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(57) Abrege/Abstract:

The Invention provides a surgical device for endoscopic surgery having the function of temporarily storing liquid (a first function),
the function of keeping a physical space for surgery and a sufficient endoscopic field (a second function), and the function of
protecting organs (a third function), and an insertion device for inserting the surgical device into a body.

[Solving Means]

The surgical device for endoscopic surgery Is an inter-organ spacer (10) including liquid holding means (1) formed of a porous soft

material having the abllity to temporarily store liquid and the ability to retain its shape.

he Insertion device for inserting the inter-

organ spacer into a body includes a tubular holder capable of holding the inter-organ spacer for endoscopic surgery.
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ABSTRACT

The 1nvention provides a surgical device

endoscoplc surgery having the

for

function of temporarily
storing liquid (a first function), the

physical space

y——

function of keeping a
for surgery and a sufficient endoscopic field

(& second function), and the function of protecting organs

(a third function), and an insertion device

"Oor 1nserting
the surgilcal device into a body.

| Solving Means]

The surgical device
inter-orge

for endoscopic surgery is an

n spacer (l0) including liquid holding means (1)
formed of a porous so:

-t material having the ability to
temporarily store liquid and the ability to retain its
shape. The insertion device

for inserting the inter-organ
spacer into a body includes a tubular holder capable o:
holding the inter-organ spacer

i

for endoscopic surgery.
| Selected Drawing] Figure 1
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DESCRIPTION

NTER-ORGAN SPACER FOR USE IN ENDOSCOPIC SURGERY

TECHNICAL FIELD
[0001]
The present inventlion relates to an inter-organ spacer

for use 1n endoscopilc surgery and an insertion device for

inserting the spacer 1nto a body.

BACKGROUND ART
(0002 ]

Endoscopic surgery includes thoracic or abdominal

F

surgery performed under the monitoring of images from an

endoscope (e.g., thoracoscope or laparoscope) inserted in a

gty

thoracic or abdomlinal cavity. 1In laparoscopic surgery, for

example, unlike traditional abdominal surgery (laparotomy),

lncisions 1n the abdomen are not large, and operations are

performed using several necessary small-diameter (about 5 to

15> mm) tubes (trocars) which are inserted in the abdomen and

through which a laparoscope and small forceps (an instrument

used for grasping or holding an organ) developed for

endoscoplc surgery are put in and out. In order to perform

P

the surgery under careful observation of the abdominal

cavity, carbon dioxide gas 1s also insufflated into the

abdominal cavity to inflate the abdomen (called
pneumoperitoneum) or to elevate the abdominal wall.
[0003]

As compared with laparotomy, endoscopic surgery has
advantages such as:

small 1ncision, cosmétically good result, and less

pain after surgery; and

p—e"

the effect of magnification by laparoscope, which

makes possible delicate techniques with less bleeding.

Thanks to the low invasiveness, endoscopic surgery has

made remarkable progress.

However, endoscopic surgery has the following

problems.

Once bleeding occurs, the endoscopic field is
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degraded, and hemostasis 1s more difficult than in

laparotomy.
Carbon dioxide gas 1s usually 1injected 1nto the
abdominal cavity for pneumoperitoneum. Therefore, when

exudates and blood are sucked during surgery, abdominal gas

(CO2) 1s simultaneously sucked, so that the endoscopic field

can be difficult to maintain, which makes suction more

difficult than in laparotomy.

In two-dimensional monitoring, it 1s difficult to

t)

monitor organs 1n the deep field, which creates the risk of

damage to organs.

Organs cannot be directly touched by hand and fingers,

and operations are performed using hard forceps, which makes

F

1t difficult to protectively treat organs.

These problems are common to all endoscopic operations

pr——

of abdominal organs, which include operations in the field

P

of not only digestive surgery but also gynecology and

urology.
(0004 ]

These problems, which are not significant for usual

laparotomy, are unique to endoscopic surgery. In usual

laparotomy, for example, bleeding can be stopped by holding
gauze or the like directly to the bleeding part, and it is

easy to replace the gauze with new gauze one after another.

In usual laparotomy, pneumoperitoneum is not necessary, and

ocrgans can be directly observed with no monitor, and

-y

ficient visual field 1s ensured. In

therefore, a su:

laparotomy, organs can be treated directly by hand and

fingers, so that protective exclusion or protection of

crgans 1s possible. As described above, the problems with

endoscoplc surgery are not significant for laparotomy with a

long history, and therefore, there is no medical device

capable of solving the problems found in the medical devices

for laparotomy.
[0005]

kxamples of organ exclusion or traction instruments

for endoscopic surgery include a triangle retractor

(Stemmer, Germany) and a retractor (e.g., manufactured by
MIZUHO Co., ltd. or Heiwa Irvo Kikai Co., Ltd.). When these
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instruments are used, however, at least one trocar 1s
occupied. In addition, at present, these instruments are
used only in very restricted situations.

100006}

X-ray contrast thread-contalning gauze for laparotomy

is also used for the absorption of blood and exudates 1n

endoscopic surgery. In endoscoplc surgery, however, 1t 1s

difficult to frequently put gauze in and out through a

trocar, and the replacement with new gauze 1s not easy, 1n

contrast to laparotomy. In endoscopic surgery, therefore,
blood and the like once absorbed 1n gauze i1s generally
sucked through a suction tube, which 1s additionally

inserted through a trocar, and the gauze 1s generally used

again for the absorption of blood and the like. However,

gauze 1s thin and relatively weak and therefore creates the

— ——

risk of damage to an organ from the tip of a suction tube in

the process of suction through the suction tube. In

addltion, gauze may adhere to the organ when dried, and the

adhering gauze may cause damage to the organ when peeled

= L

N
-

It 1s also difficult to appropriately fold gauze 1in

O

the abdominal cavity, which causes the disadvantage that it

1s difficult to protectively wrap Or press an organ as in

laparotomy.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THI
(0007}

Under the circumstances, the present inventors have

L~d

NVENTION

LJ

made 1investlgations to provide a completely new surgical

device for solving the unique problems with endoscopic

surgery, which have not been significant to date for

laparotomy with a long history, and as a result, have

completed the invention.

P

T'ne functions required of such a surgical device

include, but are not limited to, the function of temporarily

storing liquid for suction and removal of blood and exudates

during endoscopic surgery (a first function), the function

P

of keeping a physical space for surgery and a sufficient

1)

endoscoplc field (a second function), and the function o
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protecting organs (a third function). An object of the
invention 1s to provide a completely new endoscopic surgery
device having these functions.

[10008]

As 1s evident from the object of the invention, the
surgical device of the invention is intended to be used in
the body only during endoscopic surgery and intended to be
taken out of the body when the object of surgery is
achieved. Therefore, the technical field pertinent to the
invention completely differs from that of products intended
to be left 1n the body after surgery, such as a wound
covering material and an anti-adhesion material (see, for

example, Japanese Patent Application National Publication

No. 2006-519633) .

MEANS FOR SOLVING THE PROBLI

L]

MS

[0009]

The above problems can be solved using the inter-organ
spacer of the invention for endoscopic surgery, which
includes liguid holding means formed of a porous soft

material having the ability to temporarily store liquid and

the ability to retain shape. The porous soft material 1is

preferably soft polyurethane foam.
[0010]

Thus the present description is directed to an inter-
organ spacer for use 1n endoscopic surgery, consisting of a
sponge formed of a porous soft material having an ability to
temporarily store liquid and an ability to retain its shape,
and an X-ray contrast agent contained in the sponge, and
wherein the porous soft material has a ligquid absorbency
ranging from 40% to 100%, a liquid holding ability ranging
from 90% to 100%, and a liguid releasing ability ranging
from 40% to 100%, wherein the porous soft material is

selected from the group consisting of polyurethane,
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polyvinyl alcohol, cellulose, and polyethylene, wherein a
tensile gtrength of the porous soft material 1s 15 to 40 N,
wherein the sponge 1s of such a size that it can pass
through a trocar having a diameter of around 30 mm, wherein
the inter-organ spacer 1s configured such that it is
inserted i1nto the body of a patient through the trocar or an
incision, and such that the entire inter-organ spacer 1is
placed in the body during surgery so that no part of the
inter-organ spacer occuples the trocar or the incision, and
wherein no terminal end of the xX-ray contrast agent
terminates outside of the sponge.

In another aspect of this description, there 1is
provided an endoscoplc surgery Kit, comprising the inter-
organ spacer for use i1n endoscoplc surgery as described
above, and an insertion device for inserting the inter-organ
spacer 1nto a body, sald 1lnsertion device comprising a
tubular holder capable of holding the inter-organ spacer.

The i1nvention 1s also directed to an insertion device
for insertion of the inter-organ spacer into the body, which
includes a tubular holder capable of holding the inter-organ
spacer for endoscoplc surgery.

In a preferred aspect of the invention, the insertion
device may further include ejecting means capable of being
ingerted from one end of the tubular holder and capable of
ejecting the inter-organ spacer in the tubular holder from
the other end of the tubular holder.

In another preferred aspect of the invention, the
insertion device may further include pulling means capable
of pulling the inter-organ spacer into the tubular holder.

