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Conclusion: Hyponatremia is a water
disorder. Thus, treatment of hypona-
tremia includes water restriction and/or
measures to increase water excretion by
the kidneys. The administration of sodi-
um either orally or intravenously results
in an increased sodium delivery to the
loop of Henle and an increased renal
tubular reabsorption of water, which
may lead to worsening of hyponatremia.

INTRODUCTION
Hyponatremia is one of the most preva-
lent electrolyte disorders among hospi-
talized patients.1-5 Its treatment involves
increasing the patient’s serum sodium
concentration only to the extent neces-
sary to ensure the patient has normal
respiration and mental status. This
approach almost never requires that the
sodium level be corrected entirely to
normal.2,5 In the syndrome of inappro-
priate antidiuretic hormone secretion,
hypertonic saline (3% saline) with or
without a loop diuretic may be adminis-
tered in an attempt to raise the serum
sodium concentration at an initial rate
of 0.5 mmol/L per hour until symptoms
resolve.6-9 Regardless of the rate chosen,
the treatment should be ceased once
the patient’s symptoms resolve or a safe
level of serum sodium  (generally
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ABSTRACT
Background/Aims: This is a case report
of a patient with hyponatremia who was
given hypertonic saline chronically to
correct his low serum sodium concentra-
tion.

Methods: Intravenous hypertonic saline
administration was given in an attempt
to correct hyponatremia. When hypona-
tremia persisted, tapering of hypertonic
saline was instituted.

Results: Intravenous hypertonic saline
administration in this patient resulted in
the excretion of the saline load, which in
turn limited renal free water excretion.
Limitation in free water excretion
resulted in further reduction in his
serum sodium concentration or worsen-
ing of his hyponatremia, during hyper-
tonic therapy. The patient’s serum
sodium concentration increased con-
comitantly with tapering of hypertonic
saline, in the absence of other therapeu-
tic or clinical changes.

 



greater than 120 mmol/L) is achieved.2,3,5

This seldom necessitates administering
more than 1 liter of 3% saline, and often
requires as little as a few hundred milli-
liters. Such therapy must be accompanied
by water restriction and possibly adminis-
tration of demeclocycline or lithium to
decrease the maximal renal concentrating
ability. Some authorities, however, have
suggested using continuous infusion of
hypertonic saline to treat patients with
hyponatremia, and this practice is fol-
lowed by some neurosurgeons.10

It is well known that the administra-
tion of a nonreabsorbable hypertonic
solute, such as mannitol, can cause
hyponatremia, especially in patients with
renal insufficiency.11,12 We are unaware
of any previously reported cases in
which the administration of hypertonic
saline prevented amelioration of
hyponatremia. However, theoretically
this is possible since the administration
of hypertonic saline is associated with a
monotonically increasing nonplateauing
relationship between increased sodium
delivery to the loop of Henle and
increasing renal tubular reabsorption of
water.12 Such renal responses will
decrease urinary free water excretory
capacity and could conceivably result in
the development of hyponatremia in
patients with an abnormal pituitary-
renal axis.

We report the case of a patient with
acute postoperative hyponatremia, treat-
ed with prolonged hypertonic saline
infusion, which resulted in persistent and
worsening hyponatremia.

CASE REPORT
A 49-year-old white male underwent his
fourth transbasal subfrontal craniotomy
and tumor resection under general anes-
thesia for resection of recurrent chordo-
ma. Postoperatively, the patient was
started on decadron 10 mg intravenously
every 6 hours, famotidine 20 mg intra-
venously twice a day, phenytoin 100 mg

intravenously three times a day, ceftriax-
one 1 gm intravenously daily, morphine
sulfate 1 to 2 mg intravenously as need-
ed, trimethobenzamide hydrochloride
(Tigan) 20 mg intramuscular every 6
hours as needed for nausea and vomit-
ing, and acetaminophen 650 mg orally
every 6 hours as needed. He received an
intravenous infusion of normal saline
with potassium chloride 20 mmol/L at a
rate of 100 mL per hour. Serum
chemistries showed a sodium concentra-
tion of 129 mmol/L, potassium 4.7
mmol/L, chloride 100 mmol/L, bicarbon-
ate 21 mmol/L, BUN 5 mmol/L, and cre-
atinine 61.9 µmol/L. The acute
asymptomatic hyponatremia was
thought to be secondary to the osmoti-
cally active mannitol that was adminis-
tered. Intravenous infusion of 3% saline
was started at 30 mL per hour in addi-
tion to normal saline with potassium
chloride 20 mmol/L at 100 mL per hour.
Over the next 24 hours, his urine output
was 4300 mL with a specific gravity of
1.010 to 1.015. On postoperative day 2,
his serum sodium was 130 to 133
mmol/L. Until a renal consult was
obtained, he continued to receive nor-
mal saline with 20 mmol/L potassium
chloride, from 50 to 100 mL per hour,
whenever his serum sodium was above
130 mmol/L or 3% saline from 30 to 40
mL per hour continuously over 24 hour
periods whenever the serum sodium was
below 130 mmol/L. Oral fluid restriction
to less than 800 mL per day was institut-
ed. The patient was thought to be euv-
olemic.

