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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to European pat-
ent application EP1 0173436.6 filed August 19, 2010.

BACKGROUND

[0002] The disclosure pertains generally to blood
processing units used in blood perfusion systems. Blood
perfusion entails encouraging blood through the vessels
of the body. For such purposes, blood perfusion systems
typically entail the use of one or more pumps in an ex-
tracorporeal circuit that is interconnected with the vascu-
lar system of a patient. Cardiopulmonary bypass surgery
typically requires a perfusion system that provides for the
temporary cessation of the heart to create a still operating
field by replacing the function of the heart and lungs. Such
isolation allows for the surgical correction of vascular ste-
nosis, valvular disorders, and congenital heart defects.
In perfusion systems used for cardiopulmonary bypass
surgery, an extracorporeal blood circuit is established
that includes at least one pump and an oxygenation de-
vice to replace the functions of the heart and lungs.
[0003] More specifically, in cardiopulmonary bypass
procedures oxygen-poor blood, i.e., venous blood, is
gravity-drained or vacuum suctioned from a large vein
entering the heart or other veins in the body (e.g., fem-
oral) and is transferred through a venous line in the ex-
tracorporeal circuit. The venous blood is pumped to an
oxygenator that provides for oxygen transfer to the blood.
Oxygen may be introduced into the blood by transfer
across a membrane or, less frequently, by bubbling ox-
ygen through the blood. Concurrently, carbon dioxide is
removed across the membrane. The oxygenated blood
is filtered and then returned through an arterial line to the
aorta, femoral artery, or other artery. An example of a
blood processing apparatus is known, e.g., from US
5,578,267, which discloses a cylindrical device wherein
the blood enters a central chamber extending longitudi-
nally along axis of the device and then moves radially
through respective annular hollow heat exchange and
oxygenation fiber bundles.

SUMMARY

[0004] The invention is defined by the features of in-
dependent claim 1. Example 1 is a blood processing ap-
paratus including a housing having a blood inlet and a
blood outlet, the blood inlet extending into an interior of
the housing. A core is arranged coaxially within the hous-
ing, the core having a core interior in fluid communication
with the blood inlet, the core including an outer surface
and an elongate core aperture formed within the outer
surface and extending generally parallel to a core longi-
tudinal axis, the elongate core aperture configured to per-
mit blood to exit from the core interior. Heat exchanger

hollow fibers are disposed about the core such that a
heat exchanger fluid may flow through the heat exchang-
er hollow fibers and blood passing from the elongate core
aperture may flow across the heat exchanger hollow fib-
ers. A cylindrical shell is arranged coaxially about the
heat exchanger hollow fibers, the cylindrical shell includ-
ing an elongate shell aperture configured to permit blood
to exit from the cylindrical shell. Gas exchanger hollow
fibers are disposed about the inner cylindrical shell such
that gases may flow through the gas exchange hollow
fibers and blood passing from the elongate shell aperture
may flow across the gas exchanger hollow fibers and
towards the blood outlet. The shell aperture is disposed
at a location substantially diametrically opposite the lo-
cation of the core aperture, such that blood flows across
the heat exchanger hollow fibers is substantially circum-
ferential.
[0005] Example 2 is the blood processing apparatus
of Example 1, wherein the cylindrical shell further in-
cludes a plurality of lobes configures to impart a radial
flow component to the blood.
[0006] Example 3 is the blood processing apparatus
of any of Examples 1-2, further comprising an elongate
collection space disposed between the gas exchanger
hollow fibers and the housing, the collection space dia-
metrically opposed to the elongate shell aperture and in
fluid communication with the blood outlet.
[0007] Example 4 is the blood processing apparatus
of any of Examples 1-3, wherein the shell aperture com-
prises a radially disposed aperture disposed near an end
of the cylindrical shell opposite that of the blood inlet such
that blood exiting the radially disposed aperture flows
over the gas exchanger hollow fibers in a longitudinal
direction.
[0008] Example 5 is the blood processing apparatus
of any of Examples 1-4, wherein the housing defines an
annular space configured to collect blood passing over
the gas exchanger hollow fibers and direct the blood to-
wards the blood outlet.
[0009] Example 6 is the blood processing apparatus
of any of Examples 1-5, wherein the core includes a pair
of elongate core apertures disposed generally parallel to
each other and in close proximity to each other within the
outer surface such that blood exiting a first of the pair
elongate core apertures flows in a first circumferential
direction and blood exiting a second of the pair of elon-
gate core apertures flows in a second circumferential di-
rection generally opposite the first circumferential direc-
tion.
[0010] Example 7 is the blood processing apparatus
of any of Examples 1-6, wherein the outer surface of the
core comprises a plurality of longitudinally extending core
ribs that are configured to impart a radial component to
blood flow around the heat exchanger core.
[0011] Example 8 is the blood processing apparatus
of any of Examples 1-7, wherein the cylindrical shell has
an inner surface and a plurality of longitudinally extending
shell ribs on the inner surface of the cylindrical shell that
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are configured to impart a radial component to blood flow
around the core.
[0012] Example 9 is the blood processing apparatus
of any of Examples 1-8, wherein the outer surface of the
heat exchanger core further comprises a plurality of
transverse ribs that are configured to provide a space
between the heat exchanger core and the heat exchang-
er hollow fibers.
[0013] Example 10 is the blood processing apparatus
of claim any of Examples 1-9, wherein the cylindrical shell
comprises an elongate shell aperture disposed diamet-
rically opposed to the pair of elongate core apertures.
[0014] Example 11 is a blood processing apparatus
including an outer housing having a blood inlet and a
blood outlet. A heat exchanger core is arranged within
the housing and having a core interior in fluid communi-
cation with the blood inlet, the heat exchanger core in-
cluding an outer surface and an elongate channel formed
through the outer surface such that blood may exit from
the core interior with a generally circumferential flow con-
figuration. Heat exchanger hollow fibers are disposed
about the heat exchanger core such that a heat exchang-
er fluid may flow through the heat exchanger hollow fibers
and blood exiting from the core aperture may flow across
the heat exchanger hollow fibers. A cylindrical shell is
arranged coaxially about the heat exchanger hollow fib-
ers, the cylindrical shell including an elongate channel
formed within an inner surface of the shell, at a circum-
ferential location generally opposite a location of the elon-
gate channel, and a radially disposed shell aperture dis-
posed near an end opposite the blood outlet, wherein the
elongate channel and the shell aperture are in fluid com-
munication, such that blood passing over the heat ex-
changer hollow fibers flows into the elongate channel and
exits the cylindrical shell through the shell aperture. Gas
exchanger hollow fibers are disposed about the cylindri-
cal shell such that gases may flow through the gas ex-
change hollow fibers and blood passing from the cylin-
drical shell may flow across the gas exchanger hollow
fibers towards the blood outlet in a longitudinal flow path.
[0015] Example 12 is the blood processing apparatus
of Example 11, wherein the inner surface of the cylindrical
shell further includes a plurality of lobes configures to
impart a radial flow component to the blood.
[0016] Example 13 is the blood processing apparatus
of Example 11 or 12, wherein the heat exchanger core
includes a pair of elongate core apertures disposed gen-
erally parallel to each other and in close proximity to each
other within the outer surface such that blood exiting a
first of the pair elongate core apertures flows in a first
circumferential direction and blood exiting a second of
the pair of elongate core apertures flows in a second
circumferential direction generally opposite the first cir-
cumferential direction.
[0017] Example 14 is the blood processing apparatus
of any of Examples 11-13, wherein the outer surface of
the core comprises a plurality of longitudinally extending
core ribs that are configured to impart a radial component

