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SURGICAL ACCESS APPARATUS AND METHOD

Background of the Invention

Ficld of the Ivention
This invention relatcs generally to devices and other apparatus facilitating

sealed access with surgical instruments, such as a surgeon's hund, across a body wall and

into a body cavity.

Background of the Invention

n several areas of surgery there exists a need to have mechanisms or
devices that can seal a body cavity or space, and yet permit the introduction of surgical
instruments such as guidewires, endoscopes, and even the hand of a surgean. Typical of
these areas of surgery is laparoscapic surgery which reliss on surgical instruments
incerted through the 2hdominal wall to reach an operative site within the abdominal
cavity. In order to increase space around the operative site within the eavity, insufflation
gases are typically introduced to inflate the cavity and clevate the abdominal wall. This
pressurizing of the abdominal cavity is referred t@ as pneumoperitonenm. In this context,
the need to seal the body cavity or space arises Fom the need to maintain the

prneumoperitoneum even when instruments are present.
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Trocars have been commonly used 1o provide instrament access in
laparoscopic surgeries. These trocars have included elaborate seal structures having zer.o
seals which pravent escape of the gases in the absence of instruments, aud instrument
seals which prevent escape of the gases in the presence of instruments. Unfortunately,
the instrument seals have besn able to accommedate only a narrow range of instrunent
diamcters. Where wider ranges wers desired multipls scal pairs had to b provided,

Some instraments, such a2 the band of the surgeon, have been too Jarge for
trocar aceess. Lnder these circumstances, hand-assisted laparoscopic seals have been
provided. Such devices have been large, cumbersome, and largely incffective i
providing the required sealing mechanism. Other access devices, such as Touhy-Borst
seals, have been used but only for very small dianmeter access such as that required by a
guidewire,

Each of the prior devices suffers from drawbacks which make the device
dilficult or cumbersome to use. For example, a Touby-Borst seal requires two Lands 1o
use and does not form a Seal when a guidewire or other device is about to b€ introduced.
Present trocar scals and hand-assisied seals require two valves, one forming an
instrument seal in the presence of the instrument, and the other forming a zere seal in the
absence of the instrument. For example, in hand-assisted devices, elaborate mechunisms
have been required to seal around the surgeon's arm. When the arm is removed, a

separate 7ero sezl has been reguired to prevent the escape of blood or insufflation gases.

JP 2004-512076 A 2004.4.22
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Summary of the [nvention

These deficiencies of the prior art are overcome with the present invention
which includes both a seal apparatus and a methad for using this apparatus to perform
elaborate surgerics. In one embodiment, the device includes a valve structure formed of a
gel including, for example, a thermoplastic base such as KRATON {a trademark of Shell
Corporation) and an ¢il. The resulting elagtomer has an excellent tear strength,
elongation greater than 1,000 percent, a very low durometer or hardness, and
biecompatibility. A process for manufacturmg this device is greully simplified using
melding technigues.

Importantly, the access device can function as both a zere seal and an
instrument seal. Furthermore, it can accommodate Va fuii range of nstrument diametess,
such as a range firom two French in the case of 2 guidewire, to three or four inches in the
case of a surgeon's hand. In addition, several instruments can be accommodated af the
same time with 2 single access device.

Both tear-resistance and sealing capability can be enhanced by
encapsulating the gel in a sheath or otherwise providing circumferential reinforcerntent for
the valve structure. Additives can be provided either on or in the ge! to enhance
properties such as lubricity, sppearance, wound troatment and/or protection, ani-cancer
protection and anti-rnicrobial protection. Additional chemaicals, compounds,
pharmaceuticals or even mechanical devices can be mixed with or embedded in the gel
material to vary chemical, pharmaceutical or physical propertiss of the access device

These and other features and advantageous of the invention will be
clarified with 2 deseription of preferred embadiments and referencs ta the associated

drawings.
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Description of the Drawings

Fig. 1 is a perspective view showing a patient prouc on an operating table
with his abdomen insufflated, and wirh instrumens access provided by frocars and the
access device of the present invention;

Fig. 2 is an enlarged side slevation view of the ancess device of Fig 1
operatively disposcd exteriorly as the abdominat wall;

Pig, 3 s 2 side elcvaﬁurll vigw similar to Fig. 2 showing the access device
operatively disposed interiorly of the abdominal wall;

Fig. 4 is e side elevation view similar to Fig. 2 showing the aceess deviee
operutively dispesed within an incision. in the abdominel will;

Fig. 5 is a plan view taken along tines 55 of Fig. 2;

Fig. 6 i5 a side elevation view similar to Fig. 2 and illustrating a further
embodiment of the access device having an external flange and an internal flagge;

Fig. 7 is a side clevation view similar to Fig. 6 and illustrating the hand of
a surgeon being inserted throngh the access device;

Fig. 8 is an axlally cross section view of the access device illustrated in
Fig. 6;

Fig, 9 js a cross section view similar to Fig. 8 and illustraticg an
embodiment with circumferential reinforcement members,

Fig. 10 is an axial cross section view sinilar to Fig. 9 and Glustrating a
double-ring retractor with s access device of the present invention;

Fig. 11 is & radial cress section view similar to Fig. 8 and illustrating an
emhodiment having a lead-in cavity or pocket;

Fig. 12 is e top plan view of the embodiment illuswated in Fig. 11;

4
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Fig. 13 is an axial cross seolion view taken along lines 13-13 of Fig. 12;

" Fig. 14 is an axial cross section view taken along lines 14-14 of Fig. 12;

Fig 15 js an axial cross seotion view similar to Fig, 13 and illustrating an
embodiment with a duer-bill valve; l

Tig. 16 is am axinl cross-section view laken along lines 16-16 of Fig. 15;

Fig. 17 is a radial ¢cross section view similar to Fig. 13 comprising a soficr
Tiand seal and a finmer base seal;

Fig. 18 is an axial cross section view taken along lines 18-18 of Fig. 17;

Fig. 19 is an axial cross section view of an embodiment having a lead-in
cavity or pocket with a confcal or funnel configuration;

Fig. 20 iz a top plan vigw of the emb;rdizr;enl illustrated in Fig. 19,

Fig. 21 is un axial cross section yiew similar to Fig. 13 and showing
ancther emhodiment with & trapezoidal stit;

Fig. 22 is an axial cross section view taken alopg lines 22-22 of Fig. 21;

Fig. 23 iswan axial cross section view sirsilar to Fig. 22 taken-along lines
23-23 of Fig. 21 and ilinstrating a slit having other than a perpendicular relationship lo
the plane of the pad;

Fig. 24 is a porspective view of a further embodiment of the access device
having an, opening formed by multiple stits angularly disposed and axially speced relative
to each nther;

Fig. 25 is a side elevation view of an access device with a slit having a
spiral configuration;

Fig. 26 is a top plan view of an access device having a spiral slit and axial

channel;

JP 2004-512076 A 2004.4.22
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Fig. 27 is a side elevation view of an embodiment having a spiral slit and a
septum seal;

Fig. 28 is an axial cross section view of a further embadiment mcluding a
superslastic copical seal and « flexible base with annular spoke-like cams;

Fig. 29 is an axial cross section view taken along lines 29-23 of Fig. 22,

Fig. 30 is zn axial cross section view taken along lines 30-30 of Fig. 22;

Fig. 31 is an axial cross section view similar to Fig. 28 and 1llustrating an
embodiment including flappers;

Fig. 32 iz a perspective exploded view of a further embodiment including
a gel cap, 4 base, and a retraction sheath;

Fi

233 is a top plan view of the gel cap of Fig. 32,
Fig. 34 is an axial cross section view tzken along lines 34-34 of Fig. 33;

i

2. 35 is a top plan view of tho base illustrated in Fig. 32;

Fig. 36 is an axjal cross sechon view taken along lines 36-36 of Fig, 35;

Fig. 37 isa side elevation view of the retraction sheath iflustrated iv Fig.
K

Fig. 38 is a side elevation view of a further embodiment of the retraction
sheath;

Figs. 39-42 illustrate progressive steps in a prefered methed of use
associated with the embeodiment of Figure 32;

Fig. 3915 a top plan view showing use of a template;

Fig. 40 is a top plan view of showing placement of the retraction sheath;

Fip. 41 3= a top plan view showing placanent of the base ring and

securement of the traction sheath; and
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Fig. 42 i an axial eross section view partially in section showing

placement of the gel cap relative fo the base.

