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Description 

BACKGROUND OF THE INVENTION 

(Field of the invention) 

The present invention relates to a medical 
valve and a method of producing the valve, and a 
catheter with a valve. 

(Prior Art) 

(A) In general, into a medical instrument, such 
as a catheter or the like, a tubular member, for 
example, a guide wire for introducing and guid- 
ing the catheter into organs in the human body, 
an injector for injecting medicine or the like into 
a specific organ, and an extractor for extracting 
body fluid from an organ through the catheter, 
can be inserted. In particular, in the case of 
circulatory support for acute heart failure, since 
it is rapid, it is necessary to percutaneously 
assure a blood vessel thereby. Furthermore, in 
such a medical instrument, the tubular member 
can be inserted in a liquid sealing manner into a 
passage capable of passing the tubular member 
therethrough, and a valve, which is closed then 
the tubular member is not inserted in the pas- 
sage, is mounted so as to prevent liquid leakage 

: ..from the passage. 
For example, medical valves of the following 

. two types "a" and "b" are known: The type "aw 

has, as disclosed in U.S. Patent No.4,798,594 
(which is the basis for the preamble of claim 1), 
a plurality of slits which penetrate from one end 
face to the other end face and intersect one 
another, and the type wbw has, as disclosed in 
Japanese Unexamined Patent No.59-133877 
(FR-A-2 539 303), a first slit which opens at only 
one end face and a second slit which opens at 
only the other end face, the two slits intersecting 
each other inside the valve. 
(B) Patients suffering from heart failure, e.g. 
myocardial infarction, have hitherto been treated 
by various methods such as percutaneous tran- 
sluminal coronary angioplasty (hereinafter ab- 
breviated to nPTCA"), and Intra Aortic Balloon 
Pumping (hereinafter abbreviated to nlABPw). 

In PTCA, a balloon is inserted into the con- 
stricted lesion of the coronary artery, and is then 
inflated to dilate the constricted lesion. 

In IABP, a balloon is inserted in the base 
portion of the aorta, and is then repeatedly inflated 
and deflated synchronization with the heart beat to 
increase blood flow in the coronary artery, hence, 
to assist a heart whose function has degraded. 

(Problems to be Overcome by the Invention) 

(A) However, in the case of the conventional 
valve of the above type "a", the restitutive force 

5 of each slit from the open state to the closed 
state is small. Therefore, while the tubular mem- 
ber is indwelling in the valve, the adhesive force 
of each slit to the periphery of the tubular mem- 
ber is small and it is likely that liquid leakage 

70 will result. Furthermore, when the tubular mem- 
ber is withdrawn, since the restitutive force of 
each slit to the closed state is small, each slit 
does not become closed immediately after the 
tubular member is withdrawn and it is likely that 

75        the liquid will leak. 
On the other hand, in the conventional valve 

of the above type "bB, the restitutive force of 
each slit from the open state to the closed state, 
and the liquid sealing characteristic are high 

20 when the tubular member is indwelling and then 
withdrawn. However, since no slit penetrate be- 
tween the two end faces of the valve, it allows 
only a tubular member, whose inserted distal 
end portion is fine, to be inserted therein. 

25 An object of the present invention is to 
provide a medical valve into which even a tubu- 
lar member whose inserted distal end portion is 
thick can be inserted and whose liquid sealing 
characteristic is high both when the tubular 

30 member is indwelling and when the tubular 
member is withdrawn. 

Another object of the present invention is to 
provide a method which can easily produce the 
above valve. 

35 Still another object of the present invention 
is to provide a catheter which has the above 
valve and which can with certainty prevent fluid 
from leaking from an opening at its proximal 
part. 

4a        (B) The conventional methods involve the follow- 
ing problems : © PTCA treatment may put a 
patient into a shocked condition, which is very 
dangerous; and © IABP treatment can increase 
blood flow only, to a limited extent because the 

45        heart assisting function can be degraded with a 
drop in the cardiac output, sometimes failing to 
assure the patient's recovery. 
Because of the problems © and © , it is 

sometimes necessary for heart treatment to be 
so     performed  simultaneously  with cardiopulmonory 

bypass of the blood, wherein an extracorporeal 
blood circulation circuit is formed for this purpose 
during the heart treatment. 

During the treatment of heart failure, e.g. acute 
55    myocardial infarction, because the heart function is 

degraded, emergency cardiopulmonory bypass is 
performed to add oxygen and remove carbon diox- 
ide. 
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In such cases where cardiopuimonory bypass 
is necessary, there is too little time to form the 
circuit by open heart surgery. 

In such cases, therefore, catheters capable of 
percutaneous insertion are employed to allow blood 5 
to be drawn from and pumped back into the pa- 
tient's body through the catheters, thereby effec- 
ting extracorporeal circulation. 

However, with a conventional catheter device, 
since percutaneous insertion is conducted, the di- io 
ameter of a catheter is inevitably small, thereby 
involving a great resistance to the flow of blood, 
hence, a great pressure loss. Thus, it is difficult to 
assure sufficient amounts of drawn-out blood and 
pumped-in blood. 75 

DISCLOSURE OF THE INVENTION 

(A) The present invention claimed in claim 1 
relates to a medical valve made of a flexible 20 
elastic material having at least two faces, which 
is composed 

a first slit disposed from one face of the two 
faces to the other face of the two faces; and 

a second slit disposed from the one face to 25 
the other face, 

wherein the first slit and the second slit 
cross each other, 

wherein first and second opening widths 
which the first slit has on the two faces respec- 30 
tively are different from each other, 

wherein first and second opening widths 
which the second slit has on the two faces 
respectively are different from each other. 
The present invention claimed in claim 2 re- 35 

lates to a medical valve claimed in claim 1, wherein 
the face which has the shorter opening width of the 
two opening widths of the first slit and the face 
which has the shorter opening width of the two 
opening widths of the second slit are different from    . 40 
each other. 