to blood flow around the heat exchanger core.
[0018] Example 15 is the blood processing apparatus
of any of Examples 11-14, wherein the cylindrical shell
has an inner surface and a plurality of longitudinally ex-
tending shell ribs on the inner surface of the cylindrical
shell that are configured to impart a radial component to
blood flow around the core.
[0019] While multiple embodiments are disclosed, still
other embodiments of the present invention will become
apparent to those skilled in the art from the following de-
tailed description, which shows and describes illustrative
embodiments of the invention. Accordingly, the drawings
and detailed description are to be regarded as illustrative
in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is a schematic illustration of a blood
processing apparatus.

Figure 2 is a cross-sectional view of a blood process-
ing apparatus.

Figure 3 is a cross-sectional view of an embodiment
of a blood processing apparatus.

Figure 4 is a cross-sectional view of an embodiment
of a blood processing apparatus.

Figure 5 is a cross-sectional view of an embodiment
of a blood processing apparatus.

Figure 6 is a cross-sectional view of an embodiment
of a blood processing apparatus.

Figure 7 is a cross-sectional view of an embodiment
of a blood processing apparatus in accordance with
an embodiment of the invention.

Figure 8 is a partial cross-sectional perspective view
of an embodiment of a blood processing apparatus.

Figure 9 is a cross-sectional view of an embodiment
of a blood processing apparatus.

Figures 10 and 11 are perspective views of portions
of the blood processing apparatus of Figure 8.

DETAILED DESCRIPTION

[0021] The disclosure pertains to a blood processing
apparatus that, according to various exemplary embod-
iments, includes one or more of a heat exchanger and a
gas exchanger (also commonly referred to as an oxy-
genator). In some embodiments, the term oxygenator
may be used to refer to an integrated structure that com-
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bines a heat exchanger and a gas exchanger in a unitary
device. In various embodiments, for example, the heat
exchanger and gas exchanger are disposed in a concen-
tric fashion with one component located inside of the oth-
er component. According to other embodiments, the heat
exchanger and gas exchanger are structurally distinct
structures operably coupled to each other. In some em-
bodiments, an oxygenator may be used in an extracor-
poreal blood circuit. An extracorporeal blood circuit, such
as may be used in a bypass procedure, may include sev-
eral different elements such as a heart-lung machine, a
blood reservoir, as well as an oxygenator.
[0022] Figure 1 is a schematic illustration of a blood
processing apparatus or oxygenator 10. While the inter-
nal components are not visible in this illustration, the ox-
ygenator 10 may include one or more of a heat exchanger
and a gas exchanger. According to some embodiments,
the heat exchanger and the gas exchanger are integrated
into a single structure that forms an oxygenator housing.
The oxygenator 10 includes a housing 12, a first end cap
14 that is secured to the housing 12 and a second end
cap 16 that is secured to the housing 12. In some em-
bodiments, the housing 12 may include other structure
that enables attachment of the housing 12 to other de-
vices. While the housing 12 is illustrated as largely cylin-
drical in shape, in some embodiments, the housing 12
may have a triangular, rectangular or other parallelogram
cross-sectional shape. Each of the heat exchanger and
the gas exchanger may have generally the same sec-
tional shape or each may have a different sectional
shape. In some embodiments, the heat exchanger may
be inside the gas exchanger while in other embodiments
the gas exchanger may be located within the heat ex-
changer. In some embodiments, the heat exchanger and
the gas exchanger may be concentric.
[0023] In some embodiments, a blood inlet 18 extends
into the housing 12 and a blood outlet 20 exits the housing
12. As noted, in some embodiments the blood processing
apparatus 10 includes a gas exchanger and thus may
include a gas inlet 22 and a gas outlet 24. In some em-
bodiments, the blood processing apparatus 10 includes
a heat exchanger and thus may include a heat exchanger
fluid inlet 26 and a heat exchanger fluid outlet 28 that is
behind (in the illustrated orientation) the heating fluid inlet
26. In some embodiments, the heat exchanger fluid inlet
26 may be disposed at one end of the housing 12 while
the heat exchanger fluid outlet 28 may be disposed at an
opposite end of the housing 12. In some embodiments,
the blood processing apparatus 10 may include one or
more purge ports 30 that may be used for purging air
bubbles from the interior of the blood processing appa-
ratus 10.
[0024] The positions of the inlets, outlets and purge
port are merely illustrative, as other arrangements and
configurations are contemplated. The purge port may in-
clude a valve or a threaded cap. The purge port operates
to permit gases (e.g., air bubbles) that exit the blood to
be vented or aspirated and removed from the blood

