Postoperative Hyponatremia with the Inappropriate
Release of Antidiuretic Hormone

Stanley Deutsch, M.D., Ph.D.,* Martin Goldberg, M.D.,i Robert D. Dripps, M.D.*

A detailed description of 11 elderly patients
who developed symptomatic dilutional hypona-
tremia in the postoperative period is presented.
Sustained and inappropriate secretion of anti-
diuretic hormone (ADH) together with the ad-
ministration of fluid is postulated to be the cause
of the changes in levels of consciousness observed.
Factors related to anesthesia, operation, and the
postoperative period which may contribute to the
stimulation and maintenance of ADH liberation
are described. Anesthesiologists should be aware
of this syndrome, the diagnosis and treatment of
which is so simple.

AN ABNORMALLY low serum sodium concentra-
tion is a frequent finding in the postoperative
period. Often, the hyponatremia can be at-
tributed to excessive loss of fluid and elec-
trolytes from the gastrointestinal tract. How-
ever, it has become apparent that hypo-
natremia due to over-hydration and dilution
may be a more common finding than hypo-
natremia associated with sodium depletion.
LeQuesne * emphasized the importance of post-
operative dilutional hyponatremia in a group
of patients who developed severe water in-
toxication the result of failure to excrete large
excesses of parenterally administered water.
Zimmerman and Wangensteen,? Hayes and
Goldenberg # and Moore * have reviewed some
of the metabolic responses to operation which
result in impaired water excretion.

In normal individuals postoperative anti-
diuresis is a transitory phenomenon, most pa-
tients recovering within five to seven days
after operation.? However, we have observed
a group of patients in whom the postoperative
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antidiuresis was more severe and prolonged.
All of these were “elderly” patients who, ex-
cept for one, had undergone major operation.
Following operation, they developed a variety
of diffuse neurological abnormalities ranging
from marked restlessness and disorientation to
profound stupor. These patients had moderate
to marked hyponatremia and other features
resembling the syndrome of inappropriate se-
cretion of antidiuretic hormone (ADH).® This
syndrome had previously been observed in pa-
tients with bronchogenic carcinoma and a
variety of metabolic and cerebral diseases. The
salient clinical features may be summarized
as follows:

(1) Hyponatremia and low serum osmolal-
ity.®

(2) Persistent excretion of a hypertonic
urine, which under conditions of high fluid
intake may contain large quantities of sodium
despite hyponatremia.

(3) Absence of azotemia.

(4) Normal adrenal function.

(5) Absence of signs of extracellular fluid
volume contraction such as dehydration and
hypotension that would foster antidiuresis.

(6) Absence of edema.

(7) Improvement in hyponatremia and de-
crease in renal sodium excretion following fluid
restriction.

Sustained secretion of antidiuretic hormone
has been postulated as the cause of the anti-
diuresis because of the presence of an in-
appropriately elevated urine osmolality in the
presence of a normal glomerular filtration rate,
and the fact that these patients resemble nor-
mal subjects given vasopressin and water for
several days.® The term inappropriate is used
because hypotonicity of body fluids normally
inhibits ADH secretion.

It is the purpose of this paper to review
our experience with the hyponatremic syn-

# Osmolality is a term expressing the total solute
concentration (tonicity) of a solution irrespective
of the specific solutes expressed as milliosmols per
kilogram of solvent (water).. The normal range
of serum osmolality is 275 to 290 mosm./kg.
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Tasre 2. Laboratory Analyses During Hyponatremia
Intake in Previous 24 Hours Serum Urine
= BUN B
Name > .
Total Fluid Smli‘um Sndinl‘n (/‘mm. Osmolality (me.%) Osmolality ]}Q\“c(:g::](:n
(ml.) (mEq.) (mEq./L) (mosm. /kg.) (mosm. /kg.) (m'Eq./iM hr.)
H. H. 3,000 150 127 270 9 420 48
J. B 5,000 300 122 244* 11 1.0137 312
M. K. 4,500 0 118 266 18 852 302
R. N. 2,000 0 114 251 8 640
R. C. 2,500 0 128 249 8 423 95
J. W. 2,500 75 122 250 8 550
N. M. 0 ? 124 244 8 640 79
M. W. 2,000 0 119 228 16 325
E. B. 2,800 150 118 236* 15 1.0207
F. R. 2,000 0 131 262* 5] 1.0127
A. M. 2,400 150 114 239 8 325

* Estimated 2X sodium cone. mEq. /1.2
1 Specific gravity of urine.

drome in the postoperative period and to pre-
sent some of the intra-operative and postopera-
tive factors contributing to this disturbance.

