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MEDICAL FLUID FLOW CONTROL VALVE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority of provisional 
application Serial No. 60/054,203, ?led Jul. 30, 1997. 

TECHNICAL FIELD 

[0002] This invention relates generally to surgical devices, 
and more particularly to medical devices for controlling the 
?oW of ?uids through catheter introducers and other sheaths, 
cannulae, catheters, trocars, scopes and the like. 

BACKGROUND OF THE INVENTION 

[0003] It is noW Well knoWn to perform a variety of 
surgical procedures by the introduction of an interventional 
device into the body, for example, into an arterial or venous 
blood vessel, or into a laparoscopic or other cavity arti? 
cially maintained in the body. Typical of the former type of 
procedure are coronary angiography (e.g., Where an X-ray 
contrast ?uid is inserted into the coronary artery) and 
percutaneous transluminal coronary angioplasty (PTCA). 
These and other procedures involve the introduction of an 
interventional device, such as a catheter (open or closed 
end), a Wire guide, a balloon, a stent, an atherectomy device, 
or the like into the vessel or cavity in question. The single 
generic term “catheter” should be understood herein to 
include all of such interventional devices, unless the context 
limits the meaning of the term. 

[0004] Procedures for introducing a catheter into a blood 
vessel include the cut-doWn method and the Seldinger 
technique. The Seldinger technique is Well knoWn, and ?rst 
involves opening a blood vessel With a needle, inserting a 
guide Wire into the vessel through the lumen of the needle, 
WithdraWing the needle and inserting a dilator over the guide 
Wire. The dilator is located inside an associated sheath Which 
is also inserted into the vessel, and the dilator is sealed to the 
sheath by a hemostasis or hemostatic valve through Which 
the dilator passes. The dilator is removed, and the catheter 
inserted through the sheath and hemostatic valve into the 
vessel. 

[0005] During the performance of the Seldinger technique 
and other procedures, care must be taken to avoid the 
undesirable introduction of air into the vessel (air embolism) 
and the undesirable leakage of blood, other ?uids or a 
cavity-pressuriZing gas from the patient (as much for the 
protection of health care practitioners as of the patient). As 
procedures for introducing catheters and other interventional 
devices have become more Widely accepted, the procedures 
have also become more diverse, and the variety of siZes and 
types of devices employed has groWn dramatically. The risks 
of inWard or outWard leakage thus become greater. 

[0006] Because of such variety in the siZes and types of 
catheters and other devices to be handled, it Would be highly 
desirable to have a hemostatic seal or other check valve 
Which seals an introducer sheath or other device With a high 
degree of effectiveness When no catheter or other interven 
tional device lies across the seal or valve, and Which is also 
capable of providing an acceptable seal to catheters and 
other interventional devices having a Wide range of diam 
eters. High resistance to tearing When penetrated by cath 

Nov. 15, 2001 

eters and other interventional devices of large diameter is 
very desirable as Well. It Would also be valuable to have a 
hemostatic seal or other check valve Which alloWed the easy 
passage through the seal or valve of devices of a very Wide 
range of diameters, Without interfering With tactile feedback 
from the catheter or other interventional device. Such tactile 
feedback is also knoWn simply as “feel.” It Would also be 
desirable to have a hemostatic seal or other check valve 
Which tolerated repeated insertions and WithdraWals of cath 
eters or other interventional devices Without any appreciable 
decrease in the performance characteristics of the seal or 
valve, especially With respect to leakage and “feel.” 

[0007] A variety of prior devices are knoWn to act as 
hemostatic or check valves. For example, US. Pat. No. 
5,273,546 (McLaughlin et al., Dec. 28, 1993) discloses a 
hemostasis valve including an elastomeric gasket, the gasket 
having at least one concave surface and a pin hole or slits 
through the central region of the gasket. The gasket is 
preferably composed of polyisoprene, but could also be 
composed of silicone rubber, natural rubber or a thermo 
plastic elastomer, such as an injection moldable synthetic 
rubber compound. The gasket material has a hardness of 
30-50 Shore A, preferably 35-45 Shore A. One draWback of 
silicone rubbers and other materials of similar hardness is 
that such materials offer an inadequately soft and compliant 
texture, so that the “feel” of the catheter or other interven 
tional device is less than adequate When the catheter or 
device is rotated or advanced. Selecting a silicone rubber of 
loWer hardness is inadequate because the very loW durom 
eter silicone materials (beloW a hardness of 30 Shore A) do 
not currently offer the degree of resistance to tearing Which 
Would make the valve acceptably durable for surgical use. 

[0008] US. Pat. No. 5,141,498 (Christian, Aug. 25, 1992) 
is directed to a ?exible valve Which includes a body having 
a cylindrical Wall With a central bore therein, and at least 
three ?exible lea?ets adjoining the central Wall. The valve 
body is composed of an elastomeric material, for example, 
a urethane compound having a hardness of 20-50 Shore A, 
preferably 35 Shore A. The patent notes that a “rubber-like” 
compound identi?ed as “Krayton” can also be used. The 
valve of the reference is intended to remedy the speci?c 
draWbacks associated With the so-called “duckbill” type of 
valve having only tWo of such lea?ets. Duckbill valves are 
Well knoWn to be subject to several draWbacks, not all of 
Which are mentioned in the patent. First, duckbill valves 
sometimes invert When relatively large diameter catheters or 
other interventional devices are inserted through them and 
then WithdraWn. Moreover, they sometimes possess a large 
Well behind them Which can trap air or blood therein; this 
Well cannot be ?ushed out in the conventional manner, that 
is, by injection through the side arm (or extension tube) 
commonly present in devices incorporating hemostatic 
valves. Finally, duckbill valves commonly are unable to 
maintain a seal under a negative pressure or vacuum. This is 
seen, for example, When a health care practitioner draWs on 
a syringe connected to the side arm; air is undesirably draWn 
through the valve and into the syringe and the body con 
taining the valve. The Christian patent thus uses compounds 
of a speci?c type (along With the additional lea?et) to cure 
problems associated With a speci?c valve construction, and 
makes no general teachings about such compounds Which 
Would apply to other types of valves. Moreover, the patent 
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does not appear to disclose or suggest that all of the 
indicated compounds Were in fact useful over the entire 
range of hardness speci?ed. 