processing apparatus 10.
[0025] Figures 2-5 are views of a blood processing ap-
paratus 50 in which blood flow through the heat exchang-
er is circumferential and blood flow through the gas ex-
changer is also circumferential. Figures 2 and 3 are
cross-sectional views showing how blood flows through
the blood processing apparatus 50 while Figures 4 and
5 show how heat exchanger fluid and exchanges gases,
respectively, flow through the blood processing appara-
tus 50.
[0026] As seen in Figures 2 and 3, the blood processing
apparatus 50 includes a blood inlet 52 and a blood outlet
54. The blood inlet 52 is fluidly coupled to a heat exchang-
er core 56 such that blood entering the blood inlet 52
flows into the heat exchanger core 56. In some embod-
iments, as illustrated, the heat exchanger core 56 in-
cludes an elongate core aperture 58 (e.g., a slot or chan-
nel extending at least partially along the longitudinal axis
of the heat exchanger core 56) that allows blood to exit
the heat exchanger core 56 and flow through a heat ex-
changer portion 62. In some embodiments, the elongate
core aperture 58 permits blood to exit the core 56 in a
generally radial direction, such that the blood may then
flow through the heat exchanger portion 62 in a circum-
ferential flow direction as illustrated in Figure 2. Accord-
ing to some embodiments, the elongate core aperture
extends longitudinally along substantially the entire ef-
fective length of the heat exchanger core 56. According
to other embodiments, the elongate core aperture 58 is
replaced with a series of shorter apertures. The core ap-
erture 58 may extend from between about 1 and about
15 degrees about the circumference of the heat exchang-
er core 56. In one exemplary embodiment, the core ap-
erture 58 extends about 5 degrees about the circumfer-
ence.
[0027] As shown, the blood processing apparatus 50
includes an inner cylindrical shell 64 that delineates the
heat exchanger portion 62 from a gas exchanger portion
66. In some embodiments, the cylindrical shell 64 in-
cludes an elongate shell aperture 68 that permits blood
to flow into the gas exchanger portion 66. In some em-
bodiments, the elongate shell aperture 68 permits blood
to flow through the gas exchanger portion 66 in a circum-
ferential fashion as seen in Figure 3. The elongate shell
aperture 68 may be disposed in the cylindrical shell 64
at a location substantially diametrically opposite the lo-
cation of the core aperture 58. Once the blood has flown
through the gas exchanger portion 66, the blood may
collect in an elongate collection space 70 formed in the
housing 12 before exiting the blood processing apparatus
10 through the blood outlet 54. According to other em-
bodiments, the elongate shell aperture 68 is replaced
with a series of shorter apertures.
[0028] In some embodiments, the circumferential
blood flow through the heat exchanger portion 62 and
through the gas exchanger portion 66 may be influenced
by the relative location of internal structures within the
blood processing apparatus 50. In some embodiments,
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as illustrated, the elongate shell aperture 68 is diametri-
cally opposed (e.g., radially spaced about 180 degrees
from) the elongate core aperture 58. Blood exits the elon-
gate core aperture 58 and flows circumferentially through
the heat exchanger portion 62 towards the elongate shell
aperture 68. In some embodiments, the elongate collec-
tion space 70 is diametrically opposed to the elongate
shell aperture 68 (and hence radially aligned with the
elongate core aperture 58). Blood exits the elongate shell
aperture 68 and flows circumferentially through the gas
exchanger portion 66 towards the elongate collection
space 70 before exiting the blood processing apparatus
50 through the blood outlet 54.
[0029] In some embodiments, the heat exchanger por-
tion 62 includes a number of hollow fibers through which
a heating fluid (e.g., water) can flow. The blood may flow
around and past the hollow fibers and thus be suitably
heated (or cooled). In some embodiments, the hollow
fibers may be polymeric. In some cases, metallic fibers
may be used. According to other embodiments, the heat
exchanger portion 62 may instead include a metal bel-
lows or other structure having a substantial surface area
(e.g., fins) for facilitating heat transfer with the blood. In
some embodiments, the hollow fibers may be formed of
polyurethane, polyester, or any other suitable polymer or
plastic material. According to various embodiments, the
hollow fibers have an outer diameter of between about
0.2 and 1.0 millimeters or, more specifically, between
about 0.25 and 0.5 millimeters. The hollow fibers may be
woven into mats that can range, for example, from about
80 to about 200 millimeters in width. In some embodi-
ments, the mats are arranged in a criss-cross configura-
tion.
[0030] In some embodiments the gas exchanger por-
tion 66 may include a number of microporous hollow fib-
ers through which a gas such as oxygen may flow. The
blood may flow around and past the hollow fibers. Due
to concentration gradients, oxygen may diffuse through
the microporous hollow fibers into the blood while carbon
dioxide may diffuse into the hollow fibers and out of the
blood. In some embodiments, the hollow fibers are made
of polypropylene, polyester, or any other suitable polymer
or plastic material. According to various embodiments,
the hollow fibers have an outer diameter of about 0.38
millimeters. According to other embodiments, the micro-
porous hollow fibers having a diameter of between about
0.2 and 1.0 millimeters, or more specifically, between
about 0.25 and 0.5 millimeters. The hollow fibers may be
woven into mats that can range, for example, from about
80 to about 200 millimeters in width. In some embodi-
ments, the mats are in a criss-cross configuration.
[0031] In the embodiments shown in Figures 4 and 5,
the blood processing apparatus 50 includes additional
structural features. The blood processing apparatus 50
has a housing 72, a first end cap 74 and a second end
cap 76. In some embodiments, the first end cap 74 may
include a gas inlet 78 while the second end cap 76 may
include a gas outlet 80. In some embodiments, the sec-

