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Harvard Medical School, Boston)

(Received for publication October 31, 1945)

The need for a temporary substitute for renal
function has been emphasized recently by the re-
port from battle fronts of a high incidence of fatal
uremia in the severely wounded following kidney
shutdown in the post-operative and post-transfu-
sion period. It is probable that the acute renal
damage of wounded men and in some other condi-
tions is reversible, so that death from uremia

might be prevented if retention products could be .

excreted through an extra-renal outlet during the
healing period. Three ways of decreasing uremia
by extrarenal excretion have been suggested in
the past: (I) excretion through the intestinal
tract, by gastro-duodenal suction and the produc-
tion of diarrhea, and through the skin by the pro-
duction of sweating; (2) “vivi-difusion,” by which
the circulating blood is submitted to dialysis out-
side the body and returned to the circulation (1
to 3); (3) peritoneal dialysis, by which fluid,
introduced into the peritoneal cavity and allowed
to equilibrate with the blood, is afterward removed
with nitrogenous and. other diffusible substances
(4 to 6).

The peritoneum is an efficient dialyzing mem-
" brane (7), but utilization of this function for the
treatment of uremia (4, 6, 8) to date has not been
applied with success.? To determine whether this
method can be made practical for clinical use,
studies have been made on man and animals.
This report deals with the experimental data in
dogs. :

1 The work described in this paper was done under a
contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and
Development and Harvard University.

2 A sucessful clinical application of the method described
in this paper has been reported. Treatment of uremia
after acute renal failure by peritoneal irrigation. Case
report. Howard A. Frank, Arnold M. Sligman, and
Jacob Fine. J. A. M. A, 1946, 130, 703. -

METHODS

A. Preparation of the animals

Bilateral nephrectomy was performed with sterile pre-
cautions through posterior paravertebral incisions under
ether anesthesia. One dose (100,000 units) of penicillin
was given by vein immediately after nephrectomy and
intravenous 5 per cent glucose in distilled water was given
now and then thereafter, as food and fluid supplements
were required. At the same time (or later under local
anesthesia) two catheters were placed in the peritoneal
cavity for irrigation. If the dog was to lie prone during
the irrigation, they were inserted through posterior inci-
sions, one on each side of the midline. If the dog was to
lie supine during the irrigation, they were inserted
through small incisions -or trocar puncture wounds in
each flank. To help maintain patency of the. irrigating
catheters in long term experiments, omentectomy was
performed through the left-sided posterior incision at the
time of nephrectomy.

Catheters introduced through incisions were of the
large-bore mushroom-tip type, with added perforations,
held just within the peritoneal cavity. Catheters intro-
duced through trocars were of the whistle-tip (No. 14—
No. 20 French) type with added perforations projecting
2 to 6 inches into the peritoneal cavity. The mushroom-
tip catheters drained more effectively than the whistle-tip
catheters. Irrigation through hollow needles or through
a variety of glass irrigating bulbs designed to keep ob-
structing viscera or membranes from the outlet openings
was unsatisfactory.

In a few experiments in which renal urea clearance
was determined, urine was collected from the bladder by
catheterization.

B. Irrigation fluid

Ringer’s solution containing glucose, used in the early
experiments, was changed later to Tyrode’s solution con-
taining the following anhydrous salts per liter: NaCl 8.0
grams, KCl 0.2 gram, CaCl, 0.1 gram, MgCl, 0.1 gram,
NaH,PO, 0.05 gram, NaHCO, 1.0 gram, and dextrose
1.5 grams. In addition, the irrigation fluid contained
sodium penicillin (2500 to 5000 units per liter) and sodium
sulfadiazine (6 to 12 mgm. per cent) for prophylaxis
against infection, and the sodium salt of heparin (0.25 to
0.5 mgm. per liter) in order to minimize the intraperi-
toneal formation of fibrin and adhesions. Because large
volumes of this solution were required (20 to 40 liters
per day),.it was made up in the following manner: All
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the salts (except the NaHCO;,), together with the glu-
cose for 18 liters of irrigating fluid, were dissolved in 2
liters of distilled water; the NaHCO, for 18 liters of
fluid was dissolved separately in 1 liter of water.? Both
solutions were sterilized by autoclaving and were added
aseptically just before use to 15 liters of cooled freshly
distilled water in sterile 5 gallon pyrex bottles. At the
same time the sodium penicillin in powder form and
sterile solutions of sodium sulfadiazine and sodium heparin
were added.

