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Thisinvention relates to an oxygenating System for use 
in an extra corporeal circulation device for temporarily 
aSSuming or assistingthe functions of the heart and lungS 
ina human being or otheranimal. More particularly this 
invention relates to a Simple disposable device forfilming 
blood for oxygenation and release of carbon dioxide Out 
Side ofthe body ofa humanorother animalduring cardiac 
Surgery. The oxygenating device of this invention,which 
temporarily assumes the functions of the lungs,is uSed 
with a standard blood pump which temporarily assumeS 
the function of the heart by circulatingthe blood through the oxygenator. 
The desirability and necessity of temporarily relieying 

the heart ofits normal function of pumping blood during 
cardiac Surgery have long been recognized and the con 
cept of extracorporeal circulation is generally old in the 
art,In our Patent No.2,854,002,issued September 30, 
1958,from copendingapplication Serial No.656,175,fled 
April 22,1957,which in turn is a continuation of our 
application Serial No,598,284,fled July 18,1956,now 
Patent 2,898,568,thereis described and claimed a Simple ineXpensive disposableartificialoxygenatorandthemethod 
of oxygenating blood bythe use of that device. Accord 
ing to the method of our earlier application oxygen is 
introduced into venous blocd from a patient by directly 
dispersing bubbles of oxygen in a column of blood,the 
mixed blood and oxygenis discharged into a debubbling 
chamber provided with a coating of anti-foam agent to 
dissipate the gas bubblesin the blood,and the oxygenated 
blood is permitted to fow downwardly by gravity in a 
slow laminar flow whereby heaviergas-free blood is per 
mittedto flow beneathand continuouslydisplace upwardly 
gas-containing blood of lesser density to insure liberation 
of entrainedgas bubbles before return of the oxygenated 
blood to the patient. 
The oxygenator,according to the present invention, 

utilizes the same pumping apparatus and receives and re 
turns the bloodinsubstantialythe Same manner described 
in our previous applications. Oxygenation,accordingto 
the presentinvention,is accomplished however by a film 
ingtechnique;thatis,by maintaining a continuous film of 
fiowing blood and exposing that film to an atmosphere of 
pure Oxygen. 

It is the principal object of thisinvention to provide a 
simple,economical,disposable,film oxygenatingand car 
bon dioxide releasing deyice foruse in direct visionintra 
cardiac Surgery. 

Other objects of the invention will become apparent as the description proceeds. 
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To the accompishment of the foregoing and related 
ends,this invention then comprises the features herein 
after fuly described and particulariy pointed outin the 
claims,the folowing description setting forth in detail 
certainillustrative embodiments oftheinvention,these be 
ingindicative,however,of butafew ofthe various ways 
in which theprinciples ofthe invention may beemployed. 
The invention is illustrated by the drawings in which 
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2 
the Same numerals refer to corresponding parts and in 
Which: 

Figure 1 is an elevation of the film oxygenator accord 
ing to thisinvention shown with the front surface partly 
brokenawaytoreveal the inner construction; 
Figure2is atransverse,horizontal Sectiontaken on the 

line 2?2 of Figure1 and in the direction of the arrows, 
showing ingreater detail the construction of this dispos 
able film oxygenator; and 

Figure 3 is a transverse,vertical Section taken on the 
line 3?3 of Figure 1 andin the direction of the arrows, 
to illustrate in detail the construction of the oxygenator. 

Referringto the drawings,the oxygenator of this inven 
tion includes agenerally rectangularplastic film envelope 
indicatedgenerally at 10,having a front face film panel 
? anda backface film panel i2. The top ofthe oxygena 
tor is provided with hanging means in the form of an 
elongated loop 13 of plastic film extending across the top 
ofthe oxygenatorandadapted to receive therod 14ofany 
Suitable Supporting and tensioning rack. Similarly,the 
bottom of the oxygenatorenvelope?6 is provided with an 
elongated loop member i5 adapted to receive the rod 16 
of the Supporting rack. The opposite Side edges of the 
oxygenator are provided with loop members 17 and 19 
reSpectively,adapted to receive rods ?8 and 20 respec 
tiveiy. The interior of the plastic envelope 10 includes 
a pair of foraminous filmingelements here shown as fine 
mesh Screen members 2? and 22 disposed between the 
front and back face film panels of the plastic envelope. 
The Screens 2? and 22 are held spaced apart in order 