The present invention claimed in claim 3 re- 
lates to a medical valve claimed in claim 1, wherein 
the face which has the shorter opening width of the 
two opening widths of the first slit and the face 45 
which has the shorter opening width of the two 
opening widths of the second slit are same each 
other. 

The present invention claimed in claim 4 re- 
lates to a method of producing a medical valve 50 
claimed in claim 1, wherein the first and second 
slits are formed by winding a valve material around 
a cylindrical member so that one face of the valve 
material is in tight contact with the outer periphery 
of the cylindrical member, making a cut substan- 55 
tially perpendicular to the direction of the shaft of 
the cylindrical member by a cutting means from 
the other face to the face in tight contact with the 

cylindrical member of the valve material which is 
wound around the cylindrical member, turning the 
valve material over, rotating the valve material ap- 
proximately 90 • and repeating the above making a 
cut. 

The present invention claimed in claim 5 re- 
lates to a method of producing a medical valve 
claimed in claim 1, wherein the first and second 
slits are formed by winding a valve material around 
a cylindrical member so that one face of the valve 
material is in tight contact with the outer periphery 
of the cylindrical member, making a cut substan- 
tially perpendicular to the direction of the shaft of 
the cylindrical member by a cutting means from 
the other face to the face in tight contact with the 
cylindrical member of the valve material which is 
wound around the cylindrical member, rotating the 
valve material approximately 90 ■ and repeating the 
above making a cut. 

The present invention claimed in claim 6 re- 
lates to a a catheter with a medical valve as 
claimed in claim 1, which is composed 

a hollow body opened at a distal end thereof; 
and 

a proximal part communicating with a hollow 
portion of the body and having an introduction 
passage with the valve therein. 

"Cross" as used here includes the crossing of 
lines or of planes and also partial contact between 
lines or between planes in a T or X shape. 

The present invention claimed in claim 1 has 
the following advantages ® to ©: 

CD Since the first slit and the second slit 
respectively penetrate between the two end 
faces of the valve, even a tubular member 
whose inserted distal end portion is thick can 
easily be inserted into the valve therethrough. 
© Each of the first and second slits has 

openings on the two end faces of the valve and 
the width of the opening on one end face is 
shorter than that on the other end face. The 
opening having the shorter width can assure a 
high restitutive force of the slit from the open 
state to the closed state. As a result, the adhe- 
sive force of each slit to the periphery of the 
tubular member when the tubular member is 
indwelling is increased and fluid leakage can be 
prevented. Furthermore, the restitutive force of 
each slit to the closed state when the tubular 
member is withdrawn is increased, each slit is 
closed immediately after the tubular member is 
withdrawn, and fluid leakage can be prevented. 
© The above © and © make it possible to 
provide a medical valve into which is inserted a 
tubular member whose inserted leading portion 
is thick and whose liquid sealing characteristic is 
high when the tubular member is indwelling and 
withdrawn. 

3 
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The present invention claimed in claim 2 
has the following advantage (§): 
@ The first and second slits respectively have 
an opening portion having the shorter width, 
which can assure a high restitutive force, moun- 5 
ted on different end faces of the valve. There- 
fore, the opening portions having the shorter 
width of the two slits are not concentrated on 
one end face of the valve, and the inserted area 
is prevented from being reduced by the con- io 
centration. Furthermore, while the liquid sealing 
characteristic against the tubular member is as- 
sured, even a tubular member whose inserted 
portion is thick can easily be inserted. 

The present invention claimed in claim 3 75 
has the following advantage ©: 
© Wheo the thick tubular member is inserted 
from the side of the end face which has the 
shorter opening width, it is easy to open the 
longer opening width, and the thick tubular 20 
member can be easily inserted into the valve 
therethrough even if the slit has a short opening. 

The present invention claimed in claim 4 
has the following advantage ©: 
© By winding a material of the valve around a 25 
cylindrical member, making a cut perpendicular 
to the direction of the axis of the cylindrical 
member from one end face to an end face 
adhering to the cylindrical member of the valve 

-material wound around the cylindrical member 30 
by using a cutting means having a standard 
shape, such as a straight cutting means, turning 
the valve material over, rotating the valve ma- 
terial approximately 90*  t and repeating the 
above process, a slit with an opening at the 35 
longer width at the free end face and an opening 
having the shorter width at the end face adher- 
ing to the cylindrical member can be formed 
quite easily. In other words, the medical valve of 
the present invention can be easily produced * 4Q 
without using a cutting means having a special 
shape or a special operation of a cutting means. 

The present invention claimed in claim 5 
has the following advantage Q): 
© By winding a material of the valve around a 45 
cylindrical member, making a cut perpendicular 
to the direction of the axis of the cylindrical 
member from one end face to an end face 
adhering to the cylindrical member of the valve 
material wound around the cylindrical member 50 
by using a cutting means having a standard 
shape, such as a straight cutting means, rotating 
the valve material approximately 90* , and re- 
peating the above process, a slit with an open- 
ing at the longer width at the free end face and 55 
an opening having the shorter width at the end 
face adhering to the cylindrical member can be 
formed quite easily. In other words, the medical 

valve of the present invention can be easily 
produced without using a cutting means having 
a special shape or a special operation of a 
cutting means. 