[0009] US. Pat. No. 5,025,829 (Edwards et al., Jun. 25, 
1991) is directed to a parenteral check valve including a 
preloaded, perforate disk made of a thermoplastic elastomer, 
an elastomeric material or a thermoplastic material having a 
hardness of 35 to 100 Shore A. An example of such a 
material is a “KRATON” brand thermoplastic elastomer. 
(“KRATON” is believed to be a registered trademark of 
Shell Chemical Company.) The disk seals against a circular 
?ange or ring on a perforate seat in the valve; ?uid pressure 
moves the disk aWay from the ?ange to alloW ?uid ?oW 
through the perforations in the disk. 

[0010] Finally, US. Pat. No. 5,342,315 (RoWe et al.,Aug. 
30, 1994, incorporating by reference the application leading 
to US. Pat. No. 5,545,142, Stephens et al., Aug. 13, 1996) 
discloses a variety of trocar seals made from elastomeric 
materials such as silicon, latex, rubber, polyurethane, “Kra 
ton” (speci?cally, a thermoplastic elastomer of A-B-A type, 
in particular, styrene-isoprene-styrene block copolymer) or 
the like. It is believed that S-I-S type block copolymers 
typically have a hardness of 30 to 40 Shore A, comparable 
to the other identi?ed elastomers, all of Which lack the 
durability and resistance to splitting desirable for hemostatic 
valves and other check valves. 

[0011] Again, it Would be highly desirable to have a 
hemostatic valve or other check valve Which overcomes the 
various draWbacks associated With these and other devices, 
as noted above. 

SUMMARY OF THE INVENTION 

[0012] According to the present invention, there is a valve 
arrangement for controlling the ?oW of ?uid through a 
medical device, Wherein the arrangement comprises a seal to 
be disposed in the ?uid ?oW, at least one aperture to be found 
in the seal to permit ?uid ?oW through the seal, and means 
for causing the material of the seal at least in the region of 
the or each perforation to close the perforation(s). The said 
material can be compressible, and the said means can be 
designed to compress the said material of the seal, at least in 
the region of the or each perforation, in order to close the 
perforation(s). The seal can be mounted in order to be 
changed betWeen one state and another state, so that When 
the seal is in the said one state, the aperture(s) is open to 
permit ?uid ?oW, and When the other state, the aperture(s) is 
closed to prevent ?uid ?oW, and in Which the said means 
serves to transfer the seal betWeen the said states. The said 
material can be of loW durometer thermoplastic. Alterna 
tively, in another aspect of the invention, the material of the 
seal can be of resilient material Whereby the seal can be 
moved betWeen a concave state and a convex state, and 
Wherein the or each aperture is formed in such a manner that 
the aperture(s) is open in one of the states and closed in the 
other of the states. 

[0013] Each aperture can be rectangular in shape and can 
be lined With a softer material in order to ensure total closure 
of the aperture, even When instruments are passed there 
through. 

[0014] In yet another aspect of the invention, the forego 
ing problems are solved and a technical advance is achieved 
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in an illustrative ?uid ?oW check valve, or valve for sealing 
catheter introducers and the like. The valve of the present 
invention includes a perforate disk seal Which is compressed 
so as to possess a concave face in the proximal or upstream 
direction. The disk seal is composed of a loW durometer 
thermoplastic material, preferably a styrene-ethylene/buty 
lene-styrene block copolymer, having a hardness of no more 
than about 30 Shore A. Unexpectedly, the seal of the present 
invention is highly resistant to tearing or splitting When 
repeatedly penetrated by catheters or other interventional 
devices Which Would render silicone or other rubber seals of 
similar hardness useless. Not only is the seal of the present 
invention resistant to such splitting, the seal also maintains 
a very good ?uid seal against the periphery of the catheter 
or other inserted device. The present invention is particularly 
advantageous over the prior art in that it achieves these 
functions While simultaneously permitting the health care 
practitioner very good “feel” of the catheter or other device 
introduced through the seal. 

[0015] In one aspect, then, the present invention is 
directed to a valve for a ?uid ?oW path of a medical device, 
comprising: a seal disposed in the ?uid ?oW path, the seal 
being composed of a very loW durometer thermoplastic 
styrenic elastomer having a hardness of no more than about 
30 Shore A, and the seal having an uncompressed condition 
in Which the seal is shaped generally as a disk and has 
opposed ?rst and second faces and at least one perforation 
extending through the seal from the ?rst face to the second 
face; and means connected to the ?uid ?oW path for com 
pressing the seal so as to close the at least one perforation in 
the seal. 

[0016] The ?rst and second faces of the seal de?ne a distal 
or doWnstream preferred direction of movement through the 
at least one perforation through the seal. Such movement is 
by a catheter or other interventional device When the valve 
of the present invention is incorporated into an introducer 
sheath or the like, or by ?uid When the valve is a ?uid ?oW 
check valve. 