Method of Study and Results

There were 11 postoperative patients with
hyponatremia whom members of the Chemical
Section of the Department of Medicine had
been asked to see in consultation from 1959 to
1965. Hospital records and laboratory analyses
were reviewed. A summary of the records is
presented in tables 1 and 2. An illustrative
case history is presented in detail.

Case History

R. C., 73 year old, white woman, weighing 90
pounds, was admitted for cholecystectomy with a
diagnosis of chronic cholecystitis and cholodo-
colithiasis. Two months prior to admission a
cholecystostomy had been performed for acute
cholecystitis. Common duct stone was revealed
by postoperative cholangiogram. On admission
she was described as an alert, thin, elderly lady
with evidence of recent weight loss. Blood pres-
sure was 120/80, pulse 84, respiration 15. Phys-
ical examination was within normal limits. He-
moglobin was 11.7 g./100 ml. No preoperative
serum electrolyte values were determined.

Cholecystectomy and choledochostomy were car-
ried out on the day following admission. Premedi-
cation was meperidine, 50 mg., and scopolamine,
0.4 mg. Anesthesia was induced with thiopental,
75 mg. and maintained with cyclopropane and
oxygen. Succinylcholine, 40 mg., was administered

prior to tracheal intubation. Decamethonium, 3
mg., was used for muscle relaxation. Vital signs
were stable throughout and in the recovery room.
Awakening was prolonged (four hours). She was
given nikethamide 0.5 ml., intravenously on one
occasion with little effect. On discharge from
the recovery room she was alert. Meperidine, 50
mg., was given one time on the day of operation
for pain. She received 2,500 ml. of 5 per cent
dextrose and water, and excreted 650 ml. of urine
on the day of operation. One hundred milliliters
of T-tube drainage was also measured.

On the first postoperative day she was alert and
received codeine, 30 mg., on one occasion for
pain. Two and one-half liters of 5 per cent dex-
trose and water were administered intravenously.
Urine output was not measured. T-tube drainage
was 225 ml. She was alert on the second and
third postoperative days. Serum sodium on the
second postoperative day was 125 mEq./liter
Normal saline 1.0 liter and 0.5 liter were given
intravenously on the second and third postoperative
day along with one liter of 5 per cent dextrose
and water. The patient also drank about 1 liter
of clear fluids on both days. Urine output was
1.0 and 1.3 liter on these days, and T-tube
drainage was 300 ml. per day. On the fourth
postoperative day she became sommolent and on
the fifth day she was quite disoriented. Serum
sodium concentration was 122 mEq./liter at this
time. A diagnosis of a midbrain central nervous
system lesion was considered. Oral fluids and salt
tablets were given. After consultation with the
Chemical Section serum and urine osmolatities
were determined.  Serum osmolality was 249
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mosm./kg. with a serum sodium concentration of
128 mEq./liter. Urine osmolality was 423 mosm./
kg. distinctly higher than the serum osmolality. A
spot urine sodium was 90 mEq./liter. Over the
next three days on small quantities of oral fluid
and salt tablets she became mentally clear. Serum
sodium concentration was 134 mEq./liter at that
time. Vital signs and body temperature were
normal at all times during the postoperative period.

This patient illustrates the development of
symptomatic hyponatremia with fluid retention in
the postoperative period. She was thought to
have organic central nervous system disease. How-
ever, the absence of focal neurological signs and
the improvement when the hyponatremia was
corrected strongly suggests that water intoxication
was the correct diagnosis. Clearly urine osmolality
was greater than serum in the face of low serum
sodium concentration.  Urine sodium excretion
was also greater than would be expected in view of
the hyponatremia. With time, the antidiuresis
abated and she no longer retained fluid.

