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(54) Title: MOUNTING APPARATUS FOR BLOOD HANDLING SYSTEMS

(57) Abstract

A blood handling system has a first blood handling apparatus mounted on a second blood handling apparatus with a mounting
apparatus. The mounting apparatus has two primary components: a retention sleeve attached to a stem that protrudes from the lower portion
of the first blood handling apparatus; and a slotted plate that is attached to a stem on the second blood handling apparatus. The retention
sleeve has a track for receiving the slotted plate and a flexible tab, with a protruding tooth, that securely engages the slotted plate in a
locked position. If it becomes necessary to disconnect the first blood handling apparatus from the second blood handling apparatus during
surgery, the tab may be easily moved into an unlocked position, allowing the disk to slide freely out of the track so that the units can be

easily separated from each other.
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MOUNTING APPARATUS FOR BLOOD HANDLING SYSTEMS

Field of the Invention

This invention relates to blood handling systems used in surgery, such as
blood oxygenators and reservoirs, and to devices for joining together two blood
handling apparatuses in an extracorporeal circuit. In particular, the invention
relates to an apparatus for mounting a blood reservoir on a blood oxygenator.

Background

During cardiovascular surgery a patient’s heart is temporarily unable to
properly oxygenate and circulate blood unaided. Extracorporeal circuits have
therefore been developed to provide necessary circulation support. Typically, a
venous line drains blood from the right side of the patient’s heart and delivers it to
a blood reservoir. Blood is then pumped, by a specially designed blood pump,
from the outlet of the blood reservoir into a blood oxygenator, for oxygenation and
cooling. The oxygenated blood is then delivered via an arterial line to the patient.
While the pump is running, the patient returns blood to the venous line to repeat
the cycle.

The support circuit normally also includes a blood scavenging sub-circuit
for recovering blood from the surgical field to recycle the blood. The scavenging
sub-circuit includes one or more suckers (typically two to four) for sucking blood
from the surgical field. Vacuum is applied to the suckers by a peristaltic positive
displacement pump (also known as a roller pump) or wall vacuum to deliver the
scavenged blood to a cardiotomy reservoir. A cardiotomy reservoir includes a
defoaming section, because the scavenged blood normally includes a large amount
of entrained air, and a filter for filtering the scavenged blood. The outlet for the
cardiotomy reservoir delivers the de-foamed, filtered blood to the venous blood
reservoir of the main circuit. U.S. Patent Nos. 3,891,416; 3,993,461; 4,208,193;
and 4,243,531 show various cardiotomy reservoirs.

The cardiotomy reservoir may alternatively be an integral portion of the

venous blood reservoir, in which the scavenged blood flows through a filter section
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and the venous blood does not. Both the scavenged blood and venous blood would
flow through a defoaming section.

Of course, there are numerous permutations of the basic circuit and sub-
circuit, in addition to those described above, that have been employed to provide
circulatory support.

Although extracorporeal circuits effectively sustain vital circulatory
functions during surgery, it is not uncommon for one of the elements of the system
to wear out or fail during a surgical procedure. Most notably, blood oxygenators
and reservoirs contain filters and fibrous material that may become damaged or
clogged and require replacement. When this occurs the flow of blood in the circuit
must be momentarily stopped and the defective elements quickly removed and
replaced.

Both time and ease of use are of the essence in making such a change. To
facilitate efficient management of the extracorporeal system, especially when an
element has failed, it would be advantageous to have a system that is compact and
that has elements that may be releasably mounted to each other or to support
structures. An apparatus for mounting blood handling devices, such as blood
reservoirs and oxygenators, to each other or to support structures would also make
it possible to construct extracorporeal circuits that are vertically compressed and
flatter. These systems would not only economize on space in the operating room,
but would also provide better venous drainage.

U.S. Patent No. 5,304,164 discloses a bayonet-style mounting apparatus
that releasably attaches an oxygenator to a reservoir with pins retained in L-shaped

slots.

