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Matsuo, Mizuta and assomate” demonstrated both in ammal and human ex-
periments-that the hepatic functions are enhanced when the renal functions are
seriously impaired, and they postulated that this phenomenon is the manifesta-
tion of the liver activities compensating the loss of kidney functlons In order to
confirm this- assumptlon and to investigate the clinical use of thls phenornenon,
an attempt was made using patients in which the liver was employed as a. sub-
stitute for the impaired kidneys. As actual procedures, duodenal lavage or surgical
drainage of the bile duet was applied to anurie or oliguric patients, and the bile,
which was expected to contain some-of the elements normally excreted in the
urine, was drawn out of the body. Some of the results so far obtained are present-
ed here.

MzeTHOD 0F EXPERIMENT

1. Duodenal lavage. A duodenal sound was inserted per os or per masi and
was left in the duodenum as long as possible. The duodenal fluid was syphoned
out without suction. Twenty to fourty ml. of 20-80% magnesium sulfate solu-
tion was given occasionally through the tube in order to keep the Oddi’s sphine-
ter open, and in addition, five to ten ml. of twenty per cent sodium dehydrocho-
late solution (DHC) was given intravenously as a cholagogue.

2. Biliary fistulation. When the duodenal sound was not applicable, a fistula
of the gall-bladder was made Surgically and a rubber tubing was inserted deeply
into the bile duct for securing a maximum amount of the bile.

2. Animal experiment. Under laparotomy, a glass cannula was inserted into
the bile duct in a rabbit in which both kidneys had 'previo:usly been removed.

CriNicAn ReEsuLTs
1. Cases

Case 1, uremia.
I.T., a seventy- elght year old man who had had chromc hypertrophy of the ‘prostate -
was hosp1ta117ed on March. 3,1953 with a chief compla,mt of anuria. He had had difficulties
in urination for years and was in an absolute anuric state for the last ﬁve days This was
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diagnosed as a case of anuria of renal origin, since: only 100 ml...of bloody urine was obtained
by means-of an- mdwellmg catheter: . cee S
The blood pressure was normal and ‘there was :no. demonstrable: edema Laboratory exa-
minations revealed almost normal hemoglobin,”skightly lowered serum protein, A/G ratio
of 0.7, and apparently positive Gros’ reaction. As shown in Table I, the blood contained
inereased nonprotein nitrogen, urea, inorganic phosphorus, guanidine and aromatic amines,
.whereas the serum CO, level was markedly down-(45.6 vol. per centd. These findings are
considered as signs of apparent uremia. The hepatic function tests such as zine, thymol,
phenol -and Popper’s-turbidity tests were all within the.normal range except choline-esterase

Tasre I
Dmly Blood Serum Analysis (Anuma Case 1D

Day x| NPN UN al Na K | Tnorg.p |  Dally volume
: mg/dl mg/dl mg/dl. | mg/dl mg/dl mg/dl urine bile sx
e . in ml in.ml
6 160 | 180 | 347 272 23,3 56 | 106 | 0
7 165 185 | 342 259 21,6 | © 100 3083 .
8 163- | 132 342 | 280 | 20,5 7,3 | 2720 418
9 168 135 | 332 | ¢ N o medium 0
10 - S | meditm L0
11 193 172 330 . : : . a little 0
12. 215 | - : 13,2, | alittle | - 0

* Days subsequent to the onset of anuria, March 6.
. %% The bile means duodenal fluid.
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Flg 1. Removal of Fluid and Chlorine by the Duodenal Dramage in every 15
Minutes aftel the InJectmg of DHC (Sodlum dehydrocholate, 20%-5 ml).
_»;A/n_una,, Case 1.
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activity which was lowered, and BSP elimination from the blood stream and azorubin S
appearance in the duodenal fluid also remained normal. Liver biopsy revealed slight dege-
nerative changes of the parenchymatous. cells.

