
UC Irvine
UC Irvine Previously Published Works

Title
Is chronic hyponatremia a novel risk factor for hip fracture in the elderly?

Permalink
https://escholarship.org/uc/item/8g5438gt

Journal
Nephrology Dialysis Transplantation, 27(10)

ISSN
0931-0509

Authors
Ayus, Juan Carlos
Negri, Armando Luis
Kalantar-Zadeh, Kamyar
et al.

Publication Date
2012-10-01

DOI
10.1093/ndt/gfs412

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8g5438gt
https://escholarship.org/uc/item/8g5438gt#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Nephrol Dial Transplant (2012) 27: 3725–3731
doi: 10.1093/ndt/gfs412

Is chronic hyponatremia a novel risk factor for hip
fracture in the elderly?

Juan Carlos Ayus1,2, Armando Luis Negri3, Kamyar Kalantar-Zadeh4 and Michael L. Moritz5

1Renal Consultants of Houston, Houston, TX, USA, 2Hospital Italiano, Buenos Aires, Argentina, 3Institute for Metabolic
Research, del Salvador University, Buenos Aires, Argentina, 4Harold Simmons Center for Kidney Disease Research &
Epidemiology, Torrance, CA, USA and 5Division of Nephrology, Department of Pediatrics, Children’s Hospital of Pittsburgh
of UPMC, The University of Pittsburgh School of Medicine, Pittsburgh, PA, USA

Correspondence and offprint requests to: Juan Carlos Ayus; E-mail: carlosayus@yahoo.com

Abstract
Hip fractures represent a serious health risk in the elderly,
with significant associated morbidity and mortality. There
is now an emerging literature that suggests that chronic
hyponatremia increases the adjusted odds ratio (OR) for
both falls and fractures in the elderly. Hyponatremia
appears to contribute to falls and fractures by two mech-
anisms: (i) it produces mild cognitive impairment
resulting in unsteady gait and falls and (ii) it directly
contributes to osteoporosis and increased bone fragility by
inducing increased bone resorption to mobilize sodium.
There is debate over the effect of hyponatremia on the
production of osteoporosis, as one study found decreased
bone mineral density (BMD) and another did not. Should
we be screening for low serum sodium in patients with
osteoporosis or assessing BMD in patients with
hyponatremia? The final answer is yet to come from
prospective studies that allocate elderly individuals with
mild hyponatremia to receive active treatment or not for
hyponatremia and see if this intervention prevents gait
disturbances and changes in BMD reducing fracture risk.
In the meantime, physicians caring for elderly patients
must be aware of the association between hyponatremia
and bone problems. As serum sodium is a readily avail-
able, simple and affordable biochemical measurement,
clinicians should look for hyponatremia in elderly patients
who take medications that can cause hyponatremia. Also,
elderly patients with unsteady gait and/or confusion
should be checked for the presence of mild hyponatremia
and if present it should not be ignored. Finally, elderly
patients presenting with an orthopedic injury should have
serum sodium checked and corrected if hyponatremia is
present.
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Introduction

Hyponatremia, usually defined as a serum sodium <135
mmol/L, is the most common electrolyte disorder in

hospitalized patients. Its mean prevalence at admission is
∼2–4% increasing to ∼5% among inpatients [1]. Severe
symptomatic hyponatremia induces a condition known
as hyponatremic encephalopathy that can result in brain
injury [1]. Hyponatremic encephalopathy primarily results
from cerebral edema, which is caused by a flux of water
into the brain down a concentration gradient [2]. This
results in intracranial hypertension that can induce severe
complications such as transtentorial herniation of the
brainstem. Patients at high risk of developing this compli-
cation include postoperative patients, young females, chil-
dren and patients with hypoxia or central nervous system
disease [2, 3].
Although the brain seems to be the main target for hy-

ponatremia, other organs can be affected by this condition
(Figure 1). Recent information indicates that lung abnorm-
alities, such as respiratory failure, can be a consequence
of hyponatremic encephalopathy [4]. One distinct aspect
of this condition is the so-called Ayus–Arieff syndrome: a
form of non-cardiogenic pulmonary edema secondary to
increased intracranial pressure from cerebral edema [5, 6].
In addition to the morbidity and mortality of untreated