ond end cap 76 may include a heat exchanger fluid inlet
82 and a heat exchanger fluid outlet 84 (see Figure 4).
In some embodiments, the housing 50 may include a
purge port 83.
[0032] As shown in Figure 4, heat exchanger fluid
(such as heated or cooled water, saline or other suitable
fluid) enters through the heat exchanger fluid inlet 82,
passes through the heat exchanger hollow fibers within
the heat exchanger portion 62, and then exits the blood
processing apparatus 50 through the heat exchanger flu-
id outlet 84. In some embodiments, as illustrated, the
heat exchanger fluid flows through the hollow fibers while
the blood passes over and around the hollow fibers. In
some embodiments, heated fluid is used to maintain
and/or increase a temperature of the blood before it is
returned or otherwise provided to the patient. In some
embodiments, cooled fluid is used if, for example, there
is a desire to cool the patient’s body.
[0033] As shown in Figure 5, gases (e.g., oxygen pass)
enter through the gas inlet 78, passes through the micro-
porous hollow fibers within the gas exchanger portion 66
and exits the blood processing apparatus 50 through the
gas outlet 80. In some embodiments, the pressure or flow
rate of oxygen through the blood processing apparatus
50 may be varied in order to achieve a desired diffusion
rate of, for example, carbon dioxide diffusing out of the
blood and oxygen diffusing into the blood. In some em-
bodiments, as illustrated, the oxygen flows through the
hollow fibers while the blood flows around and over the
hollow fibers.
[0034] Figure 6 is a cross-sectional view of a blood
processing apparatus 100 in which blood flow through
the heat exchanger portion is circumferential, while blood
flow through the gas exchanger portion is longitudinal.
As shown in Figure 6, the blood processing apparatus
100 includes a housing 102, a first end cap 104 and a
second end cap 106. The blood processing apparatus
100 includes a blood inlet 108 and a blood outlet 110. A
gas inlet 112 permits oxygen to be provided to the gas
exchanger portion while a gas outlet 114 permits gases
to exit the blood processing apparatus 100.
[0035] The blood processing apparatus 100 includes
a heat exchanger core 116, a heat exchanger element
118 disposed about the heat exchanger core 116, a cy-
lindrical shell 120 disposed about the heat exchanger
element 118 and a gas exchanger element 122, all dis-
posed inside the outer shell or housing 102. The heat
exchanger element 118 and the gas exchanger element
122 may each include a number of hollow fibers as dis-
cussed with respect to the blood processing apparatus
50. In some embodiments, the housing 102 includes an
annular portion 124 that is in fluid communication with
the blood outlet 110.
[0036] In use, blood enters the blood processing ap-
paratus 100 through the blood inlet 108 and passes into
the heat exchanger core 116. The blood fills the heat
exchanger core 116 and exits through an elongate core
aperture 126 and thus enters the heat exchanger element
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118. In some embodiments, the heat exchanger core 116
includes a single elongate core aperture 126 while in oth-
er embodiments the heat exchanger core 116 may in-
clude two or more elongate core apertures 126. In some
embodiments, the elongate aperture 126 allows or di-
rects blood to flow through the heat exchanger element
118 in a circumferential direction.
[0037] As shown in Figure 6, according to some em-
bodiments, the cylindrical shell 120 includes an elongate
collector or channel 127. The channel 127 may be dis-
posed at a location substantially diametrically opposed
to the location of the elongate core aperture 126. Locating
the channel 127 substantially opposite the location of the
core aperture 126 causes blood to flow in a generally
circumferential flow pattern within the heat exchanger
element 118. The channel 127 may extend from between
about 1 and about 15 degrees about the circumference
of the cylindrical shell 120. In one exemplary embodi-
ment, the channel 127 extends about 5 degrees about
the circumference.
[0038] After blood passes through the heat exchanger
element 118, it collects in the channel 127 and flows into
an annular shell aperture 128. The shell aperture 128, in
various embodiments, extends entirely or substantially
around the circumference of the cylindrical shell 120,
such that blood exits the inner cylindrical shell 120 around
the entire or substantially the entire circumference of the
shell 120. In some embodiments, the radially disposed
shell aperture 128 may be located near an end of the
blood processing apparatus 100 that is opposite the
blood outlet 110, thereby causing the blood to flow
through the gas exchanger element 122 in a longitudinal
direction. Blood then collects in the annular portion 124
before exiting the blood processing apparatus 100
through the blood outlet 110.
[0039] Figure 7 is a cross-sectional view of a blood
processing apparatus 150 in which blood flow through
the heat exchanger portion is longitudinal while blood
flow through the gas exchanger portion is either radial or
circumferential. The blood processing apparatus 150 in-
cludes a housing 152, a first end cap 154 and a second
end cap 156. The blood processing apparatus 150 in-
cludes a blood inlet 158 and a blood outlet 160. A gas
inlet 162 permits oxygen to be provided to the gas ex-
changer portion while a gas outlet 164 permits gases to
exit the blood processing apparatus 150.
[0040] The blood processing apparatus 150 includes
a heat exchanger core 170, a heat exchanger element
172 disposed about the heat exchanger core 170, a cy-
lindrical shell 174 disposed about the heat exchanger
element 172 and a gas exchanger element 176 disposed
about the cylindrical shell 174. The heat exchanger ele-
ment 172 and the gas exchanger element 176 may each
include a number of hollow fibers as discussed above
with respect to the blood processing apparatus 50.
[0041] In use, blood enters through the blood inlet 158
and passes partially into the heat exchanger core 170
before exiting through a core aperture 177. Blood flows