The patient received the duodenal lavage treatment from the 6th day of anuria. The
duodenal fluid flowed smoothly and the B-bile was also demonstrated (Fig. 1>. Intravenous
administration of DHC resulted in a two- or three-fold flow of bile for half an hour.Chlo-
Tine, -sodium, potassium, NPN. and urea were also excreted in great amount resulting from
the accelerated flow-rate of bile. The total amount of fluid eliminated was 3033 ml. during
an-intubation period of twenty hours.and a quater. Compared to the amount of these compo-
nents normally excreted in urine per day, more electrolytes and about twenty-five to fifty
per cent of nitrogen were estimated to have been removed through the tube (Table IT). The
patient felt much more comfortable, and a striking diuresis (2720 ml. a day) ensued.

Tasne II
Daily Analysis of Urine and Bile* (Anuria, Case 1)

Day* 6k - 7 8 | Normal
urine l bile' total | urine } bile l total | urine ’ bile ‘ total | vAlue
Volume 106 = 0 | 106 | 100 | 3033 | 31838 | 2720 418 | 3138 | 1500
NP 01| o 01| 01| 51| 52| 35| 07 | 43 | 1017
Ulc\Tg(Igr/ 01| o o1 | 01| 34| 85| 25| 04| 29 | 14
Olgr) 0 0,5 | 10,7 | 1L,2 | 11,0 | 3,7 | 147 | 69
Nacgr) 0 0.2 | 67 | 69| 57 | 05| 62 | 36
Kigr) 0 0,6 0,1 2-4-

* Bile means duodenal fluid. ,
** Days subsequent to the onset of anuria, March 6.

With the results of these procedures; the level of azotemia was kept almost constant
without aggravation during the three day period of treatment. The kidneys, in this case,
were incapable. of eliminating more than one tenth of the normal nitrogen exeretion, and a
continuous transhepatic removal of nitrogen was required. Unfortunately, however, the
patient was too weak to continue ‘the treatment and left the hosp1ta1 in a state of aggravat-
ed azotemia. .

Case 2, anuria due to acute sulfanilamide poisoning.

M.F., a thirty-two year old man, was admitted to the hospital on Nov. 92, 1950 because
of anuria and vomiting. These complaints resulted from an oral dose of three grams of mono-
suifanilamide taken two days before. On admission, eight ml. of bloody urine was obtained
by catheteriza’bion, and the blood pressure was 124/72. Urinalysis revealed positive urobili-
nogen and porphyrin. Elevated NPN level (59.2:mg%), normal Takata’s colloidal reaction,
and normal BSP elimination (5% at 15 min. and none at 30 min. ) were also demonstrated.

The duodenal intubation eould not be carried out because of persistent vomiting, and a
biliary fistula was made in the ga]l ‘bladder mstead with smlultaneous capsulotomy of the
kidneys on the third-day-of-anuria. As shown-in Table IIIL, about 250 ml. of bile per day
was removed through the fistula for three days following the operation. The bile revealed
a high bilirubin index, and a positive diazoreaction which is compatible with the presence
of aromatic amides. Despite the fact that anuria continued for three more days, the serum
NPN level was not increase,and after six days of anuria the NPN level returned to normal
indicating recovery of the renal functions. We would like to name this method as applied
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- - Tgsrne III -
Dmly Output of Urine and Bile in a Case of Anuria due fo acute
Sulfanilamide Intoxication. [(Anuria, Case 2)

*Day | 1| 9 | s 4 506, 71 8| 9] 10| 11"

3| volume (ml> | 0 | -0 8 0 0 | 4050 | 3650 | 8580 | 2720 | 2840 | 2000
S spe. grav. S 1014 04| 1015
| volume (ml> positive [positive| 240 | 59| 8| 6] 20 | .40
© i L .
| Meulengracht — 900 675 | 562 | 450 450 | 225
A index ISR B

NPN mg/dl | 226 | 209 | 212
§| protein % 7,0 6,9 7,5| 7,5 5,9
#| NPN mg/dl 59,2 58,5 38,4 38,0

* Days subsequent to sulfamla,mlde mtoxmamon, Nov 20.
** Operation for biliary. dra.mage, Nov. 22.

in renal failure, in whiech biliary drainage is surgically performed, “Mizuta and Okamura's
transhepatic treatment of anuria.” '

Case &, nephrosis.