hyponatremic encephalopathy, another rare but potentially
serious complication of hyponatremia is cerebral demyeli-
nation. Cerebral demyelination is seen more commonly in
patients with chronic hyponatremia with associated risk
factors such as alcoholism, liver disease, malnutrition,
hypokalemia and hypoxia [1, 7, 8]. In addition to these
factors, the total amount of correction of serum sodium in
the first 48 h of treatment has been implicated, with a 25
Meq/L of sodium change in the first 48 h of treatment as
a potential risk factor in the pathogenesis of this condition
[7, 9, 10].
In contrast, mild-to-moderate chronic hyponatremia

(120–135 mEq/L) is generally considered ‘asymptomatic’,
as a result of the volume regulatory processes [1], and
is believed to be without consequences. However,
new information about the potential long-term adverse
effects has not been carefully evaluated in controlled
studies of hyponatremia in the elderly population—so-
called asymptomatic hyponatremia.
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Prevalence and etiology of hyponatremia
in the elderly

Hyponatremia is a common disorder in the elderly, affect-
ing ∼10% of patients living at home and 20% living in
nursing homes [11]. It is estimated that as many as 50%
of nursing home residents will suffer one or more epi-
sodes of hyponatremia in a 12-month period [12].
Approximately 50% of chronic hyponatremia is due to the
syndrome of inappropriate antidiuretic hormone secretion
(SIADH) [1]. Other causes include drugs (such as thiazide
diuretics, antidepressants and antiepileptic medications)
and chronic medical conditions such as hypocortisolism,
hypothyroidism, congestive heart failure hepatic cirrhosis
and renal disease [1] (Table 1).

The importance of thiazide-induced hyponatremia
(TIH) is re-emerging because thiazide diuretic prescription
seems to be increasing after the guidelines recommending
thiazides as first-line treatment of essential hypertension

have been introduced [13]. In a recent retrospective cohort
study of adult outpatients treated for hypertension, ∼3 in
10 patients exposed to thiazides who continue to take
them develop hyponatremia. The risk factors predisposing
to TIH are old age, female gender, reduced body mass and
concurrent use of other medications that impair water
excretion [1]. While taking thiazides, the elderly may have
a greater defect in water excretion after water load
compared with young subjects [1].
Among antidepressants, selective serotonin re-uptake

inhibitors (SSRIs) are probably the drugs that more fre-
quently induce antidiuretic hormone release and SIADH
[14–16]. Its precise prevalence and incidence in the
elderly are hard to determine because of confounding
factors including other prescribed medications and medical
conditions. Although hyponatremia has been reported with
all SSRIs and venlafaxine, most studies are small, retro-
spective, limited by confounding variables or are individual
case reports. The risk of developing hyponatremia while on
an SSRI seems to increase with age, female sex, previous
history of hyponatremia and the concomitant use of other
medications known to induce hyponatremia [14]. The
sodium concentrations of most patients with SSRI-associ-
ated hyponatremia return to normal within days to weeks
of SSRI withdrawal. A few cases of SSRI rechallenge indi-
cate that hyponatremia may sometimes be a transient effect
with tolerance developing over time [14].
Another group of drugs that induce hyponatremia are

antiepileptics. The frequency of hyponatremia is approxi-
mately double among oxcarbazepine-treated patients
compared with carbamazerpine-treated patients and its
severity is also greater. Again, advanced age was a risk
factor for its development [17].

Table 1. Common drugs associated with euvolemic
hyponatremias

Diuretics: thiazides; indapamide; spironolactone
Antidepressants: SSRIs; venlafaxine
Antiepileptics: oxcarbazepine; carbamazerpine; valproate
Proton pump inhibitors (PPI)
Antipsychotics: aripiprazole; mirtazapine
Chemotherapeutics: cisplatin; Trimethoprim-sulfamethoxazole;
Voriconazole
Recreational party drugs: N-benzylpiperazine;
3,4-methylenedioxymethamphetamine or ecstasy.

