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THE EXPERIENCE OF YEARS regarding the toxicity of isotonic sodium
chloride solution has been forgotten. Trout and Evans urged caution in
the use of isotonic saline solution over thirty years ago. The clinical experi-
ments that Trout reported, although few in number, enabled him to draw
conclusions that hold the essence of the whole problem. It seems appro-
priate then that Trout should be quoted: (I) "Even we surgeons know of the
wonderful improvement in some patients with nephritis when placed on a
salt-free diet, and all of us realize there is a transient renal irritation or
possibly a nephritis following the majority of anesthetics and infections.
In seven cases in our series the following coincidence has been observed; a
transient albuminuria remained in every specimen for two days after an
anesthetic when using salt solution per rectum. Water was then sub-
stituted, and at the end of 24 hours the albumin had disappeared. At this
time a return was made to salt solution, with the appearance of albumin
and a few hyalin casts in from six to 24 hours. Patients were then placed
on a limited salt diet, and the urine in every case promptly returned to
normal and remained so until discharged from the hospital. In none of
these cases was there any edema. (2) In this entire series, in both the
salt and water cases, there have only been I2I who complained of being
thirsty, and of this number II2 of them were salt cases. There were 27,
or over one-fourth of these cases, who complained of tasting salt when
they had absolutely no way of knowing that they were being given saline
by rectum, and the solution being prepared so as to be o.6 to o.9 per cent
sodium chloride. Furthermore, the water cases have taken one-third
more fluid by rectum than the salt cases, and the latter have required nearly
twice as much water by mouth to relieve thirst. (3) It is true sodium
chloride is the least toxic of the group of similar metal chlorides, but
even at that it is a poison to all people when given in large doses, and
occasionally very toxic in small doses to a certain class of cases; and we
believe this peculiarity is apt to be present in patients whose resisting
powers are lowered by operations and infections."

The purpose of this discussion is to retract the so-called clinical rule that
was proposed in I938, and to bring to your attention Trout's and Evans'
conclusions. It is generally true that the body of a normal person is capable

* Supported by The Rackham No. 8 Research Fund.
Read before the Southern Surgical Association, December 7-9, 1943, New Orleans, La.
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of handling relatively large amounts of isotonic saline solutions without
showing signs that would indicate that a significant derangement in the
regulation of body functions had occurred. However, there are many in-
dividuals who are incapable of tolerating relatively small excesses of salt
solution, duritng the immediate postoperative period. The type of illness
that may follow the administration of saline or Ringer's solution varies.
There are three predominant and fairly distinctive symptom and sign com-
plexes. The cases that are presented illustrate these arbitrary complexes.
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Case i represents the most insidious and, in our experience, the most
common form of "salt intolerance." The symptoms and signs are primarily
referable to the central nervous and digestive systems. They are weakness,
disorientation, anorexia, nausea, vomiting, distention and an increasing depth
of respiration. The rate of urine excretion decreases slowly, the N. P. N.
of the blood increases, the carbon dioxide combining power falls, and the
plasma chloride level tends to remain constant although a large amount of
salt may be administered in an attempt to raise it should it be below
normal. Recovery is slow. Paradoxically, as the person improves the
plasma chloride level, if it is low, rises without the administration of the
chloride ion.

-Case i.-VW. C., male, age 73, was operated UpOIi under a spinal anesthetic that
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had to be supplemented witlh ether. A resectioni of a nieoplasm of the ascendillg
coloni anid ani ileotrainsverse colostomy were performed. On the first postoperativc
day, oliguria was presenit. Durinig the first five postoperative days a positive fluid
balance of five liters was amassed. With it the clinical signs of acidosis developed
and a chemical analysis of blood oni the fourth postoperative day substantiated the
clinical opinion. The plasma chloride level was found to be low; the apparent deficiency
of chloride was thought to be due to an excessive loss through gastric drainage and
transudation into the small gut. As a consequence, upon the basis of the "clinical
rule,"* 4000 cc. of saline were given intravenously in addition to i9oo cc. of 5 per cent
glucose. His condition deteriorated rapidly, the distention increased in spite of massive
gastric drainage, edema appeared, he became completely disoriented, and his urinary
excretion decreased. However, the plasma chloride level remained stationary instead
of risinig to about 56o mg. per cent as had been anticipated. The next morning 2ooo cc. of
salinie and iooo cc. of glucose solutions were given and by evening he had excreted
onily 225 cc. of urinie (12-hour period). His condition was precarious; respirationi
was noisy and difficult, the edema had increased, and cyanosis had appeared. It was
realized theni that the init'al low chloride conitent of his plasma represented an atteml)t
to compenisate for an acidosis which likely had both anr inorganic (urinary suppressionl)
anid a respiratory componenit (distention and emphysema).

