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ABSTRACT OF THE DISCLOSURE 
A blood oxygenator which defines a flow passage, and 

having means for introducing a stream of blood into one 
end of the flow passage and means for removing blood 
from the other end. The oxygenator has means defining 
a fluid pressurizable section to provide dimensional stabil 
ity thereto, for example, to control the cross sectional 
area of the oxygenating portion of the flow passage or 
to make the oxygenator Self-supporting. 

BACKGROUND OF THE INVENTION 
Bubble type blood oxygenators are commercially avail 

able at the present time, and are used as a component 
of heart-lung machines in open heart surgery and the 
like. Basically, an envelope or casing is used which defines 
a flow passage for blood and oxygen. The flow passage 
includes an oxygenating column portion of the flow 
passage in which tiny bubbles of oxygen from a sparger 
are mixed with blood, and a defoaming portion of the 
flow passage to remove all gas bubbles from the blood 
prior to its readministration to the patient. 
The presently known plastic film envelope type blood 

oxygenators are generally non-self-supporting, so they 
must be strung to a rigid frame about at least three sides 
in order to provide the dimensional stability which is 
necessary for the best operation. 

Furthermore, the portion of the blood flow path which 
constitutes the oxygenating column has previously been 
of transverse dimension which is governed by the spacing 
of heat seals defining the column in the plastic envelope 
of that type of blood oxygenator, or is constructed to be 
of unvarying transverse dimension in rigid oxygenators. 
Several undesirable results occur because of this conven 
tional structure. 

During operation of the blood oxygenator, the blood 
gas mixture in the oxygenating column has a density less 
than that of blood, and must have a predetermined up 
ward velocity and a predetermined ratio of blood to gas 
in order to obtain a level of oxygenation of the blood 
falling between specific, necessary upper and lower limits. 
The above factors are, of course, dependent upon the rate 
of blood flow into the bottom of the oxygenation column 
and the rate of oxygen flow into the column. 

However, during the course of operation, the rate of 
blood flow from the patient into the oxygenation column 
may vary fairly substantially. Hitherto, the necessary re 
sponse was to reduce or increase the amount of oxygen 
passing into the blood column. However, the result of an 
oxygen flow reduction is to reduce the ratio of oxygen 
gas in the column compared with the amount of blood, 
which may cause the blood to "pool' in the column. By 
this latter term it is meant that the upward velocity of 
the blood becomes undesirably slow, and its residence 
time in the oxygenating column to high, because of a 
decrease in the amount of oxygen gas present in the 
column and a resultant increase in the amount of blood 
in the column. An oxygen flow reduction will also cause 
an increase in the density of the blood-gas mixture in 
the column, which causes flexible plastic column walls 
to stretch, increasing the volume of the column and thus 
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further reducing the upward velocity of blood. Such a 
density increase also increases the back pressure produced 
by the column of blood on the blood inlet to the column, 
which can be highly undesirable. The "pooling” of blood 
in the oxygenation column also undesirably increases the 
amount of blood outside of the patient's body. 

DESCRIPTION OF THE INVENTION 

In accordance with this invention, the above various 
disadvantages of the conventional blood oxygenators are 
remedied by furnishing means defining a fluid pres 
Surizable section as part of the oxygenator to provide 
desired structural or dimensional stability thereto, which 
structure can be stabilized in variable dimensional con 
figurations as desired. 

In one aspect of this invention, the fluid pressurizable 
Section is used to provide dimensional stability through 
positive control of the cross sectional area of the oxygenat 
ing column, to vary the volume of the column as desired. 
Thus, upon a change in the blood flow rate into the bottom 
of the Oxygenating column, an alternative course of action 
is available to the conventional expedient of changing the 
oxygen inflow to the column. Instead, the fluid pressuriz 
able section can be actuated to change the cross sectional 
area of the oxygenating column (and accordingly the 
volume) in an appropriate manner to maintain the upward 
Velocity of the blood in the oxygenating column at a 
relatively constant rate, which rate thus becomes in 
dependent of the flow rate of blood passing into the 
column. By this expedient, which can of course be used 
in conjunction with any desired changes in the oxygen 
flow rate, the user of the oxygenator of this invention has 
the capability of providing any desired level of blood 
oxygenation at varying blood flow rates into the oxygenat 
ing column without encountering the undesirable effects of 
an excessively low oxygen bubble concentration and up 
Ward velocity of the blood in the oxygenation column. 
This aspect of the invention can be used in both flexible, 
envelope-type and rigid, casing-type blood oxygenators. 

In another aspect of this invention, a fluid pressurizable 
section of flexible, envelope-type oxygenators can be em 
placed in portions of the envelope other than those 
which define the flow passage, to provide rigidity to the 
envelope upon pressurization. Accordingly, it becomes an 
easier matter to set up the envelope oxygenator and a 
matter of less criticality as to the manner of emplace 
ment, since the inflated portions of the envelope provide 
dimensional stability to the structure. 

In the drawings FIG. 1 is an elevational view of an 
envelope-type oxygenator utilizing the invention of this 
application in both aspects as described above, with por 
tions partially broken away for purposes of illustration. 