In a further preferred aspect of the i1nvention, the

insexrtion device may further include a funnel portion

capable of being provided at one end of the tubular holder.
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The invention 1s also directed to an endoscopic

surgery kit i1ncluding the inter-organ spacer for endoscopilc
surgery and the insertion device.
[0011]

As used herein, the term "endoscopic surgery" 1is

intended to i1nclude thoracic or abdominal surgery performed ‘

pr—

under the monitoring of i1mages from an endoscope (e.g.,

thoracoscope or laparoscope) 1inserted in the thoracilic or

abdominal cavity. In laparoscoplic surgery, for example,

unlike traditional abdominal surgery, incisions in the

apdomen are not large, and operations are performed using
several necessary small-diameter (about 5 to 15 mm) tubes

(trocars) which are 1inserted 1n the abdomen and through

which a laparoscope and small forceps (an instrument used

for grasping or holding an organ) developed for endoscopic

surgery are put 1n and out. In a stomach or intestine

operation, small 1ncisions of about 5 cm are often formed

for excision, removal or anastomosis (joining) of the
organs, and such an operation 1s called laparoscope-assisted

surgery, which 1s also encompassed by the endoscopic surgery

as used herein.

EFFECTS OF THE INVENTION
10012]

Use of the 1nter-organ spacer of the invention

simultaneously solves various problems specific to

endoscoplc surgery. The advantages obtained include:

ﬂ

(1) prevention of bleeding-induced hindrance in the

endoscopic field,

(2) buffering of the force pressing organs or tissues,

F

(3) prevention of organ damage caused by the transfer of

()

F

heat or oscillating waves and prevention of secondary damage

when using an automatic suturing machine,

(4) pressure to stop unexpected bleeding, and

P

(9) suction of exudates (mainly blood).
[0013]

71

ffect (1)

Iln endoscopic surgery, even a small amount of bleeding

may lnterfere with the endoscopic field to impede smooth
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operation. However, when the inter-organ spacer of the
invention 1s inserted, blood or exudates, such as bille or

intestinal fluid, can be immedlately absorbed 1nto the

ﬁ
—

liguid holding means, preventing 1t from diffusing to the

surroundings.
10014 ]
Effect (2)

In endoscopic surgery, the target organ or tissue 1is

P

subjected to exclusion through the use of instruments, such

as forceps, by remote control. Thils 1s because the target

organ or tissue cannot be protectively pressed (subjected to

exclusion) with the hand or fingers. In this process, the

force may often be concentrated at one point, causing damage

ﬁ

to the organ or tissue. The 1nter-organ spacer of the

invention may be placed between the forceps and the organ or

tlssue to dissipate the force so that it is no longer

P

concentrated, reducing the risk of damage.
[0015]

Effect (3)

In endoscopic surgery, an electric cautery or

ultrasonic coagulation shears are generally used to peel,

cut or separate organs or tissues. In this process,

however, unnecessary heat or oscillating waves may be

transmitted to critical organs or tissues to create the risk

P

Orf unexpected damage. The inter-organ spacer of the

invention may be interposed between the organ or tissue to

be separated and the electric cautery or ultrasonic

coagulation shears or placed before the critical organ so

that unnecessary heat or oscillating waves are not

transmitted, preventing secondary damage.

In endoscopic surgery, an automatic suturing machine

1s often used to cut and separate organs and tissues. In

F

this case, adjacent organs or tissues can become affected

P

and damaged. However, when the inter-organ spacer of the

invention is interposed, secondary damage can be avoided.
(0016]

Effect (4)

The basic technique to stop bleeding is pressure

hemostasis. The insertion of the inter-organ spacer of the
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invention makes it possible to quickly perform pressure
hemostaslis to stop unexpected bleeding.
[0017]

Effect (5)

In endoscopic surgery, accumulated exudates are

usually sucked through a suction tube. In some cases,

however, surrounding tissues may also be sucked into the

——

suction tube, 1mpeding smooth suction of the exudates.

pr——

Therefore, if there is excessive bleeding, the endoscopic

field may be suddenly degraded so that it becomes necessary

to abandon the endoscopic operation. Using the inter-organ

—

spacer of the 1nvention, exudates can be immediately

absorbed and then sucked through the liguid holding means,

so that the exudates can be efficiently removed.

DRAWINGS

L]

BRIEF DESCRIPTION OF TH.
10018]

Figure 1 1s a perspective view schematically showing

P

an aspect of an i1nter-organ spacer of the invention.

P

Figure 2 1s a schematic plan view of the inter-organ

spacer shown 1n Figure 1.

F

Fligure 3 1s a schematic bottom view of the inter-organ

spacer shown in Figure 1.

ﬁ

Figure 4 is a schematic side view of the inter-organ

spacer shown 1n Figure 1.

Figure 5 is a perspective view schematically showing

- p—

another aspect of the inter-organ spacer of the invention.

Figure 6 is a perspective view schematically showing

an aspect of an 1nsertion device of the invention.

Figure 7 is a perspective view schematically showing

2 pr—
=

another aspect of the insertion device of the invention.

Flgure 8 is a perspective view schematically showing

still another aspect of the insertion device of the

invention.

Figure 9 is a perspective view schematically showing a

state 1in which a main funnel body of the insertion device

shown in Figure 8 is housed.
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REFERENCE SIGNS LIST

[0019]

10: inter-organ spacer; 1l: main sponge body; Z2: graspiling
cord; 3: through hole; 20: introducer-type insertion device;
21: tubular holder; 22: ejecting means; 30: extractor-type

insertion device; 31: tubular holder; 32: pulling means; 40:

extractor-type insertion device; 41: tubular holder; 4Z2:

funnel portion

BEST MODE FOR CARRYING OUT THE INVENTION
10020]

In the invention, the inter-organ spacer for use 1n

endoscopic surgery includes, at minimum, liguid holding

means formed of a porous soft material having the ability to

temporarily store liquid and the abillity to retain 1ts

gy

shape. If desired, 1t may further include, for example, a

gripping cord (preferably one that contains an X-ray

contrast agent) that may be provided on the surface of the

ligquid holding means, or an X-ray contrast agent in the

1nside of the liquid holding means. The liquid holding

means, which 1s a main part of the inter-organ spacer of the

invention, has the dual functions of temporarily storing

F

liquid and of maintaining a space to protect the organs.
[0021]

In the invention, the porous soft material used to

P

form the liquid holding means may be of any type, as long as

1t has, at minimum, the ability to temporarily store liquid

and the ability to retain its shape. In the preferred mode,

1t also has flexibility.
[0022]

As used herein, the term "the ability to temporarily

store liquid" means that the material has (1) an ability to
absorb liquid (liguid absorbency) such that it can absorb
plood or exudates during surgery, (2) an ability to hold
ligquid (liquid holding ability) such that it can

sufficliently hold the absorbed blood or the like even when

an external action (such as transfer or contact with organs

during surgery) 1is applied to the liquid holding means

during surgery, and (3) an ability to release liguid (liquid
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releasing ability or deliquoring ability) such that the

blood or the like absorbed by the liquid holding means can

be discharged from the liquid holding means by suction or
the like.
[0023]

For example, the liquid absorbency may be evaluated by

the ability to absorb liquid for the own weight or by the

=

liquid absorption rate when a predetermined amount of a

F

solution 1s absorbed. The liquid absorbency of the porous

soft material for use in the invention is preferably from

100% to 5,000% of its own weight (1 to 50 times its own

weight), when the ability to absorb liquid for its own

iy

welght 1s used as an index. If it is 100% or more of the

— pr—
.

“ect of

own welght, there is the advantage that the e

F

absorbing liquid in an amount of the volume or more can be

produced, so that when the spongy material is placed in the

pody, such liquid as body fluid can be prevented from

B

interfering with the space for surgery or overflowing out of

pr—-

the body. If it is more than 5,000% of the own welight, the

spongy material may be reduced in physical strength. The

gr—

lower limit of the liquid absorbency is more preferably

150%, even more preferably 200%, and particularly preferably

300% of the own weight. The upper limit is more preferably
3,000%, even more preferably 2,000%, and particularly

preferably 1,000% of the own weight.
(0024 ]

The liquid absorbency is the value measured by the

following procedure. (1) The welight (Wd) of the test object

(such as a sponge) is measured before it is immersed in

artificial blood. (2) It is immersed in artificial blood

ﬁ

for 3 minutes (the whole of the sponge 1s immersed in the

liquid so that the liquid can be absorbed from the largest

P

. the whole surface of the sponge), and then

possible area o:

1t is placed on a wire mesh for 30 seconds so that excess

artificial blood is allowed to drip naturally. Thereafter,
the weight (Ww) of the test object after the absorption is

measured. (3) The liquid absorbency (%) is calculated by

dividing the increase in the weight by the weight before the

absorption according to the rollowing formula: (Ww - Wd) =




CA 02710961 2010-06-28
(10)

Wd x 100 (%).
[0025]

Alternatively, when the lliquld absorption rate 1in the

pr——

case where a predetermined amount of a solution is absorbed

#

1S used as an 1ndex, the liquid absorbency of the porous

soft materilal for use 1n the invention 1s preferably from

' ek

405 to 100%. The lower 1imit of the liquid absorbency is

ﬁ

more preferably 00%, even more preferably 80%, still more

preferably 85%, and particularly preferably 90%.

This absorbency i1s the value measured by the following

p—

- a rectanqgular

procedure. The sample (1n the shape o:

ﬁ

parallelepiped of 50 mm x 50 mm x 20 mm) is allowed to

P

absorb a sufficient amount of artificial blood, and then it

p—
-

1s sufficiently wrung. The 1lid of a disposable Petri dish

g

with a diameter of 9 cm 1s turned upside down and placed on

a table, and 20 mL of artificial blood is placed therein.