Fig. 1. Overview of the pathophysiology of hyponatremia associated signs and symptoms in multiple organs.
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Risk factors for hip fractures in the elderly

Hip fractures represent a serious health risk in the elderly,
with a significant associated morbidity and mortality [18].
Approximately 13.5% of those who suffer a hip fracture die
within 6 months and 24% within 1 year of the episode [19].
Among those who survive to 6 months, only 50% recover
their ability to perform activities of daily living and only
25% recover their ability to perform instrumental activities
of daily living [20]. The primary identifiable risk factors for
hip fracture are advanced age, female sex, osteoporosis, low
vitamin D levels and calcium intake, physical inactivity,
dizziness and balance disorders, and prior history of

fractures [18]. Bone mineral density (BMD) is a strong pre-
dictor of fracture, yet most fractures occur in individuals
without osteoporosis by BMD criteria. To improve fracture
risk prediction, the World Health Organization recently
developed a country-specific fracture risk index of clinical
risk factors (FRAX) that estimates 10-year probabilities of
hip and major osteoporotic fracture [21]. The included risk
factors comprise femoral neck bone mineral density, prior
fractures, parental hip fracture history, age, gender, body
mass index, ethnicity, smoking, alcohol use, glucocorticoid
use, rheumatoid arthritis and secondary osteoporosis
(Table 2). Other important clinical risk factors (such as
falls) have not yet been included in the FRAX algorithms
because they have not been validated in prospective
cohorts. Thus, there is a continuous search for new risk
factors that could increase risk fracture prediction.

Can bone abnormalities be a consequence
of chronic hyponatremia?

In 1999, our group first described that an orthopedic
injury was a frequent initial manifestation of chronic hy-
ponatremic encephalopathy in elderly women [22]. There
is now an emerging literature that suggests that chronic
hyponatremia may be an independent risk factor for both
falls and fractures in the elderly.

Table 2. Risk factors for hip fractures

Age Falls
Gender Low vitamin D levels
Body mass index Low calcium intake
Ethnicity Prolonged immobilization
Femoral neck BMD Early menopause (<40 years)
Previous fractures Surgical menopause (<45 years)
Parent fractured hip Organ transplantation
Smoking Diabetes
Alcohol use Chronic renal failure
Glucocorticoid use Use of thiazolidinediones
Rheumatoid arthritis Use of PPI
Secondary osteoporosis Hyponatremia

Validated (FRAXR) not yet validated.

Table 3. Association between hyponatremia, falls and fractures in the elderly patients

Author Study design Mean serum Na
in HyNa group

N Outcome

Ayus and Arieff [22] Prospective study of postmenopausal women with
chronic symptomatic HyNa (Na <130 mmol/L)

111 ± 12 53 19% presented with orthopedic injury.

McPherson and
Dunsmuir [26]

Retrospective study; incidence of moderate HyNa
(Na <130 mmol/L) in patients with hip fractures.

N/A 107 2.8% incidence of HyNa at presentation.

Renneboog et al. [30] Case–control study; prevalence of falls in patients
with chronic asymptomatic HyNa (Na <133
mmol/L) versus normonatremic controls.

126 ± 5 244 21.3% incidence of falls in HyNa group
versus 5.3% controls.

Renneboog et al. [30] Prospective study evaluating gait disorders in
patients with chronic asymptomatic HyNa
(Na <132 mmol/L).

128 ± 3 16 Significant disorders in gait and attention.

Gankam Kengne
et al. [23]

Case–control study; prevalence of HyNa in elderly
patients (>65 years) presenting with and without
bone fracture.

131 ± 3 1026 13% incidence of HyNa in fracture patients
versus 3.9% in controls.

Sandhu et al. [24] Case-control study comparing the incidence of
mild HyNa (Na <135 mmol/L) in elderly patients
(>65 years) with and without large bone fracture.

131 ± 2 728 9.1% incidence of HyNa in patients with
fractures versus 4.1% in controls.

Verbalis et al. [33] Cross-sectional cohort study; evaluation of BMD in
patients >50 years with HyNa (Na <135 mmol/L)
versus normonatremic controls in the NHANES III

133 ± 2 N/A Adjusted OR of osteoporosis in HyNa adults
was 2.87 times that among controls.

Kinsella et al. [27] Cross-sectional cohort study; incidence of HyNa
(Na <135 mmol/L) in women with and without a
fracture who underwent previous bone densitometry
measurement.