FIG. 2 is a plan view of the inflation device used in 
conjunction with the oxygenator column prior to attach 
ment of the device as part of the envelope oxygenator, 
with a portion partially broken away. 

FIG. 3 is a sectional view taken along line 3-3 
of FIG. 1, showing the fluid pressurizable section as 
sociated with the oxygenator column in uninflated con 
dition. 

FIG. 4 is a sectional view similar to FIG. 3, showing 
the same structure in inflated condition for exercising 
positive control of the cross sectional area of the blood 
filled oxygenator column. 

FIG. 5 is an elevational view of a portion of a rigid, 
casing type oxygenator utilizing the invention of this 
application, with some portions shown in section. 

Referring to the drawings, an envelope-type, plastic 
film bubble oxygenator is shown to comprise sheets of 
plastic 10, 12 sealed together in part by heat seals 14, 
16. Additional heat seals 18, 20 define a flow passage 
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for blood which includes a blood oxygenating portion 
22 and a blood defoaming portion 24. Oxygenating por 
tion 22 is formed in arm 23 of the envelope. Arm 23 
is defined by slit 25, which partially separates it from 
the rest of the envelope. 
The upstream part of blood defoaming portion 24 con 

tains conventional defoaming sponge 26, such as spun 
metal fibers or porous plastic, generally containing an 
organosilicon defoaming agent. A second part of the de 
foaming portion comprises tortuous passage 28 to permit 
the final removal of gas bubbles from the blood. Access 
to passage 28 is defined through filter member 30, having 
guide 31 to pass the blood to one end of tortuous passage 
28. Gas is carried away from the apparatus through ex 
haust ports 32 and 34. Pocket 29 provides access for a 
thermometer or the like. 
A stream of blood is introduced through entry ports 

36, 38, which can be sealed in a sterile manner until 
use. Entry port 36 is connected to a source of venous 
blood to provide the main stream of blood being cir 
culated, while entry port 38 is provided for the optional 
recycling of blood as it is removed from an incision site 
and recycled to the patient. Exit port 40 at the opposite 
end of the blood flow passage is adapted to connect with 
tubing for passing the blood back into the patient. 

Seals 39 and 41 close off the flow passage around the 
entry and exit ports. Tubular sparger 42 is mounted in 
the bottom of oxygenating column 22 to provide a wide 
distribution of fine bubbles of oxygen into the flowing 
blood in the column. Sparger 42 is a cup-like member 
generally made of porous plastic and typically having 
an average pore size of about 90 to 140 microns. The 
interior of sparger 42 is connected to oxygen line 44 in 
a conventional manner, which line is sealed between 
sheets 10 and 12 along seal line 18. 

Access port 46 is a reinforced slit for permitting blood 
lines and the like to be run transversely through the 
envelope oxygenator for securance of the lines and for 
convenience. 
A seal line 48 is formed between sheets 10 and 12 in 

the form of a closed curve which is generally U-shaped 
and positioned to follow the periphery of the envelope, 
to define a fluid pressurizable section 50 in the area de 
fined by seal line 48. Inflation port 52, which is of con 
ventional construction, is provided to permit pressurizable 
section 50 to be inflated and deflated as desired, typically 
with compressed air or oxygen. Upon inflation, the entire 
lower portion of the envelope oxygenator becomes rela 
tively rigid and self-supporting, which greatly facilitates 
mounting the envelope oxygenator on a frame. 
The typical technique of mounting the oxygenator is 

to slide a rod (not shown) between sheets 10 and 12 
horizontally across the top of the oxygenator by placing 
the rod through openings 54, 56 to provide top support 
for the envelope oxygenator. Holes 58 are provided so 
that the sides of the oxygenator can be tied with twine 
or the like. Seal lines 63 prevent leakage of fluid from 
pressurizable section 50 out of holes 58. 

FIG. 2 shows a second fluid pressurizable member 59 
which is utilizable in accordance with this invention. A 
second pair of flexible plastic sheets 60, 62 are heat 
sealed together by heat seal 64 in the form of a closed 
curve to define a pair of interconnected pressurizable 
chambers 66, '68. This structure is folded longitudinally 
along intermediate space 70 between chambers 66, 68, 
and the folded structure is emplaced with chambers 66, 
'68 bracketing oxygenation column 22 as best shown in 
FIGS. 3 and 4. A heat seal line 72 is applied to pres 
surizable member 59 on each side of oxygenation column 
22 to affix member 59 to the envelope oxygenator as an 
integral part thereof. 

Inflation port 74 may be of conventional fabrication, 
and is used to inflate chambers 66, 68 to control the 
area of oxygenation column 22 in a manner dependent 
upon the inflation pressure. 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
FIG. 4 shows a cross sectional view of column 22, 

filled with the blood-oxygen mixture 65, with chambers 
66, 68 in inflated condition. It can be readily seen that 
the cross sectional area of column 22 can be controlled 
during the course of the operation simply by inflating 
or deflating chambers '66, 68 as desired. 