C. Method of irrigation

Two five gallon bottles containing the irrigating solu-
tion were placed 2 to 3 feet above the level of the dog.
From these the fluid flowed by syphonage through glass
tubes, joined by a Y connecting piece to a tube con-
stricted to control the flow rate, thence into a drip bulb
to observe the flow rate, then through a glass U tube
immersed in water at 40 to 43° C., and finally through
pressure tubing to the inflow catheter. The outflow
catheter, connected to pressure tubing filled with fluid,
drained into a receiving bottle placed 0 to 3 feet below
the level of the dog, so that varying degrees of suction
might be produced when required, to prevent overdisten-
tion of the peritoneal cavity. The rate of flow was
measured by collecting the outflow fluid into a graduated
cylinder for % to 1 hour.

Since it was necessary to continue peritoneal irrigation
through the night in long term experiments, a means of
confining the dog while keeping him prone was necessary
to prevent pulling out of the catheters, or kinking of -the
outlet tube, which would result in fatal distention of the
peritoneal cavity. More than slight motion forward or
backward and turning or falling from the table were pre-
vented by attaching a harness on the dog to the front,
back and sides of a firmly anchored wooden cage placed
over the table. In this way the dog was kept in a com-
fortable position for days and nights. The irrigating
catheters were attached by glass adaptors to pressure
tubing suspended from the top of the cage in such a way
as to allow mobility without tugging or kinking of the
tubing.

In the long term experiments water was offered freely.
Protein intake was maintained, when the dog refused to
eat, by forced feeding of raw eggs. Glucose, saline solu-
tion, vitamin B complex, vitamin C, penicillin and sodium
sulfadiazine were given intravenously daily, and whole
blood transfusions whenever they were considered neces-
sary. In the intervals between irrigation periods the
dogs were removed from the table and perniitted to walk.
Temperature, body weight and gross and microscopic
appearance of the dranage fluid were obsetved.

81t is important not to heat the bicarbonate solution
with the other salts and glucose because of precipitation
of calcium and magnesium salts and the production from
glucose of toxic substances (probably aldehydes) which
in early experiments caused severe vomiting and occa-
sional eosophageal ulceration, rupture and death.
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D. Determination of blood urea clearance

In order to compare the efficiency of peritoneal irriga-
tion with kidney function, blood urea clearance by both
routes was determined from the equation (9):

(I) Cm=_B‘

where

Cm is the maximum blood urea clearance in ml. per
minute

U =urea nitrogen concentration of urine or peritoneal
drainage fluid in mgm. per cent

V =rate of flow of urine or peritoneal fluid in ml. per
minute

B = urea nitrogen concentration of blood in mgm. per
cent

The usual collection period for urine or peritoneal fluid
was %2 to 1 hour. Blood specimens were taken at the
beginning and at the end of each collection period and
an average blood concentration was calculated. The peri-
toneal cavity was irrigated for % hour at each new rate
of irrigation before determining the clearance.

E. Intestinal loop and pleural irrigation

To compare the dialyzing efficiency of the peritoneum
with other membranes, a few irrigation experiments were
performed in dogs with isolated loops of intestine pre-
pared under ether or local anesthesia and studied imme-
diately or, as in one experiment in which the remaining
intestine had been anastomosed, after recovery. Irriga-

. tion was performed through catheters placed in the ends

of the intestinal loop.

In a single experiment, the pleural cavity was irrigated
by two catheters, one placed between two upper ribs, the
other just above the diaphragm, with the dog lying supine.

F. Chemical methods

The arterial blood pH was measured before clotting in
a syringe electrode with a Beckman potentiometer. The
blood urea nitrogen was measured by the method of Karr
(10) using the Klett-Summerson photoelectric colorime-
ter. The urea content of a protein-free filtrate of the
fluid recovered from the peritoneal cavity was determined
by the same method except that when cloudiness was pro-
duced by the calcium and magnesium salts, the period for
color development was shortened.

RESULTS

A. The effect of rate of irrigation on blood urea
clearance

Peritoneal irrigation with physiologic saline was
performed at different rates of flow in two dogs
nephrectomized under local anesthesia. Imme-
diately after nephrectomy urea was injected in-
travenously. The flow rates ranged from 6 to
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150 ml. per minute. The dogs lay on their backs
during the experiments. The blood urea clear-
ances so determined were plotted against the flow
rate (Figure 1, curves A, Dogs U, and U,).
The optimum rate of flow for maximum clearance
was 25 to 50 ml. per minute.