P

The sample wrung suf

ficiently 1is placed therein, and the

p—

sample 1s pressed five times with the bottom surface of the

Petrl dish. 1In this process, the sample is pressed until it

1s no longer compressible, and the pressing is performed

apout once per second. The sample is taken out, and the

amount (V 1in units of mlL) of the artificial blood left in

the 1id of the Petri dish is measured. The liquid

absorbency 1s calculated from the following formula: (20 mL
- V) /20 mL x 100 (%).
[0026]

The liquid holding ability of the porous soft material

for use in the invention is preferably from 90 to 100%, more

preferably from 92 to 100%, even more preferably from 94 to

100%, and still more preferably from 97 to 100%.

The liquid holding ability is the value measured by

the following procedure. (1) The weight (Wd) of the test

object before liquid absorption is measured. (2) The test

object 1s allowed to absorb a sufficient amount of

artificial blood, and the weight (Ww) of the liguid-
containing object is measured. (3) The liquid-containing
object 1s placed on a plate, and the plate is allowed to
stand ror 3 minutes, while being tilted at 45°. Thereafter,

the weight (W3) of the object is measured. (4) The liquid
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holding ability (%) 1s defined as the value calculated from

Q

the following formula: (W3 - Wd) + (Ww - Wd) x 100 (%).

[0027]
The liguid releasing ability of the porous soft

material for use in the 1nvention 1s preferably from 10 to

100%, more preferably from 15 to 100%, even more preferably
from 20 to 100%, still more preferably from 40 to 100%, vyet

more preferably from 60 to 1003, and further more preferably

from 65 to 100%. In the invention, a porous soft material

with a liquid releasing ability of 80 to 100% or 85 to 100%

may also be used.

(0028 ]
The ligquilid releasing ability 1s the value measured by

the following procedure. (1) The weight (Wd) of the test

object before liquid absorption is measured. (2) The test

p— g—
e —

ficient amount o:

object 1s allowed to absorb a sus;

artificial blood, and the weight (Ww) of the liquid-

contalning object i1s measured. (3) The liquid-containing

object 1s placed on a plate, and the weight (Ws) of the

object 1s measured, after the liquid is sucked for 1 minute

'at a suction power of -600 to -650 mmHg (-80 to -85 kPa),

while a suction tip is held to the center of the object.

Q

(4) The liquild releasing ability (%) 1s defined as the value

calculated from the following formula: (Ww - Ws) + (Ww - Wd)
x 100 (%).
[0029]

As used herein, the term "low liquid releasing

ability" means that the liquid releasing ability measured by

the method described above is less than 40%, and the term

"high liquid releasing ability" means that it is 40% or

more.
[ 0030]

As used herein, the term "the ability to retain shape"

means such properties that even when the inter-organ spacer

F

Of the 1nvention is inserted into the body and then loaded

with various external pressures as expected during

endoscopic surgery, its shape can be substantially retained.

ﬁ

bxamples of the external pressures include pressures applied

from a suction tube during liquid-discharging operation,
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F

pressures applied during transfer of the inter-organ spacer,

P

pressures applied in the process of keeping a space for

F

surgery, and pressures applied 1n the process of protecting

organs.

For example, the abillty to retaln shape may be

evaluated using compressive residual strain.
(0031]

The porous soft material for use in the invention

preferably has a compressive residual strain of 10% or less,

and more preferably 5% or less. The compressive residual

strain 1s preferably as low as possible, and therefore, the

lower limit 1s 0%. TIf it is more than 10% (preferably 5%),

F

the surface area of the spongy material may be reduced, so

that the water absorbing properties and the flexibility may

be reduced.
10032]

As used herein, the term "compressive residual strain"

means the value measured according to JIS K 6400 (1997).

The measurement 1s briefly described below. The thickness

ﬁ

(to) of the center of the test piece (50 mm x 50 mm x 20 mm)

F

1s measured in increments of 0.1 mm with a vernier caliper,

while its form is not changed. Subsequently, the thickness

ﬂ

Of the test piece 1s reduced to 50% using two compression

plates. Within at most 15 minutes, the test piece being

compressed 1s placed in a thermostatic chamber at a

temperature of 70x1°C and heated for 22 hours. The test

ﬁ

plece 1s taken out of the thermostatic chamber, separated

from the compression plates within 1 minute, and placed on a

low thermal conductivity material such as a wood material.

F
p—

The test plece is allowed to stand at a temperature of

P

23%2°C and a relative humidity of 50+5% (in a chamber

controlled for 16 hours or more) for 30 minutes to be

restored, and then the thickness (t;) of the same portion 1is

measured 1n increments of 0.1 mm. The compressive residual

strain (%) 1is defined as the value calculated from the

following formula: (tpy - t1) = tp x 100 (%), wherein ty is the

thickness before the compression, and t; is the thickness

after the compression.
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[0033]

As used herein, the term "flexibility" means such

surface properties that the material does no damage to

organs when brought into contact with the organs. For

example, The flexibillity may be evaluated according to JIS K

0400 or evaluated using the hardness or impact resilience

measured according to 1it.
(0034 ]

The porous soft material for use 1n the i1nvention

preferably has a hardness of 10 to 200 N. The lower limit

H

of the hardness 1s more preferably 15 N, even more

preferably 20 N, and particularly preferably 25 N. The

upper limit of the hardness 1s more preferably 150 N, and

even more preferably 100 N.
[Q035]

As used herein, the term "hardness" means the value

measured by the method described in Example 5 below, which

1s performed according to JIS K 6400 (1997). Specifically,

the test sample (a laminate of two pieces of 80 x 80 x 20

o d

mm) 1s placed on the mount of a tester, and a pressing plate

r—

(33.7 mm 1n diameter) 1s placed on the upper surface of the

sample piece so that a load of 0.2 N is applied, when the

P

thickness of the sample is read in increments of 0.1 mm as

the i1nitial thickness. The pressing plate is then pushed in

H

10 mm at a rate of 100+20 mm/minute, and immediately

Chereafter, the load is removed. Once again, the pressing

plate i1s pushed in 30 mm at a rate of 100420 mm/minute, and

20 seconds after the stop, the load is recorded.
[0036]

The porous soft material for use in the invention

preferably has an impact resilience of 10 to 100. The lower

limit is more preferably 20, and even more preferably 30.

As used herein, the term "impact resilience" means the
value measured by the method described in Example 6 below,

which 1s performed according to JIS K 6400 (1997).

Specifically, a 5/8 normal steel ball specified in JIS B
1501 1s placed 476 mm above the test sample (a laminate of
two pieces of 80 x 80 x 20 mm) and allowed to freely fall.

gt

The uppermost level of the bounding steel ball is measured.
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In the quantification, the positions 16 mm and 476 mm above

the sample piece are normalized as 0 and 100, respectively.

10037]

In addition to the ability to temporarily store

liquid, the ability to retain shape and flexibility

p— gr—

described above, i1f desired, the porous soft material for

use 1n the invention preferably has deformability,

sterilization resistance, non-sticking properties,

durability, moderate swelling properties, or the ability to

1ndirectly absorb liquid. The inter-organ spacer of the

invention 1s a surgical tool, which i1s intended to be used

in the body only during endoscopic surgery and to be removed

F
-

from the body after the achievement of the object of

surgery. Therefore, the porous soft material for use in the

H
pr—

invention does not have to be biodegradable. In view of

strength, cost or the like, it is preferably rather non-

blodegradable.
(00381

As used hereiln, the term "deformability" means such

properties that when inserted into the body through a

trocar, the material can be deformed into a shape capable o

passing through the trocar. The deformability is not

F

essential, when the material is of such shape and size that

1t can pass through a trocar without changing its shape.

The deformability and the ability to retain shape are

seemingly contradictory to each other. As described above,
however, the ability to retain shape as used herein means

such properties that when various external pressures as

expected are applied during endoscopic surgery, the shape

can be substantially retained, while the deformability as

used hereln means that for the passage through a trocar, the

shape can be changed as described above by applying a very

high load (specifically, a load exXtremely higher than the

external pressure expected during endoscopic surgery) .

Therefore, the deformability and the ability to retain shape

are not contradictory to each other.
1 0039]

When the material has sterilization resistance (such

as heat resistance, chemical resistance, or UV resistance),
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the product can be provided 1n a sterille state. When the
material also has non-sticking properties, sticking to

organs can be prevented.
[0040]

F

The material having sufficient durability does not

F

tear, even when part of 1t 1s grasped with a forceps or the

ﬁ

"1clent durability can be

like, or the material having su

prevented from being dissolved or collapsed 1n the body and

from remalning 1n the body, so that i1t can be safely used in

endoscoplc sSurgery.

For example, the durablllity may be evaluated using

tensile strength. The porous soft material for use in the

invention preferably has a tensile strength of 5 N or more,

more preferably 8 N or more, even more preferably 10 N or

more, still more preferably 20 N or more, and yet more

F

preferably 23 N or more. The upper limit of the tensile

strength 1s preferably 200 N, more preferably 150 N, even

more preferably 100 N, and particularly preferably 50 N.
[0041]

As used herein, the term "tensile strength" means the
value measured according to JIS K 6400-5 (2004). The

outline 1s as follows. A 1 cm-thick No. 2 test piece is

prepared. While the test piece is pulled at a rate of 500
mm/minute, the maximum load is measured until the test piece

1s ruptured.
[0042]

T'he porous soft material for use in the invention

preferably has a degree of swelling of 50% to 150%, more

preferably 90% to 110%, and even more preferably 95% to
105%.