Description of the Patients. The mean age
of the group was 75 years with a range from
63 to 86 years. There were six males and
five females. Ten of the eleven had major
operative procedures. These patients did not
have excessive loss of gastrointestinal fluid by
vomiting, diarrhea, or nasogastric suction.
Arterial pressures during the periods prior to
and during symptoms were within normal
limits for all patients except one, J. W. M. had
one episode of hypotension in the recovery
room which responded to administration of
blood. Body temperature ranged from 98°
to 101° F. prior to and during the period of
hyponatremia. At no time was there evidence
of peripheral edema in any patient.

Premedication. Premedication varied from
atropine alone in 5 patients to narcotics and
atropine, or secobarbital and atropine. One
subject received amitriptyline (Elavil) 20 mg.
and atropine 0.4 mg.

Anesthesia.  FEight of the 11 patients re-
ceived general anesthesia with a variety of
agents. The remaining three had spinal an-
esthesia supplemented with thiopental-nitrous
oxide and oxygen or a narcotic alone.

Postoperative Narcotics. All except one pa-
tient received mnarcotics in the postperative
period either in the recovery room or on the
ward. Nine of the 11 who developed symp-
toms received narcotics on the day prior to or
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on the day that symptoms were first noted.
Generally, the quantity administered was small,
probably because of the advanced age of the
patients.

Time of Onset and Duration of Symptoms.
Symptoms began in all but one patient within
the first five postoperative days. The other
patient developed symptoms on the seventh
postoperative day. Duration of symptoms
varied widely from two days to two months.
Most patients remained symptomatic for two
to ten days.

Symptoms. There were moderate to marked
changes in level of consciousness from extreme
restlessness and confusion to semicoma. Four
were given sedation. Two received para-
lydehyde, one received chlorpromazine and
pentobarbital and one received chlordiaze-
poxide (Librium). Medical and neurological
consultations on 2 patients resulted in diag-
noses of midbrain or brain stem vascular in-
sufficiency.  Upon correction of hyponatremia
all became alert and returned to their normal
levels of consciousness.

Blood Chemistry Values. Serum sodium
concentration during the syndrome ranged
from 118 to 131 mEq./liter with a mean of
122. Eight determinations of serum osmolality
ranged from 228 mosm./kg. to 270 with a
mean of 239, clearly subnormal. Mean serum
sodium following the return to normal levels
of consciousness was 133 mEq./liter with a
range from 125 to 140. Blood urea nitrogen
in all patients was within normal limits before
and during the symptomatic period. Creatinine
clearance when measured in 3 patients was
within normal limits.

Urine Volume and Osmolality and Sodium.
Urine volume prior to the appearance of symp-
toms ranged from 0.3 to 3 liters/24 hours.
Mean urine osmolality in the 8 patients was
522 mosm./kg. with a range from 325 to 852.
In each instance when measured urine os-
molality was greater than serum osmolality.
Urine sodium when determined was greater
than the expected low excretion in the face of
hyponatremia, if the latter were due to sodium
depletion.  Twenty-four hour urinary 17 hy-
droxycorticoids were measured in one subject
(R. N.) and were within normal limits on
two occasions.
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Fluid Administration Prior to the Develop-
ment of Symptoms. All patients received two
or more liters of water per day prior to the
development of symptoms. About half of
them became symptomatic on oral fluid intake.
When first discovered hyponatremia was fre-
quently treated by the inclusion of a liter of
physiological saline in the daily fluid order.

Therapy. Fluid restriction of 0.5 to 1.5
liters of physiological saline per twenty-four
hours was instituted in 7 of the 11 subjects.
Two patients were given 300 and 600 ml. of
2 per cent saline. Four had no fluid restric-
tion.  With more knowledge and recognition
of water retention, fluid restriction has become
the therapy of choice for this problem.

Discussion

A brief review of the factors concerned in
the regulation of the extracellular sodium con-
centration and the effects of prolonged ad-
ministration of ADH in man may clarify the
behavior of these patients postoperatively.