Description of Preforred Embodiments

24 Best Moede of the Invention

A patient is illustrated in Figure 1 and designated generally by the
reference numeral 10. The patiert 10 is shown in 2 prone position on an operating table
12, where sbdominal surgery is being performed by a surgeon 14 having an arm 16 and &
band 17. In the {llustrated example, the operaiive procedure is performed within an
abdeminal cavity 18 with instaument access provided through an abdominal wall 21, In
this type of opevation, commonly referred to as lapa‘msc;pic surgery, irocars 23 and 23
are commonly used to provide minimally invasive access through the abdominal wall 21
for instruments such as a grasper 27 and an endascape 30

Alibough the specific focus of this disciosure will be on a preferred
laprroscopic procedure, it will be noted that Japaroscepic sutgery is mercly represeutative
of a lype of operation wherein a procedure can be performed in 2 body cavity with
mimmal access through a body wall.

Notwithstanding the foregoing penerality, it is important to note that with
respect {0 laparoscopic surgery, it is often desivable that the surgeon 14 be able to insert
his/her hand 17 through the abdominal walf 21 and into the abdominal cavity 18. This
insertion of the band 17 provides the surgeon 14 with direct access to various elements of
the anatory

in order to accomimedate the hand 17 and s 16 of the snrgeon 14, a
smal] incision 32 is typically created in the abdominal wall 21, An access device 34 of

-
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the present invention can be provided to further facilitate this access by the hand of the
surgeon 14,

Particularly in the case of laparoscopic surgery, it is adventagoous to
insufflate the abdominal cavity 18 with a gas, such as carbon dioxide, in order to slevate
the abdorninal wall 21 and thereby increase the volume of the working space within the
cavity 18. Maintepance of this insufflation presswe, commonty referred to as
pneumeperitoneum, is particularly difficult where access is desired across the ahdominal
wall 21, for example, through the frocars 23, 25, as well as the accoss device 34. Yor this
reason, & substantial effort has been directed to providing such scoess deviees with
sealing characteristics both In the presence of Instruments and in the ahsence of
instruments, such as the grasper 29, scope 30 and hand 27.

Thus, the frocars 23 and 23 bave typically been provided with corplex
valve struchures, including, for each narrow ranpe of instrument gizes, an mstroment
valve which forms an instrument seal in the presence of an instrument, and a zero valve
which forms a zero sedl in the absence of an instrument. By providing bothvan
instrwment scal and a zero seal the valve structures have been able o mhibit the eseape of
gases through the (recars both in the presence and the absence of an instrament,
respectively.

The instrument seals have been particularly combersome, as noted, and
have only been effective for a smail range of instrument diameters, For example,
separate instroment seals have baen needed for nstruments, such as guidewires, which
may have a diameter of only two French to three French. For medium-sized insirotaents

having diameters of thres millimeter to five millimeters, a second instrument seal has

JP 2004-512076 A 2004.4.22
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been reguired. In some cases, even a third instrument seal bas been necessary in order to
accommodate instrurnents having diameters sach as nine millimeters (o 12 millimeters.
Typically the varying sizes of istruments have also required individual zero seals for

each range. Thus, in 2 complex racar, such a¢ the toear 23, there might be as mamy as

*six separate seals assaciated with the access device.

Woere it not for the desire fo maintain the preumoperitoncum, there would
beno ueed for the trocars 23, 25 or the aceess device 34. Ong would merely cut an
incision in the abdominal wall 21 and insert the instrument directly through the ineision.
However, without appropriate valves or seals, the insufflation gases wau‘ld merely escape
through the imneisions. This would be particularly detrimental in the case of the incision
32 which must be sufficiently large to accept the h:;nd l:r' of the surgeon 14, Thusitisa
primary purpose of the access device 34 to form with the incision 32 en access or
working chanrel 34, and to provide a valve or other sealing structure across ilis working
channel 34 in order to maiptain the preumoperitoneum.

An enlarged view of one embodiment of the access device 3415 illustrated
in Figure 2 which also shows the abdominal wall 21 and the incisten 32. In this simple
form, the access device 34 has the general configuration of 2 pad 35, meaning that it {s
generally flat and disposed in a plane such as the plane 38. Typically parallel to thus
plane 38 are & pair of major surfaces of 41 and 43 which provide the pad 33 with a
substantial surface area. An oponing or slit 43 can be formed through the pad 35,
generally along an axis 47 perpendicular to the plane 32. -

When operatively disposed, the opening 45 of the pad 35 is in
communication with the incision 32 and, in this case, forms with the incision 32, the
working chamuel 36, The alignment of the opening 45 and incision 32 can accur with the

-9-

JP 2004-512076 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

.24

(32)

WO 02/34108 POTIUSOL/29082

pad 35 disposed exteriorly of the abdominal wall as illustated in Figure 2, interiorly of
the abdaminal wall is 21 as illustrated in Figure 3, or within the abdominal wall 21 as
Hlustrated in Figuee 4. In any of thesa positions, operative disposition of the pad 35
relative ta the abdominal wall 21 requires that the pad 35 be maintained in its operative
pasition and that it form 2 seal around the incision 32, Referring to the plan view of
Figure 5, these two functions are accomplished with an adhesive 50 disposed around the
ineision 32 betwecn the pad 35 and the abdominal wall 21.

1f this adhiesive 50 is formed as a continuous ving 52, as {lustrated in
Figure 3, the pad 35 can be disposed with the ring 52 positiened cireumferontially around
the incision 32 fo form a seal between the pad 35 and the abdominal wall 21, Inthe
illustrated exymple, when the pad 35 is operatively positioned, the escape of insufflation
gases is inhibited between the pad 35 and the abdominal wall Z1 by the adhesive ring 52,

The escape of insufflation gases is inhibited through the opening 45 of the
pad 35 by the self-scaling charasteristics of the material forning the pad 35. This
material axd its highly advantageous properties are discussed ifu significant detail below,

It will be appreciated that the functions of the adhesive ring 52 can be
accomplished in many different ways using many diffevent materisls and shapes. For
exainple, sany materkals other than adhesives can be used to maintain the pad 35 in,
position over the incision 32. The formation of a seal around the incision 32 can also be
accomplished with methods other thun adhesion. Furthermore, the shape of the
<ontinuaus seal fonmed by the adhesive 50 need not be in the shape of # cirele. Rather,
any continugus pattern sufliciently iarge to form a perimieter around the incision 32 could

facilitats the desired sealing relationship. Finally, it will be noted that the mere

-10-
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placement of the pad 35, for example, interiorly of the sbdominal wall 2! =s illustrated in
Figure 3, may produce a perimeter seal merely as a result of the insufflation pressure.

A further embodirnent of the access device 32 is ilinstrated in Figure §
where elements of structure similar to those previously disclosed or designated with the
same reference numeral followed by the lower case "a." In this embodiment, the
functions of position-maintenance end seating are accomplished with an altemative
corifiguration for the access device itself, The pad 35 in this case is disposed within the
incision 32 &s ilinstvated in Figure 4. However, an extornal flange 54 and an intcrnal
flange 56 arc formed intogral sith the pad 35.

When operatively disposed, the cxtm_-nal f.tange 54 is positioned outside of
the abdominal wall 21 while the internal flange 56 is disposed interiorly of the abdominal
wall 21a. In this matter, the pad 33 can be disposed within the incision 22a and held in
posifion by the flanges 54, 56. When the hand 17 of the surgeon 14 is inserted through
the access device 34, the exterior flange 54 prevents the pad 35a from moving distally.
Similarly, when the hand 17 of the surgeon 14 is withdrawn, the interior flaffge 56
prevents the pad 33a from moving proximally

In this embodiment, the opening 43a extends through the pad 332 as well
as the flanges 54 and 56, and completely defines the working channel 34 through the
inciston 32.