to provide a thin channe123fortheflow of blood through 
the oxygenator. Accordingto theilustrated form ofcon 
Struction,the opposed marginaledge portions of the side 
1oop member17are Sealed to a spacer24 of appropriate 
thickness such that the total thickness corresponds to the 
desired·spacing between the screens. Similarly,the op 
poSed marginal edge portions of the loop member 19 are 
Sealed to a Spacer25 and the opposed marginaledge por 
tions of loop member13 are Sealed to a spacer26. The 
marginal edges of Screen members 21 and22 are stitched 
or heat Sealed or otherwise secured to the opposite sides 
of the composite spacers thus produced. The composite 
Spacer along one Side edge of the pair of oxygenator 
Screensis made somewhat wider and is provided with a 
plurality of openings27adjacent to the edge of the pair 
of Screensforpassage ofgas from oneside oftheenvelope 
to the other for a purpose hereafter explained. 
A manifold tube 28 is disposed between the screen 

members 21 and 22 at the top of the oxygenator The 
manifold28isin the form ofa plastictubeprovidedwith 
a stopper29 closing one end and a Stopper30 fitted with 
a blood inlet tube3 at the other end,The manifold 28 
is provided with a plurality of Smali openings 32 along 
its bottom Surface forfiow of blood between the screens 
and afew ventopenings33alongitstopsurface,Option 
aly,the manifold is also provided withafine mesh filter 
34in the form of a V-shaped trough below the bottom of 
the manifold tube, 

Because the thickness of the manifold28tendsto sepa 
rate the Screen members 21 and 22 Spacer elements 35 
and 36 extending the width of the screens are provided 
betWeen the Screen members on opposite sides of the de 
pending portion of the filter element 34,This provides 
for maintaining the spacing of the screened members 21 
and22 Substantially the same at the top as alongtheside 
edges. In order to maintain the spacer elements 35 and 
36inplacewithoutchokingoftheflow ofblood through 
the filter the Spacers are Spot-stitched or otherwise se 
cured to the Screen members at a plurality of points, 
indicated at 37,across the width of the Screens. The 
bottom edges of the Screen members may,if desired,be 
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provided with similar spacers to hold the screens apart 
withoutshutting of the flow of blood between the screen 
members,although in most instances this precaution is 
not necessary at the bottom of the oxygenator. 
The front and back face panels of the oxygenator en 

velope are applied over the Screen and Sealed to the 
opposite inside marginal portions of the loop members. 
Blood inlettube 31 is sealed betweenthe panels One 
face panel is provided with an oxygen inlet tube 38 
Sealed into the panel and the opposite face panel is pro 
vided with a Similar gas discharge tube 39 sealed into 
that panel. Both the oxygen inlet tube 38 and the gas 
vent 39are disposed generally along the side edge oppo 
site to that containing the gas passage openings 27 and 
intermediate of the top and the bottom of the screen 
members,The front panel1l and the Screen member 2? 
define a space between theminto which oxygen isintro 
duced from the oxygen inlet 38. Similarly,the back 
panel 12 and Screen 22 define a Space 4i into which car 
bon dioxide is released from the blood and excess oxygen 
from the Space 46 passes through vent openings 27to the 
discharge outlet 39. 
The face panels il and 12 are Sealed together at the 

bottom So as to form a reServoir 42 for colecting oxy 
genated blood for return to the patient through a blood 
outlet tube 43 sealed between the film panels,The 
reservoir 42 and blood outlet 43 may be disposed cen 
traly in the bottom of the oxygenator envelope,but, 
desirably,they are ofset to one Side asillustratedin the 
preferred embodiment of the oxygenator shown in Fig 
ure 1 wherein an inclined passage 44is formed between 
the Sealed Surfaces of the panels. The inclined passage 
44is an added precautionary measure As blood fows 
from between the screens 2? and 22at the bottom of the 
Oxygenator,means is thus provided for laminar fow 
whereby heavier gas-free blood is permitted to flow be 
neath and displace upwardy anygas-containing blood of 
1eSSer density,if Such be present. Averticalgas escape 
tube 45 communicating with the upper portion of the 
ofset blood reservoir 42 is sealed between the panels and 
the front panel11 is Splitadjacent the upperend oftube 
45 to permitescape ofgas to the atnosphere. 
The film oxygenator of this invention is designed to 