[0017] Preferably, the seal is composed of a thermoplastic 
styrene-ethylene/butylene-styrene (SEBS) block copolymer 
having a hardness betWeen about 2 Shore A and 30 Shore A, 
and more preferably, a hardness of about 13 Shore A to 15 
Shore A. Such thermoplastic elastomeric block copolymers 
have been found to Withstand repeated penetrations by 
catheters and other interventional devices of a Wide variety 
of siZes Without tearing or leaking. Materials incorporating 
“KRATON” G polymers have been found particularly useful 
for this purpose. (As noted above, “KRATON” is believed to 
be a trademark of Shell Chemical Company for polymers.) 

[0018] Also preferably, the compressing means imparts a 
concave shape to the ?rst face of the seal, that is, the face 
that faces outWardly from the valve and Which is ?rst 
penetrated by the catheter or other interventional device. 
Such a shape has been found to be very important in 
preventing inversion of the seal during or after rotation or 
distal movement of the catheter or other device, thereby 
avoiding undesired leakage from the introducer sheath. A 
convenient compressing means for shaping the seal in this 
manner comprises a valve body de?ning at least part of the 
?oW path, a valve seat formed in the valve body and a cap 
engageable With the valve body adjacent to the valve seat. 
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The seal is received between and compressed between the 
cap and the valve body, preferably, betWeen the cap and the 
valve seat. 

[0019] The concave shape of the seal can be maintained or 
augmented by a facing pair of annular ?anges located one 
each on the cap and valve seat, each of the ?anges abutting 
a face of the seal. The cap ?ange can be formed integrally, 
that is, as a unit With the remainder of the cap. It is 
convenient, hoWever, to form the ?ange on a separate ring 
received in the cap. The ring is positioned in the opening in 
the cap through Which the catheter or other interventional 
device is inserted into the ?oW path. 

[0020] It is highly preferred that the valve seat is formed 
as a series of steps in the valve body, the steps decreasing in 
radius in the distal or doWnstream direction. 

[0021] It is also highly preferred that, When the seal is in 
its uncompressed condition, the at least one perforation 
through the seal is Wider at the second face of the seal (the 
distal or doWnstream face) than it is at the ?rst face (the 
proximal or upstream face). The at least one perforation can 
be Y-shaped in cross-section but can possess a substantial 
length transverse to that cross-section. Such a perforation is 
referred to as “Y-shaped.” The at least one perforation can 
alternatively be circular or oval in shape. 

[0022] In another aspect, the present invention is directed 
to a device of the type disclosed above, comprising a number 
of the distinct elements described above. In particular, in this 
aspect the present invention is directed to a valve for a ?uid 
?oW path, comprising: a seal disposed in the ?uid ?oW path, 
the seal being composed of a very loW durometer thermo 
plastic elastomeric styrene-ethylene/butylene-styrene block 
copolymer having a hardness of no more than about 30 
Shore A, and the seal having an uncompressed condition in 
Which the seal is shaped generally as a disk and has opposed 
?rst and second faces and at least one perforation extending 
through the seal from the ?rst face to the second face; and 
means connected to the ?uid ?oW path for compressing the 
seal so as to close the at least one perforation in the seal; 
Wherein the compressing means comprises a valve body 
de?ning at least part of the ?oW path, a valve seat formed in 
the valve body and a cap engageable With the valve body, the 
seal being compressed betWeen the cap and the valve seat; 
and Wherein the cap and the valve seat each include respec 
tive annular cap and valve seat ?anges facing each other and 
abutting the ?rst and second faces of the seal, respectively, 
imparting a concave shape to the ?rst face of the seal; 
Wherein the ?rst and second faces of the seal de?ne a 
preferred direction of movement through the at least one 
perforation, and Wherein the compressing means imparts a 
concave shape to the ?rst face of the seal facing opposite the 
preferred direction of movement through the at least one 
perforation; and Wherein When the seal is in its uncom 
pressed condition, the at least one perforation is Wider at the 
second face of the seal than at the ?rst face of the seal. 

[0023] In yet another aspect, the present invention is 
directed to an improvement in a valve for a ?uid ?oW path, 
the valve including a perforate elastomeric disk closing the 
?oW path, the improvement Wherein the disk is composed of 
a thermoplastic styrene-ethylene/butylene-styrene block 
copolymer having a hardness of no more than about 30 
Shore A. 

[0024] In still another aspect, the present invention is 
directed to an improvement in a self-sealing, penetrable, 
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hemostatic valve for an introducer for a catheter or other 
interventional device, the catheter or other interventional 
device having a proximal end, and the valve including a 
generally disk-shaped seal receiving and sealing around the 
periphery of the catheter or other interventional device When 
inserted in the introducer, the improvement Wherein the seal 
is composed of a thermoplastic styrene-ethylene/butylene 
styrene block copolymer having a hardness of no more than 
about 30 Shore A, and Wherein the seal is compressed so as 
to present a concave face toWards the proximal end of the 
catheter or other interventional device. 