The present invention claimed in claim 6 
has the following advantage ®: 
© By mounting the medical valve of the 

present invention in an introduction passage dis- 
posed in the base of the catheter, the above 
advantages © to © can be obtained and the 
liquid leakage from the opening of the base can 
be reliably prevented when the tubular member, 
such as a guide wire, an injector or an extractor, 
is inserted into, is indwelling in or is withdrawn 
from the valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 (A), (B), (C) is a schematic view of a 
medical valve according to a first embodiment 
of the present invention; 
Fig.2 is a schematic view of a medical valve 
according to a second embodiment of the 
present invention; 
Fig.3 is a schematic view of a medical valve 
according to a third embodiment of the present 
invention; 
Fig.4 (a), (b), (c) is a schematic view showing an 
example of a method of producing the valve of 
the present invention; 
Fig.5 is a schematic view of a catheter with a 
valve of the present invention; 
Fig.6 is a sectional view of the essential parts of 
an example of a connecting instrument used in 
combination with the catheter with the valve of 
the present invention; 
Fig.7 is a sectional view of an example of a 
dilator used in combination with the catheter 
with the valve of the present invention; 
Fig.8 is a sectional view showing a state of use 
of a catheter assembly; 
Fig.9 is a schematic view showing an indwelling 
state of the catheter with the valve; and 
Fig.10 is a sectional view showing another state 
of use of the catheter assembly. 

MODES FOR CARRYING OUT THE INVENTION 

(First Embodiment of Valve) (See Fig.1) 

A valve 10 is made of a flexible elastic material 
and a first slit 13 disposed from one end face 11 to 
the other end face 12 crosses a second slit 14 
disposed from the one end face 11 to the other 
end face 12 so as to make a cross. In the valve 10, 
a first opening width 15 which the first slit 13 has 
on the end face 11 is shorter than a second open- 
ing width 16 which the first slit 13 has on the end 
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face 12, and a first opening width 17 which the 
second slit 14 has on the end face 11 is longer 
than a second opening width 18 which the second 
slit 14 has on the end face 12. In other words, in 
the valve 10, the end face (11) which has the 
shorter opening width 15 of the two opening widths 
15 and 16 of the first slit 13 and the end face (12) 
which has the shorter opening width 18 of the two 
opening widths 17 and 18 of the second slit 14 are 
different from each other. 

For the flexible elastic material of the valve 10, 
synthetic rubber, such as silicone rubber, urethane 
rubber and fluoro rubber, natural rubber and the 
like are suitable. 

The above valve 10 has the following advan- 
tages © to @: 

© Sjnce both first slit 13 and the second slit 14 
penetrate the two end faces 11 and 12 of the 
valve 10, even a tubular member whose inserted 
distal end portion is thick can be easily inserted 
into the valve 10 therethrough. 
® The one opening widths (15 and 18) of the 
first and second slits 13 and 14 on the two end 
faces 11 and 12 are shorter than the other 
opening widths (16 and 17), and the shorter 
opening widths can assure a high restitutive 
force of the slits 13 and 14 from the open state 
to the closed state. As a result, the slits 13 and 
14 adhere strongly to the periphery of the tubu- 
lar member when the tubular member is indwell- 
ing therein, thereby preventing fluid leakage. 
Furthermore, the restitutive force of the slits 13 
and 14 to the closed state when the tubular 
member is withdrawn is increased and the slits 
13 and 14 are closed immediately after the 
tubular member is withdrawn, thereby prevent- 
ing fluid leakage. 
© The above © and © allow the insertion of a 
tubular member whose inserted distal end por- 
tion is thick, and a valve 10 having a high liquid 
sealing characteristic can be provided. 
© The shorter opening widths (15 and 18) of 
the first and second slits 13 and 14 which can 
assure a high restitutive force are disposed on 
different end faces 11 and 12 of the valve 10. 
and are not, therefore, concentrated on one end 
face of the valve. Thereby it is possible to 
prevent the insertion area from being reduced 
by the concentration, assure a sufficient liquid 
sealing characteristic for the tubular member, 
and furthermore, easily insert even a tubular 
member whose inserted distal end portion is 
thick into the valve 10. 

(Second Embodiment of Valve) (See Fig.2) 

In valve 10A in the same manner as the above 
valve 10, a first slit 13A disposed from one end 

face 11 to the other end face 12 crosses a second 
slit 14A disposed from the one end face 11 to the 
other end face 12 so as to make a cross. In the 
valve 10A, a first opening width 15A which the first 
slit 13A has on the end face 11 is shorter than a 
second opening width 16A which the first slit 13A 
has on the end face 12, and a first opening width 
17A which the second slit 14A has on the end face 
11 is shorter than a second opening width 18A 
which the second slit 14A has on the end face 12. 

Therefore, the valve 10A has the above-men- 
tioned advantages © and (3) which the valve 10 
has. 

However, the valve 10A does not have the 
above advantage © which the valve 10 has since 
the shorter opening width 15A of the two opening 
widths 15A and 16A of the first slit 13A and the 
shorter opening width 17A of the two opening 
widths 17A and 18A of the second slit 14A are 
disposed on the same end face (11). 

On the occation of the thick tubular member is 
inserted from the side of the end face 11 which has 
the shorter opening width 15A, 17A, it is easy to 
open the longer opening width 16A, 18A, and the 
thick tubular member can be easily inserted into 
the valve therethrough even if the slit has a short 
opening. 

(Third Embodiment of Valve) (See Fig.3) 

In valve 10B a first slit 13B disposed between 
the one end face 11 and the other end face 12 
crosses a second slit 14B disposed between the 
one end face 11 and the other end face 12 so as to 
form a T shape. Furthermore, in the valve 10B, a 
first opening width 15B which the first slit 13B has 
on the end face 11 is shorter than a second open- 
ing width 16B which the first slit 13B has. on the 
end face 12, and a first opening width 17B which 
the second slit 14B has on the end face 11 is 
longer than a second opening width 18B which the 
second slit 14B has on the end face 12. In other 
words, in the same manner as the valve 10, the 
end face (11) which has the shorter opening width 

45 15B of the two opening widths 15B and 16B of the 
first slit 13B and the end face (12) which has the 
shorter opening width 18B of the two opening 
widths 17B and 18B of the second slit 14B are 
different from each other in the valve 10B. 

so Therefore, the valve 10B has the above-men- 
tioned advantages © and © which the valve 10 
has. 

