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(57) ABSTRACT 

A vascular access device is provided that has a device lumen 
Valve and a Safety valve feature to prevent leakage of blood 
from a lumen of Such device. The vascular access device 
includes a sheath which may have an outer tube and struc 
ture defining a device lumen located therein. The access 
device further includes a detachable device valve which 
provides Sealing of the device lumen. In addition, a non 
detachable hemostasis Safety valve is provided on the proxi 
mal end of the device lumen to seal the device lumen when 
no device valve is present. The device valve attaches to and 
Simultaneously opens the proximal end of the hemostasis 
safety valve. In one embodiment, the device valve includes 
a distal projection that pierces an elastomeric valve member 
of the hemostasis safety valve. The elastomeric valve mem 
ber of the hemostasis safety valve is stiffer than an elasto 
meric valve member of the device valve, and prevents 
introduction of guidewires and highly flexible catheters 
therethrough. 
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WASCULAR ACCESS DEVICES HAVING 
HEMOSTATC SAFETY WALVE 

RELATED APPLICATIONS 

0001. The present application is a divisional patent appli 
cation of co-pending allowed U.S. application Ser. No. 
09/450,032, filed Nov. 24, 1999. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to medical 
devices which are used to provide acceSS into the human 
body and, more particularly, to acceSS devices which provide 
a single, relatively long-term, entry port into the body. The 
devices each include a detachable hemostasis valve and a 
nondetachable safety valve to prevent backflow of bodily 
fluids upon removal of the hemostasis valve. 2. Description 
of Related Art 

0004. A wide variety of medical devices have been 
developed in recent years for providing acceSS into the 
human blood stream. These devices have traditionally been 
divided into two different groups based on their function and 
purpose. The first group of devices includes catheters which 
are designed to introduce therapeutic and/or diagnostic 
fluids into the blood Stream. The Second group includes 
devices commonly referred to as “introducers” which are 
designed to provide an intermediate term acceSS port into the 
body through which various medical implements may be 
passed for therapeutic and/or diagnostic purposes. AS a 
generalization, catheters are longer and more flexible than 
introducers. 

0005 Central venous catheters are relatively long tubular 
devices which have tapered distal tips which are designed 
for entry into central veins to provide a dedicated route of 
fluid infusion into the body. The original venous catheters 
were single lumen devices which provided the ability to 
infuse a Single liquid into the vein at one time. Multiple 
lumen catheters have since been developed which allow 
Simultaneous introduction of two or more liquids into the 
vein. The central venous pressure catheter is a type of 
common multiple lumen catheter which allows the Simul 
taneous introduction and withdrawal of fluids as well as the 
capability of monitoring blood pressure and other vital 
parameters. The portion of the catheter which remains 
outside of the body has been continually refined and rede 
signed to provide a low profile which increases comfort and 
reduces the awkwardneSS associated with a dedicated tube 
exiting the body. 
0006 Introducers are substantially different from cath 
eters in both design and purpose. An introducer is an acceSS 
device which is intended to provide a dedicated access port 
into the body. Catheters, on the other hand, are intended to 
be used to infuse or withdraw fluids from the body. Intro 
ducers typically include a relatively short lumen through 
which various medical implements, including catheters, can 
be selectively introduced and removed from the body. An 
important feature of any introducer is the valve assembly. 
The valve assembly provides a constant seal between the 
blood Stream and the in vitro environment as medical 
implements are introduced and withdrawn from the body. 
The valve assembly is typically located outside of the body 
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at the proximal end of the introducer. As a result, the 
proximal end of introducers has tended to be relatively 
bulky. 
0007. In addition to a valve assembly, many introducers 
include a side arm at the proximal end. The Side arm is 
connected to the lumen So that fluids can be introduced into 
the body simultaneously with the medical device. The 
introducer lumen is considered to be a “shared' lumen in 
that the lumen provides a common conduit for both medical 
implements and fluid pharmaceuticals or diagnostics. 
0008. The currently available introducers and other 
acceSS devices are well-Suited for their intended purpose. 
However, new medical treatments and diagnostic proce 
dures are continually being developed which require more 
Versatile access into the body. For example, organ transplant 
procedures and cardiac angioplasty require the introduction 
of complex combinations of medical implements and diag 
nostic/therapeutic fluids into the body. Many of the presently 
available access devices are not well-Suited for these rela 
tively complex procedures. As a result, multiple access 
devices are required which must be located at multiple 
acceSS Sites necessitating multiple entry punctures. Accord 
ingly, there is a continuing need to provide improved access 
devices that have additional capabilities which increase their 
Versatility and usefulness for the increasing variety of inva 
Sive treatments and procedures. 

SUMMARY OF THE INVENTION 

0009. In accordance with the present invention, an 
improved access device is provided which incorporates a 
combination of a device lumen valve and a Safety valve 
asSociated with the device lumen to prevent backflow and 
leakage of blood from Said lumen. In certain embodiments, 
the present invention is an improvement over existing intro 
ducers and other acceSS devices in that multiple lumen 
acceSS is provided through the introducer in addition to the 
shared lumen which is used for both medical implements 
and fluid pharmaceuticals or diagnostics. AS an advantage, 
the improved access device reduces the number of devices 
required to introduce multiple implements and fluids into the 
body during complex Surgical and diagnostic procedures. 
0010. It should be noted that the present invention pro 
vides a Supplemental Safety valve for various vascular 
acceSS devices, including Single or multiple lumen devices. 
The present disclosure includes a Substantial portion of 
co-pending application Ser. No. 09/329,002, filed Jun. 8, 
1999, entitled “MULTIPLE LUMEN ACCESS DEVICE 
AND METHOD,” the disclosure of which is hereby 
expressly incorporated by reference. This prior application 
pertains to multiple lumen acceSS devices, broadly defined 
as having at least one device lumen and at least one auxiliary 
lumen, typically for infusion. The present Supplemental 
Safety valve can be used in combination with many of the 
embodiments disclosed in the prior application, Some of 
which are included herein as examples. However, the inven 
tion can also be used to Supplement Single lumen access 
devices, Such as Standard introducers. 
0011. In one exemplary embodiment, the present inven 
tion desirably includes a multiple lumen acceSS System for 
use in providing an entry port into the human body for 
Selectively introducing medical implements therethrough 
and for providing Simultaneous auxiliary acceSS into the 



US 2004/0068248 A1 

body. The System includes a multiple lumen access device 
comprising an outer tube which has a distal end for intro 
duction into the body and a cross-sectional area. A device 
lumen through which medical implements may be passed is 
defined within the croSS-Sectional area of the outer tube, the 
device lumen having a distal end and a proximal end. At 
least one auxiliary lumen is defined within the croSS-Sec 
tional area and Separately from the device lumen, the aux 
iliary lumen having a distal end and proximal end. Finally, 
a detachable device lumen valve is associated with the 
proximal end of the device lumen to provide Sealing of the 
device lumen when medical implements are both present 
and absent from the device lumen. 

0012. A hemostatic safety valve is associated with the 
device lumen to prevent backflow and leakage of blood from 
the device lumen when the device lumen Valve is purposely 
or inadvertently detached. Such Safety valve may comprise 
any Suitable type of one-way valve or check valve. A 
particular one-way valve that is useable comprises an elas 
tomeric membrane having a self-sealing opening (e.g. a slit) 
formed therein. The elastomeric membrane is disposed 
transversely within the device lumen, or over the proximal 
end of, the device lumen with its Self-sealing opening being 
biased to a closed or Sealed configuration. When no device 
is inserted through the device lumen, the elastomeric barrier 
will prevent blood from backflowing in the proximal direc 
tion, past the elastomeric barrier, even when the device 
lumen valve is disconnected or absent. When a device (e.g., 
another catheter or interventional apparatus) is inserted 
through the device lumen, it will cause the Self-sealing 
opening of the elastomeric barrier to open Sufficiently to 
allow the device to be inserted therethrough. 
0013 A multiple lumen access system according to the 
present invention may also include a junction housing 
having a proximal end and a distal end to which the proximal 
end of the outer tube connects. The junction housing 
includes a main channel in fluid communication with the 
device lumen and at least one auxiliary channel in fluid 
communication with the at least one auxiliary lumen, the 
main channel and auxiliary channel(s) diverging from the 
outer tube to be non-interSecting in the junction housing. 

0.014. In one embodiment, the main channel and auxiliary 
channel(s) of the junction housing may be oriented Substan 
tially coplanar So that the junction housing is Substantially 
flat, the System further including an extension tube extend 
ing from the proximal end of the junction housing and in 
fluid communication with the main channel wherein the 
Safety valve is connected to the extension tube to therefore 
be in fluid communication with the main channel. The 
device lumen valve is then connectable to the safety valve. 
A side port in the device lumen valve may be provided 
enabling infusion of fluids to the extension tube and main 
channel. Furthermore, mating threaded connectors may be 
included between the device lumen valve and the safety 
Valve enabling easy removal of the device lumen valve. Any 
appropriate connector, for example a luer connector, may be 
provided on the device lumen valve, and the System may 
also include an infusion Syringe having a mating luer 
COnnectOr. 