[0025] The valve of the present invention is particularly 
advantageous over prior seals in that it possesses a high 
degree of effectiveness When no catheter or other interven 
tional device lies across the seal or valve, and simulta 
neously provides an acceptable seal to catheters and other 
interventional devices having a Wide range of diameters. The 
valve of the present invention also possesses a high resis 
tance to tearing When penetrated by catheters or other 
interventional devices of large diameter. The valve of the 
present invention alloWs the easy passage devices of a very 
Wide range of diameters Without interfering With tactile 
feedback from them. The valve of the present invention seals 
Well against vacuum or a negative pressure. The valve of the 
present invention tolerates repeated insertions and With 
draWals of catheters or other interventional devices Without 
any appreciable decrease in the performance characteristics 
of the seal or valve, especially With respect to leakage and 
“feel.” Finally, the valve of the present invention is advan 
tageous in that the compression placed upon the seal pre 
vents undue inversion of the seal surface despite repeated 
removals and manipulations of devices lying across the 
valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Abetter understanding of the present invention Will 
noW be had upon reference to the folloWing detailed descrip 
tion, When read in conjunction With the accompanying 
draWing, Wherein like reference characters refer to like parts 
throughout the several vieWs, and in Which: 

[0027] FIG. 1 is a side vieW of the preferred embodiment 
of the present invention; 

[0028] FIG. 2 is an exploded vieW of a portion of the 
preferred embodiment of the present invention; 

[0029] FIG. 3 is a cross-sectional vieW taken in the plane 
of FIG. 2, With the cap ?tted to the body, and With the seal 
omitted for clarity; 

[0030] FIG. 4 is a detail of part of the vieW of FIG. 3; 

[0031] FIG. 5A is a rear, distal vieW of a seal employed in 
the preferred embodiment of the present invention; 

[0032] FIG. 5B is a cross-sectional vieW taken along line 
5B-5B of FIG. 5A; 

[0033] FIG. 5C is a cross-sectional vieW taken along line 
5C-5C of FIG. 5A; 

[0034] FIG. 6A is a front, proximal vieW of a seal 
employed in the preferred embodiment of the present inven 
tion; 
[0035] FIG. 6B is a cross-sectional vieW taken along line 
6B-6B of FIG. 6A; 
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[0036] FIG. 6C is a cross-sectional vieW taken along line 
6C-6C of FIG. 6A; 

[0037] FIG. 7 is a cross-sectional vieW similar to that of 
FIG. 3, but With the seal shown in position between the cap 
and the body; 

[0038] FIG. 8 is a cross-sectional vieW of a portion of 
another preferred embodiment of the present invention; 

[0039] FIG. 9A is a front, proximal vieW of another seal 
employed in the preferred embodiment of the present inven 
tion; 
[0040] FIG. 9B is a cross-sectional vieW taken along line 
9B-9B of FIG. 9A; 

[0041] FIG. 10 is a front, proximal vieW of another seal 
employed in the preferred embodiment of the present inven 
tion; 
[0042] FIG. 11 is a cross-sectional vieW of another seal 
employed in the preferred embodiment of the present inven 
tion; 
[0043] FIG. 12 depicts a cross-sectional vieW of another 
embodiment of the present invention and in particular a 
?exible seal With an aperture extending therethrough When 
the seal is in a concave position; and 

[0044] FIG. 13 depicts the seal of FIG. 12 When it is 
?exed into a convex position, thus closing the aperature 
extending therethrough. 

DETAILED DESCRIPTION 

[0045] With reference ?rst to FIG. 1 illustrating a pre 
ferred embodiment of the present invention, a valve 10 
useful as a check valve in a ?uid ?oW path of a medical 
device, or as a hemostatic valve for an introducer for a 
catheter or other interventional device, is thereshoWn. More 
particularly, the valve 10 is shoWn as incorporated into a 
catheter introducer 12, and as such ?nds particular utility as 
a self-sealing, penetrable, hemostatic valve. The valve 10 is 
employed in the conventional fashion. For example, a guide 
Wire 18 is ?rst advanced through the valve 10, in a distal or 
doWnstream direction indicated by arroW 36, and into and 
through a conventional sheath 46 incorporated in the intro 
ducer 12. When the guide Wire 18 is suitably positioned, an 
interventional device (exempli?ed by a catheter 20) is 
distally advanced over the guide Wire 18 by ?tting the distal 
end 24 of the catheter 20 over the proximal end of the guide 
Wire 18. The catheter 20 conveniently includes a proximal 
end 22 adapted for connection to other medical treatment 
devices as appropriate. A side arm 16 is provided for its 
usual functions, as is a suture hole 82 for securing the 
introducer 12 to a patient or to patient bedding. 

[0046] With reference noW to FIGS. 2 and 3, the valve 10 
of the present invention ?rst comprises a seal 26 disposed in 
a ?uid ?oW path 14. The seal 26 is preferably composed of 
a loW durometer thermoplastic styrenic elastomer having a 
hardness of no more than about 30 Shore A. Other materials 
exhibiting equivalent properties are contemplated. Prefer 
ably, the styrenic elastomer is selected to possess a resis 
tance to tearing equivalent to that possessed by a thermo 
plastic styrene-ethylene/butylene-styrene block copolymer 
elastomer having a hardness of no more than about 30 Shore 
A. Also preferably, the hardness of the elastomer ranges 

Nov. 15, 2001 

betWeen about 30 Shore A and 2 Shore A. More preferably, 
the hardness of the elastomer is about 13 Shore A to about 
15 Shore A. Most preferably, the elastomer is a styrene 
ethylene/butylene-styrene block copolymer. “KRATON” G, 
and materials containing it, for example, “DYNAFLEX” G, 
are especially preferred as elastomers for the seal 26 of the 
present invention. (“DYNAFLEX” is believed to be a trade 
mark of GLS Corporation, Cary, Ill.) 

[0047] The seal 26 is conveniently formed by thermoplas 
tic molding, and the details of processes of thermoplastic 
molding should be Well knoWn to those skilled in this area; 
accordingly, no detailed description of the manufacture of 
the seal 26 need be given here. The seal 26 possesses an 
initial, uncompressed condition in Which the seal 26 is 
generally shaped as a disk 28 having opposed ?rst 30 and 
second 32 faces. Although, other geometric con?gurations, 
other than a disk, are clearly contemplated so as to conform 
With any medical device ?uid ?oW path con?gurations. The 
seal 26 also possesses at least one (and, When the valve 10 
is employed as a hemostatic valve, preferably only one) 
perforation 34 extending through it from the ?rst face 30 to 
the second face 32. 

