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57) ABSTRACT 
A blood-gas separating chamber provides an inlet for 
receiving oxygenated blood along with undissolved gas 
from an oxygenator unit through a constant displace 
ment pump and further provides an outlet for supply 
ing oxygenated blood free of undissolved gas for cor 
poreal perfusate circulation. A liquid-gas separating 
element connected between the inlet and the outlet 
liberates undissolved gas from the blood while a sec 
ond outlet located at the upper portion of the separat 
ing chamber is connected to return blood and sepa 
rated gas from the upper portion of the chamber back . 
to the oxygenator unit. A freely movable valve mem 
ber is positioned within the chamber to be responsive 
to the liquid and gas and moves between a fully open 
position for permitting the free flow of gas and liquid 
through the second outlet and a plurality of modulat 
ing positions including a position of maximum restric 
tion of the second outlet for permitting a controlled 
flow of liquid and gas therethrough. One embodiment 
employs a valve seat at the second outlet having three 
inwardly protruding projections for permitting a con 
tinuous flow of blood and gas through the second out 
let while another embodiment employs three projec 
tions on the movable valve member. 

9 Claims, 4 Drawing Figures 
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BLOOD-GASSEPARATING SYSTEM FOR 
PERFUSATE CIRCULATION 

This is a division of application, Ser. No. 317,421, 
filed Dec. 21, 1972. 

BACKGROUND OF THE INVENTION 
This invention relates to a liquid-gas separator and 

specifically to a valve for controlling the flow of liquid 
and gas through a separator outlet. The liquid-gas sepa 
rator of the present invention has particular usefulness 
when connected with a blood-gas separating system for 
corporeal perfusate circulation although the invention 
is not so limited. 

Perfusate circulation to a human or animal during 
heart surgery or heart transplant operations requires 
extremely reliable apparatus for supplying and control 
ling the perfusate flow. Extreme care must be exercised 
to prevent undissolved oxygen or other gases flowing 
with the blood perfusate from entering the arterial sys 
tem, of the patient. 
Oxygenator units are employed to impregnate a 

blood perfusate with oxygen and to remove carbon di 
oxide before submission to the patient. Under some 
conditions, the perfusate may contain up to 100,000 
bubbles of oxygen and other gases per minute ranging 
in diameter up to 100 microns. Although gas bubbles 
smaller than the smallest capillary, or larger bubbles 
which find their way to an outer limb, may be tolerated 
with little or no apparent affect, a very small amount of 
gas supplied to a vital organ can cause severe malfunc 
tion of the organism and may result in death of the pa 
tient. Large amounts of gas (such as a liter or more, for 
example,) infused over a short period of time (such as 
a few minutes, for example) will invariably cause se 
were body malfunction and also possibly death. Such 
difficulties result because physiologic blood pressures 
are inadequate to force gas bubbles through the vascu 
lar system thus allowing the bubbles to act as restric 
tions or "plugs" to prevent perfusion to the affected ar 
CaS. 

SUMMARY OF THE INVENTION 
This invention relates to a liquid-gas separating appa 

ratus providing a valve for controlling the flow of liquid 
and gas through a separator outlet. Applicant's inven 
tion is particularly applicable to a blood-gas separating 
system for extra-corporeal perfusate circulation and 
provides a reliable and safe system for preventing un 
dissolved gas from being supplied to a patient although 
the invention is not so limited. 

In general, a liquid-gas separating apparatus provides 
a housing defining a chamber which includes a liquid 
and gas receiving inlet and a liquid outlet together with 
a second outlet located in the upper portion of the 
chamber. A valve member is located to be freely mov 
able in all directions within the chamber and is respon 
sive to the liquid and gas within the chamber to control 
the flow of liquid and gas through the second outlet. 
Specifically, the valve member operates to move be 
tween a maximum open position for permitting the es 
sentially free flow of gas and possibly small amounts of 
liquid through the second outlet and a plurality of mod 
ulating positions including a position for maximum re 
striction of the second outlet for permitting a con 
trolled flow of liquid and gas through the second outlet. 
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2 
In one form of the invention, the valve means for the 

