments, at least one

of the septum seal 3242 and duckbill valve 3244 is coated or treated with one or more other

anti-friction materials and/or coatings, such as silicone oil, silicone emulsion, parylene,

15 polytetrafluoroethylene (Teflon®), and/or treated by plasma etching.

An embodiment of a method for using the surgical access or trocar system refers to

the embodiment 1000 illustrated in FIGS. 1A-1E, although the method is applicable to any

of the embodiments discussed herein. In the method, the bladeless obturator 1200 is first

inserted through the trocar seal 1120 and cannula 1110 of the trocar. A laparoscope 1300 is

20 then inserted into the proximal end of the bladeless obturator 1200 and advanced to the stop

1224 or tip 1220 of the obturator. An endoscopic video camera (not illustrated) is attached to

the proximal end of the laparoscope 1300 and the access system 1000 is then axially

advanced by a surgeon through a body wall. As the surgeon advances the access system 1000

through the body wall, the surgeon visualizes the tissue as it is being separated, for example,

25 using a video monitor connected to the endoscopic video camera. The surgeon can also

readily determine when the body wall has been traversed by observing the distal end of the

obturator 1200 entering the body cavity. As discussed above, the distal end of the obturator

1200 includes insufflation vent holes 1222 through which an insufflation gas may flow from

the obturator 1200 and into a body cavity.

30 In another embodiment, the optical access system 1000 accesses a targeted body area
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or region under laparoscopic guidance as discussed above, then is used to administer a

medicament under vision. In some embodiments, the medicament is delivered through the

stopcock 1124 and Luer fitting 1122, through the obturator 1200, and out through the vent

holes 1222 disposed at the tip 1220 of the obturator. The term "vent hole" is used here for

5 consistency. Those skilled in the art will understand that in some embodiments, gas need not

be delivered through the vent holes. Instead, the vent holes are used for another purpose, for

example, for delivering a fluid, aspirating a fluid, withdrawing tissue, and/or as a gauge for

placing the device, as discussed above. The trocar 1100, in this embodiment, is rigid, semi-

rigid, or flexible. Some embodiments of the obturator 1200 comprise a single vent hole 1222.

10 In some embodiments, the vent hole 1222 is disposed at the distal end of the tip 1220,

generally along the longitudinal axis of the obturator 1200, which permits a more precise

delivery of the medicament. The access system 1000 is suitable, for example, for rapidly

accessing a trauma site and for rapidly delivering a medicament through the obturator under

vision to the trauma site. In some embodiments, the obturator 1200 is usable in this

15 application either with or without a trocar 1100. In embodiments that do not include a trocar,

the obturator 1200 comprises a fluid inlet, for example, a Luer fitting, disposed at or near the

proximal end of the obturator 1200, for example, at the handle 1230. The fluid inlet is fluidly

connected to the vent hole 1222 through the lumen of the obturator shaft 1210. These

embodiments of the trocar system 1100 are also useful for accessing a targeted body area

20 under vision using an inserted laparoscope, then withdrawing a body fluid sample and/or a

soft tissue sample through the vent or aspiration hole 1222 of the obturator, for example, for

pathology analysis, without a cannula.

In some embodiments, the access system 1000 further comprises an insufflator

comprising a gas flow alarm (not illustrated). In some embodiments, a source of insufflation

25 gas, for example, an insufflator, is connected to the Luer fitting 1122, the stopcock valve

1124 opened, and the insufflation gas flow activated, for example, a carbon dioxide flow.

When the tip 1220 of the obturator is placed in tissue such as the abdominal wall, the gas

flow is blocked by the tissue, which in turn activates a gas flow obstruction alarm of the

insufflator. The gas flow obstruction alarm will continue as the trocar is advanced through the

30 tissue until the vent holes 1222 in the tip of the obturator are positioned within a hollow body
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cavity, at which point, carbon dioxide automatically starts flowing into the cavity and the gas

flow obstruction alarm on the insufflator deactivates, thereby serving as an audible indicator

that the distal tip 1222 of the obturator is properly positioned within the body cavity.