-

As used herein, the term "degree of swelling" means

the value measured by the method described in Example 8

pelow. Specifically, 50 mL of artificial blood is put in a

100 mL volume beaker. A sample whose dimensions (length,

width and height) have been previously measured (about 20 mm

X 20 mm x 10 mm) is gently dropped into the artificial

blood-containing beaker and allowed to stand for 3 minutes.

Thereafter, the sample is gently taken out with tweezers and

placed on a wire mesh for 30 seconds so that the artificial
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ﬁ

blood 1s allowed to drip. Thereafter, the dimensions of the

sample are measured agalin. The degree of swellling (%) 1s

defined as the value calculated from the following formula:

P

(Vw/Vd) x 100 (%), wherein Vw is the volume of the sample

after the ligquid absorption, and Vd 1s the volume of the

sample before the liquid absorption.
(004 3]

As used herein, the term "the ability to indirectly

absorb ligquid" means the performance evaluated by the method

described 1n Example 9 below. Specifically, the sample (in

P el

the shape of a rectangular parallelepiped of 80 mm x 80 mm X

ﬁ

20 mm) is allowed to stand in a vessel of 12 cm x 23 cm x 5

cm containing 50 mL of artificial blood, and the upper

F

surface of the sample 1s repeatedly pushed, so that a

pr——

sufficient amount of artificial blood i1is absorbed 1n the

pr—
p—

sample. After 1t 1s confirmed that a sufficilent amount of

artificial blood not absorbed is left around the sample, the

P

top of a suction tip 1s held to the center of the sample.

p—
—

The artificial blood is sucked under a reduced pressure of -
000 to -650 mmHg (-80 to -85 kPa), while the suction tip 1is

pushed 1n. It 1s checked whether or not the whole amount of

the artificial blood in and around the sample is removed

-

after the suction for a sufficient period of time. The

suction time is set to 1 minute. When the artificial blood
around the sample 1s removed 1in 1 minute or less, the sample

is determined to have the ability to indirectly absorb

liguid. When some artificial blood is not removed and left

around the sample even after the 1 minute suction, the

sample 1s determined not to have the ability to indirectly

absorb liguid.

When the porous soft material shows the ability to

indirectly absorb liquid, the suction removal object such as

blood, exudate such as bile or intestinal fluid, or a saline
used to wash organs does not need to be sucked directly, and

exXudate can be indirectly removed through the liquid holding

means, so that the risk of damaging tissues and so on can be
avoided.
10044 ]

The porous soft material for use in the invention can
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have various properties as described above. Therefore,

various problems specific to endoscopic surgery as described

above can be solved using the porous soft material. Among

these properties, only a high level of liquid absorbency and

ligquid holding ability are not enough for some inter-organ

spacers for use 1in endoscopic surgery, and the liquid

releasing ability, the ability to indirectly absorb liquid,
and the strength (such as tensile strength) are particularly

important.
10045]

#

Examples of the porous soft material for use in the

gl

invention include wvarious sponges (soft foams) available for

medical use. More specifically, for example, polyurethane

(polyurethane with low liquid releasing ab1lity or high

liquid releasing ability), polyvinyl alcohol, cellulose,

polyethylene, or the like may be used, as long as it has

various properties as described above, and polyurethane is

particularly preferred.
10046]

Considering all of the various properties described

apbove (particularly, the liquid releasing ability, the

strength, the ability to indirectly absorb ligquid, and so

on), the porous soft material for use in the invention is

preferably polyurethane with high liquid releasing ability.

F

mxamples thereof include the polyurethane materials with

high liquid releasing ability used in the examples described

pelow (such as samples B, C, D, E, and b). Further taking

the tensile strength into account, samples B and E are

preferred among these polyurethane materials with high
liquid releasing ability. On the other hand, samples B, C

and D are preferred in view of the abllity to indirectly

absorb liquid. From all of these points of view, therefore,

sample B 1s most preferred.
1004 7]

Table 1 shows various properties of polyurethane

materials with high liquid releasing ability, which may be

used in the invention, together with those of general

polyurethane materials, which may also be used in the

invention. In Table 1, column I indicates preferred ranges
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common to samples B, C, D, E, and b, column indicates
more preferred ranges common to samples B, C, D, and E, and

column I 1ndicates even more preferred ranges common to
samples B and E. Column IV concerns general polyurethane
materials.

(0048]

[Table 1]

Properties I I1 I11 IV
Density (kg/m) 10-40  10-40  25-40  10-90
Number of cells (cells/25 mm) 20-70 20-70 35-70 15-90
Elongation (%) 00-400 50-400 150-400 40-500
Ability to temporarily store liquid

Liquid absorbency (%) 80-100 80-100 85-100 70-100

Liquid holding ability (%) 90-100  90-100 98-100 80-100

Liquid releasing ability (%) 40-100 40-100 40-100 15-100
Abllity to retain shape

Compressive residual strain (%)  0.5-7 0. 5-7 0.5-4 0.5-10
Flexibility

Hardness (N) 10-30 10-30 15-30 10-50

Impact resilience 35-70 35—70 3555 20-80
Durability

Tensile strength (N) 5~40 8-40 1540 5-50

10049]

Also, as shown in the examples below, polyurethane

material A with low liquid releasing ability is superior to

polyurethane material b in liquid absorbency, tensile

strength and so on. As compared wlth polyvinyl alcohol for

use 1n a pad for organ exclusion, polyurethane with low

ligquid releasing ability is superior in flexibility (e.qg.,

compressive residual strain

hardness or impact resilience),
or the like.

As compared with cellulose for use in a pad

for organ exclusion (such as Opesponge X (Hakujuiji Co.,
Ltd.)), polyurethane with low liquid releasing ability is
On the other hand,

polyurethane with high liquid releasing abi1lity is superior

superior in mechanical strength.

1n liquid releasing ability.
[0050]

Figure 1 schematically shows an aspect of the inter-

organ spacer of the invention. Figures 2 to 4 show plan,

F

views of

bottom and side the 1nter-organ spacer shown in



CA 02710961 2010-06-28
(19)

Figure 1, respectively.

An inter-organ spacer 10 shown in Figure 1 includes a

main sponge body 1 to function as liquid holding means and a

gripping cord 2. The main sponge body 1 1s 1n the shape of

a gquadrangular prism having a sduare top face la and a

P

square bottom face 1lb, in which a pair of through holes 3a

and 3b is formed between the top face 1la and the bottom face

1lb. The cord 2 contains an X-ray contrast thread and forms

a closed circular structure that links a space in the

ﬁ

vicinity of the top face la of the main sponge body 1, the

~ -

- one through hole 3a, a space 1n the vicinity of

inside O:
the bottom face 1lb, and the i1nside of the other through hole

3b together in this order.
(0051 ]

The cord 2 may be fixed to the main sponge body 1 in

[~

the i1nside of the through holes 3a and 3b or may not be

fixed thereto. When the cord 2 is fixed to the main sponge

pody 1, each of the length of a substantially circular arc

portion Za protruding from the top face la and the length of

a substantially linear portion 2b protruding from the bottom

face 1lb does not change during use. When the cord 2 is not

fixed to the main sponge body 1, each length may be changed

before and/or during use. The length of the cord provided

may be controlled so that only the portion (the

substantially circular arc portion 2a) protruding from one

—te

face (the top face la) can function as a grip portion (see

Figure 4). Alternatively, the portions protruding from both

1 1

faces (the top and bottom faces la and 1b), respectively,

may be provided so as to function as grip portions,
respectively.
[0052]

When used for protective exclusion with no damage to

organs during endoscopic surgery, the main sponge body 1 can

function as a spacer for keeping the space necessary for the

surgery. In endoscopic surgery, 1t can also function as a

protective member for protecting organs and as a material

for absorbing blood and exudates.
10053}

The liquid holding means (e.g., the main sponge body)
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— -y oy

of the inter-organ spacer of the 1nvention may be of any

size, as long as 1t can be 1nserted 1n a compressed, wound

or folded form or as it 1is, through an incision 1n the body

surface during endoscoplc surgery. In endoscoplc surgery,
typical incisions are 40 mm at the maximum, generally from 5
to 1Z mm, and 2 mm at the minimum. Typilical trocars
generally have a diameter of 2 to 30 mm, preferably 5> to 12
mm. The size of the liquid holding means may be '
appropriately determined depending on the incision size or

the trocar diameter. For example, the thickness may

generally be selected from the range of 0.5 to 10 cm. When

1t 1s 1n the form of a rectangular parallelepiped, its size

pr—n

may be selected from the range of 5 cm x 5 cm x 0.5 ¢cm to 10

 and

cm x 10 cm x 10 cm. The inter-organ spacer of the invention

may be removed from the body via an incision or a trocar,

while 1t 1s compressed, as it is, or after it is cut into

F

small pleces by means of an electric cautery.
(0054 ]