A similar study was made, using the modified
Tyrode’s solution in two non-nephrectomized dogs
from which the omentum had been removed under
ether anesthesia and which were kept prone dur-
ing the experiments (Figure 1, curves B, Dogs
U,, and U,;). It will be noted that the blood
urea clearances were higher in those than in the
previous experiments but the optimum flow rate
was about the same, 30 to 50 ml. per minute.

The higher clearances for Dogs U,, and U,
were due to the position of these dogs and not to
sthe fact that they were not nephrectomized, as
subsequent experimental data will show (Table
I). In the prone position the abdomen tended to
be more uniformly filled and the dependent viscera
and mesentery probably prevented short-circuiting
currents from forming between the inflow and out-
flow catheters.

BLOOD UREA CLEARANGE IN CC PER MIN.
=N DPOONOND O =B GG

213

B. Comparison of blood urea clearance by peri-
toneal irrigation with clearance through the
kidneys :

Blood urea clearances by peritoneal irrigation
for dogs lying supine averaged 5 ml. per minute,
while for dogs lying prone the average was 10.8
ml. per minute (Table I). Simultaneous deter-
mination of renal urea clearance was performed
in Dogs U, and U,;. In one (U,), lying supine,
peritoneal irrigation equalled 10 per cent of its
own renal function at the time. In the other
(U,s), lying prone, peritoneal irrigation equalled
136 per cent of its own renal function at the time.
Such comparisons were not extended because it
seemed unlikely that valid renal clearance values
were being obtained under the circumstances in-
cident to peritoneal irrigation. )

The normal blood urea clearance for dogs under
carefully controlled conditions of diet, water in-
take and psyche has been found by several inves-
tigators (11 to 13) to range from 50 to 58 ml. per
sq. m. of body surface per minute, when urinary
flow exceeds 0.4 ml. per minute. The surface
area was derived from a formula which includes

U3 O
U4 @

DOGS LYING ON BACK

u-2¢ ©

v @

DOGS IN UPRIGHT POSITION

20 40 60 80

IRRIGATION FLOW RATE

100 120 40 ©0 B0 200

IN CC. PER MIN

F1c. 1. VaAriaTION IN PERiTONEAL UREA CLEARANCE WITH THE RATE OF IRRIGATION
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body length as well as weight. The average sur-
face area of our dogs irrigated in the prone posi-
tion (U, to U,), calculated on a weight basis
only from the formula (14) S (sq. cm.) =112
X W (grams)?/3, equals 0.45 sq. m. and the peri-
toneal clearances of these dogs lying prone aver-

aged 24 ml. per sq. m. per minute. This equals -

'
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41 to 48 per cent of the average renal urea clear-
ance value given by these investigators.

In one of this group of studies (13) an aver-
age maximum renal urea clearance of 31.4 ml. per
minute was obtained in dogs varying in weight
from 18 to 23 kgm. If we take this value as nor-
mal and calculate the normal renal urea clearance

TABLE I
Blood urea clearance (Cm) by peritoneal irrigation and by kidney function
Peritoneal irrigation* Kidney function
. Dog wt. bk
Dog o ¢ Clearance | Flow rate Cm | Flow rate tomized Remarks
(Cm) (4%] min,
kgm. T B B
1 4.5 6.4 24 No Nembutal anesthesia
2 4.6 2.6 12 22-29 | 0.2-0.4 No Morphine
4.5 11 '
10 4.1 20 Yes | Determined immediately after nephrectomy
4 5.9 47 Yes Determined immediately after nephrectomy
6 4.1 27 Yes Determination on second day
5.0 27
7 7 9.5 32 Yes
2.7 33 Determination on second day
5.1 33 Determination on third day
ot 11 19.4 29 Yes
10 7 4.1 28 Yes
10.0 29 Determination on second day
11 5.5 16.0 32 Yes
13 5.1 8.8 19 Yes
164 9.6 7.4 13 Yes
4.8 14 Determination on second day
18 8.5 4.5 22 Yes Determination on second day
20 8 11.7 25 Yes Determined over 14 hr. period
22 9 7.7 36 Yes | Determination on fifth day
23 10 10.0 32 Yes Determination on ninth day and peritonitis
present
24 7.8 124 31 No
- 144 31 Omentectomized and catheters placed 3 days
before éxperiment
25 7 16.0 47 No
15.3 31 11.2 1.3 Omentectomized and catheters placed 2 days
15.0 53 before experiment
Mean Clearance 5.0 (dogs 1-7)
. 10.8 (dogs 9-25)
* From equation (I) Cm = UV/B, it is seen that the ratio Cm/V, which may be determined from the data given in
this table, is the same as the ratio of the concentration of urea in the irrigation fluid to that in the blood at the time of

the determination.

