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(57) The present mnvention 1s an outlet connector (12) configuration for an oxygenator (2) that prevents excessively
high positive or negative pressure from forming in the oxygenator (2) and helps to mimimize the possibility of
misidentifying the outlet connector (12). The outlet connector (12) 1s hollow and substantially cylindrically tubular in

shape so that a hollow mner conduit (22) 1s formed. The outle

' connector (12) 1s i fluid communication with the outlet

manifold (10) of an oxygenator (2) through the mner condur
an elongated hole (28) extending through the tubular material

' (22). In one embodiment, the outlet connector (12) has
of the outlet connector (12) mnto the hollow mner conduit

(22) formed therein. The elongated hole (28) 1s preferably large enough to be felt by the fingers of the person
connecting tubing to the outlet connector (12). The elongated hole (28)1s preferably arrow shaped with the arrow
pomnting 1 the direction of fluid flow out of the outlet manifold (10). In an alternate embodiment, the outlet connector
(12) has a channel (36) formed 1n outer surface (16) of the outlet connector (12). The channel (36) extends from the
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(2) towards the oxygenator (2). The channel (36) does not extend entirely through the tubular material making up the
wall of the outlet connector (12) but instead extends into the wall material from the exterior surface (16) only a fraction

of the thickness of the wall material.
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The present invention 1s an outlet con-
nector (12) configuration for an oxygenator 16
(2) that prevents excessively high positive
or negative pressure from forming in the
oxygenator (2) and helps to minimize the
possibility of misidentifying the outlet con-

24
nector {12). The outlet connector (12) is
hollow and substantially cylindrically tubu- .
lar in shape so that a hollow inner conduit —

(22) is formed. The outlet connector (12) is
in fluid communication with the outiet man-
ifold (10) of an oxygenator (2) through the
inner conduit (Z22). In one embodiment, the
outlet connector (12) has an elongated hole
(28) extending through the tubular material
of the outlet connector (12) into the holiow
inner conduit (22) formed therein. The elon-

The elongated hole {(28) is preferably arrow
shaped with the arrow pointing in the direc-
tion of fluid flow out of the outlet manifold
(10). In an altemate embodiment, the outlet
connector (12) has a channel (36) formed IO
in outer surface (16) of the outlet connec-

tor (12). The channel (36) extends from the
distal end (40) of cutlet connector (12) op-
posite the point of connection of the outlet

| gated hole (28) is preferably large enough
| to be felt by the fingers of the person con-
necting tubing to the outlet connector (12).
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making up the wall of the outlet connector (12) but instead extends into the wall material from the exterior surface (16) only a fraction of

the thickness of the wall material.
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OUTLET CONNECTOR FOR OXYGENATOR

Background of the Invention
5 Field of the Invention.

The 1invention relates to devices for infusing and removing gases from blood
and more particularly relates to an outlet connector for connecting a means to remove
gases from a device for infusing and removing gases from blood to a device for

infusing and removing gases from blood.

10 Description of Related Art.

During cardiac surgery, it is often desirable to maintain circulation of blood
through a patient's body. This is often done by connecting a patient to an extra-
corporeal system that adds oxygen to and removes carbon dioxide from the blood,
heats or cools the blood and provides impetus to the blood to cause the blood to

15 circulate through the patient's vascular system.

Devices, typically called oxygenators such as that shown in Figure 1 generally
labeled 2, serve the function of adding oxygen to the blood and removing carbon
dioxide from the blood. Most oxygenators operate by imparting oxygen to and
removing carbon dioxide from blood passing through the extra-corporeal circuit

20 through transfer of carbon dioxide to and oxygen from a gas.

Many current oxygenators use a group of porous fibers arranged 1n a fiber
bundle 4 as conduits for the gas used to transfer the oxygen to and carbon dioxide
from the blood 1n the extra-corporeal circuit. In a typical design for oxygenator 2,
individual fibers 1n fiber bundle 4 are surrounded by blood taken from a patient. The

25 blood 1s removed from the venous side of a patient and is pumped through the
oxygenator 2 over the fibers and is then infused into the patient's arterial side.