Regulation of Extracellular Sodium Con-
centration. Serum sodium concentration ranges
normally between 135 and 145 mEq./liter
despite large variations in the intake of salt
and water. While plasma proteins play a role
in the distribution of fluid between the intra-
vascular and interstitial spaces, salts of sodium
are the major osmotically active solutes in the
extracellular fluid. Maintenance of total solute
concentration of serum between 275 and 290
milliosmols per kilogram of water is the re-
sult of the factors which regulate water bal-
ance. These are the physiological systems
responsible for the regulation of water in-
take (thirst), and water excretion (ADH
secretion by the neurohypophysis and renal
tubular reabsorption of free water).

Withdrawal of fluid from a normal individual
results in little change in serum osmolality. A
small rise in total solute concentration in the
serum stimulates osmoreceptors presumably
within the hypothalamus that results in release
of ADH from the posterior lobe of the pituitary
gland.” # ADH then stimulates water reabsorp-
tion from the renal tubules and serum solute
concentration returns towards normal. Ex-
cessive water ingestion, on the other hand,
lowers serum osmolality and inhibits ADH
secretion, resulting in wurinary dilution and
free water excretion by the kidney.
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In addition to osmotic stimuli, a variety of
other factors have been presumed to evoke
ADH release. There is evidence that pain,
fear,® and a variety of drugs including nicotine,
histamine, narcotics,” barbiturates and general
anesthetics 1 may be potent stimulators of
ADH secretion. Hemorrhage,'' continuous
positive pressure breathing,'? and trapping of
blood in the extremities by means of tour-
niquet ¥ are known to evoke the release of
ADH presumably by the stimulation of volume
receptors within the thorax.

The Effects of Prolonged ADH Administra-
tion in Man. Leaf and his co-workers ¢ ob-
served that administration of long acting
vasopressin preparations to normal subjects on
a constant high intake of water and salt re-
sulted initially in an abrupt rise in urinary con-
centration and a fall in urine volume. Water
retention by the kidney resulted in a reduction
in serum sodium concentration and a gain in
body weight. On the third day of vasopressin
administration, however, an intense salt diuresis
was observed in association with an increase in
glomerular filtration rate. Bartter and his
co-workers,'* utilizing a similar protocol, ob-
served that the “expansion” natriuresis was as-
sociated with a fall in wurinary aldosterone
excretion.

Symptoms produced by the simultaneous
administration of vasopressin and water are
those of water intoxication. There is difficulty
in concentrating, restlessness, anorexia, head-
ache, apathy, nausea and vomiting. If allowed
to continue without treatment there is progres-
sion to stupor, coma, and generalized con-
vulsions. The central nervous system symp-
toms are the response of the brain cells to
dilution of the extracellular fluid. These cells
imbibe water, swell and intracranial pressure
increases because of the nonexpansible bony
compartment of the skull.

Marked restriction of water during vaso-
pressin administration results in a reduction
in sodium excretion and restoration of serum
sodium concentration to normal.

Antidiuresis During Anesthesia and Opera-
tion. The association of a antidiuresis with
anesthesia and operation has been recognized
since the observations of Pringle and co-
workers,’? that urine volume was markedly
reduced during and after diethyl ether an-
esthesia. Several factors associated with an-
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esthesia, operation, and the postoperative

period may contribute to the production of
antidiuresis. Among them are:

Dehydration. Fluid restriction for eight to
twelve hours in the preoperative period is not
an uncommon event. In addition, fluid is
frequently lost via nasogastric suction. Cer-
tainly this may affect the volume and concen-
tration of urine excreted. Dehydration is a
physiological stimulus that can be inhibited
by hydration.

Premedication. Narcotic and barbiturate
preanesthetic medication have been observed
to produce a reduction in urine volume in sub-
jects undergoing a water diuresis. Papper and
co-workers 1% 17 found no increase in urine
osmolality with reduction in urine volume and
concluded that the reduced glomerular filtra-
tion rate produced by these drugs was respon-
sible for the antidiuresis observed. However,
some studies have revealed increased ADH
levels in animals following the administration
of marcotics.” Narcotic analgesics are fre-
quently administered in the postoperative
period and may be a factor in sustaining the
antidiuresis observed during operation.

Pain and Emotional Stimuli. Tt is generally
agreed that these stimuli result in the libera-
tion of ADH.® Certainly they are present in
both the pre- and postoperative period in
many patients.