[0048] The valve 10 of the present invention also com 
prises a means 38 connected to the ?uid ?oW path 14 for 
compressing the seal 26 so as to close the at least one 
perforation 34. The compressing means 38 ?rst comprises a 
valve body 40 de?ning at least part of the ?oW path 14 
therein, for example, by a ?uid bore 42 formed in the valve 
body 40. The valve body 40 is composed of a suitable 
medical grade synthetic or other material. The compressing 
means 38 also comprises a cap 56 engageable With the valve 
body 40, composed of the same or a different medical grade 
synthetic or other material. The seal 26 is positioned 
betWeen the cap 56 and the valve body 40 so that, When the 
cap 56 is engaged With the valve body 40, the seal 26 is 
compressed betWeen the cap 56 and the valve body 40. The 
cap 56 is retained on the valve body 40 by the mating 
engagement of an inWardly depending annular bead 58 on 
the interior of the cap 56 With an annular groove 60 on the 
outside of the valve body 40. The compressing means 38 
also preferably comprises a valve seat 48 formed in the valve 
body 40. The seal 26 is abutted against the valve seat 48 
When the cap 56 is engaged With the valve body 40. 

[0049] In another aspect of the present invention, the valve 
10 can be characteriZed as a valve arrangement for control 
ling the ?oW of ?uid through or medical device, Wherein the 
arrangement comprises a seal 26 to be disposed in the ?uid 
?oW. At least one aperture is found in the seal to permit ?uid 
?oW through the seal. The arrangement also includes means 
38, 58 for causing the material of the seal at least in the 
region of or each perforation to class the perforation(s). 

[0050] The ?rst 30 and second 32 faces of the seal 26 
de?ne a distal, doWnstream or insertion direction, the same 
direction as arroW 36, Which is a preferred direction for 
movement either of a ?uid through the at least one perfo 
ration 34 of the seal 26 (When the valve 10 is con?gured for 
use as a check valve), or of the catheter 20 or other 
interventional device during insertion into the introducer 12. 
The compressing means 38 imparts a concave shape to the 
?rst face 30 of the seal 26 (FIG. 7), a shape Which faces in 
a direction opposite to the preferred direction of movement 
(that is, opposite the arroW 36) through the at least one 
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perforation 34. This opposite direction is therefore the 
upstream direction When the valve 10 is con?gured as a 
check valve, and the proximal direction When the valve 10 
is incorporated in the catheter introducer 12. 

[0051] This concave shape imparted to the ?rst face 30 of 
the seal 26 is important for the achievement of several of the 
advantages of the present invention. The compressing means 
38 therefore preferably comprises several further features 
for maintaining the concave shape of the ?rst face 30 of the 
seal 26. For example, the cap 56 preferably includes an 
annular ?ange 62 extending toWards the valve body 40. The 
cap ?ange 62 abuts the ?rst face 30 of the seal 26, to impart 
a concave shape to the ?rst face 30 of the seal 26. Similarly, 
the valve seat 48 also includes an annular ?ange 50 extend 
ing aWay from the valve body 40, abutting the second face 
32 of the seal 26. The valve seat ?ange 50 serves to impart 
a concave shape to the ?rst face 30 of the seal 26, as Well as 
to impart a convex shape to the second face 32 of the seal 
26. To further ensure that the upstream, proximal, ?rst face 
30 of the seal 26 is concave in shape, the valve seat 48 is 
preferably formed as a series of annular steps 54 recessed in 
the valve body 40, the steps 54 being of decreasing radius in 
the preferred direction of movement through the at least one 
seal perforation 34 (FIG. 4). These ridged steps 54 serve to 
prevent the seal 26 from being displaced during introduc 
tion, advancement or removal of the catheter 20 or another 
interventional device from the valve 10. 

[0052] As more clearly shoWn in FIGS. 5A-5C (as Well as 
in FIGS. 6A-6C), When the seal 26 is in its uncompressed 
condition, that is, When not compressed betWeen the cap 56 
and the valve body 40, the at least one perforation 34 is 
Wider at the second face 32 (the eventual doWnstream or 
distal face) than it is at the ?rst face 30 (the eventual 
upstream or proximal face). This ensures that the at least one 
perforation Will in fact close When the seal 26 is compressed 
by the compressing means 38. Preferably, the at least one 
seal perforation 34 is Y-shaped When the seal 26 is in its 
uncompressed condition. The “Y” is of course the cross 
sectional shape of the at least one perforation 34 shoWn in 
FIG. 5C; as shoWn in FIG. 5B, hoWever, the at least one 
perforation 34 has a signi?cant Width. Alternatively, as 
shoWn in FIGS. 6A-6C, the at least one perforation 34 can 
be oval in shape, possessing an increasing cross-section 
from the ?rst seal face 30 to the second seal face 32. 

[0053] FIG. 12 depicts a cross-sectional vieW of an alter 
native embodiment of the present invention in Which ?exible 
seal 28 is positioned in a concave position With open 
aperature 34 extending therethrough. The material of this 
alternative embodiment seal can be different from that 
previously described. It can be stiff yet resilient, but apera 
ture 34 could have a soft lining. As a result, this alternative 
embodiment seal can be incorporated in a valve arrange 
ment, similar to that of FIG. 3, in Which there are tWo facing 
valve seals 48 and eliminating ?ange 62. Cap 56 can be 
pushed into tWo positions; one position for the concave 
position or state of the seal and a second state representing 
the convex position of the seal depicted in FIG. 13. 