The primary scal which is required between the access deviee 34a and the
abdominal wall 21, cun be formed with the adhesive ring 52a as discussed with reference
to Figure & Allernatively, this embodiment including the intevior flange 56 may rely
mercly upon the surface coniact between the flange 56a and the abdominal wali 21. In
this ease, the primary seal can be formed between these struchuat elements and enhanoed

11 -
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by the pneumopearitoneum pressure which forces the interior flange 56 againgt the
ghdominal wall as illustrated by & plyrality of asrows 58. This seal is formed primarily in.
& radial plan gencrally perpendicular to the axis 47.

The function of the primary seai may be further cnhanced by additional
sealing which coours between the pad 35z and the portions of the abdeminal wall 23
forming the incision 32. In this location, the abdominal wall 21 is radialiy compressed by
the rnclre presence of the pad 35 within the incision 32. The resulting pressure produces
an axial seai between the pad 35a and the abdominal wall 21.

If the adhesive ring 32z iy desired for this cyhodiment, it is most
advantageously placed around the incision 32, between the exterior flange 54 and the
abdominal wall 21.

Tt will be noled that whenever an instrument, such as the armn 16 or hand
17 of the surpeon. 14, is inserted through the pad 35, the material of the pad conforms to
the surface of the instnament and forms the instrument seal with the instument.
Accordingly, during the entire period beginning with inseriion of the instrument and
ending with withdrawal of the instriment, there is aubstantially no loss of insufflation gag
through the pad 35a nor any loss of pneumoperitoneum within the abdominal cavity 18.

With farther reference to Figure 7, it will be appreciated that the arm 16
and hand 17 of the surgeon 14 are merely examples of insttuments which cun be inserted
through the aceess device 34z, In the absence of the instrument, or hand 17 i the case of
Figure 7, the opening or slit 43a merely closes against itself to form a zero seal, thus
preventing the escape of nsufllation gases through the access device 3da. When the
instrument, such as the hand 17, is inserted through the opening or slit 45a, an instrumont
seal is formed between the material of the access device 34a and the exterior surface of

-12-
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the instrument. This prevents the eseape of insufflation geses through the zccess device
3da, evan when an fnstnumeant 18 present. Thus, usufflation pressures can ke maintained
within the abdominal cavity 18 whether or not the instrament is in place. Mote that these
seals, the zero seal and the abdo.minal seal, can be formed as 2 single valve siracture
having properties for accommodating a full range of instrument sizes.

Formation of the pad 35a will typically be accomplished in a simple
molding process described in greater detail below. In such a process, the opening or slit
45a may be ferrned as part of the meolding process.

Tn most cases, the single access opening 45a will be sufficient to
acsommeodate the operative procedure. However, a further advantage of the access
device 34a will be pariiculerly appreciated by the surgeon 14 whe requires even more
aceess through the pad 35a. Consider for example, the surgeon 14 having bisther arm 16
inserted throwgk the opening 45z when befshe decides thal 2 further instrument is
required for the operative procedure. Under these circumstances, a further opening
throagh the pal 35a can be established by merely inserting the desired operative
instrument through the pad 35a, In this manner, the instaunent can creaie its own access
hole beside the primary opening 45a.

Particularly for those operalive insituments having pointed distal ends, the
instrument can merely be forced thraugh the pad 352 forming its own acoess hole , such
as the openiag 454, as it is moved distally, This opening. created by the operative
instrument jtse)f, would antormaticaily form an instrument scal as the insiromient is
inserted, as well 2s a zero seal as the instruneent is withdeawn.

Tor operative instruments not having pointsd distal ends, it is possible to
form & new access hole using a secondary instrunpent, such as a trocar ehturator. After

-13-
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the access hele is formed, the oblurator can be removed, vaceiing the acoess hole o
receive the operetive instrament. Throughout this process of initially forming an access
hole and ultimately inserting an operative instrument through the hole, bolh zero seals
and instrument seals are formted (o maintain the pneamoperitoneur.

With the advaniages associated with 1) the formation of an instrument seal
and 2 zero seal with 2 single valve accommodating a wide ranye of diameters, and 2} the
formation of an instrument apening using the instrument itself, it will be appreciated that
the eoncept of this invention will tpically be embodied with 2 stcture that is
paticularly dependent upon the material which forms the access device 34. Ina
preferred embodiment, the pad 25 is formed of 2 KRATON/oi} nrixture including a
KRATON Tri-block with a Styrene-Ethylene/Butylenc-Styvene {S-E/B-8) structure in
combination with 2 mineral oil. Other to-block polymers can be used for this application
such as Styrene-Isoprenc-Styrene, (8-1-S), Styrene-Butadien&StSirene {S-B-8), Styrene-
Ethiylene/Propylene-Styrene (S-B/P-5) manufactured undes the trademark SEPTON by
the Xoraray Co. These general formulas can be furiher distingwished by the retio of the
styrens to mabber content: for example, Grade 1650 is a $-B/B-S tri-block with a 29/71
styrene to ubber ratia.

In addition to tri-blocks there are also di-block versions of these materials
whers styrens is present at only one end of the formula, for example, Styrene-
Ethylene/Butylene (S-E/B) di-black.

The various base formulas may also be alloyed with one another to
achisve a variety of inteymediate properties. For exampls KRATON GI701X isa 70%
8-E/B 30% 8-E/B-8 mixture with an overall Styrene to rubber ratio of 28/72. Tt can be
appreciated that an almost infinite number of combinations, alloys, and Styrene to rubbsr
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Tatios can be formulated, each capable of providing advaniages o a purticular
ernbodiment of the invention. Thesc adva.ntzges; will fypically melude low durcmeter,
high elongation, and gaod tear strength.

Ttis contemplatéd that the material of the pad 35 may also inciude
silicone, soft urethanes and even havder plastics which might provide the desived sezling
qualities with the addition of a foaming agent. The silicane matcrials can be of the types
currently used for clectronic encapsufation. The harler plasiics may include PVC,
Isoprene, KRATON neat, and other KRATON/oi! mixtures. Tn the KRATON/ail
mixture, for example, oils such as vegetable oils, petroleum oiis and silicone oils might
he substituted for the mineral oil. Tt the broadest sense, all of these mixtures cun be
described generally as  gel. The gel will typically have properties including an ability to
"flow" which approaches that of o fluid. Particulerly in the vicinity of any opening or sfit
45 exfending through the access device 34, propagation of the opening may be of
coneemn. Stresses resulting from the presence of an instrument will be concentrated at the
ends of such an opening or slit. For this reason, & good tear resistince is desSired for the
£el meterial. Such a tear resistance is often nherent in the KRATON/oil mixtires and
may be enhanced by encapsulating the gel in other materials, For example, a low tear
resistant gel could be encapsulated in a nrethane sheath to improve the fear resistant
qualities of the resulting products. Such a shezth need not be elastic but could be
comprised, for example, of overlapping sheets of a non-elastic material.

Any of the gel snaterials contemplated could be modified to achieve
different properties such s enhanced lubricity, appearance, and wound protection, or to
provide auti-cancer or anti-microbial activity. Additives can be incorporated directly into
the gel, for example in the case of pharmaceuticals, or applied as a surface treatment to
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the gel, for example, to improve Inbricity or appesrance. Other compounds conid be
added to the gel to medify its physical properties or to assist in subsequent modification
of the surface by providing bending sites or a swrface charge, Autioxidants and anfirads
can be added to the mixture to cxiend the skelf life of the finishad product or increase its
ability to withstand radiation sterilization.