1 All dogs from no. 9 on were kept in the upright position (prone). :
1 All dogs from no. 16 on were omentectomized at the time of nephrectomy.
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for our dogs (U, to U,), whose weight averaged
8 kgm., as some 15 ml. per minute, then the peri-
toneal clearances, which averaged 10.8 ml., would
be 72 per cent of the normal renal urea clearance.
That the peritoneal urea clearance did not change
significantly after days of irrigation may be noted
from the data given in Table I.

C. Treatment of uremia by peritoneal irrigation

Untreated dogs usually die in uremic convul-
sions 72 to 120 hours after bilateral nephrectomy
(15). Since some of our untreated dogs died as
early as 48 to 72 hours after nephrectomy, peri-
toneal irrigation was started within 48 to 96 hours
after bilateral nephrectomy, at a time when the
blood urea nitrogen varied from 100 to 250 mgm.
per cent, and when the dog was in a pre-convul-
sive state with vomiting, twitching, and mental
stupor. Irrigation was interrupted from time to
time to determine the minimal flow requirements
for the prevention of uremia.

Blood urea nitrogen levels in 15 dogs dropped
from 100 to 250 mgm. per cent to 20 to 50 mgm.
per cent after 24 to 36 hours of nearly continuous
irrigation at a flow rate of 25 to 35 ml. per min-
ute, with accompanying prompt alleviation of the
clinical manifestations of uremia. During this

IRRIGATION
PERIOD

130}
120
10
100¢
90r
80
70.
60

DOG U-22

BLOOD UREA NITROGEN
IN MGMS. %

50
40
3ot
20
10
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period the arterial blood pH, which in several
dogs had varied from 7.05 to 7.20 before irriga-
tion, rose to 7.40.

Once the blood urea levels had dropped to near
normal, irrigation for only 8 to 10 hours out of
every 24 was needed to prevent excessive accumu-
lation of nitrogenous products and the recurrence
of uremic signs. In Figures 2 to 4, which are
charts of the three longest experiments, the blood
urea nitrogen levels are those determined daily
before the start of irrigation and represent the
highest levels reached each day. The efficiency of
irrigation was found not to have decreased with
time. No dog died from recurrence of uremia.
Dogs U,,, U,,, and U,, died on the sixth, ninth,
and thirteenth days respectively after nephrec-
tomy. Most of these experiments were terminated
by accidental death or by bacterial contamination
of the peritoneum. A rigidly aseptic technique is
virtually impossible in experiments lasting many
days.

At post mortem some fibrinous adhesions were
seen between loops of gut, but no effective isola-
tion of the catheter tracts from the general peri-
toneal cavity was noted. There was no gross
edema of the peritoneal membrane. It was for
this reason that it was not considered necessary to
add protein to the irrigating fluid.

- . ]

TIME

3

~F

4
IN DAYS

F1c. 2. Broop UrRea CoONCENTRATIONS OF Doc FoLLOWING BILATERAL NEPHRECTOMY
AND TREATED WITH INTERMITTENT PERITONEAL IRRIGATION
Specimens were taken just before irrigation was started and therefore the points
represent highest levels reached between irrigation periods.
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F1c. 3. Broop Urea CoNCENTRATIONS OF DoG FoLLOWING BILATERAL NEPHRECTOMY
AND TREATED WITH INTERMITTENT PERITONEAL IRRIGATION

Specimens were taken just before irrigation was started and therefore the points
represent highest levels reached between irrigation periods.
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3 4 5 6 7 8 9 10 Il 12 13
TIME IN DAYS
Fic. 4. Broop Urea CoNCENTRATIONS OF DoG¢ FoLLOWING BILATERAL NEPHRECTOMY
AND TREATED WITH INTERMITTENT PERITONEAL IRRIGATION

Specimens were taken just before irrigation was started and therefore the points
represent highest levels reached between irrigation periods.

The outflow fluid contained very little protein. by leukocytes and some fibrin. Some fibrin phe-
It was usually clear, with a faintly uriniferous cipitated in the receiving bottle and outlet tubing
color and odor. Turbidity was caused by pre- on standing over night even in the absence of
cipitation of salts or, in the presence of infection, infection.
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D. Blood wurea clearance by irrigation of isolaied
mitestinal loops

Irrigation of different segments of the gastro-
intestinal tract was performed immediately after
isolation and cannulation of intestinal loops under
ether anesthesia, except in experiment UG-8
(Table IT) in which a recovery period of several
days was allowed before irrigation was performed.