His hospital course was highlighted
by pseudomonas meningitis on postop-
erative day 11, which was treated with
antibiotics; a left lower extremity deep
venous thrombosis diagnosed on postop-
erative day 22 was initially treated with
heparin and later warfarin; and a focal
seizure on postoperative day 23, second-
ary to a subacute left parietal infarct.
Additional medications received during
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the hospitalization included famotidine,
nizatidine, propoxyphene napsylate and
acetaminophen (Darvocet), oxycodone
and acetaminophen (Percocet), and
demeclocycline.

The renal service was consulted on
postoperative day 31 for persistent
hyponatremia despite continuous hyper-
tonic saline administration. On the day
of the consult, the patient was orthostat-
ic on physical examination, with a blood
pressure of 112/68 mmHg, and a pulse of
84/min in the supine position, and a
blood pressure of 85/68 mmHg and a
pulse of 112/min in the standing posi-
tion. He had a normal mental status and
no edema. He was receiving intravenous
infusion of 3% saline at 50 mL per hour,
oral fluid restriction to less than 800 mL
per day, demeclocycline 300 mg orally
every 6 hours, and furosemide 10 mg
intravenously twice a day, in addition to
intravenous ceftazidime, ciprofloxacin,
and decadron. His urinary sodium con-
centration was 89 mmol/L and his urine
volume on that day was 2050 mL.
Thyroid function tests were checked and
were normal. We recommended tapering
the rate of infusion of 3% saline by 10
mL an hour per day, which was eventu-
ally stopped on postoperative day 35.
His serum sodium concentration gradu-
ally increased from 132 mmol/L to 135
mmol/L over this period.

DISCUSSION
Persistent hyponatremia due to a saline
diuresis was suspected in view of the
administration of hypertonic saline to
the patient. This was confirmed by the
high urinary sodium concentration and
excretion rate. Sodium and osmolar bal-
ances and their progressive decrease
(calculated assuming urine osmolalities
of 350, 700, and 1050 mosm/kg for spe-
cific gravities of 1.010, 1.020, and 1.030,
respectively were closely approximated
when urine volume was accurately docu-
mented (Days 28 to 35).13

The urine volume (V) can be divid-
ed into 2 theoretical components, one
containing all of the urinary solute in a
solution that is iso-osmotic to plasma
(osmolar clearance, Cosm), and one con-
sisting of free water that has been gener-
ated (free water clearance, CH2O) or
reabsorbed (free water reabsorption,
Tc

H2O) in order to attain the final urine
osmolality (Uosm).14-16

Equation 1:
Thus, urine volume 
V = Cosm + CH2O 
Cosm represents the volume of plasma
cleared of the solute it contains by uri-
nary excretion and can be calculated
from the general formula for clearance:
Equation 2:
Cosm  = (Uosm) V ÷ Posm
Using these equations, CH2O and Tc

H2O
can be calculated. From equation 1,
CH2O =  V – Cosm
substituting equation 2 and factoring for
V, resulting in 
Equation 3:
CH2O =  V ( 1 – (Uosm ÷ Posm )) 
In contrast to the CH2O, which is equal to
the free water excreted per unit time,
the Tc

H2O is equal to the volume of free
water reabsorbed per unit time.
Therefore Tc

H2O =  - CH2O and 
so V = Cosm – Tc

H2O.
Equation 4:
Tc

H2O = V ((Uosm ÷ Posm) – 1) 
and   
Equation 5:
Uosm = Posm (1– ( CH2O ÷ V)) 
Hypertonic saline administration to nor-
mal subjects resulted in a linear relation-
ship of Tc

H2O plotted against the
logarithm of increasing Cosm or increas-
ing urinary sodium excretion (UNa V). In
contrast, the administration of increased
amounts of mannitol resulted in a
plateau in the rise of Tc

H2O. 12 These
changes were consistent, even in the
same subject, when sequentially
switched between mannitol and hyper-
tonic saline diureses. Mannitol, by lower-
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ing the sodium concentration in the
tubular fluid entering the loop, imposes
a limitation on sodium transport from
the ascending limb into the renal medul-
la, and may be responsible for the
observed limitation of the increase in
Tc

H2O. In addition, mannitol is not reab-
sorbed in the nephron.

During hypertonic saline diuresis, as
both the rate of delivery of sodium and
the sodium concentration of the fluid
entering the loop of Henle are
increased, progressively more sodium is
reabsorbed and transported into the
medulla. This is reflected in the increas-
ing Tc

H2O without evidence of a maxi-
mum value. Thus, the tubular fluid
sodium concentration appears to be a
critical determinant of the rate of renal
tubular sodium transport, and hence of
the Tc

H2O. In contrast, CH2O (factored for
glomerular filtration rate) approached a
limit in patients with complete central
diabetes insipidus undergoing hyperton-
ic saline diuresis.17