132.2 ± 1.8 1408 8.7% incidence of HyNa in women with
fracture versus 3.2% in those without.

Hoorn et al. [28] Cross-sectional cohort study; incidence of falls and
fractures in an elderly population with and without
HyNa (Na <136 mmol/L)

133.4 ± 2 5208 23.8% incidence of falls in HyNa versus
16.4% in those without. OR of V/non-V
fracture in HyNa 1.39 and 1.78, respectively.

Tolouian et al. [25] Case–control study; patients admitted for hip
fracture secondary to fall compared to patients
admitted for elective hip or knee replacement

131 ± 2 249 Prevalence of HyNa 16.9% in cases versus
4.65 in controls (P = 0.03). OR = 4.80;
P = 0.04

HyNa: hyponatremic; V/non V: vertebral and non-vertebral.

Hyponatremia, fractures and falls in the elderly 3727



Epidemiologic association between fractures
and chronic hyponatremia

Studies have revealed that the incidence of hyponatremia is
significantly higher in elderly patients presenting with a
fracture than those without (Table 3). Gankam Kengne
et al. [23] evaluated the incidence of hyponatremia
(Na <135 mmol/L) in 513 elderly patients presenting to the
emergency department with a bone fracture and compared
them with a sex- and age-matched control group of ambu-
latory patients. Patients with bone fracture had a signifi-
cantly higher incidence of hyponatremia than controls (13%
versus 3.9%), with an adjusted odds ratio (OR) of 4.16 for
bone fracture associated with hyponatremia. Sandhu et al.
[24] conducted a similar study comparing the incidence of
hyponatremia in 364 elderly patients presenting to an emer-
gency department with and without a fracture. The inci-
dence of hyponatremia was significantly higher in the
fracture group (9.1 versus 4.1%), with a mean serum
sodium of the entire fracture group of 131 ± 2 mmol/L. To-
louian et al. [25] identified 249 patients ≥65 years of age
who were admitted to a hospital with the diagnosis of hip
fracture secondary to a fall, during a 3-year period and com-
pared their serum Na levels on admission with those of 44
ambulatory patients admitted for elective hip or knee repla-
cement surgery during the same time frame. The prevalence
of hyponatremia in cases was 16.9%, versus 4.6% in con-
trols (P = 0.03). Using a lower cutoff value for hyponatre-
mia that eliminated the milder cases (<130 mmol/L),
McPherson and Dunsmuir found in patients with hip
fractures an incidence of preoperative and postoperative
hyponatremia of only 2.8% [26].

Two recent studies have demonstrated that hyponatre-
mia is associated with bone fracture. Kinsella et al. [27]
analyzed data for 1408 consecutive women who under-
went bone densitometry. Fractures were found in 18% of
study patients and hyponatremia in 4.2%. Patients with
fractures had a significantly higher incidence of hypona-
tremia than those without (8.7 versus 3.2%), with hypona-
tremic patients having a 2.25-fold increased adjusted OR
for sustaining a fracture. Hoorn et al. [28] similarly evalu-
ated 5208 elderly patients, of whom 7.7% were hypona-
tremic. Hyponatremic patients had an increased adjusted
OR for vertebral and non-vertebral fractures of 1.34 and
1.61, respectively. Thus, the literature clearly suggests an
epidemiologic association between chronic hyponatremia
and bone fractures in the elderly.

Hyponatremia, falls and gait disturbance

Hip fractures in the elderly are usually associated with
simple falls. These falls are frequently produced by gait
disturbances that are a common medical problem in old
age. A population-based study has shown a 35% preva-
lence of gait disorders among persons over age 70 [29].
Gait is mainly controlled by the premotor and motor
areas of the frontal cortex; these areas project fibers to
the basal ganglia and onward to the locomotor centers
of the brainstem and cerebellum, which, in turn, control

the spinal generators. Several types of gait disturbances
are particularly common among elderly patients: (i)
sensory (e.g. polyneuropathy); (ii) hypokinetic (e.g. Par-
kinson’s disease); (iii) ataxic (e.g. degenerative cerebellar
atrophy) and (iv) anxiety-related (e.g. fear of falling).
Recent data have now revealed that mild chronic hypo-