be eficient while at the sametime beingsimple,econom 
ical and disposable,The oxygenator envelope and its 
Supporting loops are formed from a continuous,imper 
Vious,plastic film,Such as for example:polyethylene, 
plasticized polyvinyl chloride,vinylidene chloride poly 
merS,tetra iuoroethylene polymers,trifuorochloroethyl 
ene polymers,rubber hydrochloride and the like. The 
Plastic films Should be pure,nontoxic,strong,preferably 
at least partialy transparent and capable of beingsteri 
ized Preferably,the synthetic resinfilmsshouldalso be 
heat Sealable forease in manufacture of the OXygenator. 
The Screen members 21 and 22 must be offinemesh, 

non-Wettable by blood,and, of course,pure,non-toxic, 
Strong and capable of undergoing sterilization,The 
Screensare desirably woven and many suitable synthetic 
resinous.fiber cloths are available Among these may 
be mentioned: nylon fabric;fabrics woven from poly 
esterflaments ayaiable under the trademark"Dacron"; Yinyidene chloride polymer screening available under 
?e trademark"Saran";fabrics woven fromacryionitrie 
flamentsavailable underthe trademark "Orlon";fabrics W9venfromacrylonitrile-vinylchloride copolymersavail 
age under thétrademarks"Dynef"and"Vinylon, Type 
N";and the ike,Perforated film and foraminous non Woyenfabric possessingthe otherrequisitecharacteristics 
and having suitable porosity may also be used Screen 
members having from about400 to 6400 Openings per 
Square inch have been used. A preferred mate?iafis 
nylon mesh having from about 2000 to 3000 openings 
PerSquareinch. fnadditionto syntheticresinous Screens? 
metal screening(Such as,for example,stainless steel) 
may also be used The filter element 34 when useá 
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4 
may beformed ofsimilarmeshmaterial,preferablysome 
what finer than that of the Screen members. 
The manifoldtube28is also preferablyformed ofsyn 

thetic resinous material Such as,for example:polyvinyl 
chloride;the transparent tubing Sold underthe trademark 
"TygOn";trifuorochloroethylene polymers available un 
der the trademark"Kel-F";tubing formed of vinyidene 
chloride polymersavailable underthetrademark"Saran"; 
tubing made from tetrafluoroethylene polymersand avail 
able under the trademark"Tefion°and the like, 

In use the oxygenator of this invention is suspended 
vertically in a Suitable Supporting rack and held under 
four-way tension,Supporting rods 14,?6,18 and20 are 
inserted in their reSpective loop members and tension is 
placed upon the rods in order to hold the oxygenator 
envelope taut. The oxygenatoris,of course,sterile at 
the time of use. The oxygen inlet 38 is connected to 
a Suitable Source of pure oxygen,preferably through a 
humidifier. 

In a typical cardiac operation,as described in some 
detailin our previous applications,the patients heart is 
firstexposed and the two large veins at the rightside of 
the heart which return the body blood to the heart are 
looSely looped with tape ready to be tied. Cathetersto 
the great veins of the heart are inserted through a slit 
in the right atriumand a catheter to the systemic artery 
is inserted through a transected subclavian artery. The 
OXygenator is primed by pouring a quantity of whole 
arterial blood into the oxygenator envelope or by-arte 
rializing Venous blood through the oxygenator and then 
admitting itinto the blood reservoir42. The tube from 
the Veins of the patient passes through a standard blood 
pump and is connected to the blood inlet tube31 of the 
OXygenator. The blood discharge tube 43 is connected 
through a Similar standard bloodpumpto return theoxy 
genated blood to the artery system ofthe patient, 
With the oxygenator thus connected to the circulatory 

