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This invention pertains to artificial kidneys and more 
particularly to that class of artificial kidneys in which a 
"kidney' is periodically connected to the circulation sys 
tem of a human patient to remove impurities from the 
blood of the patient. 

In recent years medical practitioners have succeeded 
in keeping human beings alive for extended periods of 
time even though those human beings had irreversibly 
damaged or non-functioning kidneys. This has been ac 
complished by weekly hemodialyses with an "artificial 
kidney.” Recently other patients have been kept alive 
with weekly dialysis even though those patients are af 
flicted with terminal "chronic renal failure.' 

All of these medical successes have been accomplished 
with artificial kidneys which are now well-known in the 
art. These kidneys usually conduct the blood of the pa 
tient through a conduit system defined in part by a filter 
membrane. These membranes permit the passage of 
blood poisons while preventing the passage of blood cells, 
proteins or the like. A rinse solution is on the outside 
of the membrane. Circulation of blood and rinse is 
caused to occur until sufficient poisons have been diffused 
into the solution to reduce the quantities of poisons in 
the blood to an appropriate level. 
While there have been a number of remarkable suc 

cesses with prior artificial kidneys there have also been 
Some failures due to inherent deficiencies in these prior 
artificial kidneys. Additionally, the facility and ability 
with which these modern techniques can be practiced has 
been greatly limited by certain inherent drawbacks in 
previously available artificial kidneys. 

Prior art artificial kidneys have had other inherent 
drawbacks. Among these are the complexity of them and, 
inherently then, inordinate manufacturing expense. Be 
cause of their complexity, these kidneys have required 
highly trained and skilled personnel for their use, main 
tenance, and sterilization. Further, with at least some 
of these kidneys, their complexity created inordinate and 
inherent deficiencies which can and have resulted in 
failures while treatments were in progress. 
With the present invention a very simple and inexpen 

sive artificial kidney is provided which can be maintained, 
operated and sterilized by personnel having a very min 
imum of training. A very highly dependable kidney has 
been developed which requires no pump for the blood 
Supply, no priming with donor blood prior to use, and 
no specialized and difficult to obtain elements. 
These and other advantages are obtained through an 

'assembly which is composed of a plurality of "sand 
wiches.' Each sandwich is composed of a stack of flat 
sheets of appropriate materials which are formed to pro 
vide a fluid chamber. The chamber is separated into a 
blood compartment and a pair of rinsing fluid compart 
ments on either side of the blood compartment. This 
separation of the chamber into compartments is obtained 
with a spaced pair of membranes which are pervious to 
poisons in the blood, allowing the poisons to pass into the 
rinsing fluid. At the same time the membranes are im 
pervious to the passage of proteinaceous matter, blood 
cells and other constituents of the blood which should 
not be lost. 

In the preferred arrangement, as is suggested above, 
each assembly is composed of a plurality of these sand 
Wiches. The Sandwiches are placed together in a single 
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frame with the rinse and the blood compartments of each 
Sandwich parallel connected to the corresponding com 
partments of the other sandwiches. Usually a pair of 
frame assemblies will be used with the sandwiches of 
one frame assembly connected in series with the sand 
wiches of the other assembly. 

Accordingly, one of the principal objects of this inven 
tion is to provide a novel and improved artificial kidney 
which is simple and dependable and which requires no 
blood pump or blood priming. 
Another object of the invention is to provide a kidney 

Sandwich composed substantially entirely of flat sheets 
of material. This is accomplished by providing a plurality 
of flat members positioned together in a sandwich which 
includes a fluid chamber. Flat membranes are positioned 
between certain of the members to divide the chamber 
into compartments. Thus, a kidney sandwich is pro 
vided which is composed substantially entirely of a series 
of flat sheets of material. 
Another object of the invention is to provide a novel 

and improved kidney which has a plurality of blood com 
partments, a rinse chamber compartment on each side of 
each blood compartment and in which the rinse com 
partments are parallel connected with one another as are 
the blood compartments. 