0.015 The present invention is also directed to a method 
for introducing medical devices into the body through a 
Single entry port while at all times preventing backflow of 
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fluids through the entry port. In one embodiment, the 
method includes the Steps of providing a vascular access 
device having a device lumen and a Safety valve on the 
proximal end thereof; introducing the vascular acceSS device 
into the body with the distal end of the device lumen being 
positioned within a vasculature of the body; attaching a 
detachable hemostasis valve to the Safety valve to open the 
Safety valve, and inserting a device through the hemostasis 
Valve, open Safety valve and device lumen. 
0016. The above-described and many other features and 
attendant advantages of the present invention will become 
better understood by reference to the following detailed 
description when taken in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a perspective view of an exemplary 
multiple lumen access device for use with the present 
invention. 

0018 FIG. 2 is a sectional view of FIG. 1 taken in the 
2-2 plane of FIG. 1. 
0019 FIG. 3A is a sectional view taken in the same 2-2 
plane of FIG. 1 which shows a relatively small diameter 
medical device located within the device lumen. 

0020 FIG. 3B is a sectional view taken in the same 2-2 
plane of FIG. 1 showing a relatively large diameter medical 
implement located within the device lumen. 
0021 FIG. 4 is a sectional view of FIG. 1 taken in the 
4-4 plane. 

0022 FIG. 5 is a sectional view of FIG. 1 taken in the 
5-5 plane. 
0023 FIG. 6 is a perspective view of another exemplary 
embodiment for use with the present invention. 
0024 FIG. 7 is a sectional view of FIG. 6 taken in the 
7-7 plane. 
0025 FIG. 8 is a sectional view of FIG. 6 taken in the 
8-8 plane. 
0026 FIG. 9 is a sectional view of an exemplary flexible 
inner wall showing the location of spacing ribs. 
0027 FIG. 10 is a sectional view of an exemplary 
multiple lumen acceSS device having a Single auxiliary 
lumen. 

0028 FIGS. 11 A-C are sectional views of an exemplary 
multiple lumen acceSS device showing a relatively Small 
diameter medical implement located in a central device 
lumen and the inner walls in relaxed conditions (11A), 
partially collapsed about the implement due to pressuriza 
tion of Side auxiliary lumens (11B), and Substantially com 
pletely collapsed about the implement (11C). 
0029 FIG. 12 is a graph illustrating an increase in the 
cross-sectional area (in gauge size) of an auxiliary lumen, 
Such as in the cross-section shown in FIGS. 11A-11C, as the 
differential pressure between the auxiliary lumen and the 
device lumen changes. 
0030 FIG. 13 is a sectional view of an alternative 
multi-lumen sheath for use in the present invention having 
a device lumen on one side and two Side-by-side auxiliary 
lumens. 
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0.031 FIG. 14 is a sectional view of an alternative 
multi-lumen sheath for use in the present invention having 
a device lumen on one side and two Stacked auxiliary 
lumens. 

0032 FIG. 15 is a sectional view of an alternative 
multi-lumen sheath for use in the present invention having 
no flexible walls therein. 

0033 FIG. 16 is a perspective view of a further embodi 
ment of a multiple lumen access device for use with the 
present invention. 
0034 FIG. 17 is a perspective sectional view of FIG. 16 
taken in the 17-17 plane. 
0035 FIGS. 18 and 19 are two perspective views of a 
multiple lumen access device similar to that shown in FIG. 
16. 

0036 FIG. 20 is an elevational view of the multiple 
lumen access device of FIGS. 18 and 19 in place in the 
vasculature of a patient. 
0037 FIG. 21 is a plan view of an alternative multiple 
lumen access device with a low profile junction housing. 
0038 FIG. 22 is a detailed view of an alternative intro 
ducer valve assembly for use in the device of FIG. 21. 
0039 FIG. 23 is a perspective view of an exemplary 
multiple lumen access device for use with the present 
invention having a hemostatic Safety valve on the proximal 
end of the device lumen and a detachable device lumen 
valve that has been detached from the proximal end of the 
device lumen. 

0040 FIG.24 is a plan view of the multiple lumen access 
device of FIG. 23 with the device lumen valve operatively 
attached to the proximal end of the device lumen, in coop 
eration with the hemostatic Safety valve. 
0041 FIG. 25 is a longitudinal sectional view taken 
along line 25-25 of FIG. 24 of the device lumen valve in 
cooperation with the hemostatic Safety valve. 
0.042 FIG. 26 is an exploded, side elevational view of 
one device lumen valve that is uSeable in the acceSS device 
of the present invention. 
0.043 FIG. 27 is an exploded, side elevational view of an 
alternative device lumen Valve that is useable in the acceSS 
device of the present invention. 
0044 FIG. 28 is a plan view of a multiple lumen access 
device for use with the present invention having a center 
tube and two Side lumen tubes in accordance with the 
present invention. 
004.5 FIGS. 29A and 29B are sectional views of a sheath 
of the multiple lumen access device of FIG. 28 taken along 
lines 29A-29A and 29B-29B, respectively. 
0.046 FIG. 30 is an alternative multiple lumen access 
device with discrete tubes as in FIG. 28 and having a 
junction housing. 

0047 FIG.31A is an exploded view of a multiple lumen 
access device having an introducer connected to a multi 
lumen catheter by an adjustable adapter. 
0048 FIG. 31B is an assembled view of the multiple 
lumen access device of FIG. 31A. 
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0049 FIG.32A is an exploded view of a multiple lumen 
acceSS device having an introducer with infusion port con 
nected to a multi-lumen catheter by an adapter for use with 
the present invention. 
0050 FIG. 32B is an assembled view of the multiple 
lumen access device of FIG. 32A. 

0051 FIG.33A is an exploded view of a multiple lumen 
acceSS device having an introducer with infusion port con 
nected to a triple lumenjunction housing and obturator by an 
adapter. 

0.052 FIG. 33B is an assembled view of the multiple 
lumen access device of FIG. 33A. 

0053 FIG.34A is an exploded view of a multiple lumen 
acceSS device having an introducer connected to triple lumen 
junction housing by a threaded adapter. 
0054 FIG. 34B is an assembled view of the multiple 
lumen access device of FIG. 34A. 

0055 FIG.35A is an exploded view of a multiple lumen 
acceSS device having an introducer connected to triple lumen 
junction housing and elongated infusion tube by a threaded 
adapter. 

0056 FIG. 35B is an assembled view of the multiple 
lumen access device of FIG. 35A. 

0057 FIG. 36A is an exploded view of a multiple lumen 
acceSS device having an introducer with infusion port tele 
Scopically fitting within a larger introducer. 

0.058 FIG. 36B is an assembled view of the multiple 
lumen access device of FIG. 36A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0059 An exemplary vascular access device having mul 
tiple lumens in accordance with the present invention is 
shown generally at 10 in FIGS. 1-5. The device 10 includes 
an outer tube 12 which has a distal end 14 and a proximal 
end 16. As best shown in FIGS. 2-5, the outer tube 12 has 
an exterior Surface 18 and an interior Surface 20. The interior 
Surface 20 defines an access passageway or lumen 22 which 
has a cross-sectional area that may vary at different locations 
between the distal 14 and proximal 16 ends of the outer tube 
12. Typically, the outer tube 12 may be tapered at the distal 
end 14, if desired. As a result of the tapering of the outer tube 
12, the cross-sectional area will decrease accordingly. 
0060 An inner tube 24 is located within the access 
passageway 22. The inner tube 24 has a distal end and a 
proximal end which correspond to the distal end 14 and 
proximal end 16 of the outer tube 12. As illustrated in FIG. 
2, the inner tube 24 is formed by a wall Surrounding a device 
lumen 30, the wall having an exterior surface 26 and an 
interior Surface 28. The interior Surface 28 defines a device 
lumen 30 through which medical implements (such as 
catheters 32 and 34 shown in FIGS. 3A and 3B, respec 
tively) may be inserted into the body. Catheter 34 is also 
shown in position within the device lumen 30 in FIGS. 4 
and 5. 