T.1I., a twenty-eight year old man, was admitted to the hogpital on Jan. 30, 1953 with
edema and oliguria which he had for the past six months. Laboratory examinations revealed
daily urianry excretion of 200-400 ml. of water,2.5 gm. of NaCl, 7 and 8 gm. of NPN and
UP respectively, suggesting impaired kidney functions; proteinuria of 2.8-3.0 %:;. blood
pressure, 130/90; serum protein, 5.0 %; A/G ratio, 0.43; positive Gros’ reaction; slightly
clevated NPN (54 mg%) and UN (32 mg%); normal serum Na and K; inereased serum chole-
sterol (490 mg%); positive. phenol turbidity test and normal or slightly increased elimina-
tion of BSP (3 95 at 15 min., none at 30 min.) and azorubin § (first appearance in bile, 6
min. and 25 sec. -after intravenous admiinistration).. Liver bibpsy showed nothing to be
noted.

The patlent was tredted with the duodenal lavage method for eight days beginning Feb.
25th (Table IV). The tube was inserted per os every day, and was left for 10 to 18 hours

V_olume
in ml mg/dl | gr mg/dl_‘ gr

. . 1 .
U“ne‘ 630 958 | 1,6 129 } 0,8 —

v Tasns IV
Dazly Output of. Urine and Bile. (Nephrosis,Case 3)
a Na ' K | NPN UN

*k —
gr ;mg/dll gr | mg/dl | gr

— | 1270 8,0 | 1020 6,4

Bilex | o | g4 | 14 220 | 1,1] 20,0 | o1l & | 03] 10 | 0.1
TO“’“" 1055 [ | 3,0

|
, |
Note: In se%'um { 311 [ 250 ‘ . 17,0 | b4 | » l 32
* The bile means duodenal fluid.
** Averaged daily volume for 7 days, from ‘February 2 to March 2.

L9 — l 8,3 6,5




'

TRANSHEPATIC TREATMENT OF RENAL FAILURE 213

with oceasional administrations of DHC. A considerably large quantity of 'l')ile, rich in Cl
and Na and containing certain amounts of NPN, urea, and K was removed. It must be
emphasized in this case, however, that the total amount of elements excreted both through
the bile and the urine was almost the same as that in the normal urine. As a matter of

facet, the patient lost 3.5 kg in weight and the edema was gone within seven days of treat-
ment. : . .

Case 4, nephrosis.

H.M., a man of twenty eight years of age, was admitted to the hospital on Sept 5,
1951 with a chief complaint of edema of two months’ duration. Physical examinations reveal-
ed severe edema, and pleural fluid on the left side. The blood pressure was 128/90, serum
protein, 5.8%, and urinalysis showed 2.6% of protein and 200 mg. % of ehlorine, with daily
excretion of 400-800 ml. of urine. :

Beginning Nov. 26th the duodenal lavage was applied in this case for 10 to 18 hours
every day. As shown in Fig. 2, a vigorous flow of duodenal fluid resulted, and the fluid

Volume in Ol removed
m] in gr
DHC MR Urine in ml
2400 } 1 Duodenal fluid in ml 412
vzZ7y €1 in urine(gr) -
s PP C1 in duodenal fluid{gr) 1
2200 } |
2000 b 110
1800 | ) | I
1600 f Al 2 I
1400 | a 1.
1200 } : |
% 5
1000 } : "W no drainage s
B OE T
800 ¢ &{ 5 B 3 E 4 4
600 } 4 : g : I g s
400 ¢ i b ¥ 3 : i 4 e
b ¥ y B b &
' PR L L k1
% ’ ? % Z Z % z
0 7 /4 “ 4 . # i - % [
Date: 27 28 29 30 1 2 3 4 5 6 7 8 9
‘N

ov. Desc.