Summary Of The Invention

The invention provides an apparatus for mounting one blood handling
apparatus on another blood handling apparatus that is simpler to use and allows for
the construction of more compact units. The mounting apparatus comprises a
slotted plate poftion and a retention sleeve portion for releasably engaging the

slotted plate portion. The retention sleeve portion is adapted to attach to a first
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blood handling apparatus by means of a stem, and the slotted plate is adapted to
attach to a second blood handling apparatus by means of a second stem. The
retention sleeve has a horizontal base with a flange projecting pefpendicular to the
base. The flange has two parallel sides that form a track for retaining the slotted
plate and an opening to receive the slotted plate. The base has a flexible tab with a
tooth for releasably engaging and retaining the slotted plate. The flexible tab is
adapted to be moved between at least a first unlocked position and a second locked
position. The slotted plate is adapted to both rotate and slide freely in and out of
the track, when the tab is in the unlocked position. In the locked position, the
flexible tab firmly engages the slotted plate with a tooth. In one embodiment of the
invention the flexible tab is adapted to be moved to a third semi-locked position in
which the slotted plate may be rotated in the track but cannot slide in the track.

The invention also provides a blood handling apparatus that is adapted to be
releasably mounted on a second blood handling apparatus in an extracorporeal
circuit using the mounting apparatus of the invention. The blood handling
apparatus comprises a housing, a stem attached to the housing, and a retention
sleeve attached to the stem for releasably engaging a slotted plate on another blood
handling apparatus. In an alternative embodiment, the blood handling apparatus
has a slotted plate instead of a retention sleeve mounted on a stem.

The invention further provides a blood handling system that includes a first
blood handling apparatus that is releasably mounted on a second blood handling
apparatus by means of a mounting apparatus. The mounting apparatus includes a
slotted plate portion and a retention sleeve portion adapted to releasably engage the
slotted plate portion. The retention sleeve portion is attached to the first blood
handling apparatus by means of a stem, and the slotted plate portion is attached to
the second blood handling apparatus by means of a second stem. The retention
sleeve has a base with a flange projecting perpendicular to the base. The flange has
two parallel sides that form a track for retaining the slotted plate. The flange has
an opening to receive the slotted plate. The base includes a flexible tab with a
tooth for releasably engaging the slotted plate. The flexible tab is adapted to move

between at least a first unlocked position and a second locked position. In the
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unlocked position, the slotted plate rotates and slides freely within the track. In the
locked position, the flexible tab firmly engages the slotted plate.

The invention also includes an embodiment wherein the flexible tab further
comprises a ramped structure that abuts the tooth and projects farther from the tab
than the tooth. The tab is adapted to be moved to a third semi-locked position in
which the slotted plate may be rotated in the track but cannot slide in the track.

The invention further provides embodiments of the blood handling system
in which a blood reservoir is mounted on a blood oxygenator using the mounting
apparatus of the invention.

In addition the invention provides a blood handling system having a blood
handling apparatus mounted to a support structure with the mounting apparatus of
the invention. A retention sleeve is attached to either the support structure or the

blood handling apparatus, and a slotted plate is attached to the other apparatus.

Brief Description of The Figures

The invention will be further described with reference to the drawingé,
wherein corresponding reference characters indicate corresponding parts
throughout the several views, and wherein:

FIG. 1 is a side view of a preferred embodiment of the blood handling
system of the present invention.

FIG. 2 is a perspective view of a retention sleeve of a preferred embodiment
of the mounting apparatus of the invention.

FIG. 3 is a side view of a preferred embodiment of the mounting apparatus
of the invention.

FIG. 4 is a side view of a retention sleeve of a preferred embodiment of the
mounting apparatus of the invention, showing the locked and unlocked positions of
the flexible tab.

FIG. 5 is a perspective view of a retention sleeve of the preferred
embodiment of the blood handling system of the invention, showing the sleeve

attached to a blood reservoir stem.
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FIG. 6 is a perspective view of the slotted disk of a preferred embodiment
of the mounting apparatus of the invention, showing the slotted disk attached to the
blood oxygenator stem.

FIG. 7 is a perspective view of a preferred embodiment of the mounting
apparatus of the invention, showing the retention sleeve and slotted disk in their
mounted and unmounted configurations.

FIG. 8 is a top view of a slotted plate of a preferred embodiment of the
mounting apparatus of the invention, attached to a blood oxygenator.

FIG. 9 is a side view of a slotted plate of a preferred embodiment of the
mounting apparatus of the invention, attached to a blood oxygenator.

FIG. 10 is a perspective view of a preferred embodiment of a blood

handling system according to the invention.