0061. Two auxiliary lumens 36 and 48 are located 
between the exterior Surface 26 of the inner tube 24 and the 
interior surface 20 of the outer tube 12. The auxiliary lumens 
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36 and 48 each have a distal end and a proximal end which 
correspond generally to the distal and proximal ends of the 
outer tube 12 and inner tube 24. In this particular embodi 
ment, the surfaces which define the auxiliary lumens 36 and 
48 correspond to portions of the interior surface of the outer 
tube and exterior Surface of the inner tube. Specifically, 
auxiliary lumen 36 is defined or bordered by an interior 
surface 38 which corresponds to the interior surface 20 of 
the outer tube 12 and the exterior Surface 26 of the inner tube 
24. Further, the auxiliary lumen 36 is defined by separation 
surfaces 40 and 42 which are formed by separation barriers 
44 and 46, respectively. 
0062) A second auxiliary lumen 48 is also formed or 
defined by the interior surface 20 of the outer tube 12 and the 
exterior surface 26 of the inner tube 24. Accordingly, the 
interior Surface 50 which defines the second auxiliary lumen 
48 corresponds to these Surfaces. In addition, the auxiliary 
lumen 48 is bordered by separation surfaces 52 and 54 
formed by separation barriers 44 and 46, respectively. 
0.063 Referring to FIG. 1, the multiple lumen access 
device 10 includes a junction housing 56. The junction 
housing 56 is connected to the proximal end 16 of the acceSS 
lumen 12. The housing 56 includes infusion tubes 58 and 60 
which are connected through the housing 56 to auxiliary 
lumens 36 and 48, respectively. The infusion tubes 58 and 60 
include luer connectors 62 and 64. Other conventional 
connection devices may be used. A third infusion tube 66 is 
connected via the housing 56 to the device lumen 30 in order 
to provide a route for infusion of liquid into the device 
lumen 30. It should be noted that the infusion tube 66 is not 
connected to the junction housing 56 at a right angle as is 
typically done in conventional introducer-type devices. 
Instead, the infusion tube 66 extends from the housing 56 
parallel to the other two infusion tubes 58 and 60. This 
parallel orientation of the tubes 58,60 and 66 allows housing 
56 to be a low profile body which reduces the bulkiness of 
the proximal end of the device and increases its wearing 
comfort. A conventional locking device, Such as luer lock 68 
is also provided at the proximal end of the infusion tube 66. 
0064. The housing 56 includes a valve 70 through which 
various medical implements are inserted into the device 
lumen 30. Valve 70 includes a valve or gasket assembly 
which is designed to provide sealing of the device lumen 30 
when medical implements are both present and absent from 
the device lumen30. Any of the known gasket arrangements 
and valve mechanisms used to provide Sealing of introducers 
and related medical implement acceSS devices are Suitable. 
The multiple lumen acceSS device 10 is designed for use in 
combination with providing access to either the arterial or 
venous sides of the bloodstream. 

0065. Although the device 10, as shown in FIG. 1, 
includes a non-detachable device lumen valve 70, it also 
includes infusion tubes 58, 60, and 66 that can be modified 
to include the Safety valve of the present invention, as 
described below with respect to FIGS. 23-27. Therefore, the 
combination of various aspects of the device 10 and the 
safety valve assembly of the present invention is within the 
Scope of the present invention. 
0066 An opening 72 (see FIG. 1 and FIG.5) is provided 
towards the distal end of outer tube 12. The opening 72 is 
provided to allow exit of fluid from auxiliary lumen 48 
which has been introduced through infusion tube 58. Like 
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wise, an opening 74 (shown in phantom in FIG. 1 and also 
shown in FIG. 4) is provided for allowing the fluid intro 
duced through infusion tube 60 to exit auxiliary lumen 36 at 
the proximal end of the outer tube 12. 

0067. As illustrated in FIGS. 1, 4 and 5, the openings 72 
and 74 are preferably sized to avoid restricting fluid flow 
through the respective auxiliary lumens. Therefore, it is 
preferred that the openings 72 and 74 are each sized suffi 
ciently large to be equal or greater than the maximum 
distended/expanded croSS-Sectional area of the correspond 
ing auxiliary lumens 36 and 48. Of course, this same 
principle applies with regard to any number of auxiliary 
lumens each having a variable cross-section. When either 
auxiliary lumen 36, 48 is under pressure and no device is 
present in the device lumen 30, the auxiliary lumen croSS 
Section increases in diameter. In one preferred embodiment, 
the auxiliary lumen increases, for example, from approxi 
mately 15 gauge to about 12 gauge, while in another 
embodiment the auxiliary lumen increases from approxi 
mately 18 gauge to about 14 gauge. Therefore, the openings 
72 and 74 are each sized to be equivalent to or greater than 
12 gauge or 14 gauge, respectively, to avoid restricting fluid 
flow through the respective auxiliary lumen. When other 
croSS-Section diameters of the auxiliary lumens are used, the 
Size of the openings, Such as 72 and 74, are preferably sized 
accordingly. 

0068. In this exemplary embodiment, the inner tube 24 
must be sufficiently flexible to be stretchable between a 
relaxed position as shown in FIG. 3A and various expanded 
positions as exemplified in FIG. 3B. In FIG. 3A, a catheter 
32 having a diameter of 1.3 millimeter (4 French) is shown 
inserted within the device lumen 30. The inner tube 24 is in 
a relaxed position where the cross-sectional area of the 
device lumen 30 is approximately 2 Square millimeters. The 
relaxed cross-sectional area of the device lumen 30 will 
preferably range from 1 to 3 Square millimeters. Larger 
diameters are possible, if desired. It is preferred, but not 
required, that inner tube 24 have a circular or elliptical 
croSS-Section. 

0069. As shown in FIG.3B, a larger diameter catheter 34 
has been inserted into the device lumen 30. The inner wall 
24 is made from sufficiently resilient material and is suffi 
ciently sized So that it can expand to the diameter shown 
which is approximately 3 millimeter (9 French). The maxi 
mum diameters to which the inner tube 24 can be expanded 
is limited by the diameter of the outer tube 12. The inner 
tube 24 may be flexed inward, if desired, by applying fluid 
pressure through one or both auxiliary lumens 36 and 48. 
Typically, the cross-sectional area of the device lumen 30 
when the inner tube 24 is in its maximum expanded State 
will range from 5 to 9 Square millimeters. Larger diameters 
are possible, if desired. Preferably, the inner tube 24 will be 
sufficiently flexible so that it can be expanded completely 
outward against the interior surface 20 of the outer tube 12. 
In the fully expanded state, the auxiliary lumens 36 and 48 
will have Substantially reduced cross-sectional areas. How 
ever, it is preferred that the auxiliary lumens 36 and 48 not 
be entirely closed. It is desirable to leave Some opening 
through these two auxiliary lumens 36 and 48 at all times to 
allow flushing fluids to be passed through the lumens in 
order to prevent the formation of blood clots or other 
problems associated with a completely collapsed lumen. 
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0070 Preferably, the inner tube 24 is sufficiently flexible 
to be stretched to expanded positions wherein the croSS 
sectional area of the device lumen 30 in the expanded state 
is up to 85 percent of the croSS-Sectional area of the acceSS 
lumen 22. This allows for continual auxiliary fluid intro 
duction through auxiliary lumens 36 and 48. Further, it is 
preferred that in the relaxed position as shown in FIG. 3, 
that the device lumen 30 have a cross-sectional area which 
is not less than 35 percent of the cross-sectional area of the 
access lumen 22. 

0071. The inner tube 24 is preferably connected to the 
outer tube 12 at separation barriers 44 and 46 in order to 
divide the access lumen 22 into a three-chamber lumen, i.e. 
the central device lumen 30 and two auxiliary lumens 36 and 
48. In order to achieve the desired flexibility of the device 
lumen 30, it is preferred that a relatively elastic material be 
utilized. Suitable elastic materials include, but are not lim 
ited to, polyvinylchloride, polyurethane, polyethylene, 
nylon, Silicone, fluoropolymers and polypropylene. Further, 
in order to achieve the desired variation in lumen croSS 
Sectional areas, the thickneSS and durometer of the inner tube 
walls 24 must be carefully matched to the particular material 
being utilized. For less flexible materials, the wall thick 
neSSes must be correspondingly reduced in order to achieve 
the desired flexibility limits. The inner tube 24 should be 
sufficiently flexible so that it can be expanded to diameters 
which are at least as large as the Outer tube 12. 
0.072 Another exemplary embodiment of the access 
device for use with the present invention is shown generally 
at 100 in FIG. 6. The access device 100 is similar to the 
previous preferred embodiments in that it includes an outer 
tube 112 having a distal end 114 and a proximal end 116. As 
best shown in FIGS. 7 and 8, the outer tube 112 has an 
exterior Surface 118 and an interior Surface 120. The interior 
Surface defines an acceSS passageway 122 in which an inner 
tube 124 is located. The inner tube 124 includes an exterior 
Surface 126 and an interior Surface 128. The interior Surface 
128 of the inner tube 124 defines a device lumen 130 
through which medical implements, Such as a catheter, may 
be inserted. The access device 100 includes three separation 
barriers 132, 134 and 136 which, in combination with the 
interior Surface of the outer tube 120 and exterior Surface of 
the inner tube 126, form three auxiliary lumens 138,140 and 
142. The multiple lumen access device 100 includes the 
Same type of junction housing 144 which was described in 
the previously-described embodiment (FIGS. 1-5), except 
that an additional infusion lumen is included to provide 
infusion of liquid into the additional auxiliary lumen. AS 
shown in FIG. 6, infusion lumens 146, 148 and 150 are 
connected Viajunction housing 144 to auxiliary lumens 138, 
140 and 142, respectively. A primary infusion lumen 152 is 
also provided for introducing fluids into the device lumen 
130. Again, an access port 154 is provided with the appro 
priate gaskets and/or Valving mechanism to allow introduc 
tion of catheters and other medical devices into the device 
lumen 130. 