Sealing materials used in medical access devices of the past have been chosen
pritarily for their durometer and elongation, It s these properiies which measure the
ability of the tnaterial to move inte smalt spaces and crevices as may be roquired to farm
an instrument seal across the working channel of a trocer. For example, in the past, a
silicone mixtare was used in medical valves. This mixture had the following properties:
an ultimate clopgation Jess than about 1000 percent and a duremcter not Jess thag about 5
Shore A

These properties of the prior art materals are far exceeded by the
properties associated with the present invention which in some respects provide a full
magnitade of advantage.” In fact, the difference between fhe materials of the'prier art and
the materials of the present inveniion are sufficiently substantial, that it is perhaps
misleading to refer to the present material as merely a gel. According, the material of the
present invention, having properties including an ultimate clongation greater than about
1000 pereent and 2 durometer less than about 3 Shore A, will be referred to herein as an
“ultragel.”

In a preferred embodiment of the present invention, the uliragel inciudes
ERATON and mineral 0il and provides a scaling matzrial with the following propertics:
an uitimate elongation exceedig about 1500 percent, and a durometer of less than about
200 Bloom, The durometer in this case 1s considerably lower than that of the prior ari

16~
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materials. In fact, the durometer of the present material is so soft it cannot even be
measured on the Shore A scale,

The resulting elongation and durometer of the present material facilitates
its use with as an access valve which is capable of forming saals with a fill range of
ngtrument sizes , but iz also capshle of finctioning as a zero seal. Whereas access
devices of the prior art may have required as many as six separate seals in order to
accommodate e full range of instrament sizes, acocss devices can now be miade with only

a single valve formed of the uliragel matexial,

In a typical manufacturing process, the KRATON G1651'is mixed with
the wineral 0l In a ratio by weight of 1 to 9. In order tomamufacturs this material, the
combination is heatad to a temperature of about 200° centigrade. In a preferred methad
of manufacturing, the mold is provided with 2 circumferential ving insert which is molded
into the gel, and slit inserts which can be removed from. the gel to form the opening ar slit
45. The resulting gel ¢an be coated with comnstarsh to reducs tack and cooled at room.

temperature.

Many of the properties of the KRATON/oil mixture wall vary with
adjustments in the weight ratic of the components. In general, the greater the percentage
of mineral oil, the more fluid the mixture; the greater the percentage of KRATON, the
more rigid the materizl. Weight ratios of KRATON to oil as low 25 1 to 5 have been
conteruplated for a more ngid structure. As the KRATON/oil weight ratio approaches |
to 10, the mixture becomes mare liquid. Ratios as high as 1 1o 15 have been

contemplated for (s ovention.
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The processing lemperature can also vary considerably as it is primarily
dependent on the type of KRATON used. Temperatures in a range of about [50°
centigrade to about 250° centigrade have heen contemplated.

With an apprECiE;iiGu ihat these ratios and temperamres can deveiop
considerubly different propertics, it is now apparent that these materials cun be layered to
provide generally different properties within each layer. For example, an auter layer
might be formed of 2 KRATOMN/oL muxiwre having meore rigid properties, therchy
providing the pad 35 with an outer layer that is more rigid. After that layer is at lzast
partizlly cured, another layer of the material can be poured inside of the oufer layer. This
second layer might be softer providing the pad 35 with the significant sealing properties.
It has been found that successive layers will tend to fuse slighily at their interface, but
will generally maintain their separate identities. Additional layers could be added to
provide a grogression of properties in a paticular device.

Having discussed the properties desirable for the gel matenal, and the
process of manufacture, one can now address the other embodiments of the Eom:cpt
which may provide additionsl advamages for particular surgical procedures, An
embodiment of the access device 34, shown in its operative position in Figure 6, is
illustrated by itzelf in the axial cross scction view of Figure 8.

This same embodiment can be reinforced with o-rings 61 and 53 as
illustrated in Figure 9 where clements of strucfure are designaied by the same reference
number foltowed by the lower cage letter "b." Providing these o-rings 61 and 63 may
fucifitate several fimctions associated with the access devics 34b. For example, the rings

61, 63 will typically aid in maintaining a radial sealing pressurs on all sides of the

' opening 45b. The rings 61 and 63 will also tend to maintain the flanges 54b and 56b
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respectively, in their geuerally planar configorations. This further ensures that the
Hanges 54, 56 will not collapse into the incision 32 with the insertion or withdrawal of an
instrument, such as the surgeon’s hand 17. Of course, the o-rings 61 and 63 must be
sufficiontly large to ncccmmod;ate the instrument during insertion arwl removal.

A further embodiment of the invention s illusirated in Figure 10, whers
elements of structure are similar to those previously discloscd are designaied with the
same reference mimerals fallowed by the lower case letter "o." This embodiment
includes the pad 3 5¢ with the opening or shit 4%¢. The external perimeter o-ring 61c is
inserted molded into the eircumberence of the pad 35¢. The intornal o-ring 63c¢ is coupled
1o the pad 35c, for example, by way of attachmest io the o-ring flc for example, by &
membranc 65. In this case, the membranc 65 has & generelly cylindrical configuration
and etastomeric properties. In preferred embodiments, the membrane 65 is formed of
urethane, neopyene or isoprene.

When the embediment of Figere 10 is being operatively positioned, the
internal n-ring 53b is initially gathered and inserted through the incision 32 [Figure 7).
The pad 35¢ and external o-ring §1c are left outside the incision 32 sa that the only
materal extending across the i.ncis;ion 32 is the membrane 65, 1t will be noted that in this
<ase, the working channel 36¢ s formed by the shit 45¢, the cylindrical membrane 65, and
the internal c-ring 63b.

In this particular embodiment, the pad 35¢ functions generally as
described with reference to Figure 2. The primary seal betwoeen the pad 35¢and the
abdominal wall 21 can be formed either with a circumferential ring, such as the adhssive
ring 53¢, ar by relying on the sealing characteristics of the insuffiation zas against the
intemnal o-ring 63b and membrane 65,
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This cmbodiment of Figure 10 is of particular advantage as it incorporates
the pad 35¢ in perhaps ils simplest configuration, while providing a primary seal between
the device 346 and the abdomizal wall 21 which is facilitated by the insufflation pressure.
Turthermore, the membrane 63‘ chhances the sealing characteristics of the device 34¢, und
provides a lining for the incision 32. With the membrang 65, the incision 32 need not be
sirefehed o a diameter greater than that required by any instrument igserted through the
Workil“lg channel 36c.

A further embodiment of the invention is illustraied in Figure 11 where
elements of stoucture similar to those proviously disclesed are designated wish the same
reference nameral followed by the lower case letter "d." This emboditoent ts similar to
that of Figure 8 in that it inciudes the pad 35b, slit 43d, exterior flange 544, and internal
{ange 564, The embodiment of Figure 11 differs from that of Figure 8 it that it includes
a lead-in cavity 70 which is in communication with the slit 45d.

In 4 preferred embodiment, this cavity 76 is sized and configured to
receive the zm 16 of the surgeen 14 in a maneer lustrated in Pigure 7. Tn this ease, e
slit 45d would function primarily to maiatain a zero seal, while the portions of the pad
334 or flange §4d which form the cavity 70 would function primarily to form the
instrument secal.

A further embodiment of the inventfon is iMustrated in the plon view of
Figire 12 and the cross section views of Fignres 13 and 14, Lo this embediment,
elements of structure similar to those previously discussed are designated with the same
reference numeral followed by the lower case letter "e.* In this case , the lead-in cavity
has the genesal shepe of a eylinder 72 with an axis that is coilinear with the axis 47z of
the pad 35e.

.20
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As perhaps best illustrated in Figure 13, the slit 45e has a trapezoidal
configuration. Thus, it beging proximally with a narrow length which may generally be
equivalent to the diameter of the cylinder 32, From the caviiy 70e, the length of the slit
45¢ increases with progressive positions distally through the pad 35e. In the Hiustrated
embodiment, the trapezoidal slit 452 is fonmed as the frustum of an isoscelss
trimgle.