[0054] FIG. 13 depicts seal 28 of FIG. 12 With the seal 
positioned in a second state or convex position as shoWn. In 
this second state or convex position, aperature of 34 is 
closed thus preventing the How of ?uid therethrough. In this 
alternative embodiment seal, the seal is operated betWeen at 
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least tWo different positions or con?gurations, Whereas the 
aperature 34 changes con?guration betWeen an open and a 
closed position as a result of varying the seal betWeen its 
different positions or con?gurations. 

[0055] Use of the valve 10 of the present invention is 
remarkably straight-forWard. The introducer sheath 12 in 
Which the valve 10 is contained is suitably positioned With 
respect to the patient. The guide Wire 18, the catheter 20 or 
other interventional device is distally advanced in the direc 
tion of arroW 36 until it passes through a central opening 57 
in the cap 56, then engages and passes through the at least 
one opening 34 in the seal 26. The fact that the ?rst face 30 
of the seal 26 is concave in shape aids such engagement and 
passing. The concave shape also prevents or substantially 
prevents inversion of the shape of the seal 26 When the guide 
Wire 18, the catheter 20 or other interventional device is 
rotated or manipulated Within the valve 10, or moved in a 
proximal direction opposite to the arroW 36. 

[0056] The particularly disclosed arrangement of the cap 
56 and valve body 40 has the advantage during use that it 
provides some space for the displacement of the material of 
the seal 26 When larger diameter catheters 20 or other 
devices are inserted; the seal 26 Will expand during such 
insertion. Advantageously, a single siZe of seal 26 is useful 
for the entire range of sheath or catheter siZes from 9.5 Fr to 
16 Fr. The disk 28 of the seal 26, by Way of example, is 
preferably about 0.535 in. (13.6 mm) in diameter and 0.110 
in. (2.8 mm) thick, With the at least one perforation siZed in 
the proportions shoWn in the Figures. In such a case, 
hemostasis (sealing) is maintained not only for 0.020 in. 
(0.51 mm) diameter guide Wires, but for diameters up to 16 
Fr. catheters, balloons, dilators, stent introducers and other 
devices. A different siZed valve is not required for each 
different French siZe, in contrast to several prior devices. 

[0057] Alternate constructions for the cap 56, the valve 
body 40 or valve seat 48, and the seal 26 may facilitate 
manufacture or use of the valve 10. For example, as shoWn 
in FIG. 8, the ?ange 62 of the cap 56, Which abuts the ?rst 
face 30 of the seal 26, does not have to be formed integrally 
With the cap 56. Instead, the cap ?ange 62 can be formed as 
a separate ring 64 received in the cap 56, for example, press 
?t into the opening 57 of the cap 56. The apex of the cap 
?ange 62 can conveniently lie at the inside diameter of the 
ring 64. The inside diameter of the cap ?ange 62 can be 
greater than or equal to the inside diameter of the seat ?ange 
50, but as shoWn in FIG. 7 is preferably less than the inside 
diameter of the seat ?ange 50. Additional rings (not shoWn) 
can be added at the annular corners Where the seal 26 meets 
the cap 56 and/or the valve body 40 or valve seat 48. Such 
rings Would serve to further support or further shape the seal 
26. 

[0058] As shoWn in FIGS. 9A-11, the compressing means 
38 can include a portion 66 carried by the loW durometer 
seal 26 itself. For example, as shoWn in FIGS. 9A and 9B, 
the seal 26 can comprise a loW durometer central portion 68 
surrounded by an outer ring 70 composed of a material 
having a greater hardness. Indeed, the outer ring 70 conve 
niently can be, but need not necessarily be, composed of a 
thermoplastic elastomer. Alternatively, the seal can comprise 
the loW durometer central portion 68 and a pair of metal 
forms or Wings 72 embedded in or af?xed to a face of the 
central portion 68 (FIG. 10). The Wings 72 can be composed 
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of stainless steel, nitinol alloy, or another medical grade 
material more rigid than the loW durometer central portion 
68. 

[0059] FIG. 11 shoWs a T-shaped seal 74 serving the same 
function as the seal 26, having a central body 78 With the at 
least one perforation 34 extending through it, and an annular 
outer, turned-over edge 76 spaced from but surrounding the 
central body 78. The body 78 and edge 76 are composed of 
the same elastomer as the seal 26. HoWever, like the 
embodiments in FIGS. 9A-10, the seal 74 includes a portion 
66 of the compressing means 38 on it. In particular, the 
portion 66 is an outer band or ring 80 surrounding the central 
body 78 but positioned radially inWard of the outer edge 76 
of the seal 74. The outer ring 80 can be composed of a 
thermoplastic elastomer having a hardness greater than that 
of the central body 78 (for example, a silicone band having 
a hardness of about 30 to 50 Shore A), or can be con?gured 
as a Wire Wrap or coil composed of stainless steel, nitinol 
alloy or another medical grade material. The ring 80 Would 
be suf?ciently strong to provide enough radial compression 
to close the at least one perforation 34 by itself. In use, the 
outer edge 76 of the seal 74 Would be trapped against the 
valve body 40 by the cap 56, While the portion of the central 
body 78 beloW (distal to) the outer ring 80 could abut the 
?uid bore 42 of the valve body 40 directly. The valve seat 48 
could then be omitted, or moved to a suitable location. 