second outlet of the separator includes a valve seat lo 
cated at the upper portion of the separating chamber 
at the entrance to the second outlet which provides 
three equally spaced projections to prevent the freely 
movable valve member from completely sealing the 
second outlet when assuming a position of maximum 
restriction. Alternatively, the valve seat may be con 
structed to provide one or more grooves. It is therefore 
apparent that the valve means permits a continuous 
purge or flow of liquid and gas under all operating con 
ditions. 
The freely movable valve member within the separat 

ing chamber may take many forms or shapes and appli 
cant's preferred embodiment provides a spherical float 
which is freely movable in all directions within the sep 
arating chamber. The separator housing is designed to 
provide an upper portion having a chamber surface ex 
tending upward to the second outlet which is continu 
ously curved such as in a concave or convex manner, 
for example, to permit free movement of the valve 
member to and from the modulating positions at the 
second outlet. 
An alternative embodiment employs a freely mov 

able spherical float having several ridges or projections 
which cooperate with the second outlet so that a con 
trolled flow of liquid and gas is permitted at all times 
even though the valve member is in a position of maxi 
mum restriction. 
The valve member of the invention preferably consti 

tutes a float having a specific gravity which is approxi 
mately 95 percent of the specific gravity of the liquid 
to provide the proper modulation for the second outlet. 

A separating means is connected between the inlet 
and the liquid outlet so that liquid and dissolved gas will 
be separated from any undissolved gas before passing 
through the second outlet. Applicant preferably utilizes 
a screen located in the lower portion of the separating 
chamber which is adapted to be submerged in liquid at 
all times to facilitate efficient separation. The screen 
may be formed of woven monofilament fibers such as 
nylon or the like and it is contemplated that many alter 
native separating elements could also be employed 
within applicant's invention. 
The inlet to the separating chamber is preferably 

connected to the chamber at an angle to provide a cir 
cular or whirlpool type of liquid flow within the cham 
ber. Such a circular type of flow tends to concentrate 
bubbles at a central portion of the chamber to facilitate 
separation by the separating means and further assistin 
the removal of the bubbles through the centrally lo 
cated second outlet at the upper portion of the separat 
ing chamber. 

In a system for separating blood and dissolved gas 
from undissolved gas for perfusate circulation, an oxy 
genator unit is provided to impregnate a blood perfu 
sate received from a blood supply with oxygen. The ox 
ygenated blood perfusate is conducted by a constant 
displacement type pump to the blood-gas separator 
wherein undissolved gas is separated from the blood 
perfusate before being supplied to a patient. The oxy 
genator unit and the constant displacement type pump 
thus constitutes a blood transfer unit for providing oxy 
genated blood to the blood-gas separator and various 
other types of transfer units may be employed within 
applicant's invention. 
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The second outlet of the blood-gas separator is con 
nected to return blood and gas to the transfer unit 
thereby preventing undissolved gas from entering the 
blood perfusate outlet and into the patient. 
The feedback connection from the second outlet of 

the separating chamber to the transfer unit may conve 
niently be made of plastic or other translucent material 
so that a continuous return flow of blood and dissolved 
gas visually indicates that a minimal undissolved gas 
condition exists within the separating chamber signify 
ing a desirable operation. 
The modulating effect of the freely movable valve 

member controls the amount of blood and gas permit 
ted to return to the transfer unit while the continuous 
slow purge of blood under minimal undissolved gas 
conditions prevents accumulation of such gases over 
long periods of time. The valve means also operates be 
tween the modulating and fully opened positions for 
maintaining the separating means submerged in blood 
at all times. 

in an abnormal operation of the system, the constant 
displacement type pump of the transfer unit permits a 
reduction in pressure within the separating chamber 
when large amounts of undissolved gas accumulates 
therein. Under such conditions, the valve means will 
fully open the second outlet to permit the free flow of 
undissolved gas to the transfer unit while blood perfu 
sate flow through the first or perfusate outlet may cease 
and under some conditions even back flow into the 
chamber to absolutely prevent the flow of undissolved 
gas through the first outlet to the patient. The second 
outlet of the separating chamber is generally connected 
to a low pressure input of the transfer unit thereby pro 
viding the proper pressure control within the separating 
chamber. - 

Applicant thus provides a highly desirable liquid-gas 
separating system including a liquid-gas separating ap 
paratus which may conveniently be made from a poly 
ethylene material or the like which economically may 
be disposed of after a single use but which operates in 
a very efficient manner to eliminate undissolved gas 
from a liquid. Such system may be conveniently used 
for human or animal extra-corporeal perfusate circula 
tion commonly utilized during surgery or the like al 
though the invention is not so limited. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing furnished herewith illustrates the best 
mode presently contemplated by the inventor and 
clearly discloses the above advantages and features as 
well as others which will be readily understood from 
the detailed description thereof. 