Other objects and a fuller understanding of the inven 
tion may be had by referring to the following description 
and claims taken in conjunction with the accompanying 
drawings in which: 
FIGURE 1 is an exploded view of one of the novel 

and improved kidney sandwiches; 
FIGURE 2 is a schematic and diagrammatic view of 

one of the artificial kidneys of this invention together with 
the blood and rinse fluid supply and return conduits and 
the associated mechanism; and, 
FIGURE 3 is a side elevational view of a plurality of 

the novel kidney assemblies. 
Referring to the drawing and to FIGURE 2 in particu 

lar, a novel and improved artificial kidney is shown sche 
matically at 10. This kidney 10 is preferably composed 
of upper and lower kidney assemblies 11, 12, FIGURE 3. 
The kidney assemblies 11, 12 are each composed of a 
plurality of kidney sandwiches 13. In the disclosed ar 
rangement of FIGURE 2, the assemblies 1 and 2 are 
each composed of three such sandwiches. The details of 
construction of each such sandwich are shown in detail 
in FIGURE 1, and will be described below. 

Referring again to FIGURES 2 and 3, a blood supply 
conduit 15 is connected to the artificial kidney. FIGURE 
3 discloses the proper connection with the blood supply 
conduit 15 to the upper assembly 1 near the top. Blood 
Supplied to the conduit 15 is obtained from a radial 
artery. The blood pressure of the human patient is used 
to force the blood into the upper kidney assembly 11. 
The blood is gravity fed through the assembly 11 to a 
connecting blood conduit 16 near the base of this assem 
bly. 
Here there are two series connected asssemblies 11, 12, 

the connecting conduit 16 serves as the blood inlet conduit 
for the lower assembly 12. The blood is gravity fed 
through the lower assembly 12. The blood comes out a 
lower blood outlet conduit 17 connected near the base 
of the lower assembly 2. 
The blood outlet conduit 17 conducts the blood to a 

bubble catcher 18 which separates entrained air from the 
blood. After the air has been separated the blood is con 
ducted to an arm vein by a suitable blood return conduit 
20. The Supply and return conduits 15 and 20 will be 
connected to the artery and vein respectively by the usual 
cannulae. Thus an extracorporeal blood conduit system 
is provided which is composed of the conduits 15, 16, 17, 
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and portions of the assemblies, 11, 12 and the bubble 
catcher 18. 
A rinsing fluid supply reservoir 22 is provided. The 

rinsing fluid is conducted by a rinse supply conduit 23 from 
the reservoir 22 to a rinse inlet 24 at the base of the 
lower kidney assembly 12. The rinse fluid passes up 
through the lower assembly 12 and thence through a 
connecting conduit 25. The connecting conduit 25 con 
nects the top of the lower assembly 12 with the base of the 
upper assembly 11. The rinse fluid is then forced up 
Wardly through the upper assembly 11. After it has 
passed through the upper assembly 11, the rinse-fluid is 
returned to the reservoir 22 by a rinse return conduit 27. 
A vacuum pump 28 is connected in the return conduit 27 
and used to cause the rinse fluid to flow through the 
conduits and the artificial kidney. 
A shunt line conduit 29 connects the reservoir 22 to the 

pump 28 on its suction side. The sub-atmospheric pres 
sure in the rinsing fluid system is adjusted by means of a 
valve 30 in the shunt line 29. 

In FIGURE 1, the details of the construction of each 
Sandwich 13 are shown. Each assembly includes plates 
35, 36. Because of their relative positions in the draw 
ings, as opposed to their use positions, these plates 35, 36 
will be identified respectively as top and bottom plates. 
One or more intermediate plates 37 are also provided. 
The number of intermediate plates 37 is dependent upon 
the number of sandwiches 13 of each frame assembly 11 
or 2. These plates may be made of plexiglass or other 
Suitable material which will not contaminate the blood 
or rinse fluid. Each intermediate plate serves as a top 
plate for one contiguous sandwich and a bottom plate for 
the other. It will be seen that the kidney may be a single 
Sandwich, but again, two or three sandwiches are pre 
ferred, 
The bottom plate has inlet and outlet rinse fluid chan 

nels 38, 39 formed in its upper face. The top plate has 
corresponding elongated and parallel inlet and outlet rinse 
fluid channels 40, 41 formed in its lower surface. Each 
intermednate plate 37 has similar channels 42, 43, the 
distinction being that the channels 42, 43 of the inter 
mediate are through channels to communicate with cham 
bers on either side of the plate. 