Detailed Description Of Preferred Embodiments

The present invention provides an apparatus for releasably mounting one
blood handling apparatus on another blood handling apparatus or a support
structure, in an extracorporeal circuit used during surgical procedures. The
releasable mounting apparatus of the invention allows a blood reservoir and
oxygenator to be slidingly coupled, and then uncoupled by moving a single flexible
tab from one position to another.

The invention includes a blood handling system 10, best shown in Fig. 1, in
which a first blood handling apparatus 20 is mounted on a second blood handling
apparatus 50 with mounting apparatus 60. In a preferred embodiment of the
invention, the blood handling apparatuses 20 and 50 may be any apparatuses
commonly employed in an extracorporeal circuit. In a more preferred embodiment
of the invention, blood handling apparatus 20 is a blood reservoir and blood
handling apparatus 50 is a blood oxygenator. In the most preferred embodiment of
the blood handling system of the invention, shown in Fig. 1, blood handling
apparatus 20 is a blood reservoir of the type described in U.S. Patent Application
No. 08/565,438, filed June 7, 1997, and blood apparatus 50 is an oxygenator of the
type described in U.S. Patent Application Nos. 08/565,438, filed November 30,
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1995; 08/565,439, filed November 30, 1995; and 08/822,523, filed April 16, 1997.
Venous blood enters blood reservoir 20 through venous inlet 22, cardiotomy sucker
port 24 and auxiliary cardiotomy inlet 26. Defoamed and filtered blood exits blood
reservoir 20 through outlet 28 and is pumped to oxygenator 50. The blood enters
oxygenator 50 through inlet 54 and after oxygenation is returned to the patient
through outlet 56.

As shown in Fig. 1, mounting apparatus 60 includes a slotted plate 90 and a
retention sleeve 70 that is adapted to releasably engage slotted plate 90. Slotted
plate 90 is attached to blood oxygenator 50 by oxygenator stem 52. Retention
sleeve 70 is attached to blood reservoir 20 by reservoir stem 62.

In a preferred embodiment of the invention, oxygenator 50 is tilted at an
oblique angle to assist in priming of the oxygenator, and oxygenator stem 32 is
canted so that slotted plate 90 and retention sleeve 70 are horizontal when
mounted. In a more preferred embodiment of the invention the oxygenator is
inclined between about 2 degrees and about 30 degrees and in the most preferred
embodiment the oxygenator is inclined about 8 degrees. Preferably both
oxygenator stem 52 and reservoir stem 62 are oriented generally vertically.

Retention sleeve 70 of the mounting apparatus 60 is shown in Figs. 2-5 and
7. Retention sleeve 70 includes a horizontally oriented base 80 with a flange 72
that projects in a direction perpendicular to the base 80. The flange 72 has two
parallel sides that form a track for retaining slotted plate 90. An opening 82 in the
flange 72 allows the slotted plate 90 to be inserted in the track for mounting. As
shown in Fig. 4, the base 80 of the retention sleeve 70 includes a flexible tab 74
that may be moved between an unlocked position 74a and a locked position 74b,
but which is resiliently biased to its locked position. In the unlocked position 74a,
a tooth 78 on the flexible tab 74 is biased away from the track formed by flange 72,
and slotted plate 90 may be inserted or removed from the track and rotated freely.
In the locked position 74b, best shown in Figs. 3 and 7, slotted plate 90 is inserted
in retention sleeve 70, and tooth 78 of flexible tab 74 firmly engages one of the
slots 92, thus préventing the slotted plate 90 from either rotating or sliding in the

track.
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In the most preferred embodiment of the invention, flexible tab 74 also
includes a ramped structure 76 that abuts tooth 78 and projects farther from tab 74
than tooth 78. In this embodiment, flexible tab 74 may be moved to a third, semi-
locked position in which slotted plate 90 may be rotated freely within retention
sleeve 70 but may not slide in the track. In the semi-locked position tooth 78 is

disengaged from slot 92, allowing free rotation of slotted disk 90, but ramped

 structure 78 remains in the path of flange opening 82 and prevents the slotted disk

90 from sliding.

In an alternative embodiment of the invention, not shown, flexible tab 74
includes ramped structure 76 but does not include tooth 78, and plate 90 has a
smooth surface and does not include slots. Flexible tab 74 is moved into unlocked
position 74a, and plate 90 is inserted into retention sleeve 70. Flexible tab 74 is
then moved into the locked position, flush against the perimeter of the plate 90, and
prevents plate 90 from sliding along the track but allows rotational movement.