(Embodiment of Method of Producing Valve) (See 
55 Rg.4) 

The valve 10 (10A, 10B) are produced by, for 
example, the following method: 

10 

15 

20 

25 

30 

35 
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(1) A valve material 100 is wound around a 
cylindrical member 101 so that one end face 11 
of the valve material 100 is in tight contact with 
the peripheral surface of the cylindrical member 
101. 
(2) A cut perpendicular to the direction of the 
shaft of the cylindrical member 101 is made by 
a cutter 102 from a free end face 12 to the end 
face in tight contact with the cylindrical member 
101 of the valve material 100 which is wound 
around the cylindrical member 101. Then, the 
valve material 100 is turned over and rotated 
approximately 90 and the above process is per- 
formed. 

At that time, an opening width is also formed 
on the end face in contact with the cylindrical 
member 101 by inserting the cutting blade of the 
cutter 102 more deep inside the cylindrical mem- 
ber 101 or swinging the cutting blade of the cutter 
102 in contact with the surface of the cylindrical 
member 101. 

The above method has the following advantage ©: 

(5) By winding the valve material 100 around the 
cylindrical member 101 and making a cut from 
the free end face 12 to the end face 11 of the 
valve material 100 in tight contact with the cylin- 
drical member 101 by the cutter 102 which has 

:. a normal shape, such as a straight cutting blade, 
it is possible to quite easily form a slit which has 

. the longer opening width on the free end face 
12 and the shorter opening width on the end 
face 11. In other words, the above first and 
second slits 13 and 14 can be formed and the 
valve 10 can be produced without using a cutter 
having a special shape or a special operation of 
a cutter. 

(First Embodiment of Catheter Assembly Using 
Catheter with Valve) (See Figs.5 to 8) 

A catheter 20 is comprises a medical valve 10 
and constitutes a catheter assembly 1 in combina- 
tion with a connecting instrument 30. The catheter 
assembly 1 additionally comprises a dilator 40. 

The catheter 20 comprises, as shown in Fig. 5, 
a body 21 and a proximal end 22. 

The body 21 of the catheter 20 is used in the 
state of being percutaneously inserted into the 
blood vessel. The catheter body 21 has an opening 
21E at the distal end (hereinafter referred to as 
"the distal-end hole"), and a plurality of side holes 
21H. 

The proximal end 22 of the catheter 20 is 
joined to one end portion of the catheter body 21 
to communicate therewith, and has an introduction 
passage 23. The introduction passage 23 has an 

above-mentioned valve 10 (10A, 10B) which is dis- 
posed in an opening portion of the passage 23 and 
provided to prevent leakage of blood from the 
catheter body 21 to the outside. 

5 The proximal end 22 also has a sub-passage 
27 capable of communicating with a tube having a 
cock at one end thereof, so as to function as a port 
which may be used to inject a medicine liquid or 
collect blood. 

w The catheter 20 should preferably have an 
inner diameter of the body 21 which is within the 
range from 2 to 10 mm in order to facilitate the 
percutaneous insertion of the catheter body 21. If 
this inner diameter is less than 2 mm, there is a 

75 risk that, during emergency auxiliary circulation, the 
amount of drawn-out or sent-in blood may fall short 
of the necessary amount. If the inner diameter 
exceeds 10 mm, the percutaneous insertion of the 
catheter 20 will be difficult. 

20 The catheter 20 has the following arrangement. 
When the opening area of the distal-end hole 21E 
of the catheter body 21 is expressed as S1, and 
the total opening area of the side holes 21H is 
expressed as S2 (S2 = N x Sh if there are N side 

25 holes 21E which each have an area of Sh), the 
relation of 2x S1 2 S2 2: 0.5x S1 is satisfied. In 
other words, the total opening area S2 of the side 
holes 21H ranges from 1/2 to 2 times of the open- 
ing area S1 of the distal-end hole 21E. If S2 is 

30 smaller than 1/2 x SI, when the catheter is on the 
blood-drawing side, the amount of blood drawn 
from the region where the side holes open, i.e., 
from the vena cava, will be insufficient. If S2 is 
greater than 2XS1, the amount of the blood drawn 

35    from the superior vena cava will be insufficient. 
The position at which the side holes 21H are 

indwelt should preferably be as follows. If the cath- 
eter 20 is inserted into the femoral vein A, as 
shown in Fig. 9, the side holes 21H should be 

4a positional within the inferior vena cava C and in the 
region from the entrance of the right atrium B to 
the bifurcation D of the inferior vena cava C (the 
symbol E designating the superior vena cava). This 
is because, in this region, blood flows in such a 

45 sufficient amount as to assure the drawing of the 
necessary amount of blood. Therefore, if this posi- 
tion of the side holes 21H relative to the patient's 
body is translated into their position relative to the 
catheter body 21 itself, the following can be said. 

so The whole length L2 of the catheter body 21 must 
correspond to the sum of the first distance from the 
right atrium to the bifurcation of the inferior vena 
cava, the second distance from the bifurcation to 
the position where the catheter is percutaneously 

55 inserted into the femoral vein, and an additional 
length a of the catheter 20 outside the patient's 
body. In the case where the patient's body has a 
first distance of 30 to 40 cm and a second distance 

6 
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of 15 to 20 cm (as in the case of an American), the 
required whole length L2 of the catheter body 21 is 
60 cm. In this case, in order to assure the neces- 
sary amount of drawn-out blood, the side holes 
21H should preferably be positioned occupying a 5 
length from the distal end of the catheter body 21 
which is 40 cm at most. Therefore, the whole 
length L2 of the catheter body 21 should satisfy the 
following relation with the distance L1 from the 
distal end of the catheter body 21 to the side hole io 
closest to the proximal end 22: 2/3 x L2 £L1. In the 
case where the patient's body is relatively small 
(as in the case of Japanese; the patient requiring 
extacorporeal circulation by the use of the catheter 
according to the present invention often has a 75 
relatively small body), and where the first distance 
is about 2/3 of the corresponding hemostatic value 
in above-described case, i.e., about 20 cm, the 
whole length L2 and the distance L1 should satisfy 
the relation of L1 £ 1/3x L2. Thus, it is preferable 20 
that the whole length L2 and the distance L1 
should satisfy the relation expressed as follows: 

2/3 x L2£ L1 Z 1/3x L2 
25 

If the catheter 20 satisfies this relationship it is 
possible to attain the necessary amount of blood 
drawn whether the patient's body is large or small. 