Fig. 2. Daily Output of Urine and of Duodenal Fluid in Nephrosis,
Case 4. (DHC:Sod. dehydrocholate, 20%~5 ml)

volume exceeded the urine volume. It was striking that after DHC administration the duode-
nal fluid output became four times or more groater than the urine excetion. In a day when
2250 ml. of water were removed, 1850 ml. being duodenal fluid, 7.5 gm of total 8.0 gm
chlorine was eliminated through the tube.

After having had the duodenal drainage for eight days, the patient lost weight by 5 kg,
and also the edema disappeared quickly. The choleretic effect of DHC in this case was much
more remarkable than in the previous patient, who did not have extensive edema The ma-
ximum outflow of duodenal fluid followmg administration of this choleretica was 240 ml.
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per hour and 540 ml. in four hours.

2. Discussion of the clinical- results

a) Amount of duodenal fluid. The amount of the bile, or more precisely
“duodenal fluid”, is 40-90 ml. per hour if drawn by means of duodenal lavage,
and this amount is almost the same as that of the normal urine. The liver, there-
fore, seems to be capable of substituting for the kidneys as far as the elimina-
tion of water is concerned,.and DHC meets this end with its remarkable cholere-
tic action. ‘ ,

b) Electrolytes. There is little difference between urine and bile in the
chlorine concentration in mormal subjects. In mephrosis, however, chlorine is
usually decreased in urine and is increased in bile. The same relationship is also
obtained between sodium and potassium of bile and urine. It is obvious, there-
fore, that in renal failure such as mephrosis, the liver is suitable for:replacing
kidneys in excreting electrolytes from the tissues and eliminates them through
the liver, which also favors our objective.

¢) NPN and UP. In normal conditions, the ratio of NPN level of serum to
that of bile and urine is 1:1.5-3.0: 20-50, and the ratio of UN levels is 1:
0.6-1.0: 20-30. In other words, the concentration of each nitrogen in bile is 1/50
to 1/20 that of urine, and the liver does not completely compensate for the di-
minished elimination of nitrogen through the kidneys. In case 1, however, 25—
50 % of the normal output of nitrogen was eliminated from the liver with the
help of DHC, and further aggravation of azotemia was prevented. In the peri-
toneal irrigation procedures developed by Fine et al.?, 10-15 9% of the normal
renal urea clearance was the required efficacy for prevention of azotemia. Our
procedures, in this respect, are comparable to their method.

RESULTS OF ANIMAL EXPERIMNT

In order to confirm the clinical results, animal experiments were carried out
in nephrectomized rabbits, and the bile collected through a canula inserted in
the common bile duct was investig'ated;

1. Chemical elements of bile. The ability of the liver to excrete water, chlori-
ne, sodium, potassium, nonprotein nitrogen, and urea in nephrectomized rabbits
was demonstrated to be as good as in man, and, under these con‘ditions, the liver
seemed to compensate the kidney funections exeeption of nitrogen (Table V).

2. Effect of DHC. Sodium dehydrocholate, if 2 ml. per kilogram body weight
were given, was proved to be more effective in exeretmg the above mentioned
elements from the liver one or two days after nephrectomy than immediately
after operation. However, accumulation of nonprotein mitrogen and urea in the
blood was not.completely arrested and only retarded: If administered répeatedly
to animals at intervals of a few hours; DHC became less effective. Ether extract
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Tasvs V
Effects of DHC (Sodium dehydrocholate, 20%-2 ml per kg body weight)
upcm Btl@ Ewcretmg Function of Liver in Nephrectomised Rabbits.
: " (dverage wvalue)

» For 2 hou’rs before DHC " For 2 hours after DHC
o Volume NPN Folume| Gl | NPN \ TN
Rabbits (ml) fmg) “(mg) | Cmg)— (ml) | (mg) -(mgd- -
Soon after nephrectomy | 10,6 31,5 5,0 2,2 23,0 56,3 9,9 | .4,8
24 hrs after nephrectomy| 20,6 7,0 | 28,1. 16,7 *36,8 | 109,8 34,5 28,:8