0073. The inner tube 124 in this exemplary embodiment 
may or may not be made from flexible material. The 
inclusion of three separation barriers in this particular 
embodiment reduces the ability for flexible expansion and 
contraction of the inner tube 124. However, it is preferred 
that the material used to form the device lumen 124 and the 
separation barriers be more flexible than the exterior outer 
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tube 112 in order to allow variations in the cross-sectional 
areas of the auxiliary lumens. Otherwise, the same materials 
and fabrication techniques which are used to fabricate the 
prior embodiments are also Suitable for use in making the 
multiple lumen access device 100. 

0074) In the embodiment shown in FIG. 9, spacer ribs 
210 are provided on the interior Surface 220 of the outer tube 
212 to prevent the inner tube 224 from being expanded to a 
position which closes the auxiliary lumens 236 and 248. 
Spacer ribs 211 may also be provided to insure that a 
passageway 213 is maintained around a device 215 when it 
is located within device lumen 230. The ribs 210 are 
preferably located longitudinally along the entire length of 
the outer tube 212 where the inner tube 224 is also present. 
The particular cross-sectional shape of the Spacer ribs 210 is 
not particularly important So long as they are relatively blunt 
and do not damage the inner tube 224 during contact 
there with. The number and relative positioning of the Spacer 
must be chosen to insure that complete closure of the 
auxiliary lumens 236 and 248 does not occur. For inner tubes 
224 which are relatively flexible, the number and size of ribs 
may have to be increased. The ribs 210 shown in FIG. 9 are 
an example of a preferred configuration. The number, shape, 
size and position of the ribs 210 may be varied as required 
in order to prevent closure of the auxiliary lumens 236 and 
248 as discussed above. 

0075 Although more than two auxiliary lumens may be 
included into the multiple lumen acceSS device, it is pre 
ferred that two lumens be utilized. The use of two lumens is 
a preferred design for allowing uniform expansion of the 
inner tube 24 between the relaxed state as shown in FIG.3A 
and an expanded state as shown in FIG. 3B. 

0076 Access devices which include one auxiliary lumen 
are also possible. The cross-section of an exemplary access 
lumen is shown at 310 in FIG. 10. The access lumen 310 
includes an outer tube 312 which defines an access lumen 
322. The access lumen 322 is divided into a device lumen 
330 and an auxiliary lumen 336 by an inner flexible wall 
324. The inner Surface of the outer wall 312 preferably 
includes spacer ribs (shown in phantom at 350) to prevent 
closure of the auxiliary lumen 336. The inner wall 324 is 
made from the same types of flexible materials as described 
previously for the inner tubes used in the multiple auxiliary 
lumen embodiments. This particular embodiment is well 
Suited for use in those situations where a relatively large 
device lumen is required in favor of the advantages provided 
by multiple auxiliary lumens. 

0077. The outer wall 12 is preferably made from any of 
the well-known polymer materials used in fabricating intro 
ducers and other acceSS devices. Exemplary materials 
include polyurethane, polyethylene, polypropylene, nylon, 
polyester, polyether/ester copolymers, Silicone based poly 
mers, metalocene catalyzed polyolefins or ethylene Vinyl 
acetate and synthetic rubbers. Preferably, the material used 
and wall thicknesses for the outer wall 12 are such that the 
outer wall 12 is a relatively stiff tube in relation to the inner 
tube 24. Further, the material used for the outer wall 12 
should be compatible for molding purposes with the material 
used to form the inner wall 24. It is preferred that the outer 
wall 12 and inner wall 24 be extruded together, as will be 
more fully described below. The outer wall 12 and inner wall 
26 may be made from the same material or different mate 
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rials. The inner wall 26 is preferably made from softer 
versions of the various polymers listed above. When using 
different materials, the materials must be compatible for 
bonding or fusing together. 

0078. Other fabrication techniques for connecting the 
inner and outer tubes are possible provided that the connec 
tion between the two lumens at the separation barriers 44 
and 46 extends the entire length of the two lumens and 
provides a Solid integral connection between the lumens. For 
example, radio frequency (RF) welding of the tubes is 
another possible fabrication procedure which may be used to 
make the access lumen in accordance with the present 
invention. If desired, the entire triple lumen can be extruded 
as a Single integral multiple lumen Structure. 

0079. During use, the exemplary access device 10 allows 
introduction of medical implements into the device lumen 
while at the same time allowing infusion of fluid through 
tube 66 also into device lumen, as well as allowing infusion 
through tubes 58 and 60 into auxiliary lumens 48 and 36, 
respectively. Since, as discussed above, the outer tube 12 is 
relatively inflexible in the radial direction (though overall 
longitudinally flexible), the total available cross-sectional 
area for insertion of medical implements and flow of fluids 
is limited for a given access device. However, the flexibility 
of the device lumen allows the doctor or other medical 
professional to selectively and fully utilize the total available 
croSS-Sectional area. 

0080. In FIG.3A, a relatively small catheter 32 is shown 
inserted within the device lumen 30. In this configuration, 
fluids may be infused/removed through the unused area of 
the device lumen 30 as well as the two auxiliary lumens 36 
and 48. It should be noted that the preferred design inher 
ently centers the catheter or medical implement 32 So that 
the auxiliary lumens 36 and 48 have approximately equal 
croSS-Sectional areas. However, it should be noted that the 
application of differential pressure to the infusion tubes 58 
and 60 can be used to Selectively increase or decrease the 
relative croSS Sectional areas available for infusion of fluids 
through the auxiliary lumens. For example, the Size of 
auxiliary lumen 36 can be increased relative to the croSS 
Sectional size of auxiliary lumen 48 by introducing the 
infusion of liquid through tube 58 at a pressure which is 
relatively higher than that of tube 60. The double auxiliary 
lumen design of this exemplary embodiment is especially 
well suited for providing such differential fluid flows when 
desired. 