The catheter body 21 is made of a material 
such as a fluoroplastic. polyethylene, poly- 30 
propylene, or a polyester-based elastomer. The 
proximal end 22 is made of a material such as 
polyethylene, polypropylene, polyamide, polycar- 
bonate, or polystyrene. 

As shown in Fig. 6, the connecting instrument 35 
30 has a tubular portion 31 which can be con- 
nected with the introduction passage 23 in the 
proximal end 22 of the catheter 20, and be inserted 
in a liquid tight manner through the valve 10 in the 
introduction passage 23. The other end of the -40 
tubular portion 31 is connected with the blood 
drawing-out or pumping-in line of the extracor- 
poreal circulation circuit. The connecting instrument 
30 also has a threaded connecting cap 32 on the 
outer periphery of the tubular portion 31. When a 45 
female screw 32A of the connecting cap 32 is 
threaded onto a male screw 23A provided around 
the introduction passage 23 of the proximal end 22, 
the connecting instrument 30 is fixed to the cath- 
eter 20. 50 

The catheter assembly 1 is such that, when the 
connecting instrument 30 is connected with the 
introduction passage 23 of the catheter proximal 
end 22, as shown in Fig. 8. the distal end of the 
tubular portion 31 of the connecting instrument 30 55 
is disposed adjacent to the inner surface of the 
catheter body 21. In this embodiment, that distal 
end abuts on the inner surface of the catheter body 

21. 
The inner surface of the tubular portion 31 of 

the connecting instrument 30 is tapered, more spe- 
cifically, converged with its diameter decreasing 
toward the distal end of the portion 31. 

The tapering angle e (in Fig. 8) at which the 
inner surface of the tubular portion 31 is tapered 
should preferably be 5 to 15 degrees. 

If the tapering angle 0 is less than 5 degrees, 
since the section of the passage is widened in the 
direction of the flow of the blood, it is difficult to 
reduce the pressure loss. If the tapering angle e 
exceeds 15 degrees, the inner diameter of the 
tubular portion 31 connected to the connecting 
instrument 30 is increased and the priming volume 
is increased. 

The tubular portion 31 of the connecting instru- 
ment 30 is made of a material such as polycar- 
bonate, a vinyl chloride resin, or polypropylene, 
while the cap 32 is made of a material such as 
polyamide, polycarbonate, or a vinyl chloride resin. 

The dilator 40 is capable of being inserted into 
and through the valve 10 of the introduction pas- 
sage 23 of the proximal end 22 of the catheter 20 
as well as the body 21 of the catheter 20 so as to 
lead the catheter body 21 into the blood vessel. As 
shown in Fig. 7, the dilator 40 comprises a body 41 
and a proximal end with a threaded connecting cap 
42 provided around the proximal end. When a 
female screw 42A of the connecting cap 42 is 
threaded onto the male screw 23A provided around 
the introduction passage 23 in the catheter base, 
22 the dilator 40 is integrated with the catheter 20. 
The body 41 of the dilator 40 is capable of being 
inserted in a liquid tight manner through the valve 
10 in the introduction passage 23 of the catheter 
20. The dilator 40 also has a hemositatic valve 43 
provided at the outer end of the cap 42. The dilator 
40 allows the insertion therethrough of a mini guide 
wire 44 when the wire 44 is passed through the 
hemositatic valve 43 in a liquid tight manner. 

The dilator body 41 is made of a materinal 
such as polyethylene, polypropylene, or a polyes- 
ter-based elastomer, while the connectiong cap 42 
is made of a material such as polyamide, polycar- 
bonate, or a vinyl chloride resin. 

The catheter 20 of the above-described cath- 
eter assembly 10 is inserted into and indwelt in the 
blood vessel in the following manner: 

(1) An indwelling needle having an outer needle 
member and an inner needle member fit therein 
is percutaneously inserted into the blood vessel. 
(2) The inner needle member is removed. The 
mini guide wire 44 is passed through the outer 
needle member to be indwelt in the blood ves- 
sel. After the indwelling, the outer needle mem- 
ber is removed. 
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(3) The catheter 20 and the dilator 40 integrated 
therewith are inserted into the blood vessel 
while they are guided by the mini guide wire 44. 
After the insertion, the mini guide wire 44 and 
the dilator 40 are removed, thereby indwelling 
the catheter 20 in the blood vessel. 

At this time, the body 41 of the dilator 40 is 
capable of being inserted in a liquid sealing man- 
ner through the valve 10 in the introduction pas- 
sage 23 of the catheter 20. When the dilator 40 is 
indwelling, the two slits 13 and 14 are in tight 
contact with the outer periphery of the body 41 as 
described above and prevent the blood from leak- 
ing. When the dilator 40 is withdrawn, the two slits 
13 and 14 are closed by their strong restitutive 
force to the closed state immediately after the 
dilator 40. j,s withdrawn, thereby preventing the 
blood from leaking. 

