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:‘\3 Use of the Artificlial Kidnegy in Human Patients
o Dept, of Navy, Office of Naval Research. NR 115-82¢
Final Repoct

B
-Q: Ths work covered by this contract can be subdivided into three major phases:
(1) Methodology, (2} Studies involving animals and, (3) Studies with patients.

Hethodolog

Procedures wers developed for the simltansous determination of plasma volume,
sodium and bromine spaces. These estimates were accomplished using tliree radioactive
is»topes simultaneously: Iodinel3l (as iodinated lLumaun albumin), sodiumlli, and brominef2,
Tha method of determining the fluid compartmentis discussed above consist of giving a
mixture of radicactive godium and bruomide intravenously and withdrawing blond samples
fo1> and a half anrd five hours later. After the last blood sample is obtained a solu-
tisn containing radiocactive iodinated human albumin is injected tl.rough the same needle.
Tea minutes later the last blood specimen is withdrawn and used for the determination
nof t19 plasma voiume (blood volume too if a hematccrit is obtained or whole blood is
counted). By taking advantage of the different decay factors for the three isotopes
wr~d,; and counting the same samples at various times, it is possible by mecans of
=l altaneous equations to obtain the content of each of the indivicual isotopes. With
this known, the determination of the scdium and bromide spaces or the rlasma volume
reccuires the use of the simple dilution forruia,

Sixty-one studies have been carrisdi cu? on patients using these tzschniques.
Twenty-six of the patients studied had no abnormalities of fluid or electrolyte metabolism
and twenty-nine additional patients ware studied because they presented clinical evidence
of aberrations of fiuid and/or electrolyte distribwtion., Studies were repeated on six
of “he latter patients,

Modifications of the surgical and clinical procedures used for the artificial

%idney in tho carrying out of the dialysis will be discussed under the studies involving
nalents.

Animal Studies

A series of twelve bilaterally nephrectomized dogs were given largs amounts of
21 :ctrolyte pcor fluids (10 per cent glucose in distilled water) intravenously. These
coaditions aimulated the clinical history offered by many anuric patients who were sent to
ousr institute for dialysis. Body welght, sodium and chloride concentration of the plasma,
aloug with sodium, bromine and imulin gpaces were normally determined before the
nechrectony and cverhydration; and at various intervals postoperatively (Table I). Due
to *“he unpredictable death of the animals no studies could be made using the artificial
kiligy, or 8 hypertonic sodium-chloride sclution to counteract thes2 changes. During
th: period of cverhyvration the sodium level of plasma fell from a normal value of 1LO -
157 %o 106 - 116 mEq./L. There was also a fall in the chloride concentration which
paralleied the fall of sodium. On the other hand, the pctassium content of the plasma
ineraased in epite of ihe hemodilution (presumably due to an increased catabolism of
body tissues). These animals alan showsd incresser in the inulin, sodium and bromide
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sni6es, The rather large control values for the latter two compartmants, reportod
here, are due to the six hour period used for the equilibration of the ions. These
studies indicate that animals and patients whe have anuriz »nd are given large amounts

of ater rust also receive electrolytes and a high carbohydrate and fat intake to
niiimize cellular breaidown,

Because of the confusion as to the etiology of the hyperchloremic acidosis
. ki develops in some patients following uretsrosigmoid transplants, studies were carried
out in dogs in which the ureters were implanted into the colon., During these studies
tne animales were main‘ained on various diets, high and low in chioride, given anion
exchange resinz, and subjected to periods of dehydration. It was found that dehydration
waf one of the most potent methods of producing hyperchloremic acidosis, In addition to
th2 blood chemistry studies (sodium, potassium and chioride levels, pH and carbon dioxide
scnsent), space determinations were made using radicactive sodium and bromine, An
. dwaortant corollary to this problem was also studied in which the rate of transfer of
scidian and bromine imto and out of the lumen of the colon of dogs was measured, For this
v, solutions containing radioactive sodium and bromine were instilled into bLind loops
¢f idtestine of dogs and at intervals aliqucts were removed Jor the =ssay cf both the
chenical constituents and remaining activity, The' last two projects are being preparcd
for mblication by Drs. Krieger, Persky and DesPrez, In conjunction with this study,
e oatients exhibiting hyperchloremic acidosls, following ureterosigmoid transplant,
wer: dtudied. The impraession gained from this work was that although renal disfunction
ig -n important factor, the acidosis or control of it could be governed by dietary measuves.