0081. An exemplary embodiment which further demon 
strates the flexibility of the described access devices is 
demonstrated in FIGS. 11A-11C. In FIG. 11A, an exemplary 
access device 21 is shown in which a relatively Small 
catheter 33 is located within the device lumen 31. In this 
configuration, fluids may be infused/removed through the 
unused area of device lumen 31 as well as the two auxiliary 
lumens 37 and 49. As shown in FIG. 11A, the inner flexible 
walls 25 is in a relaxed position. In this position, the inner 
wall 25 is relatively close to the outer wall 15. When desired, 
the size of the auxiliary lumens 37 and 49 can be increased 
Substantially by increasing the pressure of liquids being 
passed therethrough. The result, as shown in FIG. 11B, is 
the partial collapsing of the inner tube or inner walls 25 
about the catheter 33. In the partially contracted or collapsed 
position as shown in FIG. 11B, the inner walls 25 are not 
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Stretched. Instead, their configuration changes as shown in 
FIG. 11B to accommodate the change in relative sizes of the 
auxiliary lumens and device lumen. As shown in FIG. 1C, 
the size of auxiliary lumens 37 and 49 are increased even 
further to a point where the fluid flow through the two 
auxiliary lumens is maximized. In this condition, Stretching 
of the contracted flexible walls 25 may occur. AS is apparent 
from FIGS. 11A-11C, it is possible to provide a wide 
variance in fluid flows through the auxiliary lumens and 
device lumen depending upon differential pressures applied 
through the various lumens. 
0082 FIG. 13 illustrates an alternative cross-section of a 
sheath portion 340 for the multiple lumen access device for 
use with the present invention in which the device lumen is 
not between two auxiliary lumens. The sheath portion of the 
devices of the present invention comprise the portion that is 
distally disposed with respect to the junction housing, 
defines multiple lumens therein, and is Substantially inserted 
into the patient's vasculature. In FIG. 13, the sheath portion 
340 comprises an outer tube 342 defining within, and, in 
Series from left to right, a device lumen 344, a first auxiliary 
lumen346, and a second auxiliary lumen348. A first flexible 
wall 350 separates the device lumen 344 from the first 
auxiliary lumen 346, while a second wall 352, that can be 
flexible or relatively rigid, Separates the first and Second 
auxiliary lumens 346, 348. The first flexible wall 350 can 
move from its position shown in Solid line to the dashed-line 
position shown at 354 as the pressure difference across the 
wall increases in favor of the first auxiliary lumen 346. 
Likewise, the second flexible wall 352, if flexible, can move 
from its position shown in Solid line to the dashed-line 
position shown at 356 as the pressure difference across the 
wall increases in favor of the second auxiliary lumen 348. 
0083 FIG. 14 is a further alternative cross-section of a 
sheath portion 360 for the multiple lumen access device for 
use with the present invention. The embodiment of FIG. 14 
is similar to that shown in FIG. 13, and includes a device 
lumen 362, first auxiliary lumen 364, and second auxiliary 
lumen 366, all defined with an outer tube 368. In contrast to 
the embodiment of FIG. 13, the auxiliary lumens 364 and 
366 are not arranged side-by-Side, but are instead Stacked on 
top of one another (at least in the orientation shown) So that 
both are located adjacent the device lumen 362. In this 
respect, a generally T-shaped internal dividing wall is pro 
vided including an elongated wall portion 370 and a shorter 
wall portion 372. The shorter wall portion 372 separates the 
first and second auxiliary lumens 364,366, while the elon 
gated wall portion 370 separates the two auxiliary lumens 
from the device lumen 362. Both the elongated wall portion 
370 and the shorter wall portion 372 are curvilinear in their 
relaxed configurations, shown in Solid line in FIG. 14. The 
wall portions 370 and 372 straighten out into the dashed-line 
positions upon an increase in pressure in one or both of the 
auxiliary lumens 364, 366 relative to the device lumen 362. 
0084. In another alternative embodiment, not illustrated, 
the device lumen can be provided between two or more 
auxiliary lumens of different sizes. The device lumen is 
typically positioned off-center between crescent-shaped 
auxiliary lumens, and at least one of the auxiliary lumens 
can be expandable in accordance with the preceding discus 
Sion (that is, a wall between one of the auxiliary lumens and 
the device lumen is flexible). Desirably, there are two 
auxiliary lumens and the larger of the two lumenS is expand 
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able to enable infusion of large flow rates. In one particularly 
preferred embodiment, the larger lumen has a capacity 
equivalent to a gravity flow through a 14 gauge lumen. 

0085 FIG. 15 illustrates a still further cross-sectional 
view of a sheath portion 380 which may be used in con 
junction with the multiple lumen acceSS device for use with 
the present invention. In this embodiment, the sheath portion 
380 includes a generally cylindrical Solid member 382 
having a central device lumen 384 and a plurality of auxil 
iary lumens 386 surrounding the device lumen formed 
therein. There are no flexible walls in this embodiment, it 
being understood that various aspects of the present inven 
tion may be advantageously utilized without the need for 
varying the croSS-Sectional shape of any of the lumens 
within the sheath portion 380. Alternatively, if desired, any 
wall portion separating the device lumen 384 from any of the 
auxiliary lumens 386 may be formed to be flexible to enable 
variability of the cross-section of that lumen. 

0086) The graph illustrated in FIG. 12 shows that as 
preSSure inside the auxiliary lumen increases the croSS 
Sectional area of that lumen increases. (The convention is 
that cross-section in terms of "gauge' numbers actually 
decreases for larger areas). FIG. 12 reflects the pressure 
response of one exemplary multi-lumen catheter wherein the 
auxiliary lumen increases in size from about 15 gauge when 
there is no flow therethrough, to about 12 gauge with fluid 
infusion at a pressure of about 300 mmHg (in this sense, the 
300 mmHg is the differential pressure across the flexible 
wall, if the assumption is made that the device lumen is at 
atmospheric pressure). The response curve of the increase in 
lumen size indicates that the flexible wall is sufficiently rigid 
to withstand small changes in pressure. From 0-150 mmHg, 
the auxiliary lumen increases only from slightly Smaller than 
15 gauge to slightly larger than 15 gauge. Only above 150 
mmHg pressure differential does the lumen size significantly 
increase. This response is a factor of the thickness, Shape and 
material of the flexible wall between the device and auxil 
iary lumens. 

0087. One of the advantages of having an inner wall 25 
(as seen in FIG. 11A) or inner wall 350 (as seen in FIG. 13) 
which is flexible but also sufficiently rigid is that a pressure 
transducer may be connected to the multi lumen acceSS 
device of the present invention to monitor a central venous 
preSSure of a patient. In particular, the preSSure transducer 
(not shown) may be placed in communication with one of 
the auxiliary lumens 37 and 49 to measure the central venous 
preSSure. Advantageously, the resistance to Small pressure 
differentials described above enables more accurate pressure 
monitoring, because the flexible wall does not Substantially 
fleX upon Small differentials in pressure, and thus does not 
dampen or attenuate the resultant pressure wave Sensed 
externally to the lumen. Specifically, the flexible inner walls 
25 have Sufficient Stiffness to avoid significant damping or 
attenuation of pressure pulses in the auxiliary lumens 37 and 
49, and do not undergo major flexing from Small preSSure 
differentials as shown in FIG. 12. 

0088 As described previously in regards to the exem 
plary embodiment illustrated in FIGS. 1-5, the outer wall 15 
of the embodiment illustrated in FIGS. 11A-11C is prefer 
ably made from any of the well-known polymer materials 
used in fabricating introducers and other acceSS devices. 
Preferably, the material used and wall thickness for the outer 
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wall 15 are such that the outer wall 15 is a relatively stiff 
tube in relation to the inner walls 25 in the radial direction. 
Further, the material used for the outer wall 15 should be 
compatible for molding purposes with the material used to 
form the inner walls 25. It is preferred that the entire 
cross-section of the multi-lumen portion of the device 10, 
including the outer tube 12 and inner walls 25, is extruded 
together from a homogeneous material. Alternatively, the 
outer wall 15 and inner walls 25 may be coextruded and that 
the junctions 27 be formed by molding of the inner 25 and 
outer wall 15 together during the coextrusion process. 
Therefore, outer wall 15 and inner walls 25 may be made 
from the same material or different materials. The inner wall 
25 is preferably made from softer versions of the various 
polymers listed previously. When using different materials, 
the materials should be compatible for bonding or fusing 
together. 
0089 FIG. 16 illustrates an alternative multiple lumen 
device 400 (MLAD) for use with the present invention with 
an improved junction housing 402. The device 400 is similar 
to the FIGS. 1-5, and includes a multiple lumen sheath 404 
extending distally from the housing 402. The multiple lumen 
sheath has a distal end 406 for insertion in a body cavity and 
a proximal end 408 attached to the housing 402. A plurality 
of extension tubes 410 is attached to the proximal end of the 
housing 402 and terminate in luer connectors 412. The 
housing comprises a valve insert portion 414 and a low 
profile lumen portion 416. A valve insert 418 is secured in 
a cavity defined in the portion 414. A pair of mounting wings 
420 is integrally formed with the junction housing 402 for 
attaching to a patient. 
0090 The multiple lumen sheath 404 seen in cross 
section in FIG. 17 comprises an outer circular tube 422 
having an interior surface 424. In the illustrated embodi 
ment, the multiple lumen sheath 404 includes a central 
device lumen 426 and a pair of auxiliary lumens 428 
disposed on opposite sides of the device lumen. The device 
lumen 426 is defined between interior Surfaces 430 of a pair 
of divider walls 432. The divider walls extend in a non-linear 
fashion substantially across the entire outer tube 422 and 
terminate at junctions 434. The junctions 434 are spaced a 
slight distance from one another so that the sheath 404 does 
not exhibit the Separation barriers, as previously described. 
AS illustrated, the device lumen 426 is generally concentri 
cally positioned within the outer tube 422 and has a nominal 
diameter of slightly greater than half the outer tube 422. 
Between exterior Surfaces 436 of the divider walls 432 and 
the interior surfaces 424 of the outer tube 422, the auxiliary 
lumens 428 are formed. The lumens 428 are substantially 
crescent shaped and are shown identical in size. Of course, 
as described previously, various other lumen configurations 
can be provided in the multiple lumen sheath 404. 
0091 Again, although the device 400 includes a device 
lumen valve insert 418 that is incorporated into the junction 
housing 402 (and is thus non-detachable during use of the 
device), it also includes a plurality of extension tubes 410 
that can be modified to include the safety valve of the 
present invention, as described below with respect to FIGS. 
23-27. Therefore, the combination of various aspects of the 
device 400 and the safety valve is within the scope of the 
present invention. 
0092 FIGS. 18 and 19 are different perspective angles of 
an exemplary multiple lumen access device 500 for use with 
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the present invention, which is in many respects very similar 
to the device 400 shown in FIG. 16. The device 500 includes 
a junction housing 502, a distal sheath 504, and a plurality 
of proximal extension tubes 510 terminating in luer connec 
tors 512. One of the main distinctions from the earlier 
described embodiment is the provision of a strain relief 
insert 514 positioned at the distal end of the junction housing 
502. 