-0 10 : 20 30 40 50 GvO' 70 ml‘ e
R - T T T T T E— . N
Control b - - L
. Vitamin Bj h ‘ o .
o (20 mg) I ~ ' |
¢ Vitamin Bz h . . P
(20 mg) | } ]
--Vitemin Bg h
(20 mg)
v Bj.le in ml
Viteuin Brs . h E )
ysy in %'
Vitanin X
{50 mg)

1-Methionine ____]
(100 mg)

Acid, - glucuron L -
(100 mg) ]

Natr. deh dro-_b
c¢hol. (20 sper ‘

Dexrosis (50 _; ‘ '
per kg 4 ml)’ } i ]

Calc.p- oxybenz
{3%,per kg 2ml ) 1

Natr. hippuric.b'
(3”per ks Zml. 1 n A, i A 1 - )

01020304050 60 70 %

Fig. 8. Effect of Hepatotonies upon the Dyestuffexcreting F‘u‘netions (?Sé)
) of the Liver in Nephrectomized Rabblts (Rabblts 48 hours after
nephrectomy. Two hours’ observation.>
of ea’cﬂe—bﬂe or rabblvblle itself, if infused directly 1nt0 the 1ntest1ne, seemed
to modify the lowered choleretic actlon of this-drug. -
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EFFECT OF HEPATOTONICUM. -

The fact that fﬁe hepative fun'ctibns are enhanced after nephrectomy is pri-
mally attributed to substances which appear in the blood stream and stimuldte
the liver to a great extent. Mizuta and Matsuura® who first discovered this phe-
nomenon named those substances “Hepatotropin™. In order to discover a subs-
tanee which further affects the liver under such accelerated cohditions, some of
the commonly used hepatotonica were tested for their effect on PSP (phenolsul-
fonphthalein) exeretion from the liver.

Vitamin B; (20 mg.), Bs (20 mg.), Be (20 mg.), Bys (50v), K (100 mg.),
I-methionine (100 mg:), glucuronie acid (100 mg.), caleium paraoxybenzoate
(3 %, 2ml. per kg), sod. hippurate (3 %, 2 ml. per kg) and glucose (50 %, 4
ml. per kg) were demonstrated to be more less stimulatory in PSP excretion if
used immediately after nephrectomy. However, those gave negative results, and
some of them even revealed the opposite effect if tested more than two days after
the operation®. These findings seem to be elucidated by the presence of “hepa-
totropin” which has supposedly stimulated the liver funection to the utmost, and
those drugs cannot further enhance the liver functions. Not only elimination
of PSP but also elimination of chlorine, sodium, potassium and NPN were not
modified by these substances. It must also be'taken into consideration that DHC
itself inhibits PSP elimination from the liver, and that injection of DHC re-
sults in dissociation of dye-excretion and choleresis of the liver.

SUMMARY

1. Duodenal lavage was performed in a-case of renal anuria with simulta-
neous administration of sodinm dehydrocholate. The amounts of water, chlorine,
sodium and potassium excreted in the drawn duodenal fluid were more than those
in the normal urine, whereas nonprotein nitrogen and urea removed were half
or less the normal. .

2. Two mephrotic patients were also treated with the same procedure. Their
water and electrolytes were excreted in sufficient quantity by the liver to com-
pensate for their impaired kidney funections: ‘

3. In a case of acute anuria due to sulfamide intoxication, fistulation of the
gall-bladder for bile removal and capsulotomy of the kidneys were carried out
with satisfactory elinical results. ,

4. The liver of the rabbits, in which kidneys had been removed 24-48 hours
previously, excreted enough water and electrolytes to compensate for the lost
functions of the kidneys, whereas eliminasion of nonprotein nitrogen and urea
was less markéd. » ’ o
5. Sodium dehydrocholate rendered a:marked choleretic action:in nephrect-
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omized rabbits, suggesting clinical usefulness of this drug in remal failure.

6. Hepatotnica, such as vitamin By, Bg, Bg, Bigy K, l-methionine, glucuronic
acid, calcium paraoxybenzoate, sodium hippurate and glucose did not affect the
eliminating funection of the liver in rabbits if determined 24-48 hours after
nephrectomy. ’
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