Each sandwich has a pair of spaced rectangular spacer 
frames 45, 46. The spacer frame 45 is adjacent the up 
per plate, whether it be an intermediate plate 37 or top 
plate 35, while the spacer frame 46 is adjacent the lower 
plate, whether it be a bottom plate 36 or an intermediate 
plate 37. In the preferred arrangement these spacer 
frames are formed of vinyl sheet material of .06 inch 
in thickness. 
The spacer frames 45, 46 have central rectangular pas 

sages 47, 48 respectively. These spacer frame passages are 
each filled by a mat of corrugated filter plastic cloth 49. 
This filter cloth may be the fabric sold under the trade 
mark “Trilok' Style TR3202 by the National Filter Media 
Corporation, New Haven, Connecticut. 
A pair of spaced filter membranes 50, 51 are provided. 

The filter membranes 50, 51 are positioned adjacent the 
spacer frames 45, 46 respectively. These membranes are 
preferably commercial cellophane which has not been 
boiled or otherwise chemically treated. While cellophane 
is the accepted known material for these membranes, the 
important thing is that these membranes must be formed 
of sheet material having sufficient porosity to pass blood 
poisons through them. At the same time they must be 
sufficiently impervious to prevent the passage of impor 
tant blood constituents such as blood cells and proteinous 
matter. The membranes must be sufficiently inert to 
avoid contamination of the blood. The membranes must 
also permit the diffusion of blood impurities into the rinse 
fluid. This rinse fluid will usually be a solution of Water 
glucose and various salts such as the chlorides of Sodium, 
magnesium, calcium and potassium. Lactic acid is usu 
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4. 
ally added and the pH of the fluid is maintained com 
patable with that of the blood. 

Upper and lower supporting rectangular supporting 
frames 53, 54 are positioned against the membranes 50, 51 
respectively. The supporting frames are preferably the 
material sold by the E. I. du Pont de Nemours and Co. 
under the trademark “Mylar.” This material is a polyester 
film. It is the glycol ester of terephthalic acid. These 
Supporting frames are each preferably 0.01 inch in thick 
ness and each have rectangular passages 55, 56. The Sup 
porting frames 53, 54 are provided to serve both to sup 
port the cellophane membranes and to maintain them in 
appropriate spaced relationship with a central blood frame 
58. The blood frame 58 is preferably a vinyl sheet of 
0.04 inch thickness. The blood frame has a central rec 
tangular passage 59 and communicating inlet and outlet 
blood passages 60, 61. 
The rectangular passages 47, 48 of the spacer frames 

55, 56 of the supporting frames and 59 of the blood frame 
are all aligned and in communication to provide an in 
ternal fluid chamber. This chamber is separated into a 
central blood compartment and spaced rinse fluid com 
partments on either side of the blood compartment by a 
cellophane membrane 50, 51. The passages and the "ex 
change areas' provided by the membranes 50, 51 should 
be approximately 0.2 square meter in cross sectional area. 
The channels of the plates communicate with con 

tiguous rinse fluid compartments for the supply and return 
of rinse fluid to and from these compartments. Com 
munication between the channels is obtained by aligned 
rinse fluid passages in each of the frames and the mem 
branes. As is best seen in FIGURE 1, these rinse fluid 
passages define conduits designated generally by the num 
eral 63. These conduits 63 connect the rinse compart 
ments of each frame assembly in parallel with one another. 
The conduits 63 communicate with the rinse fluid supply 
and return conduits to place the compartments of the as 
sembly 11 are in series with the compartments of the 
other assembly 12. 

Similarly, the plates, frames and membranes are aper 
tured to provide blood conduits 65 which communicate 
with the blood frame inlet and outlet passages 60, 61. 
The blood conduits 65 connect the blood compartments 
of each frame assembly in parallel with one another. The 
blood conduits 65 also communicate with the Supply and 
return conduits to place the compartments of the assembly 
11 in series with the blood compartments of the assem 
bly 12. 

During the manufacture, the various spacers, the mem 
brances and the plates are simply stacked in suitable and 
aligned relationship and clamped together. Suitable lo 
cating dowels 66 may be provided to assure appropriate 
alignment of these elements. The clamping is effected 
by appropriate clamp frames shown generally at 67. 

Operation 

When a patient is to be treated with one of the arti 
ficial kidneys of the invention the various elements of the 
kidney are first stacked to provide the desired number 
of sandwiches in an assembly. Usually either two or 
three blood compartments per assembly. The sandwiches 
are clamped together by the clamp frames 67 and then 
tested for possible leaks. 