The gripping cord, which may be optionally attached to

P

the inter-organ spacer of the invention, may be made of any

material that makes i1t possible to grasp the cord with a

forceps so that the main sponge body can be freely moved

during surgery. For example, fibers, soft plastics, hard

plastics, metals, or the like may be used. When a hard

ﬁ

materlal capable of retaining the grip shape is used, the

grippilng cord can be easily gripped, and the main sponge

body can be smoothly moved. When such a soft material that

the grip shape cannot be retained is used, the risk of

damage to organs can be reduced.
[0055]

In the inter-organ spacer of the invention, the
gripping cord may have any length that makes it possible to
grasp the cord with a forceps so that the ligquid holding

means can be moved during endoscopic surgery. Preferably,

the distance from the surface of the liquid holding means

(the length L in Figure 4) is from 1 mm to 100 mm, more

preferably from 10 mm to 50 mm.
[0056]

In the 1nvention, the gripping cord may be joined to
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the liquid holding means by any joining method that makes 1t

ﬁ

possible to provide the surface of the liquid holding means

wilth the gripping cord so that the liquid holding means can

P

be moved using the gripping cord. Examples of the joining
methods include a joining method 1ncluding forming one ox
more through holes in the liquid holding means, passing the

cord through the hole(s), and then forming the cord into a

closed loop; a jolning method i1ncluding dividing the liquid

holding means 1nto two parts and sandwiching the cord

o

therebetween; and a method of directly joining the cord to

one or more surfaces of the liguid holding means using

bonding means (such as an adhesive tape, an adhesive or heat

seal). A joining method including forming through holes in

the main sponge body, passing the cord through the holes,

and then forming the cord into a closed loop 1s preferred,

because 1t does not need to use any adhesive or the like.

The cord may be passed once, twice or more to form a

single—; double- or multi-ply gripping cord. For example, a

F

double—- or multi-ply cord can increase the intensity of the

X-ray photographic 1mage or can be expected in increasing
the reliability of the inter-organ spacer (can increase the
contact area between the gripping cord and the liguid

’ e

holding means so that the risk of tearing of the liquid

—

- a double- or

holding means can be reduced). In the case of

multi-ply cord, the double-ply cord is particularly

ﬁ

preferred 1n view of the above effect and cost.
[0057]

F

In the inter-organ spacer of the invention, the

gripping cord may contain an X-ray contrast agent. For

g

example, barium sulfate or a mixture of barium sulfate and

polyamide, polypropylene or synthetic rubber may be used as

ﬁ

Examples of methods of allowing

Po—

the X-ray contrast agent.

the gripping cord to contain an X-ray contrast agent include

rﬂ-

methods of producing the gripping cord with an X-ray

—

contrast thread(s) and methods of sealing an X-ray contrast

thread(s) into the gripping cord.

Examples of methods of adding the function of an X-ray

contrast agent to the inter-organ spacer of the invention

include, but are not limited to, using the gripping cord, a
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method including mixing an X-ray contrast agent into a

P
P

sponge material and then forming a sponge, a method of

injecting an X-ray contrast agent into the sponge, a method

of inserting an X-ray contrast agent-containing cord, rod or

)

sheet into the sponge, a method of attaching an X-ray

contrast agent-containing tag, a method of attaching X-ray

contrast agent-mixed or coated staples, and a method of

sewing, into the sponge, an X-ray contrast thread(s)

prepared by the same method as described above for the
gripping cord.
[0058]

The liquid holding means (e.g., the main sponge body)

F F

of the inter-organ spacer of the invention may be in any

shape that makes it possible to use the spacer for organ

exclusilon in endoscopic surgery. Examples of such a shape

include a prismatic shape whose top and bottom faces are
each a polygon (such as a triangle, square, rectangle,

parallelogram (preferably rhombus), trapezoid, or regular

hexagon); a pyramidal shape whose bottom face is a polygon

(such as a triangle, square, rectangle, parallelogram
(preferably rhombus), trapezoid, or reqular hexagon); a
truncated pyramid shape or a bipyramid shape (a solid formed

ﬁ

py placing the bottom faces of two pyramids in contact with

each other); a cylindrical shape whose top and bottom faces

are each a circle or an ellipse; a conical shape whose

pottom face is a circle or an ellipse, a truncated cone

shape or a bicone shape (a solid formed by placing the

bottom faces of two cones into contact with each other); a

partially cylindrical shape whose Cop and bottom faces are

each a partial circle or a partial ellipse (such as a semi-

circle, a semi-ellipse, a sector, or a circular segment (a

figure formed by an arc and a chord)), a partially conical

shape whose bottom face is a partial circle or a partial

ellipse (such as a semi-circle, a semi-ellipse, a sector, or

a circular segment (a figure formed by an arc and a chord)),

a truncated partially-conical shape or a partial bicone

F

shape; a sphere or a partial shape thereof (such as a

hemisphere, a spherical crown (various solids formed by

cutting a sphere with a single plane), a spherical zone (a
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solid formed by cutting a sphere with two parallel planes

and formed between the two planes), an oval sphere (or oval

shape) or a partial shape thereof; and a regular octahedron

r—

(composed of eight equilateral triangles), a regular

o

dodecahedron (composed of 12 regular pentagons), or a

g—

regular icosahedron (composed of twenty equilateral

p—

triangles). A shape incapable of

 _—N

forming a necessary space

between organs, such as a thin sheet-like shape, a cord-like

.
—

shape, or a belt-like shape 1s not preferred as the shape of

ﬁ

the inter-organ spacer of the invention.

A partial shape of an oval sphere (such as one of two

sollds obtailned by equally dividing an oval sphere by a

plane) as shown in Figure 5 or a hemilisphere 1s preferred,

because 1t 1s highly stable when placed with the flat side

(lc 1n Figure 5) down and provides a curved surface (1d in
Figure 5) to be in contact with organs.
[0059]

The inter-organ spacer of the invention may be

inserted into the body through an incision in the body

surface (preferably through a trocar), in a compressed,

wound or folded state, 1n a deformed state, or as it 1is.

More specifically, examples include a method of inserting

1t, into the body, in a compressed state formed by vacuum

packing in a soft resin bag or a method of taking it out o

iy

the bag and inserting it into the body, a method of using

-

the insertion device of the invention to insert it into the

pbody, and a method of deforming it upon insertion.
[0060]

The 1nsertion device of the invention may be of any

Cype, as long as 1t includes at least a tubular holder

frv—
p—

capable of holding the inter-organ spacer of the invention

F

therein. Examples of the insertion device include an

introducer-type insertion device including the tubular

nolder and ejecting means for ejecting the inter-organ

spacer held 1n the tubular holder, a first extractor-type

insertion device including the tubular holder and pulling

means for pulling the inter-organ spacer into the tubular

holder, and a second extractor-type insertion device

1ncluding the tubular holder and a funnel portion provided
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at one end of the tubular holder.

[0061]
The tubular holder may be in any shape, as long as the

inter-organ spacer of the invention can be held therein 1in a

compressed, wound or folded state or as 1t i1s. For example,

P

the tubular holder may be in the shape of a cylinder with a

clrcular or elliptic cross-section, a tube with a polygonal

-

cross—section, or the 1like. The tubular holder may be of

P

any size, as long as the whole or part thereof can be

inserted 1nto a trocar. For example, when the tubular

holder 1s 1n the shape of a circular cylinder, the tubular
holder may have an outer diameter smaller than the inner

diameter of a trocar so that it can be 1inserted into the

trocar.
(0062 ]

Figure 6 shows an example of the introducer-type

insertion device 1ncluding a tubular holder and ejecting

means. An introducer-type 1nsertion device 20 shown in

ﬁ

Figure 6 includes a tubular holder 21 capable of holding the

inter-organ spacer (not shown) therein and ejecting means 22

F

capable of ejecting the inter-organ spacer held in the

tubular holder. The ejecting means includes a pressing pad

<z2a for directly contacting with the inter-organ spacer, a

pressing rod 22b joined to the pressing pad, and an

operating grip 22c joined to the other end of the pressing

rod. In the invention, the inter-organ spacer may be

provided in such a form that it has previously been inserted

1n the introducer-type insertion device, or the inter-organ

spacer and the introducer-type insertion device may be

provided separately, and the inter-organ spacer may be

gri=—

placed in the insertion device at the time of endoscopic

surgery.
[0063]

Figure 7 shows an example of the first extractor-type

insertion device including a tubular holder and pulling

means. An extractor-type insertion device 30 shown in

Figure 7 includes a tubular holder 31 capable of holding the

inter-organ spacer (not shown) therein and pulling means 32

—

capable of pulling the inter-organ spacer into the tubular
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holder. The pulling means 32 includes a grasping portion

32a capable of grasping the inter-organ spacer, a handle 32c

for manipulating the grasping portion, and a joint 32b that

J01lns the grasping portion and the handle. When the handle

32c 1s pulled (namely, shifted 1n the direction indicated by

arrow A in Figure 7), the joint 32b 1s also shifted in the

direction of arrow A, so that the ends of the grasping

portion 32a are closed to make 1t possible to grasp the

inter-organ spacer. When the handle 32c¢ 1s further pulled,
the inter—-organ spacer grasped by the graspling portion 32Za

can be pulled into the tubular holder 31. The inter-organ

spacer held 1n the tubular holder 31 may be ejected from the

tubular holder 31 by detaching the pulling means 32 from the

1nsextion device 30 and uslng suitable ejecting means (not

shown) 1in place of 1t.
(0064 ]