The catheter 20 indwelt in the blood vessel is 
used in the following manner: 

(1) When auxiliary blood circulation is to be 
performed duiring PTGA or IABP heart treatment 
or during the treatment of acute myocardial in- 
farction or heart failure, the connecting instru- 
ment 30 is inserted into the introduction pas- 
sage 23 of the catheter 20. At this time, the 
connecting instrument 30 is capable of being 
inserted in a liquid sealing manner through the 
valve 10 in the introduction passage 23 of the 

\. catheter 20, and the two slits 13 and 14 are in 
tight contact with the periphery of the connect- 
ing instrument 30 as described above so as to 
prevent the blood from being leaking. 
(2) The connecting instrument 30 of the catheter 
assembly 1 on the blood-drawing side is con- 
nected with the blood-drawing line of the ex- 
tracorporeal circulation circuit so that blood is 
drawn from the patient's body through the cath- 
eter body 21 and the tubular portion 31 of the 
connecting instrument 30. 
(3) The connecting instrument 30 of the catheter 
assembly 10 on the blood pumping-in side is 
connected with the blood pumping-in line of the 
extracorporeal circulation circuit so that the ex- 
tracorporeal I y circulated blood is pumped into 
the blood vessel through the tubular portion 31 
of the connecting instrument 30 and the catheter 
body 21. 

The catheter 20 according to the present 
invention can be percutaneously inserted into 
the femoral vein in such a manner that the 
distal-end hole 21E of the catheter body 21 is 
positioned in the vicinity of the right atrium, and 
can be connected with the blood-drawing line of 
the extracorporeal circulation circuit so as to 
draw blood from the right atrium and the venae 
cavae. At this time, the position of the side holes 
21H of the catheter body 21 is such that the 

holes 21H are distributed from the vicinity of the 
bifurcation of the inferior vena cava to the vi- 
cinity of the right atrium. 
(4) When the above auxiliary blood circulation is 

5 completed, the connecting instrument 30 is with- 
drawn from the introduction passage 23 of the 
catheter 20. 
Then, the valve 10 in the introduction passage 

23 through which the connecting instrument 30 is 
w withdrawn is closed by a strong restitutive force of 

the slits 13 and 14 to the closed state immediately 
after the connecting instrument 30 is withdrawn, so 
that blood leakage can be prevented. 

75    Therefore, the above catheter 20 with the valve has 
the following advantage ©: 

© Since the medical valve 10 of the present 
invention is mounted in the introduction passage 

20 23 disposed in the base of the catheter 20 and 
the body 41 of the dilator 40 or the connecting 
instrument 30 is inserted into the valve 10, the 
above advantages © to @ which the valve 10 
has can be obtained and the blood is reliably 

25 prevented from leaking from the opening of the 
base of the catheter 20 when the body 41 or the 
connecting instrument 30 is indwelling in or 
withdrawn from the catheter 20. 

In carrying out the present invention, the 
30        valve in the introduction passage of the base of 

the catheter may allow the insertion of insertion 
bodies other than the connecting instrument 
connected to the blood-drawing and blood-trans- 
fusion lines of the extracorporeal blood circula- 

rs        tion circuit. For example, a catheter for heart 
treatment (a guide catheter, a balloon catheter 
guided by the guide catheter, and so on), or a 
connecting instrument connected to a medicine 
liquid supply line may be inserted into the valve. 

40 Furthermore, in carrying out the present in- 
vention, the slits of the valve may form a twisted 
plane between the two end faces. 

The catheter assembly 1 has the following advan- 
45    tages © and ®: 

© The distal end of the tubular portion 31 of 
the connecting instrument 30, which is penetrat- 
ing the hemostatic valve 25 of the catheter 20, is 

so disposed adjacent to the inner surface of the 
body 21 of the catheter 20. Therefore, the tubu- 
lar portion 31 of the connecting instrument 30 
and the body 21 of the catheter 20 form a 
smoothly elongated blood passage, so that it is 

55 unlikely that the flow of the blood is disturbed 
and it is possible to reduce the resistance of the 
flow of the blood, thereby reducing the pressure 
loss. Therefore, the catheter assembly 1, whose 
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diameter is small enough to facilitate the per- 
cutaneous insertion of the catheter assembly 1, 
is capable of reducing the pressure loss, hence, 
of assuring sufficient amount of drawn-out or 
pumped-in blood. 
® When the catheter assembly 1 is used on 
the side of the blood-drawing line, since the 
area of the blood passage, which is formed by 
the tubular portion 31 of the connecting instru- 
ment 30. is gradually widened in the direction of 
the flow of the blood, it is also possible to 
reduce the pressure loss, thereby assuring suffi- 
cient amount of drawn-out blood. 

According to the above-described embodi- 
ment, since the catheter 20 has the sub-passage 
27 at the base 22, it is possible to use the 
passage 27 to perform the injection of a medi- 
cine liquid or the collection of blood simulta- 
neously with heart treatment or the like. 

In carrying out the present invention, the 
introduction passage of the base of the catheter 
may allow the insertion of an insertion body 
other than the connecting instrument connected 
with the blood-drawing line or the blood pump- 
ing-in line of the extracorporeal circulation cir- 
cuit. For instance, a catheter for heart treatment 
(e. g„ a unit having a guide catheter and a 
balloon catheter guided theterby), or a connect- 
ing instrument connected with a medicine liquid 
supply line may be inserted into the introduction 
passage. 

(Second Enbodiment of Catheter Assembly)(See 
Fig. 10) 

A catheter assembly 50, shown in Fig 6, is a 
modification of the above-described catheter as- 
sembly 10. Similarly to the catheter assembly 10, 
the catheter assembly 50 basically comprises a 
catheter 20 and a connecting instrument 30, and 
additionally comprises a dilator 40. 

The substantial difference of the catheter as- 
sembly 50 from the catheter assembly 10 is that 
when the connecting instrument 30 is connected to 
the introduction passage 23 of the catheter 20, the 
distal-end of the tubular portion 31 of the connect- 
ing instrument 30 does not abut on the inner sur- 
face of the body 21 of the catheter 20, but is 
disposed close to the inner surface with a certain 
gap- 

Therefore, with the catheter assembly 50, when 
the sub-passage 27 in the proximal end 22 of the 
catheter 20 is connected through a side tube 51 
and a three-way cock 52 to a pressure transducer 
(not shown) so as to measure the blood pressure, 
the blood pressure introduced by the catheter body 
21 can be applied to the sub-passage 27 through 
the gap between the inner surface of the body 21 

and the distal-end of the tubular portion 31, thus 
without any substantial resistance. This enables 
highly precise pressure measurement. 