Slotted plate 90 is best shown in Figs. 6, 8 and 9. Slotted plate 90 includes
several slots spaced along its circumference to be engaged by retention sleeve 70.
Slotted plate 90 may preferably be any shape that may be engaged in the retention
sleeve of the invention, including circular or, for example, a polygon having 3, 4,
5, 6 or more sides. In the most preferred embodiment of the invention, the plate is
circular in shape.

Retention sleeve 70 may preferably be made out of any material with
sufficient strength, resilience and flexibility to releasably engage and disengage
slotted plate 90 through several cycles, including plastics such as polycarbonate or
polypropylene, ceramics, aluminum or other metals. In the most preferred
embodiment, retention sleeve 70 is made of polycarbonate. Slotted plate 90 may
be made out of any material with sufficient strength to support the weight of a
blood handling apparatus, including the materials that are suitable for construction
of retention sleeve 70. However, the material of slotted plate 90 need not have the
resilience and flexibility of retention sleeve 70. In the most preferred embodiment,

slotted plate 90 may be made of polycarbonate.
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In addition to the blood handling system 10, the invention also includes the
various subparts of the blood handling system 10 described above, including the
mounting apparatus 60 used to mount blood handling apparatus 20 on blood
handling apparatus 50.

The invention also includes a blood handling apparatus that is adapted to be
releasably mounted on another blood handling apparatus in an extracorporeal
circuit, shown in Fig. 8. Blood oxygenator 50 has a stem 52 with a slotted disk 90
attached to it. The slotted disk 90 is adapted to be engaged by the flexible tab 74
of the retention sleeve 80. In one alternative embodiment, the blood handling
apparatus is a blood reservoir. In another alternative embodiment, the blood
oxygenator 50 or other blood handling apparatus has a retention sleeve 70 instead
of a slotted plate attached to the stem.

Fig. 10 illustrates an embodiment of the invention in which a blood
handling system includes a blood handling apparatus that is mounted on a support
structure 100 rather than another blood handling apparatus. Blood reservoir 50 is
mounted on support structure 100 with mounting apparatus 60. As shown in Fig.
10, a retention sleeve 70 is attached to support structure 100 for receiving and
retaining slotted plate 90 on a blood handling apparatus to be mounted. The blood
handling apparatus may be any blood handling apparatus used in an extracorporeal
circuit. In the most preferred embodiment, the blood handling apparatus is either a
blood reservoir or a blood oxygenator. In a preferred embodiment, either a slotted
plate 90 or a retention sleeve 70 may be attached to the support structure to receive
a mated member on a blood handling apparatus. In the most preferred
embodiment, a retention sleeve 70 is attached to the support structure 100, and a
slotted plate 90 is attached to the blood handling apparatus.

Operation

During a surgical procedure the mounting apparatus 60 of the invention
may be used to quickly and easily attach and detach two blood handling
apparatuses, allowing rapid substitution of worn-out units.

Blood reservoir 20 may be mounted on blood oxygenator 50 by grasping

oxygenator 50 with one hand and guiding slotted plate 90, attached to oxygenator
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50, into the track formed by flange 72 on retention sleeve 70. When slotted plate
90 contacts ramped structure 76 on retention sleeve 70, flexible tab 74 is deflected
upward and out of the path of slotted plate 90 as it advances in the track, and
slotted plate 90 slides all the way into retention sleeve 70. After slotted plate 90 is
firmly seated in retention sleeve 70, flexible tab 74, no longer deflected by slotted
plate 90, moves into locked position 74b in which tooth 78 engages one of the slots
92 in slotted plate 90 and prevents both rotation and sliding of slotted plate 92 in
the retention sleeve 70.

To rotate the mounted units relative to each other after they have been
mounted, flexible tab 74 is moved upward by hand into a semi-locked position in
which tooth 78 is disengaged from slot 92 but ramped structure 76 abuts slotted
plate 90 and prevents it from sliding out of the track. Slotted plate 90 may then be
rotated freely in retention sleeve 70.