Some embodiments of the access system 1000 further comprise an integral audible

5 indicator (not illustrated), which indicates gas flow, for example, carbon dioxide, through the

device. The audible indicator produces a sound, for example, a high-pitched tone, for

example, by mechanically modulating the gas flow through the device. In some

embodiments, the audible indicator is disposed in the trocar 1100. In some embodiments in

which the audible indicator is integral to the trocar seal 1120, the audible indicator is

10 positioned within and/or integrated with the stopcock Luer fitting 1122. In other

embodiments, the audible indicator is disposed in the obturator 1200. In yet other

embodiments, the audible indicator is a detachable component, for example, disposed

between and fluidly connecting the stopcock Luer fitting 1122 and the insufflation tubing.

In some embodiments, the access system 1000 comprising the audible indicator is

15 connected to an insufflator and the carbon dioxide gas flow activated. When the tip 1220 of

the obturator is placed in tissue, such as the abdominal wall, the tissue blocks gas flow

through the device. As the tip 1220 is advanced though the tissue, the gas flow remains

blocked until the vent holes 1222 in the tip of the obturator reach the targeted body cavity.

When the vent holes 1222 are positioned within the body cavity, the carbon dioxide

20 automatically starts flowing into the cavity. The gas flow activates the audible indicator,

thereby creating a high-pitched tone, which signals that the distal tip 1220 of the obturator is

properly positioned within the body cavity.

Some embodiments of the access system 1000 further comprise a visual indicator (not

illustrated), for example, a flow sight that indicates carbon dioxide flow through the device.

25 Suitable visual indicators include a flapper, a rotor, and/or an oscillating ball. In some

embodiments, the visual indicator is integral to the trocar seal 1120, for example, positioned

within and/or integrated with the stopcock Luer fitting 1122. In other embodiments, the

visual indicator is disposed within the proximal portion of the obturator 1200. In other

embodiments, the visual indicator is a detachable component disposed between the Luer

30 fitting 1122 and the insufflation tubing.
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In an embodiment of a method for using the trocar system comprising the integral

visual indicator, the trocar system is connected to an insufflator and the carbon dioxide gas

flow activated. When the tip 1220 of the obturator is placed in tissue, such as the abdominal

wall, the gas flow is blocked. As the tip 1220 is advanced though tissue, the gas flow remains

5 blocked until the vent holes 1222 in the tip of the obturator enter the targeted body cavity.

When the vent holes 1222 are positioned within the body cavity, the carbon dioxide

automatically flows into the body cavity. The gas flow causes movement of the visual flow

indicator, thereby indicating that the distal tip of the obturator is properly positioned within

the body cavity.

10 Some embodiments of the access system 1000 comprise an electronic gas flow

indicator. An output of the gas flow indicator is, for example, audible and/or visible.

While certain embodiments have been particularly shown and described with

reference to exemplary embodiments thereof, it will be understood by those of ordinary skill

in the art that various changes in form and details may be made therein without departing

15 from the spirit and scope thereof as defined by the following claims.

In the claims that follow and in the preceding description of the invention, except

where the context requires otherwise owing to express language or necessary implication, the

word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive

sense, that is, to specify the presence of the stated features but not to preclude the presence or

20 addition of further features in various embodiments of the invention.

Further, any reference herein to prior art is not intended to imply that such prior art

forms or formed a part of the common general knowledge in any country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1 A surgical access system comprising:

a tubular trocar comprising a longitudinal axis, a proximal end, a distal end, an

5 elongate cannula, and a seal assembly disposed at a proximal end of the cannula;

a fluid inlet disposed at a proximal end of the access system;

an obturator slidably insertable into the proximal end of the cannula and through the

seal assembly, the obturator comprising a longitudinal axis, a proximal end, a distal end, a

tubular shaft, a tapered tip disposed at the distal end of the shaft, at least one vent hole