0093 FIG. 20 shows a side elevational view of the 
device 500 showing the distal sheath 504 inserted through 
the outer tissue 518 of a patient and into a vessel 520. The 
flexible nature of the sheath 504 is seen in this figure, as well 
as the ability of the junction housing 502 to live flat against 
the patient's skin. 

0094 FIG. 21 illustrates a further embodiment of the 
multiple lumen access device 600 in which the device access 
Valve is not formed integrally with a junction housing. More 
particularly, a multiple lumen access device 620 includes a 
central eXtension tube 622 that terminates in a luer connector 
624. The luer connector 624 is desirably used to mate with 
a female luer connector 626 of an introducer valve assembly 
628. However, in this detachable configuration, various 
other medical devices having conventional luer fittings may 
be attached to the luer connector 624 and placed in com 
munication with a central lumen of the multi-lumen sheath 
630. FIG. 22 illustrates a further alternative, wherein the 
introducer valve assembly 632 is provided with a male luer 
connector 634 on a proximal end to which an infusion 
Syringe 636 may be attached. AS can be seen, various 
configurations are possible with the remote introducer Valve 
assembly 628, and the low profile junction housing 621 is 
easily molded over the extension tubes and has a reduced 
size, thus facilitating the manufacturing process. 

0.095 Access Device of the Present Invention with 
Remote Introducer Valve & Hemostatic Safety Valve 
0096 FIGS. 23-27 show embodiments of a vascular 
access device 640 of the present invention having a detach 
able device lumen valve or device access valve 628a. The 
device access valve 628a may be similar or identical to the 
remote introducer valve assembly 628 described above with 
respect to FIG. 21. A hemostatic safety valve 642 is pro 
vided on the proximal end of the device lumen to prevent 
blood from backflowing out of the device lumen when the 
device acceSS Valve 628a is purposely or inadvertently 
detached therefrom. The inventive combination of a device 
Valve and a hemoStatic Safety valve assembly for use with a 
vascular access device may be used with a multiple lumen 
access device, for example, as one shown in FIG. 23, or it 
may be used with a single lumen acceSS device, Such as an 
introducer or a central venous catheter. Therefore, descrip 
tions of the present invention with respect to the multiple 
lumen acceSS device is equally applicable to the Standard 
Single lumen acceSS devices. 
0097. The Multiple Lumen Access Device With Hemo 

static Safety Valve: 

0098. As shown in FIGS. 23, 24 and 25, the multiple 
lumen acceSS device 640 comprises a multiple lumen sheath 
630a having a junction housing 621 a formed on the proxi 
mal end thereof. A plurality of extension tubes 622a, 622b 
extend from the junction housing 620, the central extension 
tube 622a being connected to the device lumen of the sheath 
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630a through which guidewires, catheters and other devices 
(represented by the tube 643 in FIGS. 24 and 25) are 
intended to be inserted. The other extension tubes 622b are 
connected to other lumens of the sheath 630a to facilitate 
infusion of liquids through those other lumens. 
0099. In this embodiment, the hemostatic safety valve 
642 is mounted or otherwise provided on the proximal end 
of the central extension tube 622a. The hemostatic safety 
valve 642 comprises a rigid body 644 having a hollow bore 
646 (FIG. 25) extending therethrough and an externally 
threaded male Luer connector 648 on the proximal end 
thereof. An elastomeric membrane 650 is mounted trans 
versely over the proximal end of the body 644 in a manner 
that occludes or blocks its hollow bore 646. A self-sealing 
slit 652 is formed in the center of the elastomeric membrane 
650. The slit 652 is biased to a closed or sealed configuration 
Such that, So long as the elastomeric membrane 650 remains 
un-stretched, the slit 652 will remain closed and blood will 
be thereby prevented from leaking out of the proximal end 
of the hemostatic safety valve 642. 
0100. The hemostatic safety valve 642 is desirably 
molded or adhesively fastened onto the proximal end of the 
central extension tube 622a, as seen in FIG. 26. In this way, 
the hemostatic safety valve 642 remains attached to the 
extension tube 622a at all times. Alternatively, an off-the 
shelf hemostatic safety valve 642, such as are available from 
the IV Systems Division of Baxter International, Inc., may 
be semi-permanently engaged with a male luer connector 
654 (as seen, for example, in FIG.23) on the extension tube 
622a through the use of adhesives on the mating threads. 
Other such valves may be obtained from Halkey-Roberts of 
St. Petersburg, Fla., as a modification of part No. 24500420, 
or from Vernay Laboratories, Inc., P.O. Box 310, Yellow 
Springs, Ohio. AS mentioned, those valves all are designed 
to Seal a device lumen, which is typically larger than an 
infusion lumen, at greater pressures than the device valve is 
designed to Seal. 
0101 The term “semi-permanently engaged” is intended 
to cover those configurations in which the hemostatic Safety 
valve 642 cannot be removed, either deliberately or acci 
dentally, by hospital perSonnel or the patient, without Sig 
nificant effort and perhaps damage to the operational aspects 
of the device. This can also be termed “non-detachably 
Secured”. Thus, a threaded and adhesively fastened connec 
tion could theoretically be separated using pliers, or the like, 
but is not intended to be So Separated. 

0102) Examples of Detachable Device Lumen Valves: 
0103). It will be appreciated that various types of detach 
able device lumen valves may be used with this embodiment 
of the invention. One particular type of device lumen valve 
628a is shown in FIGS. 23-26 while another particular type 
of device lumen valve 628b is shown in FIG. 27. 

0104. With specific reference to FIGS. 23-26, one type of 
detachable device lumen valve 628a comprises a distal body 
member 660, a duckbill valve 662, first, second and third 
elastomeric disks 664, 666, 668, each having a hole in the 
center, and a proximal body member 670. The elastomeric 
disks 664, 666, 668 may be made of silicone, of various 
conventional designs. The distal body member 660 is 
formed of hard plastic and generally has a female Luer 
configuration on its distal end with internal threads for 
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mating with the externally threaded male Luer connector 
648 of the hemostatic safety valve 642. A hollow male 
projection 674 extends concentrically within the distal end 
of the distal body member 660 and projects slightly distally 
outward therefrom. A proximal portion 676 of the distal 
body member 660 is of reduced diameter and is externally 
threaded to mate with the proximal body member 670 as 
seen in FIG. 25. A hollow bore 678 extends longitudinally 
through the distal body member 660. The proximal body 
member 670 is also formed of hard plastic, is internally 
threaded and has a hollow bore 680 extending longitudinally 
therethrough. 

0105. When the valve 628a is assembled, the proximal 
portion 676 of the distal body member 660 is rotationally 
advanced and received within the internally threaded cavity 
of the proximal body member 670 so as to capture the 
duckbill valve 662, and disks 664, 666, and 668 in a stacked 
array between the proximal body member 670 and the distal 
body member 660. 

0106 The detachable device lumen valve 628a having 
the male projection 674 formed thereon is attachable to the 
safety valve 642. When so attached (see FIG. 25) the male 
projection 674 of the device lumen valve 628a protrudes 
into or through and stretches the elastomeric membrane 650, 
thereby causing the Self-sealing Slit 652 to be opened or at 
least aligned with the bore 678 of the device lumen valve 
628a such that a guidewire, catheter or other device 643 that 
is advanced through the device lumen valve 628a may 
continue to advance through the elastomeric membrane 650, 
through the central extension tube 622a and through the 
device lumen of the multiple lumen sheath 630a. 

0107 When a catheter, guidewire or other device 643 is 
advanced through the device lumen Valve 628a, it passes 
through the bore 680 of the proximal body member 670, 
through the holes in the centers of the disks 664, 666 and 
668. Then, after having advanced through the silicone disk 
664, the catheter, guidewire or other device presses against 
the distal side of duckbill valve 662 causing the leaflets of 
the duckbill valve 662 to separate and allowing the catheter, 
guidewire or other device to pass on through the bore 678 of 
the distal body member 660, through the slit 652 of the 
elastomeric membrane 650 (FIG. 26) and on through the 
central extension tube 622a and device lumen. A fluid 
infusion side port 681 is formed on the distal body member 
660 to permit infusion of liquid through the device lumen 
when no device is positioned therein and/or the infusion of 
liquid around a device that has already been inserted through 
the device lumen for the purpose of providing lubricity or 
otherwise facilitating the advancement and positioning of 
the device. 

