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ABSTRACT OF THE DISCLOSURE 

A peritoneal arti?cial kidney in which a prepared solu 
tion is circulated through the peritoneal cavity and the 
resulting peritoneal ?uid containing unwanted toxic 
metabolites is withdrawn from the cavity and passed 
through ?ltration means that permits essentially only 
passage of pure water while rejecting the metabolites. The 
?ltered peritoneal ?uid is then reconstituted with a con 
trolled make-up solution for recycle to the peritoneal 
cavity and the rejected residue is discharged as waste. 

This invention relates to arti?cial kidneys for removing 
toxic substances in the blood normally excreted through 
the human kidney, and more particularly, to a compact, 
wearable arti?cial kidney for removing the toxic sub 
stances by peritoneal dialysis. 

In recent years, the development of arti?cial kidneys 
has prolonged the lives of human beings with damaged or 
inoperative kidneys. The physiology of the human kidney 
is fairly well understood and involves the removal of non 
volatile wastes from the blood stream and the continuous 
regulation of the blood composition such that the condi 
tions in body tissues necessary for the life of cells are 
maintained. Accordingly, when the kidneys are not operat 
ing properly, these functions must be performed by arti 
?cial means to prevent any imbalance from developing 
and the build-up of toxic conditions in the blood. 
A variety of arti?cial devices has been developed for 

assuming the function of a human kidney. Most com 
monly, these devices withdraw blood from the body and 
pass the blood through an external dialyzer to draw out 
or remove the undesired toxic substances from the blood 
and ‘then the blood is returned to the body. When these 
devices are used for several hours, several times per week, 
they are capable of reducing the level of concentration of 
toxic substances in the blood to a safe level. 
The dialysate or wash solution, however, must be care 

fully formulated so as to be isotonic to the blood and so 
that certain desirable constituents of the blood, such as 
electrolytes, are not lost in the dialysis procedure. The 
devices all commonly operate on an intermittent basis, 
requiring a high volume of dialysate and in turn necessi 
tating a bulky and immobile reservoir for the solution. 
Further, the intermittent use of such devices causes the 
concentrations of toxic substances in the patient’s blood 
stream to oscillate from an abnormally high position just 
prior to treatment to a low point immediately following 
treatment. This creates undesirable side effects in the 
patient’s general condition. Finally, the fact that the blood 
is being used for the treatment involves the risk of clotting 
and anticoagulants must be utilized in the treatment. 

Accordingly, more recent efforts in the ?eld of arti?cial 
kidneys have been to develop devices that can operate 
independently of the blood and that can consistently main 
tain the concentration of toxic substances at an acceptable 
level. In order to provide a continuously operating kidney, 
of course, the devices must be portable and wearable by 
the patient and desirably compact, reliable, and of mini 
mum discomfort. 

In US. ‘Pat. No. 3,799,873 of Clinton E. Brown, for 
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example, which patent is assigned to the assignee of the 
present invention, there is described a completely re 
circulating arti?cial kidney, suitable for use in removing 
toxic substances from the blood by peritoneal dialysis. 
The device operates on the well known technique of peri 
toneal dialysis, in which a prepared solution is circulated 
through the peritoneal cavity and the unwanted metabo 
lites, such as urea, creatinine, uric acid, etc. are drawn 
into the solution by natural diffusion from the blood 
stream across the peritoneal membranes, resulting in what 
is commonly referred to as peritoneal ?uid. This ?uid now 
containing the unwanted toxic substances is removed from 

' the body, and passed through an external dialyzer to re 
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move the toxic substances from the peritoneal ?uid, and 
the puri?ed ?uid is then returned to the peritoneal cavity. 
To provide a completely portable device, however, means 
are also provided for purifying, reconstituting, and re— 
cycling the dialysate for the external dialyzer. In essence, 
the device comprises two recirculating loops; one for the 
body ?uid and one for the dialysate. 
While this represents a signi?cant improvement in the 

art of developing wearable, compact, and e?'lcient arti?cial 
kidneys, it obviously involves more operations than the 
more common intermittent, but immobile, devices hereto 
fore used to dialyze the blood. In accordance with the 
present invention, however, there is provided a much more 
simpli?ed arti?cial kidney that requires only one recircu 
lating loop like a blood dialysis device, but without the 
necessity of doing something with the spent dialysate that 
has heretofore plagued the development of a truly satis 
factory mobile device. More speci?cally, it has been found 
that the need for an external circuit to cleanse the dialysate 
in order to provide a portable device can be eliminated 
by ?ltering the peritoneal ?uid of its toxic substances and 
returning the ?ltered ?uid after being reconstituted to 
the peritoneal cavity. Thus, in contrast to earlier inter 
mittent devices where the dialysate is discarded, or port 
able devices where the dialysate must be puri?ed and re 
circulated, the device of the present invention ?lters the 
peritoneal ?uid and returns it for further use. 
As embodied and broadly described, therefore, this in 