This leak testing is accomplished by inflating the blood 
compartment with air and timing the drop in air pressure 
after both the inlets and the outlets have been closed off. 
When more than three minutes are required for the air 
pressure to diminish from 140 to 120 millimeters of 
mercury, the unit is "blood tight' and ready to be steri 
lized. The sterilization is accomplished with ethylene 
oxide. The unit is exposed to this ethylene oxide for 
four hours at 130 F. and 10 pounds per square inch. 

In a typical use, two assemblies, connected in series, 
are suspended perpendicularly from an intravenous in 
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fusion stand. The extracorporeal blood conduit system 
is flushed with one liter of normal saline and subsequently 
filled from below with a solution of 50 mg/l. of heparin 
in saline. The blood portion of the kidney is primed 
from below to expel air from the System. 
As has been suggested above, it is not necessary to 

prime the artificial kidney with donor blood. A cannula 
in an artery is simply connected to the kidney by plastic 
tubing. The saline in the blood compartment is permitted 
to drain from the return conduit 20 until the color of the 
effluent turns red. The return conduit is then connected 
with a cannula in a vein. 
A heparin Solution is prepared in advance by adding 

500 mg. of heparin to 1 liter of 0.9% saline. At the 
time of first establishing arterial blood flow into the arti 
ficial kidney, 100 ml. of this heparin solution (50 mg. of 
heparin) is infused at a rapid rate into the arterial line 
by admitting compressed air to the infusion bottle. The 
heparin infusion rate is then slowed down to a drip and 
adjusted to maintain the clotting time (one tube) of Sam 
ples obtained from the return conduit at approximately 
one hour. At the end of the dialysis, the supply conduit 
15 is clamped and blood in the extracorporeal conduit 
is reinfused into the patient through the blood return 
conduit 20, either by gravity alone or by saline infusion 
or air insufflation into the arterial line. 
For the long-term dialysis, 300 liters of rinsing solu 

tion are maintained at from 5 to 10° C. in a home deep 
freeze unit to minimize heparin requirement and inhibit 
the multiplication of micro-organisms in the solution 
which is not renewed during the procedure. The blood 
which is cooled during its passage through the kidney is 
rewarmed to approximate body temperature in a coil of 
tubing Submerged in a thermostatically controlled water 
bath before returning to the vein (not shown). 

In experimental tests of this artificial kidney using the 
described technique, no untoward reactions have been 
observed which could be attributed to the equipment used. 
On the contrary, patients with previous artificial kidney 
eXperience unanimously preferred treatment with this 
kidney. Most patients fell asleep after the dialysis had 
begun. This was not accompanied by any appreciable 
drop in blood pressure. They had quiet nights and en 
joyed their meals. Patients who had been maintained by 
weekly hemodialysis with prior artificial kidneys and who 
had required antihypertensive drugs on these occasions 
did not develop any significant elevation in blood pres 
Sure when treated with the mechanism of this invention. 

In only one out of 20 cases was a pump required to 
maintain adequate extracorporeal flow due to a high re 
sistance to blood flow in the vein. On all other occasions, 
flow rates of from 100 to 250 ml/min. were obtained 
without the use of a blood pump. The site and position 
of the arterial and venous cannulae as well as the resist 
ance to blood flow in the vein itself (venoconstriction, 
outside pressure) appears to primarily determine the ex 
tracorporeal flow rate. The impedance to blood flow 
of the unit itself is low. With a pressure head of 80 cm. 
of blood (60 mm. Hg), a flow of 125 ml./min. was ob 
tained through two series connected triple sandwich as 
semblies with six blood compartments (1.2 membrane). 
The volume of the patient's blood in the extracorporeal 

system depends mainly on the number of blood compart 
ments in the kidney and on the length and diameter of 
the tubing. It is affected only to a limited extent by the 
suction applied to the rinsing fluid and by the arterial 
blood pressure and venous resistance. The blood hold-up 
volume of two triple sandwich assemblies is no more than 
600 ml. This includes the heating coil. Nearly all of 
this blood may be reinfused into the patient at the end 
of the dialysis. 