The venous blood from the patient has a relatively low amount of oxygen and
a relatively high amount of carbon dioxide. As the blood passes through the
oxygenator 2, the blood acquires oxygen from and gives up carbon dioxide to the

30 oxygenator 2.
The typical oxygenator 2 operates by diffusing oxygen from gas in the interior

passages of fibers in fiber bundle 4 through the walls of the fibers into the blood and
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by diffusing carbon dioxide from the blood through the walls of the fibers in the fiber
bundle 4 into the interior passages of fibers in fiber bundle 4. The fibers of fiber
bundle 4 are relatively porous to diffusion of oxygen and carbon dioxide across the
walls of the individual fibers.

5 Because the partial pressure of oxygen in the gas in the fibers is higher than
the partial pressure of oxygen in the blood, oxygen diffuses through the walls of the
fibers from the gas 1n the interior of the fibers to the blood. Conversely, because the
partial pressure of carbon dioxide in the blood is higher than the partial pressure of
carbon dioxide 1n the gas in the fibers, carbon dioxide diffuses through the walls of

10 the fibers from the blood to the gas in the interior of the fibers.

In most current oxygenators 2, the fiber bundle 4 is typically cylindrical with
the individual fibers open at each end of the fiber bundle 4. Manifolds at each end of
the fiber bundle 4 direct gas into and out of the fiber bundle 4 from a source of gas
and to a line to vent the exhaust gas, respectively. An inlet manifold 6 at one end of

1S the fiber bundle 4 directs gas from a source of oxygen rich gas to the open ends of the
fibers 1n fiber bundle 4. Inlet manifold 6 has an inlet connector 8 for connecting the
inlet manifold 6 to the source of oxygen rich gas.

An outlet manifold 10 is located at the end of the fiber bundle 4 opposite inlet
manifold 6. Gas that has passed through the fiber bundle 4 when the oxygenator 2 is

20 operating will have relatively higher levels of carbon dioxide and relatively lower
levels of oxygen than the gas entering the fiber bundle 4. Outlet manifold 10 collects
this gas that has passed through the fiber bundle 4 and directs it to a line to vent the
exhaust gas. ‘

Outlet mamfold 10 has an outlet connector 12 for connecting the outlet

25 manifold 10, through tubing, to the waste gas receptacle. Outlet connector 12 is
typically hollow, substantially cylindrical and in fluid communication with outlet
manifold 10. This allows a piece of tubing 14 to be connected over the outer surface
16 of outlet connector 12 so that gas can flow out of outlet manifold 10 through the
hollow outlet connector 12 and through the interior of the tubing 14 to the waste gas

30 receptacle.
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Gas rich 1n oxygen and low 1n carbon dioxide enters the inlet manifold 6
through 1nlet connector 8, passes through the fiber bundle 4 and exits the oxygenator 2
through outlet manifold 10 and ultimately through outlet connector 12.

There are two main problems with the known outlet connectors 12. First, in

5 order to ensure that waste gas 1s moved out of the oxygenator 2. the outlet connector
12 is typically connected to a source of vacuum pressure (not shown) through tubing
14 to collect and dispose of the gas. But, because the vacuum source is a negative
pressure, it 1s possible to transter the negative pressure to the gas in the oxygenator 2
and 1n particular to the gas in the fibers of the fiber bundle 4.

10 When the gas 1n the oxygenator 2 has a negative pressure, the partial pressure
of oxygen in the fibers of fiber bundle 4 1s reduced. Because the partial pressure of
oxygen 1s reduced, the partial pressure differential between the oxygen in the gas in
the fibers and the oxygen in the blood 1s reduced. As a result, less oxygen will pass
from the gas to the blood thereby making the oxygenator 2 less efficient and effective

15 as an artificial lung.

An additional problem with a negative gas pressure in the fibers of the fiber
bundle 4 is that blood plasma will be pulled from the blood into the fibers thereby
clogging the fibers. Clogged fibers prevent the transmission of oxygen or carbon
dioxide through the clogged fibers thus making the oxygenator 2 less efficient.

20 Further, blood plasma that is pulled into the fibers becomes damaged. These two
problems with negative gas pressure are to be avoided.

A second major problem with the outlet connector 12 is that the outlet
connector 12 may be mistaken for one of the other connectors on the oxygenator 2
such as are typically found. If the outlet connector 12 is mistaken for one of the other

25 connectors, one of the operating room personnel may close the outlet connector 12 by
capping it.

This problem of misidentification of outlet connector 12 is acerbated where, as
commonly occurs, a heat exchanger for heating and cooling the blood passing through
the oxygenator 2 is attached to or is formed in the same housing as the oxygenator 2.