With tapering of hypertonic saline
over days 31 to 36, as the patient’s Tc

H2O
decreased, his serum sodium concentra-
tion initially increased and then
remained stable. An increase in Uosm
with a concomitant decrease in Posm
(Equation 3) would result in increased
tubular reabsorption of water, causing
persistence and worsening of hypona-
tremia secondary to continuous infusion
of hypertonic saline. The ability of the
kidneys to excrete water efficiently is
compromised as the urinary flow rate
increases during saline diuresis and Uosm
approaches Posm (Equation 5). We were
unable to calculate the electrolyte free
water clearance in this patient, as the
urinary potassium concentration was not
available.18,19

In summary, continuous administra-
tion of hypertonic saline in this patient
resulted in the excretion of the saline
load, which limited renal free water
excretion, resulting in worsening of the

patient’s water intoxication. Treatment
of chronic hyponatremia in euvolemic
patients without a sodium metabolism
disorder should be directed towards
increasing plasma osmolality over the
short term by giving hypertonic (3%)
saline acutely, and over the long term by
diminution of water ingestion and renal
concentrating ability. In assessing the
development of hyponatremia, the renal
response must be fundamentally consid-
ered, as well as the volume status of the
patient and the tonicity of the adminis-
tered fluids.4 In this case, the administra-
tion of large amounts of hypertonic
sodium solutions, in the setting of euv-
olemia and probable high levels of circu-
lating antidiuretic hormone, led to an
appropriate saline diuresis, but an inap-
propriate renal response, culminating in
increased renal tubular water reabsorp-
tion. This process has recently been
termed renal  “desalination” and has
been shown to result in the development
of postoperative hyponatremia in
patients treated with isotonic saline
replacement fluids.4 We extend this find-
ing to the case of patients treated with
continuous hypertonic saline solutions.

Long-term infusion of hypertonic
saline in patients with hyponatremia
may not be an appropriate treatment
option. This case reinforces the concept
that hyponatremia is a disorder of water
and not of sodium metabolism.

REFERENCES
1. Verbalis JG. Hyponatremia: Epidemiology,

pathophysiology, and therapy. Curr Opin
Nephrol Hypertens. 1993;2:636-652.

2. Berl T. Treating hyponatremia: Damned if we
do and damned if we don’t. Kidney Int.
1990;37:1006-1018.

3. Sterns RH. Severe symptomatic hyponatrem-
ia: Treatment and outcome. Ann Intern Med.
1987;107:656-664.

4. Steele A, Gowrishankar M, Abrahamson S,
Mazer D, Feldman RD, Halperin ML.
Postoperative hyponatremia despite near iso-
tonic saline infusion: A phenomenon of
desalination. Ann Intern Med. 1997;126:20-25.

Vol. 4, No. 2, 2004 • The Journal of Applied Research264



The Journal of Applied Research • Vol. 4, No. 2, 2004 265

5. Lauriat SM, Berl T. The hyponatremic
patient: Practical focus on therapy. J Am Soc
Nephrol. 1997;8:1599-1607.

6. Laureno R, Karp BI. Pontine and extrapon-
tine myelinolysis following rapid correction
of hyponatremia. Lancet. 1988:1:1439.

7. Cluitmans FHM, Meinders AE. Management
of severe hyponatremia: Rapid or slow cor-
rection? Am J Med. 1990;88:161-166.

8. Sterns RH, Riggs JE, Schochet SS Jr. Osmotic
demyelination syndrome following correction
of hyponatremia. N Engl J Med.
1986;314:1535-1542.

9. Sterns RH. The treatment of hyponatremia:
First, do no harm. Am J Med. 1990;88:557-
560.

10. Soupart A, Decaux G. Therapeutic recom-
mendations for management of severe
hyponatremia: Current concepts on patho-
genesis and prevention of neurologic compli-
cations. Clin Nephrol. 1996;46:149-166.

11. Aviram A, Pfau A, Czaczkes JW, Ullman TD.
Hyperosmolality with hyponatremia caused
by inappropriate administration of mannitol.
Am J Med. 1967;42:648-650.

12. Goldberg M, McCurdy DK, Ramirez MA.
Differences between saline and mannitol
diuresis in hydropenic man. J Clin Invest.
1965;44:182-192.

13. Rose BD. Clinical physiology of acid-base
and electrolyte disorders. 5th ed. New York,
NY: McGraw-Hill, Inc; Medical Publishing
Division. 1994:692.

14. Zak GA, Brun C, Smith HW. The mechanism
of formation of osmotically concentrated
urine during the antidiuretic state. J Clin
Invest. 1964;33:1064-1074.

15. Smith HW. Renal excretion of sodium and
water. Fed Proc. 1952;11:701-715.

16. Wesson LG, Anslow WP. Effect of osmotic
and mercurial diuresis and simultaneous
water diuresis. Am J Physiol. 1952;170:255-
269.

17. Buckalew VM Jr., Walker BR, Puschett JB,
Goldberg M. Effects of increased sodium
delivery on distal tubular sodium reabsorp-
tion with and without volume expansion in
man. J Clin Invest. 1970;49:2336-2344.

18. Goldberg M. Hyponatremia. Med Clin North
Am. 1981;65:251-269.

19. Rose BD. New approaches to disturbances in
the plasma sodium concentration. Am J Med.
1986;81:1033-1040.