To detach the oxygenator 50 from the reservoir 20, flexible tab 74 is
moved upward to unlocked position 74a, and slotted plate 90 is slid out of retention

sleeve 70.
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What is claimed is:

1. A blood handling system comprising:

a first blood handling apparatus, a second blood handling apparatus, and a
mounting apparatus, with the first blood handling apparatus being adapted
to be releasably mounted on the second blood handling apparatus by means

of the mounting apparatus;

the mounting apparatus having a slotted plate and a retention sleeve to
releasably engage the slotted plate, the retention sleeve being attached to
the first blood handling apparatus, and the slotted plate being attached to
the second blood handling apparatus;

the retention sleeve having a base with a flange projecting from the base,
the flange having two parallel sides to form a track for retaining the slotted
plate and an opening to receive the slotted plate, the base having a
resiliently flexible tab with a tooth for releasably engaging and retaining the
slotted plate, the tab being adapted to be moved between at least an
unlocked position in which the slotted plate is adapted to both rotate and
slide freely in and out of the track, and a locked position in which the
flexible tab is resiliently biased to firmly engage the slotted plate with the
tooth; and

the slotted plate having spaced slots along its circumference adapted to be
engaged by the tooth on the flexible tab when the tab is in its locked

position.

2. A blood handling system according to claim 1, wherein the flexible

tab further comprises a ramped structure abutting the tooth and projecting farther

from the tab than the tooth, the tab being adapted to be moved to a semi-locked
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position intermediate the locked and unlocked positions in which the slotted plate

may be rotated in the track but cannot slide in the track.

3. A blood handling system according to claim 1, wherein the first
blood handling apparatus is one of a blood reservoir and a blood oxygenator, and
the second blood handling apparatus is the other of a blood reservoir and a blood

oxygenator.

4. A blood handling system according to claim 1, further comprising a
first stem attaching the retention sleeve to the first blood handling apparatus, and a
second stem attaching the slotted plate to the second blood handling apparatus, the
first and second stems being adapted to be generally vertically oriented in use of
the system, and the base of the retention sleeve being adapted to be generally

horizontally oriented in use of the system.
5. A blood handling system comprising:

a blood reservoir, a blood oxygenator, and a mounting apparatus, with the
blood reservoir being adapted to be releasably mounted on the oxygenator

by means of the mounting apparatus;

the mounting apparatus having a slotted plate and a retention sleeve for

releasably engaging the slotted plate;

the retention sleeve having a base with a flange projecting from the base,
the flange having two parallel sides to form a track for retaining the slotted
plate and an opening to receive the slotted plate, the base having a
resiliently flexible tab with a tooth for releasably engaging and retaining the
slotted plate, the tab being adapted to be moved between at least an
unlocked position in which the slotted plate is adapted to both rotate and

slide freely in and out of the track, and a locked position in which the
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flexible tab is resiliently biased to firmly engage the slotted plate with the

tooth; and

the slotted plate having spaced slots along its circumference adapted to be
engaged by the tooth on the flexible tab when the tab is in its locked

position.

6. A blood handling system according to claim 5, wherein the
retention sleeve is attached to the blood reservoir and the slotted plate is attached to

the blood oxygenator.

7. A blood handling system according to claim 5, wherein the
retention sleeve is attached to the blood oxygenator and the slotted plate is attached

to the blood reservoir.

8. A blood handling system comprising:

a blood handling apparatus, a support structure, and a mounting apparatus,
with the blood handling apparatus being adapted to be releasably mounted

on the support structure by means of the mounting apparatus,

the mounting apparatus having a slotted plate and a retention sleeve to

releasably engage the slotted plate;

the retention sleeve having a base with a flange projecting from the base,
the flange having two parallel sides to form a track for retaining the slotted
plate and an opening to receive the slotted plate, the base having a
resiliently flexible tab with a tooth for releasably engaging and retaining the
slotted plate, the flexible tab being adapted to be moved between at least an
unlocked position in which the slotted plate is adopted to both rotate and

slide freely in and out of the track, and a second locked position in which
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the flexible tab is resiliently biased to firmly engage the slotted plate with
the tooth; and

the slotted plate having spaced slots along its circumference adapted to be
5 engaged by the tooth on the flexible tab when the tab is in its locked

position.

9. A blood handling system according to claim 8, wherein the
10 retention sleeve is attached to the support structure and the slotted plate is attached

to the blood handling apparatus.

10. A blood handling system according to claim §, wherein the
retention sleeve is attached to the blood handling apparatus and the slotted plate is

15  attached to the support structure.
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