natremia is associated with unsteady gait and falls. Renne-
boog et al. [30] evaluated the incidence of falls among
122 patients admitted to the emergency department (mean
age 72 years) with asymptomatic chronic hyponatremia
(mean serum sodium 126 mmol/L) compared with 244
normonatremic matched controls. The incidence of falls
was 21.3% in the hyponatremic group compared with
5.3% in the controls, with an adjusted OR of falls in
patients with hyponatremia of 67 (95% confidence inter-
val 7.5–607). To evaluate the mechanism of falls in hypo-
natremic patients, the authors performed eight attention
tests and a gait test consisting of three steps ‘in tandem,’
in which they measured the ‘total traveled way’ by the
center of pressure or the total traveled way in 16 adults
with chronic asymptomatic hyponatremia (mean sodium
128 mmol/L) and tested them again following the correc-
tion of hyponatremia. The hyponatremic group demon-
strated highly unstable gait and attention impairment,
more severe than that observed in subjects with moderate
alcohol consumption. The attention and gait abnormalities
completely reversed following the correction of hypona-
tremia. Therefore, mild hyponatremia in and of itself can
result in unsteady gait, cognitive impairment and falls by
inducing subtle neurologic changes.
The adaptive process of the brain to chronic hyponatre-

mia initially involves cellular loss of sodium, followed by
potassium. If hyponatremia persists, the next stage of brain
adaptation consists, in part, in loss of organic compounds,
largely amino acids [31], as glutamine, an important neu-
rotransmitter. This loss of cellular glutamine may contrib-
ute to some of the physical findings present in chronic
hyponatremia, such as unsteady gait and falls [32].

Mechanism of bone disease induced
by hyponatremia

There are new data to suggest that hyponatremia can di-
rectly contribute to osteoporosis and increased bone frang-
ibility (see Figure 2). Hyponatremia appears to contribute
both to worsening osteoporosis and to an unsteady gait
that leads to falls. Two studies have demonstrated
an association between hyponatremia and osteoporosis
in humans, and this association has been confirmed in the
animal model. Verbalis et al. [33] evaluated the contri-
bution of hyponatremia to the development of osteoporo-
sis in adults by analyzing the data from the Third
National Health and Nutrition Examination Survey
(NHANES III). After adjustments, they found that the OR
for the development of osteoporosis was 2.87 times
greater among adults with mild hyponatremia (mean
serum sodium 133 mEq/L) than among those without.
There was also a positive linear association between
serum sodium and femoral neck bone mineral density in
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patients with hyponatremia. Kinsella [27] et al. also found
in their study that hyponatremic individuals had lower
bone mineral density and an increased prevalence of osteo-
porosis. Despite this, in the more recent prospective study
in elderly subjects, hyponatremia was associated with an
increased risk of vertebral fractures and incident nonver-
tebral fractures but not with decreased BMD [28].

Verbalis et al. [31] were able to produce similar results
to those seen in humans in an animal model of hyponatre-
mia. They found that rats with induced hyponatremia for
3 months had a 30% reduction in bone mineral density as
measured by dual X-ray absorptiometry when compared
with controls. It is important to note that the degree of
hyponatremia in the animal model was much more severe
than in the population studies. Bone histomorphology was
highly abnormal, with a reduction in both trabecular and
cortical bone contents and an increase in the number of
osteoclasts per bone area. The rats also had decreased
serum concentrations of osteocalcin. Further studies by
this group demonstrated similar findings in cell culture,
with low extracellular sodium directly stimulating osteo-
clastogenesis and bone resorptive activity [34]. Through
cellular and molecular approaches they showed that
chronic reduction of [Na(+)] dose-dependently decreased
intracellular calcium without depleting endoplasmic reti-
culum calcium stores. Moreover, they found that reduction
of [Na(+)] dose-dependently decreased cellular uptake of
radiolabeled ascorbic acid, and reduction of ascorbic acid
in the culture medium mimicked the osteoclastogenic
effect of low [Na(+)]. They also detected downstream
effects of reduced ascorbic acid uptake, namely evidence
of hyponatremia-induced oxidative stress. This was
manifested by increased intracellular-free oxygen radical
accumulation and proportional changes in protein
expression and phosphorylation. These results, therefore,
reveal a novel sodium signaling mechanism in osteoclasts
that may serve to mobilize sodium from bone stores