A further ermbodiment of the invenden is illustrated in Figures 15 and 16
wherein elements of straciure similar to thoss previeusly described are designated with
the same reference numeral followed by the lewer case letter "£% As previously
discussed with reference to Figure 12, this embodiment of the pad 351 is'formed with a
proximal surface 71 and a distal surface 73. The pa:d 35}3150 includes the coaxial lead-in
cylinder 72£ and the trapezoidal slit 45f. However, in this case, a duck-bill valve 74 is
provided to further enhance the charecteristics of the zero zeal, As iflustrated, the
working channel 36£ is formed by the lead-in eavity 70f, the slit 451, and an extension of
{he shit 45f whick 1g defined by the duck-bill valve 74{,

The duck-bill vatee 72 can be formed with epposing flanges 76 and 78
which extend distally of the distal surface 73. When operatively disposed, the pad 35{

can be positioned with its distal surface 73 against the exterior surface of the abdominal
wall 21 (Fizure 2) and with the flanges 76 end 78 extending into the incision 32. With
this confignration and operative disposition, the abdominal wall 21 at the incision 32 will
produce opposing forces on the flanges 76 and 78 which tend to close the slit 455
particularly in the absence of an instument. In this maomer, the duck-bill valve 74 can be

relied on to enhance the characteristics of the zero seal.
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A further cmbodiment of the invention is illustrated in Fimwe 17 and 18
wherein clements of steueture similar {o those previously discussed are designated by the
samne reference numeral followed by the lower case letler "g." In this edbodiment of the
access device 34g, the pad 35g Can be formed generally as discussed with reference to
Figure 13. In this embodiment, however, the pad 35g can be enclosed alony iis sides and
the distal surface 73g, by abase 81. In this case, the pad 35g might be formed by the
tughly elastic material previously discussed, while the base 81 might be formed of 2 more
rigid but nevertheless flexible material such as a urethane. With this configuration, the
duek-bill valve 74f would be structured to extend distally of a distal surface 83 associated
with the base 81. This would ensble the duck-bill valve 748 to be formed of the base
material rather thaz the superelastic material. This rmg]—t slso improve the zero seal
characteristics far particular operative applications.

Another simplified form of the inveation is Mustrated in Figures 19 and
20, where ¢lements of structure sunilar to these previonsly discussed or designated with
the same reference numeral followed by the lower case letter "h." The lead<in cavity 78k,
in this rase, is formed as &n inverted conc 77 having its base at the proxiral surface 71h
and its apex in proximity ko the distal surface 73b, Thus, the lead-in cavity 70h has an
area in radial cross section which decreases with progressive positions distally through
the pad 35h. In this embodiment, the proximal regions near the base of the cone 87 form
the instrument seal, while the distal reglons at the apex of the ¢one form the zero seal.
The conical vonfiguration of the lead-in cavity 70t also tends to funnel an instrument into
ihe openiag 45h leading distally to the apex of the cong 87.

Tt will be approciated generally, that the slit 45 and lead-in cavity 70 can
e provided with magy different individual and cooperative configurations. By way of

=22
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cxample, perhaps the simplest form for the pad 35 is illustrated in the embodiment of
Figure 21 and 22 wherein elements of struciure similar to those previously described ars
designated by the same roference numeral followed by the lower case letter "j." Tn this
embodiment, the pad 35] witk its proxirmal surface 71§ and distal surface 73j, is provided
with a simple trepezoidal slit 45]. T this case, the slit 43 extends between the proximal
surface 71 and the distal surface 73j.

The sfit 457 in this embodiment of Figure 21 is typical of many stuciures
which will define the slit 45j with a planar configuration. In such a case, the portions of
the pad 35] which form the slit will comprise opposing plapar sutfaces such as those
designated by the reference numerals 20 aod 92 in Figure 22,

Tt will be apparent that the slit 43 uet;,d no-t e formed by opposing surfaces
having a planar configarvation, Nevertbeless, these opposing surfaces need io be capable
of coming into sealing contact with each other in nrder to cstablish the zera seal. Gther
slit confi gurations capable of accomplishing this funciion, may offer further advaniages
in particular procedures.- Other examples of slit configurations are illustrated merely by
way of example in Pigures 23-26,

The embodiment of Figure 23 is similar to that of Figure 22 in that the
opening 45 cornprises a single slit which extends from the proximal surface 71j to the
distal surface 73j. In the case of the Figure 22 embodiment, the axis 47] is disposed
within the planc of the slit 45]. In the case of the Figure 23 embodiment, the plane of the
slit 45] daes not includs the axis 47). Rather, the slit 45] is formed in a plane which has
an angular relationship with the axds 47j, the proximal surface 715, as well as the distal
surface 73], This construction etables fie siit 45] to have a length greater than the

thickness of the pad 357,
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In the srabodiment of Figure 24, elements of stnzcture similar to those
previously discussed are designated with the same reference numerai fellowed by the
lower case letter "k, Tn this case, the opening 45k is configured as two slits 94 and 96
formed in individual planes that are angularly spaced with respect to each other. Of
course, two or more of the planar slits 94 and 86 may be equally angularly speced around
the axas 47k, In one embodiment, the individuzl planar slits 94 and 946 interscet at the
axis 47k Altematively, the slits 94 and 95 may be axially spaced in order to fucilitate
formation of the instrument seal.

In the embodimeni of Figure 25, elements of structure siu?ilur to those
previously discussed are designated with the same reference oumeral followed by the
lower case letler "m." In this embodiment, the ope:.d.ng :I-Sm is defined as a slit 98 having
a curved rather than planar configuration. In the illustratcd embodiment, the curved slit
©8 is formed as a spiral around the axis 47m. Along the axis 47m, the opposing surfaces
forming the spiral slit 98 can “flow" into seeling proximity in order to praduce the zere
seal.

Figure 26 1itastrates a similar embodiment including a spival slit. In this
Fyure, elemenis of structure similar to those previously discnssed are designated by the
same reference numeral followed by the lower case letter "n." The spiral slit 98n in this
embaodiment is also formed around the axis 47n of the pad 350, but in this casc the
porttions forming the slit 98n do not extend completely fo the axis 47Tn. As a result, an
axial channel 100 is formed at least partially along the axis 47n. This channgl 100 can
function in a roanner similar to the Jead-in cavity 70 discussed with reference to Figures
11-12. This channel 100 can even e formed with 2 conical configuration similar to that

discussed with reference to Figure 19,
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In an embodiment where the channgl 100 §s left open, 'a zero seal might be
provided by positioning a seplum valve across the channe! 100. Such an embodiment is
{llustrated in Figure 27, whercin the septnm valve is designated with a reference nuumeral
107 and the other elements of stucture similar to those previously discussed are
designated with the same reference numerals followed by ihe Jower case letter "p." Thua
the embodiment of Figure 27 inchudes the spiral slit 98p, the pad 35p, and the axis 47p.
This embodiment of Figure 27 is merely representstive of many other embodiments that
will combine a slit, such as the slit 98p, with other valve structures, such as the septum
valve 101,

‘O1her curved slit conligurations would inelude embodinzents wherein the
glit is eurved, sinusoidal, or S-shaped in a side c}cvéﬁon.wcw. Such configurations
provide a slit part having & length greater than the thickness of the pad. Normally, the
more citcnitous the siit path, the better the sealing characteristics.

A further and mere complex configuration for the opening 45 is ilustrated
in the embodiment of Figure 28 wherein elemsnts of shuchure similar to those previously
disclosed are designated with the same reference numeral followed by the lower case
letter "g." This embodiment is representative of many other complex embodiments
which can be formed with intrieate shapes and different materials in order to accomplish
the desirable function of forming, with a single valve, a zoro seal as well as an instrunent
capable of accommadating a full range of instrument sizes. In the embodiment of Figure

28, the pad 35q js formed with 2 base 110 which 15 disposed vzrcumnferentially of a core
112, In this case, the core 112 is formed of the suporelastic material or gel and providad

with the shape of the cone 87q as discussed with reference to Figures 19 and 20. The

_25-

JP 2004-512076 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

w

20

(48)

WO 02/34108 POTIUSOL/29082

base 110 is formed from a materia) that may net be elastic, but preferably is flexible. Tn
the preferred embodiment, the base 110 is fored of a urcthane.