Stimuli Associated with Operation. Moran
and Zimmerman,'® utilizing a bio-assay tech-
nique, observed large increases in blood ADH
levels associated with incision, and stimulation
of the pleura and peritoneum during general
and regional anesthesia. Major surgical pro-
cedures resulted in the highest blood levels
and most prolonged liberation of ADH.

Hemorrhage. Reduction in circulatory blood
volume by hemorrhage or redistribution as in
stasis within the extremities produced by
tourniquets is known to result in an acute
antidiuresis secondary to both ADH liberation,
and changes in renal hemodynamics. The
ADH liberated by application of tourniquets
can be blocked by the prior administration of
ethyl alcohol, a known inhibitor of ADH secre-
tion.'®

Positive Pressure to the Airway. Continuous
positive pressure breathing results in an anti-
diuresis which can be blocked by the prior
administration of ethyl alcohol.?? This is
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probably not a frequent occurrence during and
after surgery.

General Anesthesia. All general anesthetics
have been found to produce a marked reduc-
tion in urine volume.'® In a recent study 2°
of renal function before and during halothane
anesthesia in 14 well-hydrated subjects who
received no preanesthetic medication and who
were not undergoing an operation the follow-
ing were observed:

With induction of anesthesia urine volume
was reduced from 12 to 0.83 ml. per minute
per 1.73 m.? body surface area, and urine
osmolality rose from 84 to 609 milliosmols per
kilogram of water. In 7 of 11 subjects both of
these alterations were reversed by the intra-
venous administration of 5 per cent ethyl alco-
hol. This suggests that ADH is released fol-
lowing the induction of general anesthesia with
halothane and is one of the factors responsible
for the antidiuresis.

General anesthesia is also associated with
marked changes in renal hemodynamics which
may effect water and electrolyte excretion
during anesthesia and operation.’® ?°  Reduc-
tions in glomerular filtration rate and effective
renal plasma flow have been reported with all
the anesthetics commonly employed clinically.
An acute fall in glomerular filtration rate may
in itself, cause decrease in urine flow, a rise in
urine osmolality, and a reduction in sodium
excretion.*?

In each patient described in this report
serveral of the factors mentioned could have
been responsible for the production and
maintenance of the postoperative antidiuresis.
Certainly the mnonosmotic stimuli of ADH
(pain, anesthesia and narcotics) could have
played a role.

There was no evidence that a reduction in
glomerular filtration rate in the postoperative
period played a role in the production of the
antidiuresis.?* Creatinine clearance was meas-
ured in 3 patients and found normal. Natriure-
sis rather than reduced sodium excretion was
observed. Increased sodium excretion is not
observed with acute reductions in glomerular
filtration rate. No evidence for congestive
heart failure or adrenal insufficiency was pres-
ent to explain the hyponatremia. No evidence
for true sodium depletion on the basis of ex-
cess loss from the gastrointestinal tract was
present. True sodium depletion unlike dilu-
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tional hyponatremia is characterized by a low-
ered arterial pressure, loss of skin elasticity
and elevated hematocrit. Large quantities of
sodium are not excreted by the kidneys in
true sodium depletion. Sodium replacement
is the treatment for this form of hyponatremia.

Conclusions

It is apparent from this analysis that hy-
ponatremia secondary to fluid retention in the
postoperative period may be related to a
persistent and inappropriate secretion of ADH.
One must not assume that changes in level of
consciousness in this period are the result of
organic central nervous system disease. It
would appear that the elderly are more prone
to development of a sustained antidiuresis,
and therefore fluid replacement in this age
group must be carefully planned. In the
absence of fever and excessive losses of gas-
trointestinal fluid and electrolytes 1.4 to 1.7
liters of fluid are generally required in the
elderly to replace urine volume and insensible
water loss. Excessively large volumes of
dextrose and water and prolonged administra-
tion of narcotics should be avoided. Serum
electrolytes should be measured in the post-
operative period, especially with changes in
levels of consciousness. If the diagnosis of
dilutional hyponatremia is made and is the
result of over-hydration in the face of persistent
antidiuresis, fluid restriction must be enforced.
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