TABLE II

Blood urea clearance by means of irrigation of various parts
of the gastrointestinal tract and pleural cavity

1 inches of
Urea clamacpom ool | Uren | e
Dog ance ance
no- through | through
Stomach d]e)::;n ’.u{f“'m Ileum|Colon| kidneys | pleura
UG-2 24 24
2.8 24
2.0 31
UG-4 14 1.0 | .85
2.0 1.0 | .80
UG-5 0.1 1.1
UG-7 2.2 0.1
2.3 0.1
UG-8* 2.0
Human 0.5
PU-1 2.8

* Three days postoperative.

In one experiment (UG-2) simultaneous renal
urea clearance was determined. °All dogs re-
ceived urea (2 grams) intravenously. Table II
shows that the clearance per 10 inches of intestine
was best in jejunum, amounting to about 10 per
cent of kidney function. In one human experi-
ment with an isolated loop of terminal ileum, the
clearance was too low to indicate that the intestine
can be useful as a renal substitute, because over
10 feet of bowel as an isolated segment would be
required to supply 10 per cent of maximum normal
renal clearance (75 ml. per minute).

E. Blood wurea clearance by irrigation of the
pleural cavity

Irrigation of one pleural cavity in one dog (PU-
1, Table II) following intravenous injection of
urea resulted in a blood urea clearance of 2.8 ml.
per minute, or about %4 of that obtained by perito-
neal irrigation. The lung at post mortem was
found partially collapsed.
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DISCUSSION

Since crystalloids in circulating blood readily
diffuse into fluid placed in the peritoneal cavity
(4, 7, 16 to 20) considerable amounts of non-
protein substances can be removed from the blood
in uremic animals (4, 6, 8). In one of the earliest
attempts to utilize peritoneal dialysis for the treat-
ment of clinical and experimental uremia (4),
saline was introduced into the peritoneal cavity
(in one case into the pleural cavity) and transient
clinical improvement was observed, in that head-
ache, vomiting, dyspnea, and depth of coma de-
creased for a few hours. In small uremic animals
the repeated introduction into and removal of
saline from the peritoneal cavity at 3 hourly in-
tervals prolonged life for about 12 hours.

In another study (5) continuous irrigation of
the peritoneal cavity of nephrectomized dogs with
5 per cent glucose solution was conducted for 5
hours per day for 2 to 3 days. The blood non-
protein nitrogen was lowered from 140 mgm. per
cent to 80 mgm. per cent in many instances. But
the animals did not survive longer than 3 days
after therapy started. Death was said to have
resulted from shock and “heart weakness,” with-
out evidence of peritonitis. It is more likely that
death was due to loss of electrolytes, since elec-
trolytes were omitted from the irrigating fluid.

Another worker (6) found that significant
amounts of nitrogenous substances could be re-
moved from the blood of nephrectomized dogs by
introducing 700 to 1000 ml. of 6 per cent glucose
solution into the peritoneal cavity and removing
the remaining fluid (usually 500 ml.) about 5
hours later. The failure to prolong life was at-
tributed to the severe depletion of sodium chloride
which occurred concurrently.

In several clinical trials (8) of peritoneal irri-
gation for uremia due to mercuric chloride poison-
ing, using 12 to 19 liters of 2 to 5 per cent glucose
solution in one half to three hours the first day,
no survival beyond 24 hours was obtained even
though electrolyte depletion was prevented by in-
travenous therapy. In our view irrigation was
not carried on for a sufficient period.

The extent to which intraperitoneal infusions
of glucose for the withdrawal of diffusible sub-
stances can deplete the organism of electrolytes
has been shown by one investigator (21), who in-
troduced 5 per cent glucose intraperitoneally in a
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volume about equal to 10 per cent of body weight.
It was found that without a change in total body
water volume, the total electrolyte concentration
in body fluids was reduced (20 per cent of total
sodium) and water was transferred from the
extracellular to the intracellular compartment with
resulting production of symptoms of acute de-
hydration.