System of the patient the bloodpumps are turned on and 
the tapes looping the blood vessels are tightened. The 
heart,sti beating,empties of blood Thevenous blood, 
ipstead of going through the heart and lungs,passes 
through the blood pump and into the bloodinlet31 of 
the oxygenator. Blood flows from the manifold 28 
through the manifold openings32(into theflter34when 
used)and into the narrow space 23 between the screen 
*embers.21 and 22. The openings 33 at the top of 
the manifold prevent any airlock and any air or other 
gaSes escapingthrough the openings 33,pass outinto the 
envelope from where they mayescape through the dis 
charge vent 39. 
The blood flowing down between the screen members 

21 and22 forms and maintains a thin,substantialy uni 
form film of blood,The surface tension of the blood 
combined with the non-wetting characteristics of the 
Screen and the positive gas pressure against the screen 
inSures against paSSage of any blood through the screen 
So that the only fiow is downward. The thickness of 
the bioodfilm is determined and maintained bythe spacer 
elements inserted between the taut screen members. It 
has been found that for adequate oxygenation the flm 
thickneSS(and consequenty the screen spacing)should 
be maintained at between about 0.015 and 0.045 of an 
inch and preferably between about 0.025 and 0.035 of an 
inch. 
As pure oxygenis introduced under pressureinto the 

oxygenator envelope through the oxygen inlet tube 38 
the Space 4@is maintained under slight positive pressure 
and there is a Slight balooning efect. The entire flm 
of blood in the Space 23 between the screen is thusin 
intimate contact with oxygen under pressure throughthe 
multitudinous openings in the screened member21. The 
opposite side of the bloodfilm is in contactwith thespace 
4f through the multitudinous openings in the screen22 
to permit escape of carbon dioxide from the oxygenated 
blood The Space 41 is likewise maintained undersight 
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positive pressure,The excess oxygen from the oxygen 
inlet38 Sweeps through the space 40 in intimate contact 
with the blood film through the Screen 21,through the 
plurality of vent openings 27at the opposite side of the 
oxygenator envelope. It then Sweeps out through the 
space 41 along the backface of the blood film,carrying 
withit carbon dioxide displaced from the blood film,and 
eScapes through the vent 39. 
The oxygenated blood fiows downwardly through the 

space 23 between the Screens as a continuous film to the 
bottom of the oxygenator where it is collected in the 
reservoir42 and returned to the patient through the blood 
outlet tube 43. When the preferred form of oxygenator 
construction,as shown in Figure 1,is employed the oxy 
genated blood flows from between the bottom of the 
oxygenator Screens to the inclined paSSage 44 in which 
a downward laminar fiow may take place. The heavier 
gas-free blood fows beneath and continuously displaces 
upwardly gas-containing blood of lesser densityto liberate 
entrained gas bubbles,ifany be present,and any such gas 
may then escape through the vent 45. This added Safe 
guard may be used out of an abundance of caution to 
insure against any gas emboli,but under usual circum 
stances and normal operations no Such added precaution 
Should be neceSSary. 
The oxygenator may, of course,be made in a variety 

of sizes in order to provide the oxygenating capacity re 
quired by patients of varying age and weightgroups from 
infants to adults. In order to Standardize manufacturing 
procedures,however,it is preferred that the oxygenator 
be made of a Size having adequate oxygenating capacity 
for most infants,and then,when greater oxygenating 
capacity may be required,a plurality of these Standard 
size units connected in parailel may be used. Thus,as a 
typical example,the oxygenator may be constructed so 
as to have an efective Oxygenating Screen Surface of 
about 18 by 24 inches and as need for greater capacity 
arises a plurality of two or more of Such standard size 
units are used connected in paralle with each other. 
A circulation System incorporating the oxygenator of 

this invention may be provided with means for introduc 
ing Supplemental venous blood as described in our pre 
vious applications. Similarly,the coronary sinus suc 
tion device for returning cardiotomy loss to the patient 
through the ox'genator as disclosed in our previous ap 
plications may be utilizedin connection with the oxygena 
tor of this invention. 