Figures 8 and 9 show an example of the second

exXtractor-type insertion device including a tubular holder

and a funnel portion. An extractor-type insertion device 40

shown 1n Figures 8 and 9 includes a tubular holder 41

F

capable of holding the inter-organ spacer (not shown)

1

therein and a funnel portion 42 provided at one end 4la o:

o

the tubular holder. A main funnel body 42a of the funnel

portion 42 shown in Figure 8 can be housed in the tubular

holder 41 by manipulating a slidable knob 42b as shown in

Figure 9. When the inter-organ spacer 1s placed into the

tubular holder, the main funnel body 42a may be opened as

shown 1n Figure 8 so that the inter-organ spacer can be

placed into the tubular holder from the end 4la. On the

other hand, when the inter-organ spacer i1s ejected from the

tubular holder, the main funnel body 42a may be housed in

the tubular holder 41 as shown in Figure 9, and in this

state, sultable ejecting means may be inserted from one of

the ends 41a and 41b into the tubular holder 41 so that the

inter-organ spacer can be ejected from the other end to the
outside of the tubular holder.
[0065]

The extractor-type insertion device of the invention

(including the first and second extractor-type insertion
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devices) may be used not only to 1nsert the inter-organ

spacer 1nto the body but also to take the inter-organ spacer

out of the body by a simllar process after surgery, which

makes 1t possible to place the inter-organ spacer in the

tubular holder. Therefore, the extractor-type insertion

device of the 1nvention may be used for both purposes, i.e.,

insertion into the body and removal to the outside of the

body.
[0066]
In the case of the extractor-type insertion device

shown 1in Figure 7, for example, an end portion 3la having

Che grasping potion 32a may be inserted into the body

through an incision in the body surface (for example,

through a trocar), and the pulling means 32 may be operated

so that the inter-organ spacer can be recovered from the

body i1nto the tubular holder 31.

Alternatively, 1in the case of the extractor-type

insertion device shown in Figures 8 and 9, the end portion

41a may be inserted into the body through an incision in the

pody surface, and the main funnel body 42a may be opened so

that the inter-organ spacer can be recovered from the body

into the tubular holder 41. In this case, the pulling means

32 shown 1n Figure 7 may be inserted from the end portion

4lb of the tubular holder 41 so that the inter-organ spacer
can be more easily recovered into the tubular holder 41.
[0067]

The endoscopic surgery kit of the invention may be o:

N

pr=-
e

any type, as long as it includes the inter-organ spacer of

ﬁ

the invention and the insertion device of the 1nvention.

p—

I'he endoscopic surgery kit of the invention may be provided

1n such a form that the inter-organ spacer is originally
placed in the insertion device. Alternatively, the inter-
organ spacer and the insertion device may be provided
separately, and the inter-organ spacer may be placed in the

ﬁ

insertion device at the time of endoscopic surgery. The

inter-organ spacer is preferably provided in such a form
that it is placed in the insertion device, so that it can be

sterilized.
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EXAMPLES
10068 ]

The present invention will now be further 1llustrated

by, but 1s by no means limited to, the following Examples.

[0009]

(Example 1:

gr—

wvaluation of Liguid Absorbency)

[ Ep—

This example and each example described below were

performed using three porous soft materials (hereinafter

referred to as sample set A): a polyurethane material with

low liquid releasing ability (Toughponge (Hogy Medical Co.,

Ltd.)):; a polyurethane material with high liquid releasing

ability for abdominal surgery; and a polyvinyl alcohol

material (Retractor Pad (Heiwa Iryo Kikai Co., Ltd.)).

Another sample set used includes six materials

(hereinafter referred to as sample set B): the polyurethane

material with low liquid release ability (Toughponge (Hogy

Medical Co., Ltd.), hereinafter also referred to as sample

A); four different polyurethane materials with high liqgquid

F
—

releasing ability (hereinafter also referred to as samples B

to E); and a polyethylene material (hereinafter also

referred to as sample F). Table 2 shows the principal

—

properties of each porous soft material used in sample sets

A and B. The elongation in Table 2 was measured according
to JIS K 6400-5 (2004).

[0070]
[Table 27
S | Density Number of cells  Elongation
amples Material (ke/m?) (cells/25 mm) (%)
A PU (L) 75+10 > 60 300~400
B PU (H) 30=x3 =50 250~350
C PU (H) 16=x2 25+10 70~120
D PU (H) 2 2+ 3 (—) 50~130
E PU (H) 312 50+5 250~350
F PE 4 4 (—) 100~200
b PU (H) 16+1. 5 30+10 100~200

o
PU (L): Polyurethane with low liquid releasing abi1lity

PU (H): Polyurethane with high liquid releasing ability
PE: Polyethylene
10071]

( B}

) EBEvaluation of Ligquid Absorbency of Sample Set A

0
1

g~

The weight (Wd in units of g) of the sample (in the
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ﬁ

shape of a rectangular parallelepiped of 20 mm x 20 mm x 10

mm) was measured before it was immersed in artificial blood.
The sample was then gently dropped into a 100 mL-volume
peaker containing 50 mL of artificial blood (Synthetic Blood

Reagent Mix (Johnson, Moen & Co.)) and allowed to stand for

3 minutes. Thereafter, the sample was gently taken out

using tweezers and placed on a wire mesh for 30 seconds so

that the artificial blood was allowed to drip. The sample

was then placed in another beaker, and the welight (Ww in

units of g) of the sample was measured.
The liquid absorbency was calculated from the
following formula: (Ww - Wd) + Wd x 100 (%) .

10072]
The results are shown in Table 3. Three samples were

prepared for each material, and the average of the

absorbencies (%) of the respective samples was calculated.

The higher value indicates the higher liquid absorbency.
[0073]

[ Table 3]
Porous soft materials W d Ww  Liquid absorbency Average
PU (L) 0. 73 3. 02 313. 7
0. 62 2. 82 354. 8 390. 8
0. 51 3. 08 003. 9
PU (H) 0. 26 0. 48 84. 6
0. 26 0. 66 153. 8 88. 5
. 0

0. 37 0. 47 2 7
Y. 9 M. 3l /(. 0O O
11 118. 6

PVA 1. 88 4.
1. 71 3. 903 106. 4 138. 7
1. 43 4. 16 190. 9

PU (L): Polyurethane with low liquid releasing ability

PU (H): Polyurethane with high liquid releasing ability
PVA: Polyvinyl alcohol
(0074 ]

(2) Evaluation of Liguid Absorbency of Sample Set B

Ihe sample (in the shape of a rectangular

parallelepiped of 50 mm x 50 mm x 20 mm) was allowed to

F

absorb a sufficient amount of artificial blood, and then it

g

. a disposable Petri dish

-

was Su:

ficiently wrung. The 1lid o:

with a diameter of 9 cm was turned upside down and placed on

a table, and 20 mL of artificial blood was placed therein.

pre——

The sample wrung su “lclently was placed Cherein, and the
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sample was pressed five times with the bottom surface of the

Petri dish. In this process, the sample was pressed until

it was no longer compressible, and the pressing was

performed about once per second. The sample was taken out,

and the amount (V 1n units of mL) of the artificial blood

left in the 1lid of the Petri dish was measured.

The liquid absorbency was calculated from the
following formula: (20 mL - V)/20 mL x 100 (%).
[0075]

The results are shown 1n Table 4. Three samples were

F

prepared for each material, and the average of the

F

absorbencies (%) of the respective samples was calculated.

The higher value 1indicates the higher liquid absorbency.
[0076]
[Table 4]

Amount of liquid left
in lid of Petri dish

| Porous soft
materials '

Liquid
absorbency | Average
% |

100771
(Example 2: Evaluation of Liquid Holding Ability)

The weight (Wd in units of g) of the sample (in the

shape o0f a rectangular parallelepiped of 20 mm x 20 mm x 80
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mm) was measured before 1t was allowed to absorb artificial

blood. After the sample was allowed to absorb a sufficient
amount of artificial blood (Synthetic Blood Reagent Mix

(Johnson, Moen & Co.)), 1ts weight (Ww 1n units of g) was

measured. Subsequently, the sample was placed on a

polyvinyl chloride plate, and the plate was allowed to stand

for 3 minutes, while being tilted at 45°. Thereafter, the

o

welight (Ws in units of g) of the sample was measured.

The ligquid holding ability was calculated from the
following formula: (W3 - Wd) + (Ww - Wd) x 100 (%).
[0078]

The results on sample sets A and B are shown in Tables

> and 60, respectively. Three samples were prepared for each

material, and the average of the ligquid holding abilities

"

(%) of the respective samples was calculated. The higher

value indicates the higher liguid holding ability.
[0079]

[Table 51}
Porous soft materials W d Ww W 3 Liquid holding ability Average
PU (L) 2. 34 25. 13 24, 62 97. 8
2. 74 21. 97 21. 40 97. 0 97.0
2. 69 22. 81 22.05 96. 2
PU (H) 0. 63 15. 10 14. 62 96. 7
0. 53 20. o4 19. 38 9. 2 96. 7
0. 58 16. 88 16. 75 99, 2
PVA 13. 22 20. 15 19. 84 95. 5
13. 18 17. 20 10. 90 92. 5 93. 5
13. 20 17. 77 17. 42 92. 3
PU (L) :

Polyurethane with low liquid releasing ability

PU (H): Polyurethane with high liquid releasing ability
PVA: Polyvinyl alcohol
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[0080]
[Table 6]

FPorous soft
. WwWd W3

Liquid holding
ability

96. 7

— e — A —

36. 8

o f
v [ se [wa [ ws [ws | |
S R

5 | s [ wa | wa | o |
1 .