30 Heat exchangers that operate by using water to cool or heat the blood will also have at
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least an 1nlet and an outlet connector that can also be confused with outlet connector
12.

Where outlet connector 12 has been misidentified and mistakenly capped,
oxygen rich gas may be applhied under pressure to the oxygenator 2 through the inlet
connector 8. However, because outlet connector 12 is capped, the gas will not be able
to leave the oxygenator 2 through the outlet connector 12. In this case, the gas
pressure in the inside the fibers in the fiber bundle 4 may rise to the input pressure of
the gas at inlet connector 8. This may cause the gas under pressure in the interior of
the fibers 1n fiber bundle 4 to be diffused across the fiber walls into the blood which is
at a lower pressure. Once in the blood, this pressurized gas will expand and possibly
cause embolistic problems.

Both problems of having a gas in the interior of the fibers in fiber bundle 4
that has excessively high or low pressure are to be avoided. Figure 2 shows one way
that these problems have been dealt with in the past. Figure 2 shows an outlet
connector 12 connected to an oxygenator 2. At least one small hole 18 is formed from
the outer surface 16 of outlet connector 12 to the interior hollow passage (not shown).
Hole 18 vents the interior hollow passage of the outlet connector 12, and consequently
the interior of the oxygenator 2, to ambient pressure.

Another solution to the problem of excessively high or low gas pressure in the
interior of the fibers of the fiber bundle 4 has been to place small holes in the outlet
manifold 10 to vent gas pressure in the outlet manifold 10 to ambient pressure.

Although either of these approaches to solving the problem of excessively
high or low gas pressure in the interior of the fibers of the fiber bundle 4 helps to
prevent excessively high or low pressure in the interior of the fibers of the fiber
bundle 4, neither approach helps to solve the problem of misidentifying the outlet
connector 12 mentioned above.

Summary of the Invention
The present invention is an outlet connector configuration for an oxygenator

that prevents excessively high positive or negative pressure from forming in the
oxygenator and helps to minimize the possibility of misidentifying the outlet

connector. The outlet connector 1s hollow and substantially cylindrically tubular in
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shape so that a hollow inner conduit is formed. The outlet

connector 1s 1n fluid communication with the outlet manifold of
an oxygenator through the inner conduit. The outlet connector
1s shaped to allow tubing to be fluidly connected to it so that

gas can flow from the inner conduit through the tubing.

In one embodiment, the outlet connector has an
elongated hole extending through the tubular material of the
outlet connector into the hollow inner conduit formed therein.
The elongated hole sufficiently large to be felt by the fingers
of the person connecting tubing to the outlet connector. The
elongated hole 1s preferably arrow shaped with the arrow
pointing in the direction of fluid flow out of the outlet

manifold.

In an alternate embodiment, the outlet connector has
a channel formed 1in the outer surface of the outlet connector.
The channel extends from the distal end of the outlet connector
opposite the point of connection of the outlet connector to the
oxygenator towards the oxygenator. The channel does not extend
entirely through the tubular material making up the wall of the
outlet connector but instead extends into the wall material
from the exterior surface only a fraction of the thickness of

the wall material.

In either embodiment of the invention, when tubing is
placed over the outlet connector, the tubing should not be
placed entlirely over the hole or the channel. Instead, at
least the proximal end of the hole or channel should be exposed
to the atmosphere to allow venting of the inner conduit of the

outlet connector to the atmosphere.
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It 1s a primary object of the invention to provide an
outlet connector that prevents either excessive negative or

positive gas pressure in the oxygenator.

It 1s another object of the invention to provide an
> outlet connector that indicates the direction of gas flow out

of the oxygenator.

It 1s another object of the invention to provide an
outlet connector that minimizes the possibility of

misidentifying the outlet connector.

10 These and other objects of the invention will be
clear with reference to the attached drawings and the following

detailed description of the invention.
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Throughout this description, like elements, wherever referred to, are referenced by
like reference numbers.
Brief Description of the Drawings

Figure 1 1s a side cross-sectional view of an oxygenator showing the outlet
connector.

Figure 2 1s a plan view of a prior art outlet connector.

Figure 3 1s a plan view of the outlet connector of the present invention.

Figure 4 1s a plan view of the outlet connector of Figure 3 with a piece of
tubing attached to 1t.

Figure 5 1s a side cutaway view of the outlet connector of Figure 3.

Figure 6 is a side cutaway view of outlet connector of Figure 3 and the piece
of tubing shown in Figure 4.