In the drawing: 
FIG. 1 is a block diagrammatical flow chart illustrat 

ing a blood-gas separating system for perfusate circula 
tion; 
F.G. 2 is a diagrammatical illustration of a liquid-gas 

separating apparatus utilized in the separating system 
of FIG. 1; 
FIG. 3 is a section taken along the lines 3-3 of FIG. 

2; and 
FIG. 4 is a diagrammatical illustration of an alterna 

tive embodiment of the valve member illustrated in 
FIG. 2. 
The drawing illustrates a blood-gas separating appa 

ratus which may be advantageously utilized within a 
system for extra-corporeal perfusate circulation for a 
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4. 
patient. With reference to FIG. 1, an oxygenator unit 
1 is connected to receive blood perfusate from a supply 
2 and operates to add oxygen to be dissolved by the 
blood perfusate and to remove carbon dioxide by any 
one of a number of methods well known to those skilled 
in the art and further explanation thereof is deemed un 
necessary. 
The oxygenated blood perfusate is pumped by a con 

stant displacement type pump 3 to a blood-gas separa 
tor 4 whereat undissolved gas is removed from the per 
fusate and returned through the line 5a to a low pres 
sure input of the oxygenator 1. The separator 4 oper 
ates to supply blood free of undissolved gas to a patient 
for corporeal perfusate circulation. Under ideal condi 
tions of perfusate flow, the separator 4 operates to re 
cycle blood and dissolved gas through the line 5a for 
return to the oxygenator unit 1 as will be more fully de 
scribed hereinafter. 

FIG. 2 illustrates the blood-gas separator 4 which in 
cludes a housing 5 having an inner separating chamber 
6 adapted to receive blood perfusate and undesirable 
undissolved gas from the pump 3 through an inlet 7. A 
blood perfusate outlet 8 is located at the lower portion 
9 of chamber 6 and permits the flow of perfusate free 
of undissolved gas to a patient undergoing surgery. 
A screen or filter 10 is positioned within the lower 

portion 9 of chamber 6 so that the blood perfusate must 
pass through screen 10 before exiting or passing 
through the outlet 8. Screen 10 may conveniently be 
made of woven monofilament fibers such as nylon 
which operates in a highly desirable manner when con 
tinuously submerged in blood to separate the undis 
solved gas from the blood perfusate. The screen 10 
may, however, take other forms or be made of other 
materials and placed at other positions within chamber 
6 while remaining within the scope of the invention, 
Undissolved gas entering the inlet 7 is liberated by 

the screen 10 and rises to form a gas pocket at the 
upper portion 11 of the chamber 6. Such a pocket of 
gas together with the incoming blood perfusate thus 
forms a blood-gas interface 12 upon which bubbles 13 
congregate. 
A second outlet 14 is located at the upper portion of 

housing 5 and permits liberated gas together with por 
tions of blood perfusate and dissolved gas to be re 
turned through line 5a to the oxygenator unit 1. A valve 
means is provided for controlling the flow through the 
second outlet 14 and includes a valve member 15 
which freely floats and is permitted to move in all direc 
tions within the separating chamber 6. In other words, 
the valve member 15 is permitted to freely move with 
respect to the second outlet 14 in response to the blood 
and gas within the chamber as defined by the blood-gas 
interface 12 to thereby control the flow through the 
second outlet 14. \ 

In a preferred form of the invention as shown in 
FIGS. 2 and 3, the second outlet 14 includes a valve 
seat 16 having three equally spaced projections or 
struts 17 which extend from the housing 5 inwardly to 
ward the upper portion 11 of chamber 6. The struts 17 
thus cooperate with the freely floating valve member 
15 when in a position for maximum restriction of the 
second outlet 14 to permit a continuous purge of blood 
and gas. 
An alternative embodiment of valve member 15 is 

illustrated in FIG. 4 which shows a spherical floating 
member 18 provided with three intersecting circumfer 