[0060] While disclosed as having particular utility as a 
hemostatic valve in an introducer sheath for a catheter or 
other interventional device, it should be apparent that the 
valve 10 of the present invention Would also useful as an 
in-line check valve in the ?oW path of a medical ?uid. The 
compression on the seal 26, providing the proximal surface 
30 of the seal 26 With a concave shape, Would prevent the 
reversal of ?oW of a ?uid through the perforation 34. This 
prevention of ?oW Would exist even if ?uid Were present on 
the proximal side of the seal 26. The valve 10 could most 
easily be adapted to serve as an in-line check valve by 
simply replacing the cap 56 With a coupling or connector 
Which is in turn connected to a supply of ?uid. (The ?uid 
bore 52 in the side arm 16, of course, should either be sealed 
or be connected to a suitable device or ?uid coupling.) Other 
Ways of adapting the valve 10 as a check valve in other 
structures should immediately be apparent to those skilled in 
this area, in light of the description of the valve provided 
above. Moreover, the valve 10 as disclosed could ?nd good 
use in laparoscopic introducers, neuroendoscopic ports, or 
introducers for transthoracic surgical procedures, among a 
variety of others. 

[0061] It is clear from the foregoing disclosure that the 
valve 10 of the present invention is particularly advanta 
geous over prior check valves or introducer sheath seals in 
that it possesses a high degree of effectiveness When no 
catheter or other interventional device lies across the seal or 
valve, and provides an acceptable seal to catheters and other 
interventional devices having a Wide range of diameters. The 
valve of the present invention also possesses a high resis 
tance to tearing When penetrated by catheters or other 
interventional devices of large diameter. Use of a single seal 
eliminates the problem of trapped air or blood encountered 
in duckbill or combination disk/duckbill arrangements, and 
alloWs the valve of the present invention to hold vacuum or 
a negative pressure quite Well. The valve of the present 
invention alloWs the easy passage devices of a very Wide 
range of diameters Without interfering With tactile feedback 
from them. The valve of the present invention Well tolerates 
repeated insertions and WithdraWals of catheters or other 
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interventional devices Without any appreciable decrease in 
the performance characteristics of the seal or valve, espe 
cially With respect to leakage and “feel.” Finally, the valve 
of the present invention is advantageous in that the com 
pression placed upon the seal prevents undue inversion of 
the seal surface despite repeated removals and manipula 
tions of devices lying across the valve. 

[0062] The details of the construction or composition of 
the various elements of the valve 10 not otherWise disclosed 
are not believed to be critical to the achievement of the 
advantages of the present invention, so long as the elements 
possess the strength or ?exibility needed for them to perform 
as disclosed. The selection of such details of construction are 
believed to be Well Within the ability of one of even 
rudimentary skills in this area, in vieW of the present 
disclosure. 

What is claimed is: 
1. A valve arrangement for controlling the ?oW of ?uid 

through a medical device, Wherein the arrangement com 
prises a seal (26) to be disposed in the ?uid ?oW, at least one 
aperture to be found in the seal to permit ?uid ?oW through 
the seal, and means (38, 56) for causing the material of the 
seal at least in the region of the or each perforation to close 
the perforation(s). 

2. An arrangement according to claim 1, Wherein the said 
material is compressible, and in that the said means is 
designed to compress the said material of the seal, at least in 
the region of the or each perforation, in order to close the 
perforation(s). 

3. An arrangement according to claim 1, Wherein the seal 
is mounted so that it can be changed betWeen one state and 
another state, Wherein When the seal is in the said one state, 
the aperture(s) is open to permit ?uid ?oW, and When in the 
other state, the aperture(s) is closed to prevent ?uid ?oW, and 
Wherein the said means serves to transfer the seal betWeen 
the said states. 

4. An arrangement according to claim 2, Wherein the 
material of the seal is of loW durometer thermoplastic. 

5. An arrangement according to claim 3, Wherein the 
material of the seal is suf?ciently resilient to enable the seal 
to move betWeen a concave state and a convex state, and 

Wherein the or each aperture is formed in such a manner that 
the aperture(s) is open in one of the states and closed in the 
other of the states. 

6. A valve (10) for a ?uid ?oW path (14) of a medical 
device, comprising: 

a seal (26) disposed in the ?uid ?oW path (14), the seal 
being composed of a loW durometer thermoplastic 
material having a hardness of no more than about 30 
Shore A, and the seal (26) having an uncompressed 
condition in Which the seal (26) is shaped generally as 
a disk (28) and has opposed ?rst (30) and second (32) 
faces and at least one perforation (34) extending 
through the seal (26) from the ?rst face (30) to the 
second face (32); and 

means (38) disposed about the ?uid ?oW path (14) for 
compressing the seal (26) so as to close the at least one 
perforation (34) in the seal (26). 

7. The valve (10) according to claim 6, Wherein the 
compressing means (38) comprises a valve body (40) de?n 
ing at least part of the ?oW path (14). 

8. The valve (10) according to claim 7, Wherein the 
compressing means (38) further comprises a cap (56) 
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engageable With the valve body (40), the seal (26) being 
compressed between the cap (56) and the valve body (40). 

9. The valve (10) according to claim 7, Wherein the 
compressing means (38) further comprises a valve seat (48) 
formed in the valve body (40) against Which the seal (26) is 
abutted. 

10. The valve (10) according to claim 9, Wherein the 
compressing means (38) further comprises a cap (56) 
engageable With the valve body (40), the seal (26) being 
compressed betWeen the cap (56) and the valve seat (48). 