Figure 7 is a plan view of an alternate embodiment of the invention.

Figure 8 1s a plan view of the invention shown in Figure 7 with a piece of
tubing attached to it..

Figure 9 1s a side cutaway view of the invention of Figure 7.

Figure 10 1s a side cutaway view of the invention of Figure 7 with a piece of
tubing attached to it.

Detailed Description of the Invention

The connector of the present invention is shown in Figures 3 and 5 generally
labeled 20 and connected to oxygenator 2. Connector 20 is substantially cylindrical
and hollow forming an inner conduit 22. Inner conduit 22 is in fluid communication
with outlet manifold 10. Inner conduit 22 is defined by inner surface 24 that is
substantially cylindrical and extends from the distal end 26 of connector 20 to outlet
manifold 10.

Connector 20 also has an outer surface 16 that is substantially cylindrical. In
the preferred embodiment, outer surface 16 tapers slightly from outlet manifold 10 to
the distal end 26 of connector 20 to facilitate connecting a piece of tubing 14 to outlet

connector 20 as will be described hereafter.
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An elongated hole 28 is formed from the outer surface 16 to the inner surface
24 allowing fluid communication between inner conduit 22 and the exterior of the
oxygenator 2. Hole 28 is preferably large enough to be felt by the fingers of the
person connecting tubing 14 to the outlet connector 20.

In the preferred embodiment shown in Figure 3, hole 28 is arrow shaped with
the tip 30 of the arrow pointing in the direction of gas flow out of oxygenator 2.
However, hole 28 may also have other shapes including, but not limited to, oval,
square, triangular and rectangular.

Connector 20 1s preferably made of a plastic material although it may be made
of metal or ceramic materials. Connector 20 may be integrally formed with outlet
manifold 10 or may be formed separately and connected directly to outlet manifold 10
by any means such as is well known 1n the art.

In use, a piece of tubing 14 1s connected to outlet connector 20 by sliding the
inner lumen 32 of tubing 14 over the outer surface 16 of outlet connector 20. The
proximal end 34 of tubing 14 is advanced over the outer surface 16 of outlet connector
20 a sutficient distance to securely connect tubing 14 to outlet connector 20 by
frictional force but not so far that proximal end 34 completely covers hole 28 (Figures
4 and 6).

In the embodiment where hole 28 1s arrow shaped, the visual presentment of
the arrow indicates to the person attaching tubing 14 to outlet connector 20 that outlet
connector 20 1s an outlet connector with fluid flowing in the direction that the arrow is
pointing. This 1s a safety feature that helps to prevent the misidentification of outlet
connector 20. This helps to prevent the accidental capping of outlet connector 20 or
the accidental connection of a piece of tubing to outlet connector 20 that would be
inappropriate and that could cause improper operation of the oxygenator and therefore
possible harm to the patient.

Additionally, because hole 28 1s large enough to be felt by the person
connecting tubing 14 to the outlet connector 20 and is elongated, the person
connecting the tubing 14 will be able, by tactile sensation alone, to identify outlet

connector 20 and distinguish it from the other connectors extending away from a
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typical oxygenator. This is particularly helpful where an oxygenator and heat
exchanger are housed 1n the same or adjacent contatners.

In this way, as shown 1n Figure 6, if excessive positive gas pressure is present
in inner conduit 22, the excessive positive gas pressure will be vented to the exterior

5 of the oxygenator 2 by passing through hole 28 along the path labeled "A". Likewise.
if excessive negative gas pressure 1s present in conduit 20, the excessive negative gas
pressure will be vented to the exterior of the oxygenator 2 by passing through hole 28
also along the path labeled "A".

Figures 7 - 10 show an alternate embodiment of the outlet connector 20. In

10 this embodiment, instead of hole 28, a channel 36 is formed that does not extend
entirely from the outer surface 16 to the inner surface 24 of outlet connector 20.
Instead, as shown in Figure 9, channel 36 extends a distance into the material 38
forming outlet connector 20. Channel 36 extends distally to the distal end 26 of outlet
connector 20 so that a distal end 40 is formed on channel 36. Channel 36 also has a

15 proximal end 42.

Channel 36 1s preferable elongated and more preferably is rectangular shaped
with rounded corners. However, channel 36 but may also have other configurations
including, but not limited to, circular, oval, triangular, square or arrow shaped.