5     (Effect of the Invention) 

As has been above, according to the present 
invention in Claims 1 to 3, there is provided a 
medical valve into which even a tubular member 

w whose inserted distal end portion is thick can be 
inserted and whose liquid sealing characteristic is 
high both when the tubular member is indwelling 
and when the tubular member is withdrawn. 

According to the present invention in Claim 4 
75     and 5, there is provided a method which can easily 

produce the above valve. 
According to the present invention in Claim 6, 

there is provided a catheter which has the above 
valve and which can with certainty prevent fluid 

20    from leaking from an opening at its proximal part. 

Claims 

1-   A medical valve (10) made of a flexible elastic 
25 material having at least two faces (11. 12), 

comprising: 
a first slit (13) disposed from one face (11) 

of said two faces to the other face (12) of said 
two faces; and 

30 a second slit (14) disposed from said one 
face (11) to said other face (12), 

wherein said first slit (13) and said second 
slit (14) cross each other, characterised in that 

said first and* second opening widths (15, 
35 16) which said first slit (13) has on said two 

faces (11, 12) respectively are different from 
each other, and 

said first and second opening widths (17. 
18) which said second slit (14) has on said two 

•40 faces (11, 12) respectively are different from 
each other. 

2. A medical valve (10) according to claim 1, 
wherein the face which has the shorter opening 

45 width (15) of said two opening widths (15, 16) 
of said first slit (13) and the face which has the 
shorter opening width (18) of said two opening 
widths (17, 18) of said second slit (14) are 
different from each other. 

50 
3. A medical valve (10A) according to claim 1, 

wherein the face which has the shorter, opening 
width (15A) of said two opening widths (15A, 
16A) of said first slit (13A) and the face which 

55 has the shorter opening width (17A) of said two 
opening widths (17A, 18A) of said second slit 
(14A) are same each other. 
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4. A method of producing a medical valve (10) 
according to claim 1, wherein said first and 
second slits (13, 14) are formed by winding a 
valve material (100) around a cylindrical mem- 
ber (101) so that one face (11) of said valve 5 
material is in tight contact with the outer pe- 
riphery of said cylindrical member, making a 
cut substantially perpendicular to the direction 
of the shaft of said cylindrical member by a 
cutting means (102) from the other face (12) to io 
said face in tight contact with said cylindrical 
member of said valve material which is wound 
around said cylindrical member, turning said 
valve material (100) over, rotating said valve 
material (100) approximately 90* and repeat- is 
ing said above making a cut. 

5. A method of producing a medical valve (10) 
according to claim 1, wherein said first and 
second slits (13, 14) are formed by winding a 20 
valve material (100) around a cylindrical mem- 
ber (101) so that one face (11) of said valve 
material is in tight contact with the outer pe- 
riphery of said cylindrical member, making a 
cut substantially perpendicular to the direction 25 
of the shaft of said cylindrical member by a 
cutting means (102) from the other face (12) to 
said face (11) in tight contact with said cylin- 
drical member of said valve material which is 

•- wound around said cylindrical member, rotat- 30 
ing said valve material (100) approximately 
90 * and repeating said above making a cut. 

6. A catheter (20) with a medical valve (10) ac- 
cording to claim 1, comprising: 35 

a hollow body (21) opened at a distal end 
thereof; and 

a proximal part (22) communicating with a 
hollow portion of said body and having an 
introduction passage (23) with said valve (10) 40 
therein. 

Patentanspruche 

1.   Medizinisches Ventil (10), hergestellt aus flexi- 45 
blem elastischem Material mit wenigstens zwei 
AuBenseiten (11, 12), umfassend: 

- einen ersten Schlitz (13), vorgesehen von 
einer AuBenseite (11) der beiden AuBen- 
seiten zur anderen AuBenseite (12) der 50 
beiden AuBenseiten; und 

- einen zweiten Schlitz (14), vorgesehen 
von der einen AuBenseite (11) zur ande- 
ren AuBenseite (12), 

- wobei der erste Schlitz (13) und der 55 
zweite Schlitz (14) einander kreuzen, 

dadurch gekennzeichnet, daB 

- die ersten und zweiten Offnungsweiten 
(15, 16), die der erste Schlitz (13) auf 
den beiden AuBenseiten (11, 12) jeweils 
aufweist, voneinander verschieden sind 
und 

- die ersten und zweiten Offnungsweiten 
(17, 18), die der zweite Schlitz (14) auf 
den beiden AuBenseiten (11, 12) jeweils 
aufweist, voneinander verschieden sind. 

2. Medizinisches Ventil (10) nach Anspruch 1, bei 
dem die AuBenseite, die die kOrzere 6ffnungs- 
weite (15) der beiden Offnungsweiten (15, 16) 
des ersten Schlitzes (13) aufweist, und die 
AuBenseite, die die kurzere Offnungsweite (18) 
der beiden Offnungsweiten (17, 18) des zwei- 
ten Schlitzes (14) aufweist, voneinander ver- 
schieden sind. 

3. Medizinisches Ventil (10A) nach Anspruch 1, 
bei dem die AuBenseite, die die kurzere Off- 
nungsweite (15A) der beiden Offnungsweiten 
(15A, 16A) des ersten Schlitzes (13A) aufweist, 
und die AuBenseite, die die kurzere Offnungs- 
weite (17A) der beiden Offnungsweiten (17A, 
18A) des zweiten Schlitzes (14A) aufweist, ein- 
ander gieich sind. 