Three liters of I0 per cent glucose, mercupurin, and epinephrin in oil were giveii
to him. In the next I2 hours 1350 cc. of urine were excreted. The CO2 combininig
power rose, the N. P. N. began to fall, and respirations became dry and easier. Oln
the sixth postoperative day the ilntern, from- habit, ordered saline, and goo cc. had

CHART III
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* For each ioo mg. per cent the plasma chloride is below 56o mg. per cent, give 0.5
Gm. of salt per kilo of body weight.
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been given before the error was discovered; The patient's recovery was gradual and
was associated with a negative fluid balance for seven days (Chart I).

-Cases 2 and 3.-Cases 2 and 3 (consult Illustrations II and III) show that the
early symptoms and signs that accompany a relatively small, acute chloride excess

are not accompanied by, or due to, any gross changes in acid base equilibrium, plasma
chloride, or N. P. N. This observation substantiates the conclusions of Sippel and
of Evans, in that it makes it appear that the toxic symptoms may be attributable to
the excess of the chloride ion in saline solution.* These three cases and many others
have convinced us that the use of the "clinical rule" for chloride replacement is dangerous.
especially when employed without a sound knowledge of biochemistry and physiology,
and that it should not be employed.
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Case 4.-A. B., male, age 58, underwent a right upper lobe lobectomy. Ether
vapor was used as the anesthetic agent. The general features of his illness, a
fulminating oliguria that was associated with a rapid physical deterioration, are similar
to those of the case reported by Sippel in J9I0. The usual immediate temporary
postoperative oliguria is apparent (Chart IV). During the forenoon of the third post-
operative day he was found to be distended, he began vomiting, and he passed a large
liquid stool. The urinary rate of flow began to fall after the diuresis of the second
postoperative day and by the fourth day only I35 cc. of urine were excreted in the
preceding 24 hours. He became irrational, and in spite of the administration of 5,ooo
cc. of intravenous fluids (2,500 saline) during that day, he excreted only i I0 cc. of
urine in 12 hours. His condition had become precarious (Chart IV). One thousand
cubic centimeters of M/6 r. sodium lactate were given.t During the next 12 hours I.150

* The chloride ion concentration in isotonic saline is greater in relation to the
sodium ion than it is in plasma.

t Unpublished work indicates that the oliguria accomnpanying "salt intolerance" is
best relieved by the administration of sodiunm that is l1ot in combiniationi with chlorine
or the anions of other strong acids.
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cc. of urine were excreted and thereafter his improvement was rapid. This man had had
frequent examinations of urine made preoperatively and no red blood cells, casts, or

albumin had been found.

The fifth case (Chart V) demonstrates an extreme accumulation of fluid
in serous cavities as a result of a relatively prolonged, though a slightly ex-

cessive, administration of sodium chloride.

Case S.-G. B., female, age 40, underwent a subtotal hysterectomy under ether
anesthesia. She was given daily Iwoo cc. of isotonic salt solution in addition to 2000

to 2500 cc. of 5 per cent glucose. On the fourth postoperative day she became
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distended, on the fifth day she began to vomit, on the sixth day gastric suction was
begun and the parenteral fluids were stepped up to 2000 CC. of saline and 2000 CC.
of 5 per cent glucose per diem.