In ths construction, the base 110 is provided with 2 plurality of spokes
114 each of wliich extends radially inwardly from a base 116 to 5 tip 118, The care 112
extends from the axis 47¢ oulwardly to the tips 118 of the spokes 114, In the illustrated
embodiment, the core 112 has fingers 121 which extend beyond the tips 118 and toward
the bases 116 between each adjacent pair of the spokes 114, These fingers 121 extend
radizily outwardly to an end surface 123 which stops short of the base 116 leaving a void
125 therebetween.

The voids 125 are of particular interest to this embodiment and can be
incorporated into any of the erobodiments previously discussed. Such voids 125 provide
a space or absence of material into which the highly elastic material, such: as that of the
fingers 121, can expand during insertion, of an instiment such as the arm 16 (Figwre 7).
Sinee the gel matcrial is almost fluid in its properties, the voids 125 permit expansion of
the gel with very little resistance. Voids, such as the voids 125 in the embodiment of
Figure 28, can be defined solely in the gel material or between the gel material and any
other base material.

In the case of Figwe 28, the spokes 114 and fingers 121 are defined
generally in planes which are parallel to the axis 47q. Similar fingers, {lustrated in the
embodiment of Figure 31 are defined generally in & plave whick is perpendicular to the
axis. In this embodiment, elements of shucture similar to those previausly disclosed ars
designated by the same reference numeral followed by the lower case letter "r." As
ilustrated, the pad 331 can be formed with a relatively large opening 43r having the
configuration of a coaxial cylinder 130, A plurality of fingers or flaps 132 extend into
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the opening 457 and tend to form a lead-in cavity 70r with properties sach ea those
discussed with reference to Figure 19. In this case, the annulat flaps 132 have a conical
configuration extending fom a base 134 to an apex 136. It will be noted that the arsas
between the flaps 132, lom voids 125r into which the flaps 132 can be displaced npon
insertion of an inzttiment, such as the arm 16,

A further smbodiment of the invention is illastrated in Figure 32 where
elements of structure sinilar to those previovsly disclosed are designated with the same
reference numeral followed by the Tower case letter "s." This exploded view of the
access deviee 348 mclhudes not only the pad 355 but also & complimentary struciure for
maintaining the position of the pad 35s, for foming a SE::’.l] between the pad 35s and the
abdomminal wall 21, and for dilating the incision 32 to a variable extent as required by the
sugeen 14, [n this case, the access devica 345 includes three components, a jell cap 143,
base 143, and a retraction sheath 147.

The gel cap 143 includes not only the gel pad 355, butalso a
cirewnfereotial cap ring 154 which can be inserted and molded to the pad 33s. The
resulting gel cap 143 forms a seal with the base 145, fhereby defining the working
channel 34s through the pad 358, the cap ring 1354, the base 145, and the retraction sheath
147. In the manner previously discussed, fhis working channel 365 inchudes the single
valve formed by the: pel pad 355 which provides both a zero seal and an instrument seai
for a wide range of instrument diameters.

The structure associated with the gel cap 143 is described in greater derail
with reference to Figures 33 and 34, [n the plan view of Figure 33, it can be seen that this
embodiment includes ihe gel pad 35s centrally disposed within {he circumferential cap
ring 154. Holding tabs 156 ¢an be provided o extend radially outwardly of the cap ring

-7 -
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154. These holding tabs 156 can facilitate the sealing engagement of the gel cap 143
with the base 143 in the marner described fn greater detail betow.

The gel pad 35s cap be formed of any of the materials previously
discussed ajthough the preferred embadiment includes the KRATON/ mineral oil gel.
The cap xing 154 for such an embodiment can be advantageously formed of KRATON
only. This will make the cap ring 154 more rigid than the gel pad 35s while naintaining
an excellent material interface between the pad 355 and the ring 154. In a typical
manufacturing operation, the cap ring will be pre-disposed in the mold for the gel pad 35s
with the unitary structure of the gel cap 143 resulting.

The cross section view of Fipure 34 shows the gel cap 1435 and illustrates
an annular void 158 formed on the inner circumference of the cap ring 154. This void
158 is of particular advantage in forming a sealing relationship with the base 145 in the
manngr diseussed in greater detail below,

The base 145 of fhis embodiroent is shown in greater detail in the plan and
cross section of views of Figures 34 and 35, respactively. From these views it will be
noted fhat the base 145 ean be provided with a sowooth generaily cylindrical inner surface
161 which extends proximaily to a rounded end surface 163 and outwardly from the end
surface 163 along an annuiar lip 165, A plurality of tabs 167 can be equally spaced to
exiend outwardly and distally around the circumference of the lip 165.

Distalty of the inmer surface 163, an anoular flange 170 can be provided
with an annular projection 172 sized and configured to furm the desired sealmg
relationship between the gel cap 143 and the base 145. The process of molding the base

145 can be facilitated by forming the base as two separate components divided, for
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example, by & doited line 174 in Figure 35. In a preferred embodiment, the base 145 is
meolded from a polycarbonate material.

A preferrsd embodiment of the retraciing sheath 147 is flustrated in
Figure 37. T this view it can be seen that the retraction sheath 147 mcludes e tubular
wall 175 which has the configuration of the fustum of a cone 176 at is distal end and the
configuration of a eylinder 177 at its proximal end. A flexible retaining ring 152
terminatas the distal end while a fold 154 is formed at the proxisnal end. The tubular wall
175 is illustrated to include an outer surface 18G and an inner surface 181. In a preferred
embodiment, the sheath 147 is formed of an elastomer, such as neoprene, se its frustule
conical and eylindrical configurations exist prima:i!y in_Lhe natural unstrefehed state.

As the sheeth 147 is stretched axially, the diameter of the cylindrical
proximal end increases thereby placing radial forces on the incisfon 32. The more the
sheath 147 1s stretched axially, the greater becomes the dismeter of the sheath and
consequently the larger becomes the opening through the incision 32. This feature is of
particular advaniage as if pennits the surgeon to define the size of the meision 32 with an
appropriate dogree of axial tension on the sheath 147, By maintaining this tension, the
preferred size of the incision 132 is maintained throughont the operation. In a preferred
apparatus and method, the axial tansion is maintained by stretehing the sheath 147 over
the tabs 167 (Figure 34) of the base 145. Tndisia |32 can be printed on the sheath 147 to
provide an indication of the relatiorship between the axial stretch of the sheath 147 and
the size of the incision 32. -

The fold 153 is provided to facilifate & grip on the proximal end of the
sheath 147, This fald 153 can alse function to provide reinforcement whers the walls of
the sheath 147 engage the tabs 167 of the base 145, In the emboediment illustrgtcd in

_29.
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Figure 38 additional folds 184, 186 are provided ai spaced axial locations, such 23 thoss
defined by the indicia 182 in Figate 37. With these folds 184 and 136, additional points
of reinforcement are provided to engage the fabs 167 whilc providing the sheath 147 with
predetermined degress of weial streteh associated with different sizes of the incision 32.

The method of using the embodiment of Figure 32 is {llustrated the
progressive use of Figures 39-42. In Figure 39, a top plan view of the abdeminal wall 21
of the patient 10 is {llustrated with a template 195 positioned to facilitate location of the
incision 32. The size of the incision 32 can be determined with the indicia 182 on the
template 195 showing, for example, multiple iengths of a line 197, cach length being
eguated witk a glove size for the surgeon's hand 17 {Figure 7). Knowing his/her slove
size, the surgeon will merely cut the incision in accardance with an appropriate length of
the line 197. The longer lengihs of the line 197 are associated with the larger incisions,
the larger glove sizes and accordingly the larger hands 17, After the incision 32 has been
cut atong the line 197, the template 195 can be removed.