T T es [ ma [ we Tws |
97. 6

- -‘
—

[0081]

(Example 3: Evaluation of Liguid Releasing Ability)

The weight (Wd in units of g) of the sample (in the

rl"

shape of a rectangular parallelepiped of 20 mm x 50 mm X 50

mm) was measured before it was allowed to absorb artificial

ﬁ

“1cient

plood. After the sample was allowed to absorb a su

e

amount of artificial blood (Synthetic Blood Reagent Mix

(Johnson, Moen & Co.)), it was placed on a plastic plate,

P

and 1ts weight (Ww in units of g) was measured. The

artificial blood was sucked under a reduced pressure of -600

to -050 mmHg (-80 to -85 kPa) for 1 minute, while the tip of

a Yanker suction tube was held to the center of the sample

and pushed in. After the suction, the weight (Ws in units

r

g) of the sample being placed on the plastic plate was

P n

O

measured.

The liquid releasing ability was calculated from the
following formula: (Ww - Ws) + (Ww - Wd) x 100 (3) .




0082 ]

The results on sample sets A and

7 and 8, respectively.

material, and the average o:

Q -

o
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(%) of the respective samples was calculated.

R are shown in Tables

Three samples were prepared for each

- the liguid releasing abllities

The higher

value indicates the higher liquid releasing ability.

[0083]
| Table 7]
Porous soft materials W d Ww W s Liquid releasing ability Average
PU (L) 7.97 39. b6 33. 34 19. 7
7. 38 49. 87 41. 47 19. 8 21.6
7. 01 45, 48 35. 83 29. 5
PU (H) 2. 061 39. 08 18. 95 52. 9
1. 99 35. 74 13. 38 66. 3 02. 8
2. 6D 33. 64 13.13 06, 2
PVA 19, 42 45. 16 36. 70 32. 9
19. 20 42. 52 35. b2 30. 0 24, 8
20. 37 46. 10 43. 11 11.6
PU (L): Polyurethane with low liquid releasing ability
PU (H): Polyurethane with high liquid releasing ability

PVA: Polyvinyl alcohol
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(0084 ]
[Table 8]

Liquid releasing
ability (%)

' Porous soft

, : Ww
' materials

Sample No. Average

———

l
{

.
'
.
'

30. 2
30. 7

37.7
36. 3

3.6
3.9
3.9
1.5
1.5
1.5

i

17. 2 19. 5
37. 3 30. 8 19. 3
38. 0 14. 5 64. 4
38.4 | 13.0 | 68.8 67. 5
40. 2 13.4 69. 3
42. 4 5. 5 88. 6
40, 9 5. 0 89. 4 87.8
40. 7 6.6 | 85.4

39,2 7.7 | 8T
38, 8 8. 5 80, 4 80. 1
35. 0 . 8 77.3

9.1 82. 1
45. 2 7.1 87. 2 85. 2
46. 4

. 7.7 86. 2
39.9 35.0 13. 1
2.5 | 385 33.9

34. 1

|l\3 |.....

I I

-
 —

"
Jrsaed
QO

I
——y
)

—
=
Q0

12. 8

I

12. 5

10085]

(Example 4: Evaluation of Compressive Residual Strain)

P

The thickness (ty) of the center of the test piece (50

—

mm X 50 mm x 20 mm) was measured in increments of 0.1 mm

with a vernier caliper, while its form was not changed.

F-

Subsequently, the thickness of the test piece was reduced to

20% using two compression plates. Within at most 15

minutes, the test piece being compressed was placed in a

thermostatic chamber at a temperature of 70+1°C and heated

for 22 hours. The test piece was taken out of the

thermostatic chamber, separated from the compression plates

within 1 minute, and placed on a polyvinyl chloride plate.
The test piece was allowed to stand at a temperature of

23+2°C and a relative humidity of 5045% (in a chamber

controlled for 16 hours or more) for 30 minutes to be

restored, and then the thickness (t;) of the same portion

P

was measured 1n increments of 0.1 mm.
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The compressive residual strain (%) was calculated

from the following formula: (ty - t1) + tg x 100 (%).
[0080]

The results on sample sets A and B are shown 1in Tables

9 and 10, respectively. Three samples were prepared for

each material, and the average of the compressive residual

P

strains (%) of the respective samples was calculated. When

the polyvinyl alcohol material was treated at 70°C, the

water was removed, so that 1t became dried and lost the

flexibility. The higher compressive residual strain value

indicates the higher ability to retain shape.

[0087]

[Table 9]

Porous soft materials to t1 Compressive residual strain  Average

PU (L) 19. 8 18. 9 4. 5
19. 8 18. 8 o. 1 4, 9
19. 7 18, 7 o. 1

PU (H) 20. O 18. 5 7. 5
20. 1 20. O 0. 5 3. 3
2 0. 3 19. 9 2. 0

PVA 20. 1 10. 9 4 5. 8
2 0. 3 10, 3 4 9. 3 46. 6
19. 9 11. O 44. 7

PU (L): Polyurethane with low liquid releasing ability

PU (H): Polyurethane with high liquid releasing ability
PVA: Polyvinyl alcohol
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[0088]
[Table 107
| Porous soft Compressive
materials Sample No. t .

residual strain (%)

N ] e —

20. 1
20. 1
20. 1
20. 9
20. 4
20. 4
20. 1
20. 1
20. 1
20, 1
20. 0

191
189

| 193
9.9 | 19.1
199 |
189
198

20, 2
20. 1
20. 1

21.2

. S “a P, an . .

[0089]

(Example 5: Evaluation of Hardness (Flexibility))

F

A laminate of two sample pieces of 80 x 80 x 20 mm was

used as the test object. The test object (40 mm in

F

- a tester, and a

thickness) was placed on the mount o:

pressing plate (33.7 mm in diameter) was placed on the upper

F

surtace of the sample piece so that a load of 0.2 N was

applied. The pressing plate was then pushed in 10 mm at a

rate of 100120 mm/minute, and immediately thereafter, the

load was removed. Once again, the pressing plate was pushed

in 30 mm at a rate of 100420 mm/minute, and 20 seconds after

the stop, the load (N) was recorded.
The results on sample sets A and B are shown in Tables

11l and 12, respectively. Three samples were prepared for

ﬁ

cach material, and the average of the hardnesses (N} of the

respective samples was calculated.
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[0090]
[Table 11]
Porous soft materials Hardnesses (N) Average
PU (L) 31. 3
34. 3 32. 8
32. 8
PU (H) 18. O
16. 8 17. 3
1 7. 2
PVA 208. O
212. O 214. 3
223. 0

PU (L): Polyurethane with low liquild releasing ability

PU (H): Polyurethane with high liguid releasing ability
PVA: Polyvinyl alcohol

(0091 ]

[Table 12]

-~ Porous soft
materials

-
1

[0092]

P

(Example 6: Evaluation of Impact Resilience)

pri— —

. two sample pieces of 80 x 80 x 20 mm was

A laminate o:
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used as the test object. A 5/8 chrome steel ball specified

in JIS B 1501 was placed 476 mm above the test object and

P

allowed to freely fall. The uppermost level of the bounding

steel ball was measured. In the quantification, the

positions 16 mm and 476 mm above the sample plece were

normalized as 0 and 100, respectively.

The results on sample sets A and B are shown in Tables

13 and 14, respectively. Three samples were prepared for

pr——

each material, and the average of the 1mpact resiliences of

the respective samples was calculated.

(0093 ]
[Table 13]
Porous soft materials Measured value (mm) Impact resilience  Average
PU (L) 155 33. 7
155 33. 7 s4. 1
160 34. 8
PU (H) 180 39. 1
180 39. 1 38. 8
175 338. 0
PVA 35 7. ©
4 0 8. 7 8. 0O
3 5 7. ©

PU (L): Polyurethane with low liquid releasing ability

PU (H): Polyurethane with high liquid releasing ability
PVA: Polyvinyl alcohol
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(0094 ]
[ Table 14]
Porous soft Measured Impact |
materials >ampls No. value (mm) resilience Average |

L 23. 0 50.0
ot | 205 | 446

48. 9

l'

'

54. 3
20.0

44, 6
43. 5
:

34. 3
38. 0

37. 0
17.5

10095]

(Example 7:

P

FEvaluation of
S K 6400-5

Ctest plece was prepared.

Tensile Strength)
(2004),

According to J

F

a rate of

500 mm/minute,

a 1 cm-thick No.
While the test piece was pulled at

the maximum load was measured until

the test piece was ruptured.
The results on sample sets A and
15 and 16,

five samples

respectively.

(sample set B)

F

and the average of the tensile strengths

respective samples was calculated.