Her distention increased rapidly in spite of profuse gastric drainage;' by the
evening of the tenth postoperative day she was practically in extremis. The distention
was so great that the respiratory excursions were practically imperceptible. She was
deeply cyanotic in spite of the fact that her hemoglobin was less than 6o per cent
of normal. Her pulse was small, late, and thready, and her apex beat was very weak.
A generalized one plus edema was present. During the ninth and tenth postoperative
days repeated attempts had been made to pass a Miller-Abbott tube but they were
not successful. Because death from respiratory embarrassment was almost certain
within a matter of hours unless the distention could be reduced, it was decided that
a gastrotomy should be performed and an attempt made to pass the tube directly
through the pylorus. Upon entering the abdominal cavity a massive ascites was
encountered, four liters of fluid were collected and another liter was estimated
to have been lost.

The sodium and chloride ion coniceitration in this fluid was the same as it was in her
537



COLLER, CAMPBELL, VAUGHAN, IOB, AND MOYER Amilsi of Surgery

plasma. The protein content was 2.79 Gm. per cent with an A/G ratio of 1.71. Her stomach
wall was approximately 2 cm. thick, her liver was enlarged and so soft that it felt
like a hollow viscus. The small intestine was distended with fluid and only a small
amount of gas was seen in it. There was no gross edema of the small intestine. Her
omentum was a thick, amorphous, opalescent mass. After the greater part of the ascitic
fluid was removed, the wound was closed. By the time she was placed in bed respira-
tions were normal, her pulse rate had fallen, blood pressure had risen from 6o/20 to
100/70, and consciousness had returned. No more "physiologic" saline was given
to her and she recovered.

Cases I, 2, 3, and 4 differ from Case 5 in that the bloods of the former
contained normal amounts of hemoglobin and plasma proteins and no physical
renal complications were introduced when they were operated upon. Case 5
suffered from a microcytic, hypochromic anemia and hypoproteinemia (Hb. 46
per cent and p.p. 4.26 Gm. per cent) at the time she had been operated upon*
and on the sixteenth postoperative day her right ureter was found to have been
obstructed at the level of the pelvic floor. This case demonlstrates clearly the
"washing out" effect of salt solution upon the serum proteins and the in-
creased tendency for salt retention in hypoproteinemic states, facts which have
been brought previously to our attention by Blalock.

Cases i, 4, and 5 and nine others came to our attention durinig a three-
month period during I942.t Since that time no saline or Ringer's solutions
hive been given during the operative and immediate postoperative (48-hour)
periods unless losses of extracellular fluid occurred (diarrhea. sweating,
fistulous drainage, etc.). Extracellular fluid losses are now being replaced
according to the volume for volume rule by 0.5 per cent NaCl solution to
which 50 Gm. of dextrose per liter has been added. The water ineeds of the
patients are met entirely with plain glucose solution. The practice of giving
5 Gm. of salt daily "for maintenance" has been discontinued because the salt
conserving capacity of the kidneys is practically perfect.

The clinical rule (see footnote page 535) for correcting extracellular fluid
deficiencies has been found to be highly inaccurate and dangerous. Its formu-
lation and use in the University of Michigan Hospital was based upon the
assumptions that the chloride level of the plasma varied directly with the extra-
cellular fluid volume from a normal of 56o mg. per cent and that the plasma
chlorides maintained a fixed relationship with the sodium ion. Both supposi-
tions had been proven to be false, especially during illness, at the time the
formula was proposed. It has been known for many years that the chloride
level of the plasma could vary without a significanlt change in the hydration of
the body. An increase of blood aniions, other than chloride (bicarbonate,
phosphate, citrates, acetone bodies, and lactate) is associated with a compensa-
tory fall in chloride and need not be associated with any significant change
of E. C. F.

In addition, a non-compensatory decrease of the plasma chlorides sig-
nifies that a dilution of plasma (E. C. F.) electrolytes has taken place. The

* Repeated unsuccessful attempts had been made to give her blood preoperatively.
t Cases 2 and 3 were induced during an investigation of the problem.
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rate and extent of the dilution has no fixed relationship with the state of
hydration, especially in different individuals. Therefore, the plasma chloride
level alone cannot serve as a sufficiently accurate base for the construction
of a universal hydration formula. The failure of the formula and its dangers
are well illustrated in Cases i and 4. Earlier observations regarding the
efficacy of the formula were made by Powers, et al.