In addition, channel 36 preferably extends distally to the distal end 26 of outlet

20 connector 20. However, channel 36 may terminate some distance proximal to the
distal end 26. In this embodiment, a hole from the distal end of channel 36 may
extend to the mner conduit 22 through the inner surface 24. In this way, a fluid path is
created from the inner conduit 22 through the hole through the inner surface 24 to
channel 36.

25 In use as above, a piece of tubing 14 is placed over the outer surface 16 of
outlet connector 20 so that the tubing 14 1s connected to outlet connector 20 by
frictional force. However, the proximal end 34 of the tubing 14 should not extend
over the proximal end 42 of channel 36 as shown in Figures 8 and 10. This forms a

passage 44 connecting the distal and proximal ends 40, 42 of channel 36 between the
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surface 46 forming the boundary of inner lumen 32 of tubing 14 and the surface 48 of
channel 36.

In this way, as shown in Figure 10, if excessive positive gas pressure is present
in conduit 20, the excessive positive gas pressure will be vented to the exterior of the
oxygenator 2 by passing through the open distal end 40 of channel 36 along passage
44 to the proximal end 42 of channel 36 to the exterior of oxygenator 2. Likewise, if
excessive negative gas pressure is present in conduit 20, the excessive negative gas
pressure will be vented to the exterior of the oxygenator 2 by passing through the
open distal end 40 along passage 44 to the proximal end 42 of channel 36 to the
exterior of oxygenator 2.

The 1invention has been shown and described in connection with a specific
embodiment. It 1s to be realized, however, that the description given herein is for the
purpose of illustrating the invention and 1s not intended to be limiting. It is further
understood that improvements and modifications to the disclosure made herein will

occur to those skilled in the art and that such improvements and modifications will

still fall within the scope of the invention.
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CLAIMS:
1. An outlet connector for connecting the outlet

manifold of an oxygenator to tubing so that gas can flow from

the outlet manifold through the outlet connector to the tubing,

5 the connector comprising:

a hollow member having a proximal and a distal end,
the proximal end of the member connected to the outlet
manifold, the member having an outer surface and also having an
inner condult defined by an inner surface, the inner surface

10 extending from the distal end of the member to the outlet
manifold so that the inner conduit is in fluid communication
with the outlet manifold, the member having a hole formed from
the outer surface to the inner surface thereby allowing fluid
communication between the inner conduit and the exterior of the

1> oxygenator, the hole being sufficiently large to be felt by the

fingers of a person connecting tubing to the outlet connector.

2 . The outlet connector of claim 1 wherein the hole
formed from the outer surface to the inner surface is

elongated.

20 3. The outlet connector of claim 1 wherein the hole

formed from the outer surface to the inner surface is arrow

shaped.

4, The outlet connector of claim 3 wherein the hole

formed from the outer surface to the inner surface is arrow

25 shaped with the tip of the arrow pointing in the direction of

gas flow through the outlet connector.

5. The outlet connector of claim 1 wherein the hole

formed from the outer surface to the inner surface is oval.

L 200, BT TMIIER-2 1152 « o) WG H Y Mt oA i N A IS SENE It S L AR b 24 1. 0 bn a0 o] AR 946 0 YR IATEAY R G DAL Y T 40 VR R TR S 33 B4 S PR M L o i bbbt Mt At s e a ataa s vt Lad il f o &by don AALA il 3 4 d P BRAPiAY | 3 2 MW = % P TV e S a1 WP TR 1 AR S aes o A L amea 2an® aalen mun of and o R e o N o 2. e R AR EER . e mramaamamen




CA 02241658 2000-07-05

66742-666
11

6. The outlet connector of claim 1 wherein the hole

formed from the outer surface to the inner surface is square.

7. The outlet connector of claim 1 wherein the hole
formed from the outer surface to the inner surface is

5 triangular.

8. The outlet connector of claim 1 wherein the hole
formed from the outer surface to the inner surface is

rectangular.

9. The outlet connector of claim 1 wherein the member is

10 substantially cylindrical.

10. The outlet connector of claim 1 wherein the member is

integrally formed with the outlet manifold.

11. The outlet connector of claim 1 wherein the outer

surface of the member is substantially cylindrical.

15 12. The outlet connector of claim 4 wherein the outer
surface of the member tapers slightly from the outlet manifold
to the distal end of the member.

13. The outlet connector of claim 1 wherein the inner

surface of the inner conduit is substantially cylindrical.