through the core aperture 177 and enters the heat ex-
changer element 172. In some embodiments, the heat
exchanger core 170 includes a single core aperture 177
while in other embodiments the heat exchanger core 170
may include two or more core apertures 177. The core
aperture 177 may extend partially or entirely around the
circumference of heat exchanger core 170. The blood
enters the heat exchanger element 172 at a first end near
the blood inlet 158. The blood then flows longitudinally
through the heat exchanger element 172 and exits
through a radially disposed shell aperture 178 in the cy-
lindrical shell 174. In some embodiments, the radially dis-
posed shell aperture 178 is located at a second end that
is opposite the first end, thereby causing the blood to flow
in a longitudinal direction through the heat exchanger
element 172.
[0042] After blood passes through the heat exchanger
element 172, the blood exits the inner cylindrical shell
174 through the radially disposed shell aperture 178 and
enters an elongate collector 180 that is disposed between
the cylindrical shell 174 and the gas exchanger element
176. In some embodiments, the collector 180 is formed
in the cylindrical shell 174. In some embodiments, the
elongate collector 180 is configured to permit blood ex-
iting the elongate collector 180 and entering the gas ex-
changer element 176 to flow in a circumferential direc-
tion. For example, the elongate collector 180 may include
an elongate channel or may include one or more aper-
tures disposed longitudinally along the gas exchanger
element 176. In these embodiments, the blood flow exits
at one circumferential location, such that blood flows
through the gas exchanger element along a generally
cylindrical flow path. According to other embodiments,
the elongate collector 180 includes a plurality or channel
or apertures disposed at various locations about the cir-
cumference of the elongate collector, such that blood
flows through the gas exchanger element 176 in a gen-
erally radial direction. Blood exiting the gas exchanger
element 176 passes into a tapered portion 182 that di-
rects the blood through the blood outlet 160.
[0043] Figures 8-10 show various views of a blood
processing apparatus 200 where blood flow through the
heat exchanger portion is both circumferential and radial,
while blood flow through the gas exchanger portion is
circumferential. As shown, the blood processing appa-
ratus 200 includes a housing 202, a first end cap 204 and
a second end cap 206. The blood processing apparatus
200 includes a blood inlet 208 and a blood outlet 210.
The blood processing apparatus 200 includes a core 216,
a heat exchanger element 218 disposed about the core
216, a cylindrical shell 220 disposed about the heat ex-
changer element 218, and a gas exchanger element 222
disposed about the cylindrical shell 220. The heat ex-
changer element 218 and the gas exchanger element
222 may each include a number of hollow fibers as dis-
cussed above with respect to the blood processing ap-
paratus 50.
[0044] In use, blood enters through the blood inlet 208