4. Verfahren zur Herstellung eines medizinischen 
Ventils (10) nach Anspruch 1, bei dem die 
ersten und zweiten Schlitze (13. 14) gebildet 
werden, indem ein Ventilmateria! (100) um ein 
zylindrisches Element (101) so gewickelt wird, 
daB sich eine AuBenseite (11) des Ventilmateri- 
als in festem Kontakt mit dem AuBenumfang 
des zylindrischen Elementes befindet, mit ei- 
ner Schneideeinrichtung (102) ein Schnitt im 
wesentlichen senkrecht zur Richtung des 
Schaftes des zylindrischen Elementes von der 
anderen AuBenseite (12) zur AuBenseite in fe- 
stem Kontakt mit dem zylindrischen Element 
des Ventilmaterials ausgefuhrt wird, das um 
das zylindrische Element gewickelt ist, das 
Ventilmaterial (100) umgedreht wird, das Ven- 
tilmaterial (100) etwa um 90* gedreht wird und 
das obige wiederholt wird, wobei ein Schnitt 
ausgefuhrt wird. 

5. Verfahren zur Herstellung eines medizinischen 
Ventils (10) nach Anspruch 1, bei dem die 
ersten und zweiten Schlitze (13, 14) gebildet 
werden, indem ein Ventilmaterial (100) um ein 
zylindrisches Element (101) gewickelt wird, so 
daB sich eine Seite (11) des Ventilmaterials in 
festem Kontakt mit dem AuBenumfang des zy- 
lindrischen Elementes befindet, mittels einer 
Schneideeinrichtung (102) ein Schnitt im we- 
sentlichen senkrecht zur Richtung des Schaf- 
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tes des zylindrischen Elementes von der ande- 
ren AuOenseite (12) zur AuSenseite (11) in fe- 
stem Kontakt mit dem zylindrischen Element 
des Ventilmaterials ausgefUhrt wird, das um 
das zyiindrische Element gewickelt ist, das 5 
Ventilmaterial (100) etwa um 90* gedreht wird 
und das Obige wiederholt wird, wobei ein 
Schnitt ausgefuhrt wird. 

6.   Katheter (20) mit einem medizinischen Ventil io 
(10) nach Anspruch 1, umfassend: 

- einen hohlen Korper (21), der an einem 
distalen Ende von ihm geoffnet ist; und 

- einen proximalen Teil (22), der mit einem 
hohlen Abschnitt des Korpers in Verbin- 75 
dung steht und einen EinleitungsdurchlaB 

' ,-(23) mit dem Ventil (10) darin aufweist 

Revendications 
20 

1. Valve medicale (10) faite d'un materiau plasti- 
que et souple ayant au moins deux faces (11, 
12), qui se compose de : 

- une premiere fente (13) allant de Tune 
des deux faces (11) a Pautre des deux 25 
faces (12), et 

- une seconde fente (14) allant de ladite 
des faces (11) a ladite face (12), 

sachant que la premiere fente (13) et 
la seconde fente (14) se croisent, 30 

caracterisee par le fait que les lar- 
geurs des premiere et seconde ouvertu- 
res (15, 16) que comporte la premiere 
fente (13) sur les deux faces (11. 12) 
sont respectivement differentes I'une de 35 
I'autre et que les largeurs des premiere 
et seconde ouvertures (17, 18) que com- 
porte ia seconde fente (14) sur les deux 
faces (11, 12) sont respectivement diffe- 
rentes Tune de i'autre. .40 

2. Valve medicale (10) selon la revendication 1, 
dans laquelle la face qui porte la plus etroite 
(15) des deux ouvertures (15,16) de la premie- 
re fente (13) et la face qui porte la plus etroite 45 
des deux ouvertures (17. 18) de la seconde 
fente (14) sont differentes I'une de I'autre. 

3. Valve medicale (10A) selon la revendication 1, 
dans laquelle la face qui porte la plus Etroite so 
(15A) des deux ouvertures (15A, 16A) de la 
premiere fente (13A) et la face qui porte la 
plus etroite (17A) des deux ouvertures (17A. 
18A) de la seconde fente (14A) sont les m§- 
mes. 55 

4. Procede de production d'une valve medicale 
(10) selon la revendication 1, dans lequel les 

premiere et seconde fentes (13, 14) sont for- 
mers par enroulement d'un materiau (10c) de 
valve autour d'un element cylindrique (101) de 
telle sorte qu'une face (11) du materiau de 
valve soit en contact etroit avec la pe>ipherie 
exterieure de I'eiement cylindrique, realisation 
d'une entaille sensiblement perpendiculaire a 
la direction de Paxe dudit element cylindrique 
grace a un moyen de coupe (102), de I'autre 
face (12) a la face du materiau de valve entou- 
re* autour de I'eiement cylindrique qui est en 
contact etroit avec I'eiement cylindrique. re- 
tournement du materiau de valve (100) et rota- 
tion du materiau de valve (100) d'approximati- 
vement 90* puis repetition de la realisation 
d'une entaille. 

5. Procede de production d'une valve medicale 
(10) selon la revendication 1, dans lequel les 
premiere et seconde fentes (13, 14) sont for- 
nr»ees par enroulement d'un materiau de valve 
(100) autour d'un element cylindrique (101) de 
telle sorte qu'une face (11) du materiau de 
valve soit en contact etroit avec ia peripheric 
exterieure de I'eiement cylindrique, realisation 
d'une entaille sensiblement perpendiculaire a 
ia direction de Paxe de I'eiement cylindrique 
grace a un moyen de coupe (102), de I'autre 
face (12) a la face (11) du materiau de valve 
entoure autour de I'eiement cylindrique qui est 
en contact etroit avec I'eiement cylindrique, 
rotation du materiau de valve (100) d'approxi- 
mativement 90* puis repetition de la realisa- 
tion d'une entaille* 

6. Catheter (20) muni d'un valve medicale (10) 
selon la revendication 1, qui comprend : 

- un corps creux (21) ouvert en son exte- 
rn ite distale, et 

- une partie proximale (22) qui communi- 
que avec une partie creuse du corps et 
qui comporte un passage d'introduction 
(23) dans lequel se trouve ladite valve 
(10). 
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