20 14. A method of connecting a piece of tubing to the
outlet manifold of an oxygenator so that gas can flow from the
outlet manifold through the outlet connector to the tubing, the

method comprising the steps of:

providing a hollow member having a proximal and a
25 distal end, the proximal end of the member connected to the
outlet manifold, the member having an outer surface and also

having an inner conduit defined by an inner surface, the inner
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surface extending from the distal end of the member to the
outlet manifold so that the inner conduit is in fluid
communication with the outlet manifold, the member having a
hole formed from the outer surface to the inner surface thereby
allowing fluid communication between the inner conduit and the
exterior of the oxygenator, the hole being sufficiently large
to be felt by the fingers of a person connecting tubing to the

outlet connector;

providing a piece of tubing having a proximal and a

distal end and an inner lumen:

sliding the proximal end of the inner lumen of the
tubing over the outer surface of the hollow member a sufficient
distance to securely connect the tubing to the outer surface of
the hollow member by frictional force but not so far that the
proximal end of the tubing completely covers the hole formed

between the outer and the inner surface of the hollow member.

15. A method of connecting a piece of tubing to the
outlet manifold of an oxygenator so that gas can flow from the
outlet manifold through the outlet connector to the tubing, the

method comprising the steps of:

providing a hollow member having a proximal and a
distal end, the proximal end of the member connected to the
outlet manifold, the member having an outer surface and also
having an inner conduit defined by an inner surface, the inner
surface extending from the distal end of the member to the
cutlet manifold so that the inner conduit is in fluid
communication with the outlet manifold, the member having a
hole formed from the outer surface to the inner surface thereby
allowing fluid communication between the inner conduit and the

exterior of the oxygenator, the hole being sufficiently large
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to be felt by the fingers of a person connecting tubing to the

outlet connector:

providing a piece of tubing having a proximal and a

distal end and an inner lumen;
grasping the hollow member with the fingers;

confirming the presence of the hole formed between
the outer and inner surface to the hollow member by tactile

sensation; and

sliding the proximal end of the inner lumen of the
tubing over the outer surface of the hollow member a sufficient
distance to securely connect the tubing to the outer surface of
the hollow member by frictional force but not so far that the
proximal end of the tubing completely covers the hole formed

between the outer and the inner surface of the hollow member.

l6. A method of connecting a piece of tubing to the
outlet manifold of an oxygenator so that gas can flow from the
outlet manifold through the outlet connector to the tubing, the

method comprising the steps of:

providing a hollow member having a proximal and a
distal end, the proximal end of the member connected to the
outlet manifold, the member having an outer surface and also
having an inner conduit defined by an inner surface, the inner
surface extending from the distal end of the member to the
outlet manifold so that the inner conduit is in fluid
communication with the outlet manifold, the member having a
hole formed from the outer surface to the inner surface thereby

allowing fluid communication between the inner conduit and the
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exterior of the oxygenator, the hole being sufficiently large

to felt by the fingers of a person connecting tubing to the

outlet connector;

providing a piece of tubing having a proximal and a

5 distal end and an inner lumen;

visually identifying the presence of the hole formed
between the outer and inner surface to the hollow member to

indicate the location of the hollow member; and

sliding the proximal end of the inner lumen of the
10 tubing over the outer surface of the hollow member a sufficient
distance to securely connect the tubing to the outer surface of
the hollow member by frictional force but not so far that the
proximal end of the tubing completely covers the hole formed

pbetween the outer and the inner surface of the hollow member.

15 17. An outlet connector for connecting the outlet
manifold of an oxygenator to tubing so that gas can flow from

the outlet manifold through the outlet connector to the tubing,

the connector comprising:

a hollow member having a proximal and a distal end,

20 the proximal end of the member connected to the outlet
manifold, the member having an outer surface and also having an
inner conduit defined by an inner surface, the inner surface
extending from the distal end of the member to the outlet
manifold so that the inner conduit is in fluid communication

25 with the outlet manifold, the member having a channel formed in
the outer surface of the hollow member a distance less than the
thickness between the outer and the inner surface, the channel
extending proximally from the distal end of the hollow member

to the inner surface, whereby, when a piece of tubing is placed

30 over the outer surface of the hollow member a distance
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sufficlent to frictionally secure the tubing to the hollow

member but not so far as to completely cover the channel, a

passage 1s formed through the channel to vent the inner conduit

to the exterior of the oxygenator.