ft is app^rent that many modifications and variations 
of this invention as herenbefore Set forth may be made 
without departingfrom the spirit and scope thereof The 
specific embodiments described aregiven by way of ex 
ample only and the inventionis limited only bythe terms 
of the appended claims. 
We claim: 
1. A blood oxygenator comprising a pair of parallel 

spaced apart foraminous blood filmingelements enclosed 
within an envelope,inlet means for introducing oxygen 
into said envelope on one side of Said pair of filming 
elements,gas discharge means for venting gases from 
said envelope on the other side of Said pair of filming 
elements,blood inlet means for introducing blood to be 
oxygenated between Said pair of filming elements,said 
blood inlet means comprising a perforated manifold tube 
disposed adjacent to the top of said oxygenator.envelope 
and between Said pair of blood filming elements,and 
outlet meansfor discharging oxygenated blood from Said 
envelope. - - 

2. A blood oxygenator according to claim 1 further 
characterized in that said pair of blood filmingelements 
is composed of fine mesh woven Screens. 

3. A blood oxygenator according to claim 2 further 
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characterized in that such screens are composed of syn 
thetic resinous filaments non-wettable by blood, ?- 

4. A blood oxygenator according to claim 1 further 
characterized in that said blood imingelements are 75 Library.)? 

6 
held Substantialy uniformally spaced apart by means of 
spacer elements between Said filming elements. 
5,A blood oxygenator according to claim 1 further 

characterized in that said oxygen inlet means and Said 
gas discharge means are disposed generaly adjacent to 
one Side edge of Said oxygenator envelope in opposite 
faces thereof and gas passage means to permit fiow of 
gas around one side edge of said pair offilmingelements 
are disposed within the envelope adjacent the side of the 
marginal edge of the pair of filming elements which is 
opposite thereto. 
6,A blood oxygenator according to claim 1 further 

characterized in that means are provided adjacent to 
the side edge portion of said oxygenator for supporting 
and tensioning Said oxygenator to maintain the pair of 
blood filmingelements taut and substantially uniformally 
spaced apart. 

7. A blood oxygenator according to ciaim 1 further 
characterized in that oxygenator envelope is composed 
of thin,relatively transparent,heat Sealable Synthetic 
resinous film, ? 

8. A blood oxygenator comprising a pair of parallel 
ciosely spaced apart foraminous blood filming elements 
composed of synthetic resinous filaments woven into a 
fine mesh screen and enclosed within a generally trans 
parent synthetic resinous film envelope,oxygen inlet 
meansin one face of Said envelope adjacent to One Side 
edge thereof for introducing oxygen into Said envelope 
on one side of Said pair of filming elements,gas dis 
charge means in the opposite face of Said envelope ad 
jacent to the same side edge as the oxygen inlet for 
venting gases from said envelope on the other side of 
said pair offimingelements,a plurality ofgas passages 
within Said envelope adjacent the Side edge of Said pair 
of fiming elements opposite to said oxygen inlet and 
gas discharge,blood inlet means for introducing blood 
into the oxygenator between saidpair offilmingelements, 
said blood inlet means including a perforated manifold 
tube disposed between Said blood filming elements ad 
jacent the top of the oxygenatorenvelope,Spacer means 
between the opposite vertical side edges of said blood 
flming elements and between the upper portion thereof 
below Said manifold tube,tensioning means adjacent the 
marginal edges of Said oxygenator for applying tension 
thereto to hold the blood filming elements taut and Sub 
Stantially uniformly Spaced apart,and a biood outlet 
adjacent the bottom of Said envelope for discharging 
oxygenated blood from Said envelope. 

9. A blood oxygenator according to claim 8 further 
characterized in that Said outlet means includes an in 
clined passage extending from adjacent the bottom of 
Said pair of filmingelements to a blood colecting reser 
voir,the top ofSaid rservoirbeing opento the atmosphere 
to permit the escape ofgases. 

10. A blood oxygenator according to claim 8 further 
characterized in that Said filming elements are spaced 
apart between about 0.015 and 0.045 of an inch, 

11. A blood oxygenator according to claim 8 further 
characterized in that Said foraminous screen flming ele 
ments are provided with between400 and 6400 openings per square inch. 
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