9 10 



EP 2 543 403 B1

7

5

10

15

20

25

30

35

40

45

50

55

and passes into the core 216. The blood fills the core 216
and exits through a series of core apertures 226. As
shown in Figure 8, the apertures are arranged to form a
first elongate row and a second elongate row, with each
row generally parallel to and in close proximity to the
other row. In other embodiments, the core 216 includes
a first elongate channel and a second elongate channel,
with each channel generally parallel to and in close prox-
imity to the other channel. In some embodiments, the
elongate core apertures 226 permit blood to flow through
the heat exchanger element 118 in a circumferential di-
rection. In exemplary embodiments, the core apertures
226 are configured such that blood exiting the core 216
will flow through each of the first and second rows or
channels, with blood exiting the first row or channel de-
flected or directed in a first circumferential direction and
blood exiting the second row or channel deflected or di-
rected in a second circumferential direction. In this con-
figuration, blood flow thus exits the core and flows in a
circumferential fashion through the heat exchanger ele-
ment 218, with some blood flowing in one direction and
some blood flowing in an opposite direction.
[0045] Figure 10 is a perspective view of the cylindrical
shell 220 according to various exemplary embodiments.
As shown, the cylindrical shell 220 includes an inner sur-
face 230. In some embodiments, as illustrated, one or
more elongate shell ribs or lobes 232 may be disposed
on the inner surface 230 and may be configured to cause
at least some of the blood flowing past the one or more
shell ribs or lobes 232 to demonstrate a modified circum-
ferential flow, which includes a radial flow component.
According to various embodiments, the inner surface 230
of the cylindrical shell 220 may have between two and
eight distinct lobes 232, and in one embodiment the inner
surface 230 has four lobes 232. In various embodiments,
the lobes 232 are formed by adding additional material
the inner surface, such that the internal diameter of the
cylindrical shell 220, at the point where one lobe meets
another lobe, is reduced by between about 5 and about
20 percent. In other embodiments, the lobes 232 are
formed by removing material from the inner surface 230
or by some combination of adding and removing material.
[0046] In use, as blood flows through the heat ex-
changer element 218 in a circumferential manner, as de-
scribed above, the blood will contact the lobes 232, which
will in turn impart a radial flow component on the blood.
In other words, the blood will then be flowing through the
heat exchanger element 218 with an overall flow config-
uration that includes both a circumferential flow compo-
nent and a radial flow component. The arrows shown in
the heat exchanger element 218 in Figure 9 represent
the blood flow pattern caused by the lobes 232, according
to this exemplary embodiment.
[0047] According to various embodiments, the core
216 includes exterior channels 217. As shown in Figure
9, the core 216 includes four channels 217. In various
embodiments, the channels are configures to further en-
hance the radial flow component of the blood. In various

embodiments, the channels 217 are disposed at a loca-
tion on the perimeter of the core 216 that is configured
to cooperate with the lobes 232 formed in the inside sur-
face of the cylindrical shell 220. For example, the chan-
nels 217 and lobes 232 may be circumferentially offset
from one another such that blood is deflected radially
inward by the lobes 232, simultaneous continued to move
in the circumferential flow pattern, then is deflected radi-
ally outward by the channels 217. This configuration may
then continue around the entire circumference of the core
216. In this manner, the combined radial and circumfer-
ential flow pattern of blood within the heat exchanger
element 218 may be enhanced.
[0048] Figure 11 is a perspective view of the heat ex-
changer core 216. The heat exchanger core 216 has an
outer surface 234. In some embodiments, as illustrated,
one or more elongate core ribs 236 may be disposed on
the inner surface 234 and may be configured to cause
at least some of the blood flowing past the one or more
elongate core ribs 236 to demonstrate a modified circum-
ferential flow (e.g., to have both a circumferential and a
radial flow component). In some embodiments, the outer
surface 234 may include a plurality of transverse ribs
238. In some embodiments, the radially disposed ribs
238 extend radially outward from the core 216 to provide
a space between the heat exchanger core 216 and the
hollow fibers wrapped about the core 216. This space
enhances blood flow around the fibers, which enhances
heat transfer and reduces pressure drop in the heat ex-
changer. According to some embodiments, the ribs are
disposed along substantially the entire effective length
of the heat exchanger core 216. The ribs may be dis-
posed generally transverse to a longitudinal axis of the
core 216.
[0049] After blood passes through the heat exchanger
element 218, the blood exits the cylindrical shell 220
through an elongate shell aperture 228. In some embod-
iments, the elongate shell aperture 228 may be diamet-
rically opposed from the elongate core aperture 226,
thereby causing blood to flow in a circumferential direc-
tion. The blood enters the gas exchange element 222
and passes circumferentially towards the blood outlet
210.
[0050] Various modifications and additions can be
made to the exemplary embodiments discussed without
departing from the scope of the present invention.

Claims

1. A blood processing apparatus (150) comprising:

a housing (152) having a blood inlet (158) and
a blood outlet (160);
a heat exchanger core (170) arranged within the
housing (152) and having a core interior in fluid
communication with the blood inlet (158), the
heat exchanger core including a core aperture
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(177) such that blood may exit from the core
interior;
a heat exchanger element (172) disposed about
the heat exchanger core (170) such that a heat
exchanger fluid may flow through the heat ex-
changer element (172) and blood exiting from
the core aperture (177) flows in the heat ex-
changer element (172) from a first end near the
blood inlet (158);
a cylindrical shell (174) arranged coaxially about
the heat exchanger element (172), the cylindri-
cal shell (174) including a radially disposed shell
aperture (178) located at a second end that is
opposite the first end such that blood exiting the
core aperture (177) flows toward the shell aper-
ture (178) in a longitudinal direction through the
heat exchanger element (172);
a gas exchanger element (176) disposed about
the cylindrical shell (120) such that gases may
flow through the gas exchanger element (176)
and blood passing from the cylindrical shell
(174) may flow across the gas exchanger ele-
ment (176) towards the blood outlet (160), and
an elongate collector (180) in fluid communica-
tion with the shell aperture (178) such that blood
may exit the cylindrical shell (174) through the
shell aperture (178), may enter the elongate col-
lector (180) and may flow through the gas ex-
changer element (176) in a circumferential di-
rection.

2. The blood processing apparatus (150) according to
claim 1, wherein the heat exchanger element (172)
includes heat exchanger hollow fibers.