Three samples

were prepared

B are shown i1n Tables

(sample set A) or

for each material,
(N) of the
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[0096]
[Table 15]
Porous soft materials Tensile strength (N) - Average
PU (L) 37. 2
36. 9 33. 7
27. 0O
PU (H) 7. 4
8. 1 7. 6
7. 3
PVA 40. 6
4 7. 9 46. 3
00. o

PU (L): Polvyurethane with low ligquid releasing ability
PU (H): Polyurethane with high liquid releasing ability
PVA: Polyvinyl alcohol
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[ Table 10]

Porous soft
materiais

Sample No.

e’
—

1
2
3
4
5
|
2
3
4
D
1
2
3
4
o
1
2
3
4
5
1
2
3
g!
5
1
2
3
4
5

10098 ]
(Example 8:
B

(Johnson,

FEvaluation of

ﬁ

Mix Moen & Co.))
beaker.
height)

10 mm)

(N)

(40)

Tensile strength Average

—

30. 4
35.3
35. 2
35. 9
34. 4
23. 3
23. 2
22. 9
22. 8
23. 7
8.9
8.7
9.1
9.1
9.3
9.2
8.0
9.3
8. 0
9.9
26.
23.
25,
20.
20.
22.
22.
23.

23.
23.

D3

-J | = [ =i | CO 1 OT 1 O = | — | DD

=

Degree O:

fty mL of artificial blood

35.5

23. 2

9.0

9.0

25. 3

22.9

- Swelling)
(Synthetic

Blood Reagent

was put 1n a 100 mL volume

The sample whose dimensions

had been previously measured

was gently dropped into the art:

(length,

width and

(about 20 mm x 20 mm X
ficial blood-
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containing beaker and allowed to stand for 3 minutes.

Thereafter, the sample was gently taken out with tweezers

and placed on a wire mesh for 30 seconds so that the

artificilal blood was allowed to drip. Thereafter, the

—

dimensions of the sample were measured again.

The degree of swelling was calculated from the

following formula: (Vw/Vd) x 100 (%), wherein Vw is the

volume of the sample after the liquid absorption, and Vd 1is

F

the volume of the sample before the liquid absorption.

The results on sample set B are shown in Table 17.

Three samples were prepared for each material, and the

gre- o o aand

average of the degrees (%) of swelling of the respective

samples was calculated.
[0099]
[ Table 17]

Porous soft| ¢ o N Before liquid absorption After liquid absorption Degree of swelling
. ample No
| :

51.1 [ 50.3 | 20.4 | 52434.7 50. 8 52799.5 | 100, 7 .
104. 4

"5 [ 50 | 50 [mno[oomo.0] oz [ 205 serizz] 108
| v [wa]wne|me susmel s s0s 204 sumi] wms
.m

T X 0 T E o X K X R
2 |50.4{50.0|20.0 | 50400.0 | 50.1 | 50.0 50350.5 | 99.9 | 100.4
.-
F | 2

1 |

10100]

(Example 9:

#

Evaluation of the Ability to Indirectly Absorb

Ju—

Liguid)

The sample (in the shape of a rectangular

parallelepiped of 80 mm x 80 mm x 20 mm) was allowed to

pr——

stand 1n a vessel of 12 cm x 23 cm x 5 cm containing 50 mL
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-

OL

and the upper surface of the sample was

artificial blood,

F

ficlent amount of

—

so that a suf artificial

repeatedly pushed,
blood was absorbed in the sample. After 1t was confirmed

—

that a sufficient amount of

artificial blood not absorbed

the top of a suction tilip was

was left around the sample,

held to the center of the sample. The artificial blood was
sucked under a reduced pressure of -600 to -650 mmHg (-80 to
-85 kPa), while the suction tip was pushed in. It was

pa—r
—

checked whether or not the whole amount of the artificial

plood in and around the sample was removed after the suction

Y

ficient period of time.

F

tor a suf

The results are shown in Table 18. The suction time

In the table, the mark "-"

the artificial blood

means that

was set to 1 minute.

for 1 minute,

even after the suction

left around the sample was not removed.

[0101]
| Table 18]

| Porous soft materials Results

bl by eeearen ik

[0102]
(Example 10:

Iy

Preparation of Inter-Organ Spacers)
The polyurethane materials with low liquid releasing

ability and with high liquid releasing ability, which were

were each cut

used for the evaluations in Examples 1 to 9,

1nto pileces with the shapes and the sizes shown below to

form 1lnter-organ spacers according to the invention.
(Length x Width x Thickness)

mm X 5 mm

Rectangular Solids

50 mm x 50

S0
50
o0
50
30

el

Imim

Imimn

X

X X X X

S0
o0
50
o0
30

mim

min

mm

X

X

X

X

10
20
30
50

NI

I

ImIn

mm

X 5 mm



releasing-ability polyurethane spacer in the shape o3
(Z\)"'(l) ’
(2)

rectangular solid

or a disc (C)-(1),
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) 80 mm x 80 mm x 10 mm

) 80 mm x 80 mm x 20 mm

) 80 mm x 80 mm x 30 mm

0) 80 mm x 80 mm x 50 mm

1) 100 mm x 100 mm X 5 mm

2) 100 mm x 100 mm x 10 mm

3) 100 mm x 100 mm x 20 mm

4) 100 mm x 100 mm x 30 mm

5 100 mm x 100 mm x 50 mm

) Cubes (Side Length)

) 20 mm

) 30 mm

) 40 mm

) 50 mm

) 80 mm

) 100 mm

) Digcs (Diameter x Thickness)

) 50 mm diameter x 5 mm thickness

) 50 mm diameter x 10 mm thickness

) 50 mm diameter x 20 mm thickness

) 50 mm diameter x 30 mm thickness

) 50 mm diameter x 50 mm thickness

) 80 mm diameter x 5 mm thickness

) 80 mm diameter x 10 mm thickness

) 80 mm diameter x 20 mm thickness

) 80 mm diameter x 30 mm thickness

0) 80 mm diameter x 100 mm thickness
1) 100 rmm diameter x 5 mm thickness
2) 100 mm diameter x 10 mm thickness
3) 100 mm diameter x 20 mm thickness
4y 100 mm diameter x 30 mm thickness
5) 100 mm diameter x 50 mm thickness
103]

Among these inter-organ spacers,

(2),
(6)

(6)
(/)

OFr

into a tubular holder with an 1nner

de

Or

(1)

the low-liguid-

H

a

a cube (B)~-(1),

was able to be inserted

diameter of 11 mm by

forming the spacer by hand and pushing it 1nto the holder
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from one end therecof. It was also demonstrated that the

high-ligquid-releasing-ability polyurethane spacer 1n the

shape of a rectangular solid (A)-(1), (2), or (3), or a disc

(C)=-(1), (2), or (3) was able to be inserted into a tubular

holder with an inner diameter of 11 mm by deforming the

spacer by hand and pushing 1t into the holder from one end

>
—

thereof.

The spacer 1n the shape of a rectangular solid (A)-
(3), (4), (11), or (12), a cube (B)-(2), or a disc (C)—-(3),
(4), (11), or (l2) was also able to be inserted into a

F

tubular holder with an inner diameter of 15 mm in the same

marnlnekr.

INDUSTRIAL APPLICABILITY
10104 ]

The inter-organ spacer of the invention is suitable

for use 1n endoscoplc surgery applications.

As above, the present 1nvention was explained with

reference to particular embodiments, and modifications and

improvements obvious to those skilled in the art are

included 1in the scope of the present invention.
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CLAIMS:

1. An inter-organ spacer for use 1n endosScoplcC sSurgery,
consisting of a sponge formed of a porous soft material
having an ability to temporarily store liguid and an ability
to retain its shape, and an X-ray contrast agent contained
in the sponge, and wherein the porous soft material has a
ligquid absorbency ranging from 40% to 100%, a liquid holding
ability ranging from 90% to 100%, and a liquid releasing
ability ranging from 40% to 100%, wherein the porous soft
material is selected from the group consisting of
polyurethane, polyvinyl alcohol, cellulose, and
polyethylene, wherein a tensile strength of the porous soft
material is 15 to 40 N, wherein the sponge is of such a size
that it can pass through a trocar having a diameter of
around 30 mm, wherein the inter-organ spacer 1s configured
such that it is inserted into the body of a patient through
the trocar or an incision, and such that the entire inter-
organ spacer 1is placed in the body during surgery so that no
part of the inter-organ spacer occupilies the trocar or the
incision, and wherein no terminal end of the x-ray contrast

agent terminates outside of the sponge.

2 . The inter-organ spacer according to claim 1, wherein

the porous soft material 1s polyurethane.

3. The inter-organ spacer according to claim 1, wherein

the porous soft material is soft polyurethane foam.

4 . The inter-organ spacer according to c¢laim 1, wherein

the liguid releasing ability is 80% to 100%.

5. An endoscopic surgery kit, comprising the inter-organ
spacer for use in endoscopic surgery according to claim 1,

and an insertion device for 1nserting the inter-organ spacer
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into a body, said insertion device comprising a tubular

holder capable of holding the inter-organ spacer.

6 . The endoscopic surgery kit according to claim 5,

wherein the insertion device further comprises an introducer
that is capable of being inserted from one end of the
tubular holder and is capable of ejecting the inter-organ
spacer in the tubular holder from another end of the tubular

holder.

7 . The endoscopic surgery kit according to claim 5,
wherein the insertion device further comprises an extractor
that is capable of pulling the inter-organ spacer 1nto the

tubular holder.

8. The endoscopic surgery kit according to claim 5,
wherein the insertion device further comprises a funnel

portion capable of being provided at one end of the tubular

holder.

9. The inter-organ spacer according to claim 1, wherein

the ligquid releasing ability 1s 60% to 100%.

10. The inter-organ spacer according to claim 1, wherein
the porous soft material exhibits an ability to indirectly

absorb liquid.
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Figure 3
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