10 disposed on the tip in fluid communication with the fluid inlet, and a handle disposed at the

proximal end of the shaft; the obturator having an inner surface that defines an inner contour

and an outer surface that defines an outer contour; the obturator having a wall thickness

defined between the inner surface and the outer surface;

wherein, in transverse cross-section of the tip, the outer contour substantially matches

15 the inner contour; and

wherein the obturator is sized and configured to receive a laparoscope having a

longitudinal axis, a distal end, and a transverse cross section at the distal end that is circular

in shape such that the distal end of the laparoscope is configured to contact the inner surface

of the obturator at a portion of the tip that has a transverse cross-section of the tip that is non-

20 circular in shape defining a gas flow channel between the laparoscope and the inner contour

of the tip.

2. The surgical access system of claim 1 wherein the outer contour and the inner

contour, in transverse cross-section of the tip, have a generally elliptical shape.

25

3. The surgical access system of claim 1 wherein the outer contour and the inner

contour, in transverse cross-section of the tip, have an S-shape.

4. The surgical access system of claim 1 wherein the outer contour and the inner

30 contour, in transverse cross-section of the tip, have a hexagonal shape.
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5. The surgical access system of claim 1 wherein, in transverse cross-section of the tip,

the outer contour has a generally rectangular transverse cross-section.

5 6. The surgical access system of claim 5 wherein the shorter dimension of the generally

rectangular inner surface of the tip of the obturator defines a stop for a laparoscope having a

circular cross-section inserted into the obturator.

7. The surgical access system of claim 6 wherein a gas flow channel is defined between

10 the longer dimension of the rectangular inner surface of the tip and the outer surface of the

laparoscope.

8. The surgical access system of claim 5 wherein the cross-sectional area of the

obturator tip increases in progressively proximal cross-sections of the tip.

15

9. The surgical access system of claim 5 wherein the wall thickness at the tip of the

obturator is substantially uniform to reduce distortion of an image observed through the

obturator tip.

20 10. A surgical access system comprising:

a tubular trocar comprising a longitudinal axis, a proximal end, a distal end, an

elongate cannula, and a seal assembly disposed at a proximal end of the cannula;

a fluid inlet disposed at a proximal end of the access system;

an obturator slidably insertable into the proximal end of the cannula and through the

25 seal assembly, the obturator comprising a longitudinal axis, a proximal end, a distal end, a

tubular shaft, a tapered tip disposed at the distal end of the shaft, at least one vent hole

disposed on the tip in fluid communication with the fluid inlet, and a handle disposed at the

proximal end of the shaft; the obturator having an inner surface that defines an inner contour

and an outer surface that defines an outer contour; the obturator having a wall thickness

30 defined between the inner surface and the outer surface;
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wherein, in transverse cross-section of the tip, the outer contour defines two

diametrically opposed, substantially straight lines interconnected by two diametrically

opposed, outwardly curved lines; the outer contour substantially matches the inner contour

which also has two diametrically opposed, substantially straight lines interconnected by two

5 diametrically opposed outwardly curved lines in the same transverse cross-section of the tip;

and

wherein the obturator is sized and configured to receive a laparoscope having a

longitudinal axis, a distal end, and a transverse cross section at the distal end that is circular

in shape such that the distal end of the laparoscope is configured to contact the inner surface

10 of the obturator at a portion of the tip that has a transverse cross-section of the tip that is non-

circular in shape defining a gas flow channel between the laparoscope and the inner contour

of the tip.

11. The surgical access system of claim 10 wherein, in transverse cross-section of the tip,

15 the outer contour has four comers, each defined by an intersection between a curved line a

substantially straight line.

12. The surgical access system of claim 10 wherein the area of the tip defined between

the inner and outer surfaces increases in progressively proximal cross-sections of the tip.

20

13. The surgical access system of claim 10 wherein the gas flow channel is fluidly

connected to the fluid inlet and to the at least one vent hole disposed on the tip at a location

distal to the point of contact between the distal end of the laparoscope and the inner surface

of the tip of the obturator.

25
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