vention comprises circulating a prepared solution through 
the peritoneal cavity to withdraw toxic metabolites from 
the blood across the peritoneal membranes and into the 
solution forming peritoneal ?uid; removing the peritoneal 
?uid from the peritoneal cavity; ?ltering the ?uid to re 
move toxic substances from the peritoneal ?uid; recon 
stituting and recycling the ?ltered ?uid back to the peri 
toneal cavity; and discarding the rejected wastes. 
Of the accompanying drawings: 
FIG. 1 illustrates a schematic representation of the 

peritoneal arti?cial kidney of this invention; and 
FIG. 2 is a suitable ?lter cell employing reverse osmosis 

membranes. 
The arti?cial kidney of this invention is particularly 

adapted for use with peritoneal ?uid. By peritoneal ?uid 
is meant not only that ?uid naturally existing in the 
peritoneal cavity, but the prepared conventional peritoneal 
dialysis solutions added to the cavity to supplement its 
volume. For a more thorough discussion of peritoneal 
dialysis for performing the function of a natural kidney 
and other examples of previous methods for performing 
recirculation peritoneal dialysis, reference is made to an 
article by J. H. Shinaberger, L. Shear and K. G. Barry, 
entitled “Increasing E?iciency of Peritoneal Dialysis," 
Transactions of American Society of Arti?cial Internal 
Organs, Vol. II, pages 76-82, 1965. 
With reference to FIG. 1, peritoneal ?uid 2 is with 

drawn from conventional catheters 4, preferably of sili 
cone rubber, implanted surgically in the peritoneum or 
peritoneal cavity and forced by the pumping action of a 
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- high~pressure pump 6 to the intake side 8 of a ?ltration 
means 10. Preferably, ?ltration means or ?lter cell 10 in! 
cludes as the ?lter element 12 a membrane with hyper 
?ltration characteristics, such as reverse osmosis mem 

> branes, mounted within a suitable housing and having inlet 
means 14 for the peritoneal ?uid, toxic metabolite e?lu 
ent means 16, both on the same side 8 of the ?ltration 

, element 12, and a puri?ed ?ltrate outlet means 18. Cell 
10 may consist of a plurality of layered membranes sepa 
rated by ?ow spaces, as typical in a plate-and-frame ex 
changer, or it may be formed of tubular elements 12 in a 
cylindrical bundle with headers as shown in FIG. 2. For 
a more complete description of a ?lter cell suitable for 
use with the present invention, reference is made to the 
above-described patent, where there are described a num 

' ber of alternative devices having hyper?lter characteristics 
that were used to cleanse the dialysate for the external 
dialyzer. 

Peritoneal ?uid is fed to ?lter cell 10 under pressure 
and at a rate of from 5 to 50 ml./min., where it travels 
through the cell with a motion parallel to the ?ltering 
element 12, emerging as a concentrated solution of low 
molecular weight solutes or metabolites, such as urea, 
creatinine, uric acid, and electrolytes from outlet 16. Pres 
sure is maintained on the order of 400 to 600 p.s.i. to pro 
vide a pressure differential across membrane 12 in ?lter 
cell 10 by pump 6, and pressure regulating valve 20 in 
the waste rejection line 22. Relief or regulating valve 20 
is designed to permit a continuous ?ow of peritoneal ?uid 

' through ?lter cell 10 and a continuous ?ow of wastes 22 
to a urinal 24. 

In the usual peritoneal dialysis treatment, Water is also 
removed in the peritoneal ?uid. This is accomplished by 
providing the solution fed to the peritoneal cavity with 
sorbitol or a sugar, such as dextrose, to produce an osmotic 
pressure difference between the body and the solution, 
causing a ?ow of water across the peritoneal membranes 

1 and into the solution forming peritoneal ?uid. Generally, 
the metabolites and electrolytes do not pass through mem 

' brane 12, but are rejected, and essentially only pure water 
passes through the membranes to the low pressure side 
26 of the cell. Hence, in the cell the peritoneal ?uid is 
concentrated many fold due to the high volume of recov 
ered water passing through ?ltering element 12, so that 
the volume of waste 22 is in manageable proportions and 
the urinal need be detached and emptied only infrequently. 
The recovered water or ?ltrate is then reconstituted by 

the addition of a concentrated solution of electrolytes and 
sorbitol or a sugar, such as dextrose, from reservoir 30 
by means of a metering pump 32. The reconstituting solu 