In adults, satisfactory weight loss and improvement in 
the chemical composition of body fluid has been con 
sistently achieved in all instances in which two assemblies 
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with 1.2 m.2 exchange and filter area were used. It ap 
pears likely that one sandwich would suffice in children. 
From a technical and economical point of view, this 

kidney offers advantages. No donor blood is required to 
prime the apparatus. This eliminates undesirable reac 
tions not infrequently seen in patients who receive multi 
ple and frequent blood transfusions. Since almost all of 
the extracorporeal blood may be reinfused at the end of 
the procedure, the total blood loss, on the average, does 
not necessarily exceed 50 ml. No pump is needed to pro 
pel the blood through the system unless excessive venous 
resistance is present. Management and Supervision dur 
ing the procedure is simple. Emergency situations which 
may result from mechanical failure are limited to rupture 
of the membrane and disconnection of the blood tubing 
and these possibilities are substantially eliminated by the 
described air testing. This is demonstrated by the fact 
that rupture of the membrane has not occurred during 
any of the test dialyses which have been conducted. 
Should either of these emergencies arise, mere clamping 
of the arterial and venous cannulae will suffice to pre 
vent exsanguination. Clotting of the blood in the kidney 
may diminish or arrest extracorporeal flow but does not 
give rise to other complications when no blood pump is 
used. 

Summary 
While the invention has been described with a great 

deal of detail it is believed that it essentially comprises 
a frame assembly having a plurality of flat elements 
stacked together in at least one sandwich. Each sand 
which includes a chamber separated into blood and rinse 
compartments by sheet-like membranes. 
Although the invention has been described in its pre 

ferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred 
form has been made only by way of example and that 
numerous changes in the details of construction and the 
combination and arrangement of parts may be resorted 
to without departing from the spirit and the scope of the 
invention as hereinafter claimed. 
What is claimed is: 
E. In an artificial kidney including a supply of rinse 

fluid, conduits to conduct rinse fluid to and from the kid 
ney, other conduits to conduct human blood to and from 
the kidney and a bubble catcher in the return conduit to 
separate air from the blood, the combination of, a plu 
rality of blood purifying sandwiches each connected to 
both the blood and rinse fluid conduits, each sandwich 
comprising, a pair of spaced plates, a pair of spacer frames 
interposed between the plates, each of the spacer frames 
being adjacent one of the plates, a pair of membrane 
sheets interposed between the spacer frames with each 
sheet adjacent one of the spacer frames, a pair of sup 
porting frame members interposed between the membrane 
sheets and each adjacent one of the sheets, a blood frame 
interposed between the supporting frames, each of said 
frames having a through central passage surrounded by 
the associated frame, said central passages being aligned 
and in communication with one another to define a 
purifying chamber, said membranes separating said cham 
ber into first and second rinse fluid compartments and a 
blood compartment therebetween, a mat of filter cloth 
in each filter Section, Said plates each having a spaced 
pair of elongated fluid channels each communicating 
with a contiguous rinse fluid compartment, said frames 
and sheets having apertures therein aligned with one 
another to provide a rinse fluid conduit connecting one 
of the channels of one plate with one of the channels of 
the other plate, said first plate having an inlet aperture 
therein communicating with the other of the channels of 
the first plate, said second plate having an outlet aperture 
therein communicating with the other of the channels in 
the Second plate, said inlet and outlet apertures being 
connected to said rinse fluid conduits, said frames and 
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plates having other apertures therein aligned and in com- (b) a pair of filter membrane sheets extending across 
munication to define blood inlet and outlet passages com- the chamber with the central member between the 
municating with said blood compartment, and said plate, membranes to define a blood compartment; 
said mats, said frames and said membranes all being suffi- (c) said members including enclosure means on the 
ciently inert chemically to be free of chemical reaction 5 sides of the membranes opposite said central mem 
with blood and rinse fluid. ber, said enclosure means cooperating with said 

2. The device of claim wherein said membrane membranes to define a pair of rinse compartments, 
sheets are cellophane. (d) clamp means clamping the member together and 

3. An artificial kidney comprising: maintaining the sheets extended; and 
(a) a pair of spaced plates; O (e) a pair of woven plastic filter mats each sub 
(b) a pair of spacer frames interposed between the stantially filling a different one of the rinse compart 

plates; ments to reinforce the membranes when the kidney 
(c) a pair of membrane sheets interposed between the is in use while permitting free flow of fluid in said 

spacer frames; rinse compartments and intimate contact of rinse 
(d) a blood frame interposed between the membrane lb. fluid with substantially all of the area of the mem 

sheets; branes communicating with said rinse compartments 
(e) each of said frames defining a through central and intimate contact by blood over the entire area 

passage, said central passages being aligned and in of said membranes exposed to said blood compart 
communication with one another to define a purify- ment. 
ing chamber; 20 
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