As illustrated in Figure 40, the refraction sheath 147 can ther be mounted
through the incision 32. Initially the ring 152 is compressed and fad through the incision
32. On the inner surface of the abdortinal, wall 21, the ring 152 is free to expand to its
larger diameter, as shown by a defted line 158 in Figure 40. The portions of the wall 178
which define the cylinder 177 ave left to extend proximally through the opening 32 as
shiown in Figare 40.

Prior to or affer inserting the sheath 147, the base 145 can be disposed
around the jnejsion 32. Then the expesed portions of the sheath 147 will extend through
the incision 32 and wittun the circumferential base 145. As illustrated in Figure 41, the
wall 176 of the sheath 147 can then be dravn proximally, outwardly of the page in Figure

-30-
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41, to axially siretck the sheath 147, As noted, when the sheath 147 is axially stretched,
it will create radial forces on the abdominzl wall 21 which will tend to snlarge the
incision 32, The greater the adal siretch, the larger the incision 32.

‘When the iucisic;u 32 has the desired size, the sireiched sheath 147 canbe
drawn over the tabs 167 1o muintain the axial stretch and the desived size for the incision
32. Cither the indiciz 182, as shaws in Figire 36, or the additional folds 184 and 136 as
shown }n Figure 37, can be aligned with the tabs 167 to provide a predetermined size for
tbe incision 32. At this point, the seal between the abdominal wall 21, the sheath 147,
and the base 145 js fully established.

A final step remaining in this process is the attachment of the gel cap 143
to the base 145. This is accomplished as illustrated in Figure 36 by capturing fhe lip 172
of the base 145 in the annular void 158 of the gel cap 143, Bending the holding tabs 156
upwardly and outwardly facilitates this engagement which ultinately forros a seal
between the base 145 and the gel cap 143,

Although_this invenfion has been disclosed with reference o certain
stru;tllrai configurations, it will be appreciated that these products are mercly
representative of many different esnbodiments of the invention, Accordingly, one is
cautioned pot ta limit the concept anly ta the disclosed embodiments, hut rather
encouraged to determine the scope of the invention only with reference 1o the following

claims.
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CLAIMS

1. A surgical access device adapted for disposition relative to an
incigion im a patient, the access device facilitaling msertion of 2 hand of the surgeon
5 through the aceess device and maintenance of a sealing relationship with an arm of the

SUIgEon, compu'sihg:

a valve including 5 gel material having portions defining an aceess
channel;

the access channel having a length not less than about one-quarter

10 inch and extending inio cominunication with the ncision in the patient; and

the gel material including ar clastomer.

2. The su.rgir;al access device recited in Cladm 1, whereir the

elastomer includes a silicone.

3. The surglcal access device regited in Claim 1, wherein the

clastommer includes a urethane.

4. The surgical access device recited in Claim 3, further comprising a

foaming agent forming with the urethane a foam gel.

S31-
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5. The surgical sccess device recited in Claim 1, wherein the gei
ineludes at least one of a urethane, polyvinylchloride, Isoprene, Krator, an oil, and a

foaming agent,

& The surgical access device recited in Claim 1, wherein the
elastomer includes:
2 base, and

an oil forming with the base an elastomeric oil mixturs.

7. The surgical access device recited in Claim 6, wherein the oil
includes at least one of!

a vegetable oil, a petrolenm oil, and a silicone oil.
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5. A surgical access davice facilitating isertion of & surgeon’s hand
through the hand port in 2 sezling relationship with the surgeon's amm during laparoscopic
surgery through an incision in an sbdominal wall of a patient, the accass device
comprising:

2 valve structure forming a pad adapted to be disposed over (he
ineision and to form a seal around the incision;

the pad feluding a pel material having portions defining an access
channel through the pad and extending into communication with the incision in the
patient, the gel material providing the pad with properties including lubricity, appeatance,
wound treatment, aci-cancer profection, and antimsivrobial protection; and

an additive disposed relative 1o th; gel material and having
proparties for modifying at least one of the properties of tubrlcily, appearance, wound

treatment, anti-cancer pratection, and antimicrobial proteotion, of the pad.

9. Tiie surgics! access device reciled in Cluim 8, wherein the additive

includes at least one of 4 powder, comstarch and a fine particalata.

16, The surgical access device reciied in Claim 9, wherein the additive

is disposed on the elastomer as a surface treatment.

_d.
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U1, The swgical access deviee recited in Claim 8, wherein the additive

is » mechanical device disposed in the elastomer.

12, A surgical access device fecilitating a spaking relationship with an
instrument extending through the device and info up incision inte a body wall of the
patient, the access device compriging:

a valve struchire disposed relative to the inciston in a sealiag
relationship with the body wall around the incision;

a valve included in the valve structure and dispased relative to the
ncision in the body walt;

the valve having a first state in. the absence of an instrument
extending through the valve structure, and a second state ip the presence of an msirmnent
extending through the valve siructure;

the single valve m the first state forming a zero seal in the absence
.of the instrument extending through the valve strusture; and the valve in the second state
forming a seal with fhe instrument in the presence of the instrument extending through

the aceess device

13.  The surgical access device recited in Claim 12, further comprising:
an external flange extending radially outwardly of the valve

structure and adapted for disposition exteriorly of the body wall.

35 -
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14, The surgical accsss device recited in Claim 13, further comprising:
an interior flange sxtending radially vatwandty of the valve

structure and adaptive for operstive disposition interiorly of the body wall.

13, The surgical access devies recited in Claim 14, wierein the access

device in radial cross section has the general configuration of the letter "H".

16.  The surgical access device recited in Claim 12, wherein:
the valve is a first vabve including portions defining a slit; and
the valve structure farther cotuprises 4 second vabve having a duck-

bill configuration and being dispesed distalty at the first valve.

i7. The surgical access device reeited in Claim 14, further comprising:
af Jeast one support 1ing disposed in at last one of the interior

flange and the exterior flange.
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18, The surgical hand porl recited in Claim 14, wherein:
the interior fiange has a first thickness;
ihe exterior flangs has a second thickmess graater than the first

thiclress of the interior flange ©

19, The surgical access device recited i Claim 12, wherein the

insitument comprisce an arm of & surgeon,

20. A medical access device, including:
a tubular member having an elongate configuration;
at least one wall defining with the tuholar member a working
channe! sized and configured to recelve an instrument; and
arrultragel disposed io the working chanuel and being adapted to

form a seal with any instrument disposed in the working channel

21, The medical aecess device recited in Claim 20, wherein:
the ultragel has properties including any elongation of ot less than

about 1200 percent, a durometer measurzble on the Shore A scale.

-37 -
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22, The medical access device recited in Claim 21, wherein:
the ultragel has properiics including ar elongation net less than

about 1300 percent, a durometer of not greater than 200 Bloom.

23, Asurgice! hand port facilitating a sealing relationship with a
surgaoﬁ‘s arm extending through the hand port and into 2 incision in an abdomizal wall
of @ patient, the hand port comprising:

4 valve struchure comprising only a single valve disposed relative
10 the incision in the abdominat wall, the singlg valve having a first state In the absence of
the arm of the surgesn extending through the valve structure, and 2 second stale in the
presence of the arm of the surgeon extending through the valve structure;

meuns for coupling the valve structive ta the abdominal wall in a
seating reletionship with the abdominal wa-ll around the inciston;

the single valve in the first state forming a zero seal i the absence
of the arm of the surgeon extending through the valve structure; and

the single valve structure in the second state forming an ann seal
with the arm of the surgecn in the presence of the arm of the surgeon extending through

the hand port.
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34, The surgical hand port recited in Claim 23, wherein the valve
struciure further cornprises:
2 gel,
portions of the pel, at least partially defining an opening through
the valve structure; and
the opening defining portions of the gel having propertics in the
fivst state for sealing the opening in the absence of the arm of the surgeon extending

through the opening.