5 18. The outlet connector of claim 17 wherein the channel

1s elongated.

19. The outlet connector of claim 18 wherein the channel

1s rectangular shaped.
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20.  The outlet connector of claim 18 wherein the channel is circular shaped.
21.  The outlet connector of claim 18 wherein the channel is oval shaped.
22.  The outlet connector of claim 18 wherein the channel is triangular shaped.
23.  The outlet connector of claim 18 wherein the channel is square shaped.
24, The outlet connector of claim 18 wherein the channel is arrow shaped.
25.  The outlet connector of claim 24 wherein the hole formed from the outer

surface to the mner surface 1s arrow shaped with the tip of the arrow pointing in the

direction of gas flow through the outlet connector.

26.  The outlet connector of claim | wherein the member is substantially
cylindrical.
27.  The outlet connector of claim | wherein the member is integrally formed with

the outlet manifold.
28.  The outlet connector of claim 1 wherein the outer surface of the member is
substantially cylindrical.
29. The outlet connector of claim 28 wherein the outer surface of the member
tapers slightly from the outlet manifold to the distal end of the member.
30.  The outlet connector of claim 1 wherein the inner surface of the inner conduit
1s substantially cylindrical.
31. A method of connecting a piece of tubing to the outlet manifold of an
oxygenator so that gas can flow from the outlet manifold through the outlet connector
to the tubing, the method comprising the steps of:

providing a hollow member having a proximal and a distal end, the proximal
end of the member connected to the outlet manifold, the member having an outer
surface and also having an inner conduit defined by an inner surface, the inner surface
extending from the distal end of the member to the outlet manifold so that the inner
conduit 1s 1n fluild communication with the outlet manifold, the member having a
channel formed in the outer surface of the hollow member a distance less than the
thickness between the outer and the inner surface, the channel extending proximally

from the distal end of the hollow member to the inner surface;
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providing a piece of tubing having a proximal and a distal end and an inner
lumen:

shding the proximal end of the inner lumen of the tubing over the outer surface
of the hollow member a sufficient distance to securely connect the tubing to the outer
surface of the hollow member by frictional force but not so far that the proximal end
of the tubing completely covers the channel;
32. A method of connecting a piece of tubing to the outlet manifold of an
oxygenator so that gas can flow from the outlet manifold through the outlet connector
to the tubing, the method comprising the steps of:

providing a hollow member having a proximal and a distal end, the proximal
end of the member connected to the outlet manifold, the member having an outer
surface and also having an inner conduit defined by an inner surface, the inner surface
extending from the distal end of the member to the outlet manifold so that the inner
conduit 1s 1n fluid communication with the outlet manifold, the member having a
channel formed 1in the outer surface of the hollow member a distance less than the
thickness between the outer and the inner surface, the channel extending proximally
from the distal end of the hollow member to the inner surface:

providing a piece of tubing having a proximal and a distal end and an inner
lumen;

grasping the hollow member with the fingers;

confirming the presence of the channel formed between the outer and inner
surface to the hollow member by tactile sensation; and

sliding the proximal end of the inner lumen of the tubing over the outer surface
of the hollow member a sufficient distance to securely connect the tubing to the outer
surface of the hollow member by frictional force but not so far that the proximal end
of the tubing completely covers the channel.
33. A method of connecting a piece of tubing to the outlet manifold of an
oxygenator so that gas can flow from the outlet manifold through the outlet connector

to the tubing, the method compnsing the steps of:
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providing a hollow member having a proximal and a distal end, the proximal
end of the member connected to the outlet manifold, the member having an outer
surface and also having an inner conduit defined by an inner surface, the inner surface
extending from the distal end of the member to the outlet manifold so that the inner
conduit 1s in fluid communication with the outlet manifold, the member having a
channel formed 1n the outer surface of the hollow member a distance less than the
thickness between the outer and the inner surface, the channel extending proximally
from the distal end of the hollow member to the inner surface:

providing a piece of tubing having a proximal and a distal end and an inner
lumen;

visually identifying the presence of the channel formed between the outer and
inner surface to the hollow member to indicate the location of the hollow member:
and

sliding the proximal end of the inner lumen of the tubing over the outer surface
of the hollow member a sufficient distance to securely connect the tubing to the outer
surface of the hollow member by frictional force but not so far that the proximal end

of the tubing completely covers the channel.
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