3. The blood processing apparatus (150) according to
claim 1 or claim 2, wherein the gas exchanger ele-
ment (176) includes gas exchanger hollow fibers.

4. The blood processing apparatus (150) according to
claim 3, wherein the elongate collector (180) is dis-
posed between the cylindrical shell (174) and the
gas exchanger hollow fibers.

5. The blood processing apparatus (150) according to
any of claims 1 to 3, wherein the cylindrical shell
(174) includes the elongate collector (180).

6. The blood processing apparatus (150) according to
claim 4 or claim 5, wherein the elongate collector
(180) includes an elongate channel disposed longi-
tudinally along the gas exchanger hollow fibers such
that blood flows from the elongate channel through
the gas exchanger hollow fibers in a circumferential
direction.

7. The blood processing apparatus (150) according to
claim 4 or claim 5, wherein the elongate collector

(180) includes one or more apertures disposed lon-
gitudinally along the gas exchanger hollow fibers
such that blood flows from the one or more apertures
through the gas exchanger hollow fibers in a circum-
ferential direction.

8. The blood processing apparatus (150) according to
any of the preceding claims, wherein the heat ex-
changer core (170) includes two or more core aper-
tures (177).

9. The blood processing apparatus (150) according to
claim 3, wherein blood exiting the gas exchanger
hollow fibers passes into a tapered portion (182) that
directs the blood through the blood outlet (160).

10. The blood processing apparatus (150) according to
any of the preceding claims, wherein the core aper-
ture (177) extends partially or entirely around the cir-
cumference of the heat exchanger core (170).

Patentansprüche

1. Ein Blutverarbeitungsgerät (150) mit:

- einem Gehäuse (152) mit einem Bluteinlass
(158) und einem Blutauslass (160);
- einem Wärmetauscherkern (170), der inner-
halb des Gehäuses (152) angeordnet ist und ei-
nen Kerninnenraum besitzt, der in Fluidverbin-
dung mit dem Bluteinlass (158) steht, wobei der
Wärmetauscherkern eine Kernöffnung (177)
umfasst, so dass Blut aus dem Kerninnenraum
austreten kann;
- einem Wärmetauscherelement (172), das um
den Wärmetauscherkern (170) angeordnet ist,
so dass ein Wärmetauscherfluid durch das Wär-
metauscherelement (172) strömen kann und
Blut, welches aus der Kernöffnung (177) austritt,
in das Wärmetauscher-element (172) von ei-
nem ersten Ende nahe dem Bluteinlass (158)
einströmt;
- einer zylindrischen Hülle (174), die sich koaxial
um das Wärmetauscherelement (172) erstreckt,
wobei die zylindrische Hülle (174) eine radial an-
geordnete Hüllenöffnung (178) aufweist, die an
einem zweiten Ende, welches dem ersten Ende
gegenüber liegt, angeordnet ist, so dass Blut,
welches die Kernöffnung (177) verlässt, zu der
Hüllenöffnung (178) in einer longitudinalen
Richtung durch das Wärmetauscherelement
(172) strömt;
- einem Gastauscherelement (176), das um die
zylindrische Hülle (120) angeordnet ist, so dass
Gase durch das Gastauscherelement (176)
strömen können und Blut, welches von der zy-
lindrischen Hülle (174) kommt, über das Wär-
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metauscherelement (176) in Richtung des Blut-
auslasses (160) strömen kann, und
- einem länglichen Kollektor (180), der mit der
Hüllenöffnung (178) in Fluidverbindung steht, so
dass Blut die zylindrische Hülle (174) durch die
Hüllenöffnung (178) verlassen kann, in den
länglichen Kollektor (180) eintreten kann und
durch das Wärmegastauschelement (176) in ei-
ner Umfangsrichtung strömen kann.

2. Das Blutverarbeitungsgerät (150) nach Anspruch 1,
dadurch gekennzeichnet, dass das Wärmetau-
scherelement (172) Wärmetauscher-Hohlfasern
umfasst.

3. Das Blutverarbeitungsgerät (150) nach Anspruch 1
oder Anspruch 2, dadurch gekennzeichnet, dass
das Gastauscherelement (176) Gastauscher-Hohl-
fasern umfasst.

4. Das Blutverarbeitungsgerät (150) nach Anspruch 3,
dadurch gekennzeichnet, dass der längliche Kol-
lektor (180) zwischen der zylindrischen Hülle (174)
und den Gastauscher-Hohlfasern angeordnet ist.

5. Das Blutverarbeitungsgerät (150) nach einem der
Ansprüche 1 bis 3, dadurch gekennzeichnet, dass
die zylindrische Hülle (174) den länglichen Kollektor
(180) umfasst.

6. Das Blutverarbeitungsgerät (150) nach Anspruch 4
oder Anspruch 5, dadurch gekennzeichnet, dass
der längliche Kollektor (180) einen länglichen Kanal
umfasst, der in Längsrichtung entlang der Gastau-
scher-Hohlfasern angeordnet ist, so dass Blut von
dem länglichen Kanal durch die Gastauscher-Hohl-
fasern in einer Umfangsrichtung strömt.

7. Das Blutverarbeitungsgerät (150) nach Anspruch 4
oder Anspruch 5, dadurch gekennzeichnet, dass
der längliche Kollektor (180) eine oder mehrere Öff-
nungen umfasst, die in Längsrichtung entlang der
Gastauscher-Hohlfasern angeordnet sind, so dass
Blut von der einen Öffnung oder den mehreren Öff-
nungen durch die Gastauscher-Hohlfasern in eine
Umfangsrichtung strömt.