0108) When the device lumen valve 628a is detached 
from the proximal end of the safety valve 642, the elasto 
meric membrane 650 will no longer be stretched and the 
self-sealing slit 652 will resiliently return to its closed or 
Sealed configuration. In this manner, the elastomeric mem 
brane 650 will fully occlude the bore of the safety valve 642 
to prevent blood from backflowing in the proximal direction 
out of the safety valve 642 when the device lumen valve 
628a, 628b is purposely or inadvertently detached. The 
elastomeric membrane 650 is of a stiffer material and/or 
thicker configuration So that most guidewires and Smaller 
catheters that are relatively flexible cannot pass through the 
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slit 652. Such membranes 650 are sometimes referred to as 
Septums, and are typically use in fluid Sampling ports 
designed for puncture by a blunt-tipped Syringe. The Stiff 
ness of the membrane 650 prevents a technician from 
inadvertently passing flexible catheters or guidewires into 
the vasculature without the device lumen valve 628a being 
present. The male projection 674 of the device lumen valve 
628a is required for passage of Such flexible catheters, which 
projection holds the membrane 650 open and thus only the 
more compliant disks 664, 666,668 and duckbill valve 662 
need be pierced. 
0109). With particular reference to FIG. 27, another type 
of detachable device lumen valve 628b is generally known 
in the field as a Touhy Borst valve. This Touhy Borst type 
device lumen valve 628b comprises a distal body member 
682, a duckbill valve 684, a compressible O-ring 686 and a 
proximal body member 688. The distal half of the distal 
body member 682 is formed of hard plastic and generally 
has a female Leur configuration with internal threads (not 
shown) and a male projection 692. A proximal portion 694 
of the distal body member 682 is of reduced diameter and is 
externally threaded, as shown. A hollow bore 696 extends 
longitudinally through the distal body member 682. The 
proximal body member 688 is also formed of hard plastic, 
is internally threaded and has a hollow bore 698 extending 
longitudinally therethrough. 

0110. When this valve 628b is assembled, the proximal 
portion 676 of the distal body member 660 is rotationally 
advanced and received within the internally threaded cavity 
of the proximal body member 670 so as to capture the 
duckbill valve 684 and compressible O-ring 686 therebe 
tween. The proximal body member 688 remains rotatable on 
the distal body member 682 so that the compressive force 
exerted on the compressible O-ring 686 may be changed by 
rotatably advancing or retracting the proximal body member 
688 relative to the distal body member 682. In this manner, 
when the proximal body member 688 is fully advanced the 
O-ring 686 will be compressed such that the diameter of the 
hole in its center will be minimized. However, when the 
proximal body member 688 is retracted, the O-ring 686 will 
be decompressed and the diameter of the hole in its center 
will enlarge. This allows the valve 628b to be adjusted so 
that its O-ring 686 will seal about the outer surfaces of 
guidewires, catheters and other devices of varying diameter. 
0111. The detachable device lumen valve 628b having the 
male projection 692 formed thereon is attachable to the 
safety valve 642. When so attached (similar to FIG. 26) the 
male projection 692 of the device lumen valve 628b pro 
trudes into and stretches the elastomeric membrane 650, 
thereby causing the Self-sealing Slit 652 to be opened or at 
least aligned with the bores 696, 698 of the device lumen 
valve 628b such that a guidewire, catheter or other device 
that is advanced through the device lumen valve 628b may 
continue to advance through the elastomeric membrane 650, 
through the central extension tube 622a and through the 
device lumen of the multiple lumen sheath 630a. However, 
when the device lumen valve 628b is detached from the 
proximal end of the safety valve 642, the elastomeric 
membrane 650 will no longer be stretched and the self 
Sealing Slit will resiliently return to its closed or Sealed 
configuration. In this manner, the elastomeric membrane 
650 will fully occlude the bore of the safety valve 642 to 
prevent blood from backflowing in the proximal direction 



US 2004/0068248 A1 

out of the safety valve 642 when the device lumen valve 
628b is purposely or inadvertently detached. 

0112) When a catheter, guidewire or other device is 
advanced through the device lumen valve 628b, the proxi 
mal body member 688 will be loosened (i.e., unscrewed 
slightly) and the guidewire, catheter or other device will be 
advanced through the bore 698 of the distal body member 
682 and through the hole in the O-ring 686. Then, after 
having advanced through O-ring 686, the catheter, 
guidewire or other device presses against the distal Side of 
duckbill valve 684 causing the leaflets of the duckbill valve 
684 to Separate and allowing the catheter, guidewire or other 
device to pass on through the bore 696 of the distal body 
member 682, through the slit 652 of the elastomeric member 
650 (FIG. 26) and on through the central extension tube 
622a and device lumen. A fluid infusion side port 699 is 
formed on the distal body member 660 to permit infusion of 
liquid through the device lumen when no device is posi 
tioned therein and/or the infusion of liquid around a device 
that has already been inserted through the device lumen for 
the purpose of providing lubricity or otherwise facilitating 
the advancement and positioning of the device. 
0113 AS will be understood by those skilled in the art, 
various combinations of the appropriate detachable device 
lumen valves and safety valves for use with the vascular 
access devices to prevent blood leakage are within the Scope 
of the present invention. 
0114. The present invention further provides a method for 
introducing medical devices into the body through a single 
entry port while at all times preventing backflow of fluids 
through the entry port. An exemplary method of the present 
invention includes the Steps of providing a vascular acceSS 
device having a device lumen and a Safety valve on the 
proximal end thereof; introducing the vascular acceSS device 
into the body with the distal end of the device lumen being 
positioned within a vasculature of the body; attaching a 
detachable hemostasis valve to the Safety valve to open the 
Safety valve, and inserting a device through the hemostatis 
Valve, open Safety valve and device lumen. The vascular 
access device for use in the described method may be a 
Single lumen access device, for example an introducer or a 
catheter, or instead, various multiple lumen acceSS devices 
may be used. 
0115 Further examples of other vascular access devices, 
Such as combinations of the various introducers and cath 
eters, that can be used with the present invention are 
described below. 

0116. Access Device With Multiple Discrete Tubes 
0117 FIG. 28 illustrates a multi-lumen catheter device 
700 having at least two discrete catheter tubes. In this 
embodiment, the multi-lumen catheter device 700 includes 
a main (or center) lumen tube 702 and two side lumen tubes 
704. The lumen tubes 702 and 704 are configured in a 
side-by-side fashion, and proximal portions of the tubes 702, 
704 are peeled apart to create sidearms. Hubs 706 may be 
attached to proximal ends of each lumen tube 702, 704 for 
fluid delivery or introduction of a medical device. Remote 
introducer Valves may be connected to one or all the lumen 
tubes. Indeed, the device valves may be provided on any or 
all of the extension tubes for the various embodiments 
described herein and shown in any of the figures, including 
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FIGS. 1, 6, 23A, 30. The catheter device 700 may further 
include a sleeve 708 at the region where the lumen tubes 702 
and 704 branch outwardly. FIGS. 29A and 29B illustrate the 
different cross-sections of the device 700, the circular shape 
of the Sleeve providing a Smooth transition for Sealing 
through a puncture wound into the skin. One of the advan 
tages of this embodiment is that one or more of the lumen 
tubes 702 and 704 may be peeled off the multi-lumen 
catheter 700 if desired. 

0118 FIG.30 illustrates another alternative multi-lumen 
catheter device 710. This catheter device 710 is similar to the 
catheter device 700 illustrated in FIG. 28 and includes the 
additional feature of a junction housing 712 connected to a 
proximal end of a main lumen tube 714. The junction 
housing 712 receives a valve insert 716 and an extension 
tube 718 with a hub 720 connected to its proximal end. 
Again, the Separate tubes can be peeled away to create 
various lumen devices. 