11. The valve (10) according to claim 6, Wherein the ?rst 
(30) and second (32) faces of the seal (26) de?ne a preferred 
direction of movement through the at least one perforation 
(34), and Wherein the compressing means (38) imparts a 
concave shape to the ?rst face (30) of the seal (26) facing 
opposite the preferred direction of movement through the at 
least one perforation (34). 

12. The valve (10) according to claim 6, Wherein When the 
seal (26) is in its uncompressed condition, the at least one 
perforation (34) is Wider at the second face (32) of the seal 
than at the ?rst face (30) of the seal. 

13. The valve (10) according to claim 8, Wherein the cap 
(56) includes an annular ?ange (62) extending toWards the 
valve body (40) and abutting the ?rst face (30) of the seal 
(26), imparting a concave shape to the ?rst face (30) of the 
seal (26). 

14. The valve (10) according to claim 9, Wherein the valve 
seat (48) includes an annular ?ange (50) extending aWay 
from the valve body (40) and abutting the second face (32) 
of the seal (26), imparting a concave shape to the ?rst face 
(30) of the seal (26). 

15. The valve (10) according to claim 10, Wherein the cap 
(56) and the valve seat (48) each include respective annular 
cap (62) and valve seat (50) ?anges facing each other and 
abutting the ?rst (30) and second (32) faces of the seal (26), 
respectively, imparting a concave shape to the ?rst face (30) 
of the seal (26). 

16. The valve (10) according to claim 8, Wherein the cap 
?ange (62) is formed as a ring (64) received in the cap (56). 

17. The valve (10) according to claim 6, Wherein the at 
least one seal perforation (34) is Y-shaped When the seal (26) 
is in its uncompressed condition. 

18. The valve (10) according to claim 6, Wherein the at 
least one seal perforation (34) is oval and possesses an 
increasing cross-section from the ?rst face (30) of the seal 
(26) to the second face (32) of the seal (26), When the seal 
(26) is in its uncompressed state. 

19. The valve (10) according to claim 9, Wherein the ?rst 
(30) and second (32) faces of the seal (26) de?ne a preferred 
direction of movement through the at least one perforation 
(34), and Wherein the valve seat (48) is formed as a series of 
steps (54) in the valve body (40), the steps (54) being of 
decreasing radius in the preferred direction of movement 
through the at least one seal perforation (34). 

20. The valve (10) according to claim 6, Wherein the 
thermoplastic styrenic elastomer of Which the seal (26) is 
composed has a resistance to tearing equivalent to that 
possessed by a thermoplastic styrene-ethylene/butylene-sty 
rene block copolymer elastomer having a hardness of no 
more than about 30 Shore A. 

21. The valve (10) according to claim 6, Wherein the seal 
(26) is composed of a thermoplastic styrene-ethylene/buty 
lene-styrene block copolymer. 
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22. The valve (10) according to claim 6, Wherein the 
compressing means (38) includes a portion (66) carried by 
the seal (26). 

23. A valve (10) for a ?uid ?oW path (14), comprising: 

a seal (26) to be disposed in the ?uid ?oW path (14), the 
seal being composed of a very loW durometer thermo 
plastic elastomeric styrene-ethylene/butylene-styrene 
block copolymer having a hardness of no more than 
about 30 Shore A, and the seal (26) having an uncom 
pressed condition in Which the seal (26) is shaped 
generally as a disk (28) and has opposed ?rst (30) and 
second (32) faces and at least one perforation (34) 
extending through the seal (26) from the ?rst face (30) 
to the second face (32); and 

means (38) connected to the ?uid ?oW path (14) for 
compressing the seal (26) so as to close the at least one 
perforation (34) in the seal (26); 

Wherein the compressing means (38) comprises a valve 
body (40) de?ning at least part of the How path (14), a 
valve seat (48) formed in the valve body (40) and a cap 
(56) engageable With the valve body (40), the seal (26) 
being compressed betWeen the cap (56) and the valve 
seat (48); and Wherein the cap (56) and the valve seat 
(48) each include respective annular cap (62) and valve 
seat (50) ?anges facing each other and abutting the ?rst 
(30) and second (32) faces of the seal (26), respectively, 
imparting a concave shape to the ?rst face (30) of the 
seal (26); 

Wherein the ?rst (30) and second (32) faces of the seal 
(26) de?ne a preferred direction of movement through 
the at least one perforation (34), and Wherein the 
compressing means (38) imparts a concave shape to the 
?rst face (30) of the seal (26) facing opposite the 
preferred direction of movement through the at least 
one perforation (34); and 

Wherein When the seal (26) is in its uncompressed con 
dition, the at least one perforation (34) is Wider at the 
second face (32) of the seal than at the ?rst face (30) of 
the seal. 

24. In a valve (10) for a ?uid ?oW path (14), the valve (10) 
including a perforate elastomeric disk (28) closing the How 
path (14), the improvement Wherein the disk (28) is com 
posed of a thermoplastic styrene-ethylene/butylene-styrene 
block copolymer having a hardness of no more than about 30 
Shore A. 

25. In a self-sealing, penetrable, hemostatic valve (10) for 
an introducer (12) for a catheter (20) or other interventional 
device, the catheter (20) or other interventional device 
having a proximal end (22), and the valve (10) including a 
generally disk-shaped seal (26) receiving and sealing around 
the periphery of the catheter (20) or other interventional 
device When inserted in the introducer (12), the improve 
ment Wherein the seal (26) is composed of a thermoplastic 
styrene-ethylene/butylene-styrene block copolymer having 
a hardness of no more than about 30 Shore A, and Wherein 
the seal (26) is compressed so as to present a concave face 
(30) toWards the proximal end (22) of the catheter (20) or 
other interventional device. 