Referring to FIG. 5, a portion of an oxygenator is 
shown having a rigid housing 74 containing a flow path 
for blood with an oxygenating portion 22 and a defoam 
ing portion 24 similar to the device of FIGS. 1-4. As in 
the previous embodiment, blood entry ports 36, 38 are 
provided, as well as oxygen inlet 44, which leads to a 
sparger (not shown). 
A portion of tortuous passage 28 is shown, although 

it is contemplated that other designs besides the specific 
design shown can be used. Outlet 40 is also provided, 
and inlets 36, 38, and outlet 40 all project outwardly 
from rigid housing 74 for access thereto. 
A rigid pressure chamber 76 is defined in housing 74, 

having access port 78 leading thereto. Annular rigid sup 
ports 79 are carried by pressure chamber 76 and, in 
turn, carry a flexible elastic tube 80 of silicone rubber 
of other suitable elastomer which defines the major por 
tion of oxygenation column 22. The elastic tube 80 can 
carry a plurality (for example, three) of axially disposed 
rigid stiffeners 82 on its outer surface, to cause the medial 
portion of elastic tube 80 to maintain a generally constant 
transverse dimension. 

Accordingly, when pressurizable chamber 76 is pres 
surized, the diameter of tube 80 will be reduced, typically 
by collapsing of the central portion of the tube and 
stretching of the end portions 86 to accommodate said 
collapsing, to provide oxygenating column 22 with a re 
duced transverse dimension and volume over a major 
portion of its length. 

Hence, the transverse dimension and volume of the 
oxygenating column 22 of the oxygenator shown can be 
adjusted as desired by the simple expedient of pressuri 
zation or depressurization of chamber 76. It is, of course, 
contemplated that a vacuum may be drawn on chamber 
76 to expand the oxygenating column 22, if desired. 
The above disclosure is offered for purposes of illus 

tration only, and is not to be viewed as limiting the scope 
of the invention of this application as defined in the 
claims below. 

That which is claimed is: 
1. The method of oxygenating blood which comprises 

introducing blood into a generally vertically disposed, 
flexible flow passage for blood, introducing a stream of 
oxygen bubbles into a lower portion of said passage, and 
removing said blood and oxygen bubbles from said gen 
erally vertically disposed passage at an upper portion 
thereof, the improvement comprising providing pressure 
to the exterior of said generally vertically disposed pas 
sage to positively control the cross sectional dimension of 
said passage responsive to said pressure. 

2. The method of claim 1 in which said pressure is 
varied in a manner responsive to the flow rate of blood 
into said passage, to maintain a relatively constant upward 
velocity of the blood in said passage. 

3. The method of claim 2 in which the blood which 
is removed from said passage is passed through defoam 
ing and debubbling means. 

4. A bubble type blood oxygenator which comprises a 
flexible envelope having sealed portions defining in said 
envelope a flow passage with a blood oxygenating portion 
and a blood defoaming portion, and which has means for 
introducing a stream of blood and a stream of oxygen 
bubbles into one end of said flow passage, means for re 
moving blood from the other end of said flow passage, 
and means defining a fluid pressurizable section render 
ing a portion of said envelope other than the portion de 
fining said flow passage pressurizable, to provide rigidity 
to said envelope on pressurization. 
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5. The blood oxygenator of claim 4 in which said fluid 
pressurizable section is generally U-shaped and positioned 
to follow the periphery of said envelope. 

6. A bubble type blood oxygenator which comprises a 
body defining a flow passage with a blood oxygenating 
portion and a blood defoaming portion, and which has 
means for introducing a stream of blood and a stream of 
oxygen bubbles into one end of said flow passage, means 
for removing blood from the other end of said flow pas 
sage, and means defining a fluid pressurizable section as 
part of said oxygenator, positioned along the blood 
oxygenating portion to variably adjust and positively con 
trol the cross sectional area of the oxygenating portion 
responsive to pressure in said pressurizable section. 

7. The blood oxygenator of claim 1 in which said fluid 
pressurizable section comprises an elastic tube, the bore 
of which defines a major part of said blood oxygenating 
portion of the flow passage, said elastic tube being mount 
ed in a pressurizable chamber with the ends of said tube 
communicating with the remainder of said flow passage, 
whereby the cross sectional dimension of said tube is 
variable in a manner responsive to the pressure in said 
chamber. 

8. The blood oxygenator of claim 7 in which said elas 
tic tube carries longitudinally mounted stiffening mem 
bers. 

9. The blood oxygenator of claim 1 in which said body 
comprises a flexible envelope. 

10. The blood oxygenator of claim 9 further compris 
ing a slit-like access port through said envelope. 
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11. The blood oxygenator of claim 9 in which said 

pressurizable section comprises flexible plastic sheets 
sealed together to define a pair of pressurizable chambers, 
said sheets being carried on the part of said envelope 
defining the oxygenating portion with said chambers posi 
tioned adjacent said oxygenating portion. 

12. The blood oxygenator of claim 11 having addition 
all means for defining a fluid pressurizable section for ren 
dering a portion of said envelope other than the portion 
defining said flow passage pressurizable, to provide rigidity 
to said envelope upon pressurization. 
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