0119 Multiple Lumen Catheter Through Introducer 
0120 FIGS. 31A and 31B illustrate a multi-function 
adapter 730 for connecting different components, for 
example, catheters and introducers, for use with the present 
invention. The multi-function adapter include a first unit and 
a Second unit that are complementary and enable a quick 
release connection of a multiple lumen device and an 
introducer. By way of example and not limitation, the 
multi-function adapter may include a female unit 730a and 
a male unit 730b. The male unit 730b includes at least one 
lug 732 extending radially outward, while the female unit 
730a includes a slot (not illustrated) which accepts and 
interlocks with the lug. The slot may be a variety of 
configurations to Securely interlock the male unit with the 
female unit, Such as an L-shaped channel, a bayonet lock, an 
interference fit, etc. Other types of adapters known in the art 
Such as luerS may be utilized as long as components of the 
acceSS device can be easily connected/disconnected. 
0121. In the embodiment of FIGS. 31A and 31B, the 
adapter 730 couples a multiple lumen catheter 734 with an 
introducer 735. The catheter 734 may be a CCO catheter or 
other multiple-lumen device, and includes a junction hous 
ing 736 between a distal multi-lumen sheath 738 and a 
plurality of proximal extension tubes 740. The introducer 
735 includes a hub 742 with a side arm 744 for introducing 
or withdrawing fluids. The female unit 730a is adapted to fit 
over the sheath 738 by a press fit, adhesive, or any other 
means generally known in the art. Conversely, the male unit 
may be fixedly attached to the sheath 738 or distal end of the 
junction housing 736 instead of the female unit, if desired. 
The adapter 730 permits detachability of the multiple lumen 
catheter 734 from the introducer 735 and provides great 
flexibility in Surgical or critical care situations. 
0122 FIGS. 32A and 32B illustrate a multiple-lumen 
access device 760 very similar to the device of FIGS. 31A 
and 31B but with the adapter formed as part of a multiple 
lumen catheter junction housing. The access device 760 
includes an introducer 762 connected to a Central Venous 
Catheter (CVC) or other multiple lumen catheter 764 by a 
multi-function adapter 766a and 766b. The catheter 764 
includes a multiple-lumen sheath 768 connected to a junc 
tion housing 770. 
0123 The access device 760 (and the device of FIG.31) 
offers a significant advantage over current catheter designs 
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in terms of cost Saving and manner in which the acceSS 
device 760 may be utilized. Currently, an introducer is 
inserted into a vein, and a Surgical procedure is performed. 
After the Surgical procedure, the introducer is usually 
removed and a new catheter is inserted in the vein through 
a Second puncture and Sutured onto the skin. The patient is 
then transported to a recovery room. By using the acceSS 
device 760 illustrated in FIG. 32, the procedure can be 
greatly simplified. The introducer 762 is first positioned in 
the vessel using traditional methods, Such as the Seldinger 
technique. After the introducer 762 is used for Sampling or 
infusing fluids, multiple lumen catheter 764 is inserted and 
utilized. The catheter 764 can then be detached from the 
introducer 762 and removed from the vessel while the 
introducer 762 is left in the vessel, and the introducer 762 
now functions as a catheter. Thus, after the Surgical proce 
dure, the introducer 762 does not have to be removed from 
the vessel and a new catheter does not have to be inserted 
through a Second puncture. 

0124 FIGS. 33A and 33B illustrate a multiple lumen 
access device 780 having an introducer 782 connected to a 
triple lumen junction housing 784 by a multi-function 
adapter 786a and 786b. Instead of the elongated sheath as in 
the previous two embodiments, the junction housing 784 
includes a short hollow obturator 788 that serves to hold 
open a hemostasis valve in a hub 790 of the introducer 782. 
The three lumens within the junction housing 784 commu 
nicate with the lumen of the obturator 788 to deliver fluids 
to the introducer lumen. 

0125 FIGS. 34A and 34B illustrate an access device 820 
having a single lumen introducer 822 connected to a mul 
tiple lumen junction housing 824 by a threaded female 
adapter 826 and male luer connection 828. A device valve 
830 in the junction housing 824 permits insertion of various 
devices into a vessel via the introducer 822 at the same time 
that various fluids are infused through extension tubes 832. 
0126 FIGS. 35A and 35B illustrate an access device 840 
similar to the access device 820 illustrated in FIG. 34 and 
includes the additional feature of a Small diameter catheter 
tube 842 extending from a distal end of a junction housing 
844. The catheter tube 842 functions as an infusion lumen 
for one of the extension tubes 846, while the space between 
the catheter tube 842 and a single lumen introducer 848 
functions as a device lumen. Again, the junction housing 844 
is attached to the introducer 848 with a threaded adapter 850. 
O127) 
0128. A multiple lumen access to the body through a 
Single patient entrance site may also be accomplished by 
using a plurality of elongated Sheaths and implements, Such 
as introducers, obturators or catheters, inserted coaxially 
within each other to form multiple independent lumens. 
FIGS. 36A and 36B, for example, illustrate a multi-lumen 
access device 860 comprising a first Single-lumen introducer 
862 telescopically received within a Second Single-lumen 
introducer 864. The first introducer 862 includes a single 
lumen sheath 866 having an opening 868 at its distal end and 
connected to an introducer valve housing 870 at its proximal 
end. Within the introducer valve housing, a duck-billed 
Valve or other appropriate valves may be provided to Seal the 
lumen from the exterior. The introducer valve housing 870 
may include a Side port extension tube 872 terminating in a 
hub 874 for attaching to infusion fluid sources. The second 
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elongated implement, for example, an introducer 864 
includes a single lumen sheath 876 connected to the distal 
end of an introducer valve housing 878. The introducer 
valve housing 878 also may include a side port extension 
tube 880 terminating in a hub 882 for attaching to infusion 
fluid Sources, and the sheath 876 may include an opening 
884 towards a distal end thereof to allow exit of fluid which 
has been introduced through the Side port extension tube 
880. 

0129. As shown in FIG. 36B, the sheath 866 of the first 
introducer 862 is sized to fit coaxially through the introducer 
valve 878 and lumen of the second introducer 864. The distal 
opening 868 of the first introducer sheath 866 may extend 
beyond the distal end of the second introducer sheath 876. 
In addition, at least one of the lumens formed by the 
placement of introducer 862 coaxially within the introducer 
864 is capable of passing a Supplemental catheter. By way 
of example and not limitation, one Such catheter has an 
outside diameter sized about 4 French or more. In one 
exemplary application of FIG. 36B, fluid 1 (for example, 
medicine 1) may be introduced through the hub 882 and may 
exit the device through the opening 884 while fluid 2 (for 
example, medicine 2) may be introduced through the hub 
874 and exit the device through the opening 868. Alterna 
tively, the fit between the smaller sheath 866 and larger 
sheath 876 may be somewhat loose at the distal end so that 
fluid introduced through hub 882 may pass through an 
annular space formed therebetween, and through the open 
ing 884, as indicated by the arrows 886. Both introducers 
862 and 864 include male luer connectors 888 on their 
proximal ends for connecting to a variety of medical imple 
ments, including the threaded adapters for attaching multiple 
lumen catheters as previously described. 

0.130. The access device 860 offers a significant advan 
tage over known introducers by providing multiple lumen 
access with only a single patient entrance Site. Currently, two 
introducers are usually inserted into the patient at two 
different sites if another independent lumen is required. The 
access device 860 allows the flexibility to start a procedure 
with only one introducer 864, and if another independent 
lumen is required, an additional introducer 862 can be 
inserted into the introducer 864. It is noted that the access 
device is not limited to two introducers. For example, a 
combination of three or more introducers may be coaxially 
configured if additional independent lumens are required 

0131. Also, as will be understood by those skilled in the 
art, at least one of the Single lumen introducers that is 
coaxially inserted into another Single lumen introducer may 
be made from a flexible deformable material. As a result, the 
wall forming the sheath of such insertable introducer will 
also form at least one of the multiple lumens and will be 
movable upon differential changes in pressure across the 
wall. This follows from the principles described earlier with 
respect to extruded multiple lumen sheaths, including the 
descriptions related to FIGS. 3A-B, 11A-C, 12 and 17. For 
instance, the larger introducer Sheath 876 may be rigid, 
while the smaller introducer sheath 866 may be flexible or 
pliable. If a large amount of fluid is infused through larger 
introducer hub 882, the space around the smaller sheath 866 
experiences an increase in pressure and the sheath may 
buckle inward to accommodate the larger flow. In one 
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embodiment, a portion of the inside introducer may be rigid 
and Some portion may be flexible, for example only the 
distal tip of the Smaller introducer is rigid to permit insertion 
through the larger introducer. 
0132 Having thus described exemplary embodiments of 
the present invention, it should be noted by those skilled in 
the art that the disclosures herein are exemplary only and 
that various other alternations, adaptations and modifica 
tions may be made within the Scope of the present invention. 
Accordingly, the present invention is not limited to the 
Specific embodiments as illustrated herein. 

What is claimed is: 
1. A method for introducing medical devices into the body 

through a single entry port while at all times preventing 
backflow of fluids through the entry port, including: 

providing a vascular acceSS device having a device lumen 
and a safety valve on the proximal end thereof; 
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introducing the vascular acceSS device into the body with 
the distal end of the device lumen being positioned 
within a vasculature of the body; 

attaching a detachable hemostasis valve to the Safety 
Valve to open the Safety valve; and 

inserting a device through the hemostasis valve, open 
Safety valve and device lumen. 

2. The method of claim 1, further including removing the 
device and detaching the detachable hemostasis valve from 
the safety valve while leaving the distal end of the device 
lumen positioned within the vasculature of the body. 

3. The method of claim 1, wherein the vascular access 
device is a multiple lumen device, with the device lumen and 
an auxiliary lumen for infusing fluids, the method further 
including infusing fluids through the auxiliary lumen while 
the device is inserted in the device lumen. 

4. The method of claim 1, wherein the vascular access 
device is a Single lumen device. 
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