' tion may be added to the ?ltrate after it leaves ?lter cell 
10 or, preferably, and as schematically shown in FIG. 1, 
is added at 19 to the low pressure side 26 of cell 10 and 
at the opposite end of the cell from peritoneal ?uid inlet 

. 14 so that its ?ow is countercurrent to the ?ow of peri 
toneal ?uid. By this arrangement, the osmotic pressure of 
the solution can be used to also assist in the ?ow of water 
through membrane 12 of the ?lter cell. 
The reconstituted water 28 is recycled back to the 

peritoneum through suitable catheters for further removal 
of toxic substances by peritoneal dialysis. 
High pressure pump 6 and metering pump 32 are pref 

erably cam driven by a suitable electric motor which is in 
turn powered by a portable, re-chargeable battery to pro 

1' vide a convenient wearable system. The pump and meter 
ing system are conventional and are more fully described 
in the above-mentioned patent. 

Thus, the present invention provides a wearable, yet 
compact, arti?cial kidney uitable for use with peritoneal 
dialysis that recovers, ?lters, and reconstitutes peritoneal 

. ?uid in use and that requires only a small volume of ?uid 
and a single recirculating loop. Of course, it is to be recog 
nized that it is within the scope of this invention to modify 
the nature of the power source needed to operate the 
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4 
pump, and any source of power, portable or non-portable, 
could be used with the invention. Many other modi?ca 
tions are also possible, including fail-safe features to pro 
tect against punctures, leaks, ruptures in the ?uid lines as 
well as clogging of the ?lters, sensing devices to sense the 
concentration of toxic substances in the recycled peritoneal 
?uid and the accumulation of waste in the urinal as well 
as automatic shut-01f and warning devices to alert the 
patient of any malfunction and the need for service to the 
system. The invention, therefore, is not limited to the spe 
ci?c details shown and described and departures may be 
made from such details without departing from the princi 
ples of the invention and without sacri?cing its chief 
advantages. 
What is claimed is: 

. 1. A portable and wearable arti?cial kidney for con 
tinuously removing toxic metabolites from the blood com 
prising means for continuously circulating a prepared solu 
tion through the peritoneal cavity to draw toxic metabo 
lites from the blood across the peritoneal membranes and 
into the ?uid in the cavity forming peritoneal ?uid; ?ltra 
tion means for continuously removing the toxic metabo 
lites from the peritoneal ?uid; means for continuously con 
veying the peritoneal ?uid from the peritoneal cavity to 
the ?ltration means; means for continuously, recycling 
puri?ed ?ltrate from the ?ltration means back to the peri 
toneal cavity; and means for reconstituting the recycled 
peritoneal ?uid to make it suitable for re-use in the peri 
toneal cavity. 

2. The kidney of claim 1, wherein the ?ltration means 
comprises a plurality of membranes with hyper?ltration 
characteristics and means for pressurizing the peritoneal 
?uid conveyed to the membranes to provide a pressure dif 
ferential across the membrane. 

3. The kidney of claim 2, wherein the ?ltration means 
includes a housing having peritoneal ?uid inlet means and 
toxic metabolite e?luent means on the high pressure side 
of the membranes and puri?ed ?ltrate outlet means on 
the low pressure side of the membranes. 

4. The kidney of claim 2, wherein the housing also in 
cludes reconstituting ?uid inlet means for introducing 
make-up solution to the low pressure side of the mem 
branes in countercurrent ?ow to the ?ow of peritoneal 

’ ?uid on the high pressure side of the membrane. 
5. A method for continuously removing toxic metabo 

lites from the blood, comprising continuously circulating 
a prepared solution through the peritoneal cavity to draw 
toxic metabolites from the blood across the peritoneal 
membranes and into the solution forming peritoneal ?uid, 
continuously withdrawing the peritoneal ?uid from the 
cavity, continuously ?ltering the ?uid to remove the toxic 
metabolites, reconstituting and continuously recycling the 
?ltered ?uid to the peritoneal cavity for further use, and 
withdrawing and discharging the rejected residue as waste. 

6. The method of claim 5, wherein the ?ltered ?uid is 
reconstituted by the addition of a control solution of 
make-up electrolytes and sorbitol or a sugar. 

7. The method of claim 5, wherein the peritoneal ?uid 
is ?ltered by pressurizing the ?uid and forcing it through 
membranes with hyper?ltration characteristics. 
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