At present, the restoration of extracellular fluid deficiencies is not being
iiiade primarily upon the basis of variations from normal of ions or molecules
in blood (Cl, CO2 combining power, plasma proteins, Hb., etc.) but uponl
the basis of the clinical status and physiologic response of the individual to
test doses of parenteral fluids.

Examples may serve to clarify this method:

Example 1.-A patient, age 6o, enters the hospital with pyloric obstruction. He
has been vomiting for three weeks. He has lost 20 pounds. He is not thirsty, the
specific gravity of his urine is I.OI4, his temperature is normal, his pul6e is 8o and
full, he answers questions readily and at length, he complains of slight lassitude.
His plasma chlorides were 460 mg. per cent and the CO2 combining power was 50 vols.
per cent.

The lack of thirst and the low specific gravity of his urine indicate that lhe
has been retaining enough water to prevent dehydration. His normal
temperature, normal mental responses, and normal pulse indicate that
although his extracellular fluid volume may be below his ideal normal, the
reduction has been fully compensated. The low plasma chloride is not
regarded as an indication for the immediate administration of over three
liters of saline as would be given should the "clinical rule" be emiiployed.
Instead the low chloride level is considered to be compengatory to the "starva-.
tion acidosis" (weight loss of 20 pounds in three weeks), and only one liter
of saline is given to him as a test dose. If his physiologic status does not
change after receiving the saline, he is considered to be compensated and oil
succeeding days the gastric aspirations are replaced by equal volumes of o.5
NaCl solution, in addition to glucose solution in sufficient amount to prevent
thirst and maintain the specific gravity of the urine below I.020.

Exatnple 2.-A man, aged 60, suffering from pyloric obstructioni enters the hospital
after vomiting for three weeks. His weight has decreased 30 pounds within that period.
He is thirsty, his temperature is 970 F., his pulse is 80 and soft, he answers questions
in monosyllables, he goes to sleep between questions, his respirations are shallow and
slow. The specific gravity of his urine is I.028, the plasma chlorides are 400 mg.
per cent, his CO2 combining power is go vols. per cent.

The thirst and high urine specific gravity indicate a need for free water.
The subnormal temperature, apathy, and soft pulse show that a dangerous
reduction in extracellular fluid volume has occurred. The alkalosis is
disregarded.
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MANAGEMENT

The intravenous drip is set as follows:
Ist bottle-io per cent glucose, IOoo cc.
2nd " -Ringer's solution, iooo cc.
3rd " -IO per cent glucose, iooo cc.

If thirst remains or if the specific gravity of the urine is above I.020, the
fourth bottle is glucose. If not, it is Ringer's solution, and the second bottle
of Ringer's is given very slowly (200 cc. per hour). Should the patient's
pulse fill out, his mind become clearer and his temperature rise appreciably
before the second liter of Ringer's has been given, the injection is stopped.

Upon each succeeding .day glucose is given first in amounts sufficient to
allay thirst completely and to keep the specific. gravity of urine at least
in the I.010-I.020 range. This is followed by one liter of Ringer's solution
daily (in excess of the volume-for-volume replacement of drainage by 0.5
per cent, Ringer's) until the CO2 combining power and plasma chloride
values have become constant. If the plasma Cl and CO2 combining power
reach plateaux before their arbitrary so-called normal values are reached,
no attempt is made to change them further. Considerable departure from
normal in Cl and CO2 combining power can be expected in starvation,
emphysema, et.c.

The type of saline solution administered also depends upon the clinical
status of the patient. In the preceding examples simple repair solutions
(saline or Ringer's solution) will satisfy requirements. However, in a case
such as follows, a buffered solution is considered to be indicated:

Example.-Patient age 70, weight 6o Kg., with pyloric obstruction and vomiting
for three weeks, entered the hospital in semicoma. Urine, catheterized-20 CC., sp. gr.
I.035, contained albumin, casts, and red blood cells. Respiration was deep and labored,
pulse weak and irregular, CO2 combining power 30 vols. per cent, plasma chlorides, 200.