Patient Work

The artificial) kidney was employed with two views in mind, thce Tirst being
the: treatment of patients with acute renal failure, and the second was to ecucate interns,
reeidents and staff members as to its principlee, method of use, and apolica*ion to
sitdecal problems, Ten to twelve different members of the house staff participated in
she dialysis and one physician (Dr, Fudore Ssvoie), who was sponsorcd by the Canzdian
« " rnment, spent almost a year studying eicctroiyte, water balance, and the use of the
v .ificlal kidney with us. In additior, members of thc medical classes of VWestern Reserve
v ecsivy, College of Medicine, and the nurses from the Francis Payne Bolion School of
Nuriiing observed some of the runs on the artificial kidney.

A summary of ten patients studied up to November 19, 1953 is given in Table Il4
The patients included those from our hospital population and patients sent specifically to
us for dialysis from other institutes, both within ana ontside Ohio. Two runs were made
in llew Yerk City, where the artificial kidney was sent and operated by Dr. Jeck Leonards,
3gpicle treating acute renal shutdowns, the kidney has found application in removing soluble
to:2 ¢ substances from the body, c.g. 3alicylic acid snd wmercury saits. Alsc, mauny of the
cl ridclans were quite impressed with its 2bility 1o ramove excess water from patients and
freaiently considered it the method of choice in rapidly corrceting 2 grossly abnormal
el xitrolyte or water balanecs,

The methodology developed in carrying out the dialysis eoncerned itself mainly
in inserting tho catheters in such a manner that bleeding from the site of insertlion would
he rinimua, The flow of blood to the artificial kidney is adequate if the catheters are
int:ited into ‘the saphenous vein (the catheters are advanced until they enter the inferior
ve.w cava) or from the radial artery. Also, undertaking the dialysis a% an optimum time
in ¢ clinical course of the disorder was believed 10 te more successful than waiting
inn. . all consarvative metliods have proven fruitless before beginning a dialysis.
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In addition to trseating patients with rencl shutdown by means of the artificial
kilney, studies w re carried out in which the instrument was used to remove water from
certain individvals who were overhydrated. Under present conditions of operation, the
ugse of an artificial kidney of Skeggs-Leonards type appears to ve a szfe procedure.

No deaths occurred which could be attrituted to the dialysis procedure, though only ten
patients were subjected to dialysis during the time of the contract,

The following persons have come to our laovoratories to obtain information
concerning the Skeggs-Leonards kidney: Dr. Fudore Savoie, Hotel Dieu, Montresl, Canadaj;
Lre. Frank Maher, Mayo Clinicj; Dr, Curtis Ariz, Dr. Eric Reiss and Dr. Lamont Danzig,
Brooke Army Medical Center; Dr, Per Schampe, Royal Veterinary College, Copenhagewm,Denmark;
Dr. Walter Hoffman, University of Tennessoe; Dr. Belding Schriber, Veterans Hospital,
Seattle, Washington; Dr. Pster Salisbury, Cedars of Lebanon Hospital, los Angeles;

816 Dr. Theodore Weichselbaum, Washington University, St. Louils. [xcept for the first
tl v2e individuals all others possess this type of dialyzing unit (Skeggs-Leomrds).

From our point of view this was a most profitable year. Increased interest in
1::-1ysis was made possible and the scope of the artificial kidney was increased from the
use. of acute renal failure to thz removal of toxic substancecs and to the extraction of
1136 and electrolytes from "waterlogged" patients,
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Table 1I.

Patients Undergoing Hemodicliyais

No, Initials Sex Age Disorder Dehydrated
i Aollo F Ll
2 HoA. F 29 HMarcury Bichloride 6000 mi.
Poisoning
3 LoAs ¥ L3 Incompatible trans- 1000 ml.
fusion
L H.K, F k1§ Incompatible trans-
fusion
S D.W. F 6 Nephroais 1250 ml,
6 L.Jo M 70 Methyl Salicylate
Poisoning
7 D.E. F 18 Incompatible trans-
fusion
8 WoF, M 67 Liver Coma, Jaundice,
C.Ac
9 CeDo F 23 Cagsarian Section, In-
compatible transfusion
10 I.8o% F S0 Postoperative anuria

(dialyzed two times)

# Carried out in New York City
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