8. Das Blutverarbeitungsgerät (150) nach einem der
vorherigen Ansprüche, dadurch gekennzeichnet,
dass der Wärmetauscherkern (170) zwei oder mehr
Öffnungen (177) umfasst.

9. Das Blutverarbeitungsgerät (150) nach Anspruch 3,
dadurch gekennzeichnet, dass Blut, welches die
Gastauscher-Hohlfasern verlässt, in einen geneig-
ten Bereich (182) eintritt, der das Blut durch den Blut-
auslass (160) richtet.

10. Das Blutverarbeitungsgerät (150) nach einem der
vorherigen Ansprüche, dadurch gekennzeichnet,
dass die Kernöffnung (177) sich teilweise oder voll-
ständig um den Umfang des Wärmetauscherkerns
(170) erstreckt.

Revendications

1. Appareil de traitement de sang (150), comprenant :

un boîtier (152) présentant une entrée de sang
(158) et une sortie de sang (160) ;
un noyau d’échangeur de chaleur (170) agencé
à l’intérieur du boîtier (152) et présentant un in-
térieur de noyau en communication fluidique
avec l’entrée de sang (158), le noyau d’échan-
geur de chaleur comportant une ouverture de
noyau (177) de sorte que le sang puisse sortir
de l’intérieur de noyau ;
un élément d’échangeur de chaleur (172) dis-
posé autour du noyau d’échangeur de chaleur
(170) de sorte qu’un fluide d’échangeur de cha-
leur puisse s’écouler à travers l’élément
d’échangeur de chaleur (172) et le sang sortant
de l’ouverture de noyau (177) s’écoule dans
l’élément d’échangeur de chaleur (172) à partir
d’une première extrémité à proximité de l’entrée
de sang (158) ;
une enveloppe cylindrique (174) agencée de
manière coaxiale autour de l’élément d’échan-
geur de chaleur (172), l’enveloppe cylindrique
(174) comportant une ouverture d’enveloppe
disposée radialement (178) située au niveau
d’une deuxième extrémité qui est opposée à la
première extrémité de sorte que le sang sortant
de l’ouverture de noyau (177) s’écoule vers
l’ouverture d’enveloppe (178) dans une direc-
tion longitudinale à travers l’élément d’échan-
geur de chaleur (172) ;
un élément d’échangeur de gaz (176) disposé
autour de l’enveloppe cylindrique (120) de sorte
que les gaz puissent s’écouler à travers l’élé-
ment d’échangeur de gaz (176) et le sang pas-
sant de l’enveloppe cylindrique (174) puisse
s’écouler à travers l’élément d’échangeur de
gaz (176) vers la sortie de sang (160), et
un collecteur allongé (180) en communication
fluidique avec l’ouverture d’enveloppe (178) de
sorte que le sang puisse sortir de l’enveloppe
cylindrique (174) à travers l’ouverture d’enve-
loppe (178), puisse entrer dans le collecteur al-
longé (180) et puisse s’écouler à travers l’élé-
ment d’échangeur de gaz (176) dans une direc-
tion circonférentielle.

2. Appareil de traitement de sang (150) selon la reven-
dication 1, dans lequel l’élément d’échangeur de
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chaleur (172) comporte des fibres creuses d’échan-
geur de chaleur.

3. Appareil de traitement de sang (150) selon la reven-
dication 1 ou 2, dans lequel l’élément d’échangeur
de gaz (176) comporte des fibres creuses d’échan-
geur de gaz.

4. Appareil de traitement de sang (150) selon la reven-
dication 3, dans lequel le collecteur allongé (180) est
disposé entre l’enveloppe cylindrique (174) et les fi-
bres creuses d’échangeur de gaz.

5. Appareil de traitement de sang (150) selon l’une
quelconque des revendications 1 à 3, dans lequel
l’enveloppe cylindrique (174) comporte le collecteur
allongé (180).

6. Appareil de traitement de sang (150) selon la reven-
dication 4 ou 5, dans lequel le collecteur allongé
(180) comporte un canal allongé disposé longitudi-
nalement le long des fibres creuses d’échangeur de
gaz de sorte que le sang s’écoule depuis le canal
allongé à travers les fibres creuses d’échangeur de
gaz dans une direction circonférentielle.

7. Appareil de traitement de sang (150) selon la reven-
dication 4 ou 5, dans lequel le collecteur allongé
(180) comporte une ou plusieurs ouvertures dispo-
sées longitudinalement le long des fibres creuses
d’échangeur de gaz de sorte que le sang s’écoule
depuis la ou les plusieurs ouverture(s) à travers les
fibres creuses d’échangeur de gaz dans une direc-
tion circonférentielle.

8. Appareil de traitement de sang (150) selon l’une
quelconque des revendications précédentes, dans
lequel le noyau d’échangeur de chaleur (170) com-
porte deux ou plusieurs ouvertures de noyau (177).

9. Appareil de traitement de sang (150) selon la reven-
dication 3, dans lequel le sang sortant des fibres
creuses d’échangeur de gaz passe dans une partie
conique (182) qui dirige le sang à travers la sortie
de sang (160).

10. Appareil de traitement de sang (150) selon l’une
quelconque des revendications précédentes, dans
lequel l’ouverture de noyau (177) s’étend partielle-
ment ou totalement autour de la circonférence du
noyau d’échangeur de chaleur (170).
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