In this case urinary suppression has resulted in a retention of acid radicles
of sufficient degree to counteract the tendency of chloride reduction to produce
an alkalosis and instead a severe "uremic" acidosis is superimposed upon a
reduction of total base from vomiting. This man obviously is in great need
for a rapid replacement of extracellular fluid, but in the face of the anuria, no
solution should be given which has a chloride content in relation to sodium
that is greater than is present in his plasma, or the acidosis may be increased
beyond tolerable limits. For that reason, normal saline and Ringer's solution
(chloride, I50 m. eq. vs. ioo m. eq. in plasma) are considered to be less
adequate from a physiologic standpoint than Hartmann's solution. The plan
of administration is as previously outlined.

SUMMARY AND CONCLUSIONS
I. Three clinical types of "salt intolerance" are described.
2. Because of the relatively high incidence of "salt intolerance" following

a general anesthesia, it is felt that no isotonic saline solution or Ringer's solu-
tion should be given during the day of operation and during the stibsequent
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first two postoperative days. The fluid requirement of the patient is met
with glucose solution. If a significant loss of extracellular fluid occurs during
the above period, it is replaced with 0.5 per cent sodium chloride solution to
which 50 Gm. per liter of dextrose has been added. Isotonic saline solution
(o.9 per cent) or Ringer's solution is used to replace extracellular fluid loss
after the postoperative urinary suppression has disappeared, usually after
the second postoperative day.

3. Great care must be used in administering isotonic saline and Ringer's
solution to patients who are hypoproteinemic, anemic, acidotic, or oliguric.

4. It is recommended that the correction of uncompensated extracellular
fluid deficiency states be made upon the basis of the physiologic response to
test doses of the appropriate salt solution rather than upon the basis of the
plasma chloride, the CO2 combining power, the N. P. N., the plasma protein,
or the hemogiobin levels. Three examples are given to illustrate the method.
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DIScUSSION.--DR. ROBERT L. RIIODES, Augusta, Ga.: Doctor Coller referred to a
paper published in 19I3 by Doctor Trout, with whom I was associated at the time,
I had not thought of that for a long time. I am reminded in these days of shortage
of man power and woman power in hospitals of some thoughts brought out in that paper.
In I9IO we began a comparative study of rectal administration of salt solution and
water, on alternate cases operated upon; there were 2000 consecutive cases, IOOO of each.
Out of the iooo that had salt solution, approximately I25 or 150, 12 to I5 per cent
developed edema, and when the salt solution was shifted to water the edema subsided.

It is a very simple matter to give water by drip, not the Murphy drip, but the
Lawson drip, described by him in May, I909. The original dropper was a simple medicine
dropper inserted into a test tube. When first brought out the dropper was too slender,
so that if not held perfectly erect the drop would span the gap between the two tubes
and syphonage would result instead of drops. The larger bulb effect was designed by
me, and first made by Wocher of Cincinnati upon order for us. This bulb avoided
syphonage even when lying almost flat. Later someone stuck a hole in the bulb with
the thought of allowing gas to escape, but what it really does is allow suction of air
to come into the bulb and be carried into the rectum between the drops of the solution
and produce irritation of the rectum. When this hole is sealed-off with adhesive tape
and the dropper is regulated to 40 drops per minute, you have a foolproof mechanism.
At this rate the fluid is absorbed about as rapidly as it is introduced and any collection
of gas in the rectum is easily expelled beside the small indwelling catheter.

As he published, the amount of water a patient would take is approximately one
pint more than salt solution, without producing edema. John B. Murphy was the first
to suggest rectal administration of fluid, but with a large tube which produced irritation.
Our studies show that a small catheter slipped into the bowel for three or four inches
and strapped to the buttocks would not irritate the sphincter muscle or rectum, could
be left in position for days and, at 40 drops per minute, three quarts of water, saline
or glucose could be easily given in 24 hours. Many medicines may be added to the
solution and given in this way.
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