It should be obvious that if the normal electro-
lyte pattern of the extracellular fluid is to be re-
established, the irrigating fluid must have a normal
electrolyte pattern. There is reason to believe that
in uremia “the defense of the chemical structure
of extracellular fluid is of much more importance
from the point of view of survival than reduction
of azotemia (22).” In our experiments, an irriga-
tion formula containing the normal electrolyte
pattern of extracellular fluid was used. Irrigation
lasted 20 hours daily for 2 days and 8 to 12
hours daily thereafter. The improvement in the
clinical appearance of these animals following
peritoneal irrigation, the drop in blood urea levels,
the correction of acidosis, and the prolongation of
life for from 9 to 13 days after nephrectomy,
seems to us to afford good evidence that the irri-
gating fluid we utilize at least approximates the
optimum fluid and electrolyte requirements in the
circumstances.

Since the peritoneal irrigation fluid resembles a
glomerular filtrate more closely than it resembles
urine, it is reasonable to expect that an irrigation
volume equal to or greater than that of the glo-
merular filtrate would be required to treat uremia.
The rate of formation of glomerular filtrate in
dogs, as measured by inulin or creatinine clear-
ance, is given as 94 ml. per sq.m. per minute (23):
For dogs of 0.4 to 0.45 sq.m. surface area, the
glomerular filtration rate therefore is 38 to 47 ml.
per minute, which closely approximates the ob-
served optimum flow rates for peritoneal irriga-
tion (30 to 50 ml. per minute). At these rates of
flow, the ratio of the concentration of urea in the
irrigation drainage fluid to that in blood is about
14 to 1% (see footnote,Table I) as compared to
unity for glomerular filtrate. Therefore the
efficiency of peritoneal dialysis of urea might be
expected to be 14 to 1% that of glomerular filtra-
tion. Peritoneal irrigation may effect a higher
percentage of normal renal urea excretion than
these figures would indicate because glomerular
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excretion of urea exceeds total urinary excretion
by virtue of the resorption of urea in the tubules.
In uremic dogs we found that 5 to 10 gallons of
irrigating solution, given over a period of 20 out
of 36 hours, was necessary to restore blood levels
of urea to near normal. Somewhat less fluid was
necessary to maintain a normal level. The effi-
ciency of peritoneal dialysis did not decrease with
time.

Peritoneal irrigation in uremia has not yet been
demonstrated to be of practical clinical value. It
appears likely that at least 8 to 12 days of renal
substitution therapy will be necessary before acute
kidney lesions can be expected to heal sufficiently
to resume function. The efficiency of peritoneal
irrigation, in terms of urea clearance, suggests
that our technique may prove to be the basis for
an adequate clinical substitute for renal function
for the period of time required to heal a reversible
kidney lesion. It is likely that the healing of the
acute renal lesions may be accelerated by the con-
current elimination of uremic changes in body
tissues and fluids. The danger of peritoneal in-
fection is real, but prophylactic measures in man
are far more promising than in animals. The ap-
plication of the method to patients is now in
progress.

The use of other membranes than the perito-
neum seems to hold little promise. The pleura is
as vulnerable as the peritoneum to infection and
not as satisfactory for urea clearance. The diffu-
sion of nitrogenous substances into the gastro-
intestinal tract in uremia led one group of in-
vestigators (24) to prepare total external jejunal
fistulae in nephrectomized dogs. In spite of hista-
mine and cholagogues and saline replacement by
vein, the total excretion of nitrogenous substances
was not significant and survival was not prolonged.
Our efforts in a similar direction in dogs and by
aspiration of the intubated duodenum in one uremic
patient were likewise futile. The irrigation of iso-
lated intestinal loops avoids peritoneal contamina-
tion, but excretion of urea by this technique was
inefficient.

SUMMARY AND CONCLUSIONS

1. Peritoneal irrigation was from 40 to 75 per
cent as effective as normal kidney function in
clearing the blood of urea.
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2. The optimum rate of flow for peritoneal ir-
rigation in dogs was determined.

3. The irrigation fluid utilized was designed to
restore and maintain the normal electrolyte com-
position of the plasma and the extracellular fluid,
to correct acidosis, to prevent depletion of glucose
and to minimize fibrin formation and the develop-
ment of infection of the dialyzing membrane.

4. The life of dogs made uremic by nephrectomy
was prolonged 3 to 10 days by means of peritoneal
irrigation.

5. Dogs so treated did not die of uremia, but
from bacterial contamination along catheter tracts.

6. Irrigation of isolated loops of intestine was
much less effective than peritoneal irrigation.

Acknowledgment is due Mr. Thomas W. Barnett, Miss
Gertrude Weinberger, and Mrs. R. B. Griffin for tech-
nical assistance. '
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