5 
ential ridges 19 which are adapted to operate in con 
junction with a relatively smooth circumferential valve 
seat 16 to also permit a continuous purge of blood and 
gas when in a position of maximum restriction to the 
second outlet 14. 
Another feature of applicant's invention includes the 

angular relationship existing between an entrance con 
duit 20 of inlet 7 and the housing 5. As shown in FIG. 
3, the incoming blood perfusate enters the chamber 6 
at an angle and circulates in a whirlpool type motion 10 
within chamber 6 as illustrated by arrows 21. The in 
coming bubbles 13 are thus concentrated centrally as 
illustrated in FIG. 2 to facilitate separation of the gas 
by screen 10 and removal through the centrally located 
second outlet 14. 
The upper portion of housing 5 adjacent to the upper 

portion of chamber 11 includes a housing portion 22 
having a convex chamber surface extending upward to 
the second outlet 14 which is joined with a housing por 
tion 23 providing a concave housing surface also ex 
tending upward toward the second outlet 14. The hous 
ing portions 22 and 23 are specially formed to permit 
the free movement of the valve member 15 in all direc 
tions and prevents member 15 from being "hung up' 
by unnecessary obstructions, projections or the like. 
The inlet 7 and the second outlet 14 are generally con 
structed of a lesser diameter than the diameter of the 
spherical valve member 15. 
Under an ideal operation, blood perfusate entering 

inlet 7 fails to contain undissolved gas thereby permit 
ting the blood perfusate to completely fill chamber 6 
and raise the freely movable valve member 15 to its up 
permost position for providing a maximum restriction 
to outlet 14. Blood perfusate and dissolved gas, how 
ever, is permitted to flow through outlet 14 and return 
to oxygenator 1 through line 5a since the projections 
17 prevent the valve member 15 from completely seat 
ing with seat 16 and sealing outlet 17. The utilization 
of a transparent tube for the line 5a through which the 
blood perfusate is permitted to return to the oxygen 
ator unit 1 thus provides a visual indication of a desir 
able normal operation. 
Small amounts of undissolved gas entering into 

chamber 6 through inlet 7 are continuously permitted 
to be purged through the second outlet 14 even though 
the freely movable valve member 15 assumes a maxi 
mum restrictive position. As greater amounts of undis 
solved gas enter the chamber 6, the freely movable 
valve member is permitted to descend in accordance 
with the varying level of the blood-gas interface 12 to 
assume any one of a number of modulating positions 
thus providing a varying restriction to the second outlet 
14. Such modulation is effective for permitting con 
trolled amounts of blood and gas to pass through the 
second outlet 14 while maintaining a desirable operat 
ing pressure within chamber 6 to permit the flow of 
blood perfusate through outlet 8. 
The entry or accumulation of larger quantities of un 

dissolved gas within chamber 6 permits the movable 
valve element 15 to descend to a position where the 
second outlet is completely unobstructed. Under such 
condition, a maximum amount of undissolved gas is 
permitted to flow through the second outlet 14 through 
line 5a to be returned to the oxygenator unit 1. 
Under conditions where the separating chamber 6 

experiences an excessively large accumulation of un 
dissolved gas, the operation of the constant displace 
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ment pump 3 together with the valve means permits the 
pressure within chamber 6 to correspondingly decrease 
to a very low level. Under such conditions, the valve 
member 15 will fully open the second outlet 14 to per 
mit the free flow of undissolved gas to the oxygenator 
unit 1 while blood perfusate flow through the outlet 3 
may cease and under some conditions even back flow 
into chamber 6 to absolutely prevent undissolved gas 
from exiting through outlet 8 and into a patient. Appli 
cant has found that the subject blood-gas separating 
system efficiently operates to continually prevent the 
interface 12 from dropping below the upper portion of 
screen 10 even under the most adverse operating con 
ditions. 

In a preferred embodiment, the system is constructed 
so that the line Sa will conduct approximately 100 
cubic centimeters of blood perfusate and dissolved gas 
per minute under a pressure of 400 millimeters of mer 
cury to the low pressure input of the oxygenator unit 1 
when the valve member 15 assumes a maximum restric 
tive position with respect to outlet 14. In addition, the 
system is capable of bleeding undissolved gas through 
the second outlet 14 at a rate of approximately 7 liters 
per minute at a pressure of 60 millimeters of mercury 
when the valve member assumes a fully open position. 