25, The surgical hand port recited in Claion 24, wherein ibe opening

defining portions of the ge! define the epening in the shape of at least one stit.

26, The surgical hand port recited in Clainy 23, wherein:
the valve structute is dispased generally fn a first plane; and
the slit is defined i a second plane generally non-perpendicular to

the first plane.
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27.  The surgical band port recited in Claim 25, whersin:
the vaive structure is disposed generally in g first plane; and
the si1t is defived in 2 second plane generally perpendicular to the

first plan

28.  The surgical hand port recited in Clatm 24, wherein the opening

defining portions define the opening with a spiral configuration.

2% The surgical hand pert recited in Claim 24, wherein the opening

defining portions define the opening with at least one pair of mating flappers

30. Tho surgical hand port recited in Claim 24, wherein:
the valve slruchire as an axds;
the opening defining portions define the opening generally as a jie
in radial cross section; and
the Jength of the line increases with progressive positions distally

glong the axls of the valve stryeture.
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31, The surgical hand port recited in Claim 23, whersin, the zero seal
and e arm seal have propertiss for inhibiting the escape of liguids and gases throush the

single seal,

32, The surgical hand pott recited in Claim 24, wherein the gel
includes:
an elastomer; and

a foanting agent

13. The surgical hand port ecited in Claim 24, wherein the gel

includes silicone

34,  The surgical hand port recited in Claim 24, wherein the gel

includes an onl.

35, Thesurgical hand port reeited in Claim 23, wherein the coupling
wmeans includes an adhesive having propertics for attaching the valve siructure to the

abdomingl wall.
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36, The sargical hand port recited In Claim 24, further comprising:

at lenst one support ring disposed ciroumferentially of the valve

styucture to reinforce the single valve of the valve structure.

37 The surgieal hand peort recited in Claim 24, wherein the gel is a
thenmoplastic ¢lastomer
38,  The surgical hand port recited in Claim 28, further comprising a

septum sea) disposed across the spiral opening.

19, The surgical hand port recited in Claim 24, wherein tize gel is a

thermoset eiastomer
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48 A surgical hiang port facilitaiing mserbon of a surgeon's hand
through the kand port in a seuling relationship with the surgcon's arm during laparoscopic
surgery through an incision in an abdominal wall of a patient, the hand port comprising:

2 valve sfructure coupled to the zbdorinal wall in a sealing
relationship with the abdominal wall around the inciston;

the vaive stracture being disposed relative to the incision and
forming with the incision an access chapnel, the valve struciure having a first state in the
absence of the arm of the surgeon extending through the valve structure, and a second
state in the preseuce of the arm of ilic surgeon extending through the valve structure;

the valve strusture in the first state having properties for forming &
gas seal with #self nlong the access channel;

the valve structure in the second state forming 2 gas seal with the
arm of the surgeon extending through the hand port; and

first portions of the valve structure including a ggl deliniog an

opening through the valve struchure to recetve the arm of the surgeon;

41, The surgical hand port recited in Claim 40, further comprising,
second portions of the valve structure defining a proximal cavity

communicating with the opening defined by the first portions of the valve sttucture.

_ 43
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42, The surgical hand pori recited in Cluim 41, wherein the cavity in

radial cross sectien has the shape of a rectangle.

43.  The surgical hand port recifed 1n Claim 41,wherein the cavity in

radizi cross section has the shape of a trapezoid.

44, The surgicel hand port recited in Claim 41, whetein:
the valve structure has an axis; and

the first portions of the gel define the opering along the axis.

45, The surgical hand port recited in Claim 44, wherein the second
portions of the gel include side walls which converge with progressive distal positions

along the axis

46.  The suzpica) hand port resited in Claim 42, wherein the cavity has

the shape of a eylinder.

JP 2004-512076 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(67)

WO 02/34108 POTIUSOL/29082

47, The surgical hand port recited in Claim 41, wherein the gel isa
first gel and the valve structure further comprises;
a second gel disposed radially outwardly of the fizst portions of the
farst gel deftnung the opening; and
the seconﬁ ge! being mote rigid thati the first gel in order to

reinforce the frst et defining the opening.

48.  The surgical hand pori recited in Claim 40, wherein the gel

includes an elastomer and an oil.

49, A surgicat hand port facilitating fnsertion of a hand of & surgeon
tbrough ihe hand porl in a sealing relationship with an arm of the surgeon during
laparoscopic surgery through an ineision in an abdormizal wall of 2 patient, the haud port
comprising:

a valve structure disposed over the incision and forming a seaf
around the ineision.

g valve included in the valve shucture, the valve being formed of a
gel material including pottions defining a ssalable opening providing aceess to the
in¢ision;

the gel material having propertics for sealing the opeding 1o the
shaence of any chject extending through the opening, and for sealing the opening around
the amm, of the surgeon extending drough the opening; and

the ge! material including an elasterneric oil mixture,
45
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50.  The surgical acgess deviee recited in Claim 49, wherein the
elastomeric oil mixture has properties including an clongation greater than about 1000

percent.

51, The surgical access deviee recited in Claim 49, wherein the

elastomeric oil mixture has a durometer leas than ahout 5 Shore A,

52, Amethod for making 2 surgical access device adapted for use in
providing sealable access for an instrument cxtc.nding through the access devies and an
incision in the body wall of a patient, comprising the steps of:

providing a gelling agent;

mixing the gelling agent with an oil fo form an oil gel;

molding the oil gel into the confignration of 2 pad sized and shaped
for disposition relative to the incision in the bedy wall; and

creating an openng through the pad to provide sealabls acgess for

the instrument to extend throngh fe pad and the incision in the body wall,
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53.  The method recited in Claim 52, further comprising the steps of:
providing an additive having at least one of the propertics for
radiation absorption, detoxification, detackification and anti-oxidation; and

during the mpong step, combimpg the additive with the oil gel.

54, The method recited In Clabm 53, wherein the combining slep

includes the step of applying the additive to the oil gol as a surface treatment.

53, The method recited in Claim 52, where the molding step includes

the step of embedding hardware in the oil gel,

56.  The method recited in Claim 52, wherein the creating step includas
the step of.
placing an insert into the oil gel prior to the molding step; and

removing the insert from the oil gel to creats the opening

~47-
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57, Ametbod for using & gel seal in a surgical procedure for oporating

on an organ confained in a body cevity defined by a body wall, comprising the steps of;

providing the gel seal n the form of 2 pad having a slit extending
through the pad;

creating an incision in the body wall;

placing the pad relative to the incision o create a fizst seal atound
the ineision, the slit communicating with the igeision and forming a second seal relative
1o the {ncision;

removing at least a portion of the organ from the body cavity
through the incision in the body wall and the slit in the pad; 7

during the remaving step forming the second seal with the organ;

operaling on the organ exteriotly of the bedy cavity; and
returning the organ to the body cayity throngh the stit in the pad and the incision in the

body wall.

58, The metlod recited in Clajmn 57, whepein the removing step
includes the staps of:
inseriing a hand through the sht in lhe pad and the incision in the
body wall;
prasping the organ interiorly of the body cavity; and
withdrawing the hand and the organ through the incision in the

body wall and the slit in the pad.

48 -
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59, The methed tecited in Claim 37, wherein the first seal and the
second seal are gas seals inhibiting the escape of gas from the bady cavity through the

pad.

&0 The method recited in Claim 57, whetein the providing step

mcludes the step of forming the gel seal of an ofl gel material.

61, Amsthod for using an access devies {o provide nstuments access

through an opening in a body wall and into & body cavity comprising:

providing a pad of gel meterial with portions free of any opening
through the pad;

sealing the pad to the body well eround the incision

ingerting the instrument, at least partially, through the-portions of
the pad to form an opening through the gel matexrial,

forming an instrument seal between the pel and the instrument
when the instrument is positioned throngh the pad; and

forming a zero ses! at the opening when the instrument is not

positioned throngh the pad.
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