The present invention thus provides a highly desir 
able blood-gas separating system including a separating 
apparatus which is easy to manufacture form polyethyl 
ene or the like and may economically be replaced after 
a single use. The system thus provides a highly efficient 
and desirable gas separation from blood perfusate par 
ticularly desirable for extra-corporeal perfusate flow 
applications, 
Various modes of carrying out the invention are con 

templated as being within the scope of the following 
claims particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention: 

I claim: 
1. A blood-gas separating system for perfusate circu 

lation, comprising a blood supply, blood transfer means 
connected to said supply for adding a gas to be dis 
solved by the blood received from said supply and sup 
plying blood containing the dissolved gas, and a blood 
gas separating means including a blood conducting first 
outlet supplying blood for perfusate circulation and a 
second outlet, said separating means receiving blood 
containing dissolved gas and any undissolved gas from 
said transfer means and separating undissolved gas 
from the blood containing dissolved gas and passing 
blood free of undissolved gas through said blood con 
ducting first outlet for perfusate circulation and includ 
ing valve means responsive to the presence of blood 
and undissolved gas within said separating means, said 
valve means controlling the flow through said second 
outlet and providing a maximum open valve position 
when large accumulations of undissolved gas is present 
in said separating means thereby permitting the free 
flow of undissolved gas through said second outlet and 
a position for maximum restriction of said second out- . 
let when large accumulations of blood free of undis 
solved gas is present in said separating means thereby 
permitting a controlled flow of gas and blood through 
said second outlet. 

2. A blood-gas separating system for perfusate circu 
lation, comprising a blood supply, blood transfer means 
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connected to said supply for adding an oxygen gas to 
be dissolved by the blood received from said supply and 
supplying oxygenated blood to a blood transfer means 
outlet, and a blood-gas separator including a housing 
defining a chamber having an inlet receiving oxygen 
ated blood including dissolved and undissolved gas 
from said transfer means outlet and a blood conducting 
first outlet supplying blood for perfusate circulation 
and a second outlet including return means supplying 
gas and blood to said transfer means, said separator in 
cluding means located within said chamber for separat 
ing undissolved gas from the oxygenated blood and 
passing blood free of undissolved gas through said first 
outlet and a valve means responsive to the presence of 
blood and undissolved gas within said separator cham 
ber, said valve means controlling the flow through said 
second outlet and providing a maximum open valve po 
sition when large accumulations of undissolved gas is 
present in said chamber thereby permitting the free 
flow of undissolved gas through said second outlet and 
a position for maximum restriction of said second out 
let when large accumulations of blood free of undis 
solved gas is present in said chamber thereby permit 
ting a controlled flow of gas and blood through said 
second outlet. 

3. The system of claim 2, wherein said valve means 
includes a float operating to said position of maximum 
restriction in response to the accumulation of blood 
free of undissolved gas within said chamber so that 
blood and dissolved gas passes through said second 

outlet and said return means to said transfer means. 
4. The system of claim 2, wherein said transfer means 
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includes an input means connected to said return 
means and operates to provide a pressure differential 
between said second output and said transfer means in 
put. 

5. The system of claim 2, wherein said valve means 
includes a float having a specific gravity which is 95 
percent of the specific gravity of blood for providing 
proper modulation of said second outlet. 

6. The system of claim 2, wherein said return means 
connecting said second outlet to said transfer means 
includes a translucent material providing a visual indi 
cation of the return flow of blood. 

7. The system of claim 2, wherein said separator inlet 
is acutely connected to said housing and permits a cir 
cular flow of blood and gas-containing bubbles within 
said chamber so that the bubbles may concentrate at a 
central portion of said chamber. 

8. The system of claim 2, wherein said valve means 
includes a float operating to said maximum open valve 
position in response to large accumulations of undis 
solved gas within said chamber and permits maximum 
flow of undissolved gas through said second outlet and 
said return means to said transfer means. 

9. The system of claim 8, wherein said transfer means 
includes a constant displacement pumping means oper 
ating to reduce the pressure within said chamber in re 
sponse to the supply of large accumulations of undis 
solved gas within said chamber and permitting blood to 
cease flow through said first outlet and preventing the 
flow of undissolved gas through said first outlet. 
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