during prolonged hyponatremia [34] These findings are
supported by older studies [35, 36], demonstrating that
one-third of total body sodium resides in bone. Forty
percent of bone Na is exchangeable with the serum
sodium, supporting the notion that chronic sodium
depletion could lead to sodium loss from the bone with
consequent bone demineralization.
An important question posed by this evidence is how

bone cells sense the changes in extracellular sodium
concentration and/or extracelluar osmolality. A high salt
diet (HSD) triggers oxidative stress and kidney injury in
salt sensitive hypertension. However, the mechanism
for sensing increased extracellular Na(+) concentration [Na
(+) ] has remained unclear. A Na(+) -activated Na(+)
channel (Na sensor) has been described in the brain, and
operates as a sensor of extracellular fluid [Na(+)]. It has
been recently shown that rat kidney epithelial cells of the
thick ascending limb and principal cells of the collecting
duct possess this Na sensor that is upregulated by HSD,
suggesting an important role in monitoring changes in
tubular fluid [Na(+)] [37]. We still do not know if this
sodium-activated sodium channel is present in bone cells.
Another explanation proposed is that voltage-gated sodium
channels, which are highly expressed in bone, could be
sensitive to changes in extracellular tonicity or function as
a sodium sensor in bone [38]. These voltage-gated sodium
channels, which were previously only implicated in the
propagation of action potentials, are also crucial in mam-
malian repair mechanisms [39]. It remains to be shown that
sodium currents through these channels can favor bone mi-
crofracture repair. If hyponatremia impairs these mechan-
isms, bone fragility could be increased through a decrease
in bone quality.

Perspective

What does this mean for the practicing clinician? Should
serum sodium be viewed as a novel risk factor for gait
disturbances and bone disease in the elderly which need
to be monitored and corrected, similar to vitamin D?
From the discussion above, the following conclusions

can be drawn. First, observational studies suggest that
hyponatremia is associated with gait disturbances, falls,
osteoporosis and fractures in elderly patients. There is still
some debate over the association of hyponatremia with
osteoporosis as low BMD was found in one study but not
in another. Hyponatremia could lead to fractures through
other effects on bone, such as decreased bone quality,
which is not captured by BMD. Second, one translational
study has demonstrated that hyponatremia decreases bone
mass by stimulating bone resorption in a rat model of
chronic hyponatremia. Third, one in vitro study has
shown a plausible mechanism by which hyponatremia
increases bone resorption that is reduced ascorbic acid
uptake inducing oxidative stress. However, a separate
factor could cause hyponatremia, osteoporosis and frac-
tures; in this scenario, hyponatremia should be viewed as
a surrogate marker. No studies have measured bone par-
ameters before and after correction of hyponatremia.
Although the animal study suggests a direct relationship of

Fig. 2. Mechanism of bone disease induced by hyponatremia.
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hyponatremia with bone mass and bone turnover, it does
not completely exclude the possibility that factors associ-
ated with hyponatremia, such as a lower extracellular os-
molality, can play a role. On the other hand, the observation
that a low sodium level but not a low osmolality activates
osteoclasts in vitro argues against the importance of osmol-
ality. Prospective studies demonstrating that correction of
hyponatremia affects clinical outcomes are lacking. Patients
with mild chronic hyponatremia should receive active treat-
ment and be examined for whether this intervention can
change BMD and/ or reduce fracture risk. Thus, hyponatre-
mia cannot yet qualify as a risk factor for fracture in the
elderly. There is a clear need for additional research.

In the meantime, physicians caring for elderly patients
must be aware of the association between hyponatremia
and bone problems. We now know that mild hyponatremia
can contribute to bone fractures in the elderly by two sep-
arate mechanisms (Figure 3) [40]. Hyponatremia can
impair cognitive function and result in unsteady gait and
falls. It can also produce bone impairment through osteo-
porosis (due to increased bone resorption in order to
mobilize sodium from the bone) or altered bone quality
(through decreased bone microfracture repair). As serum
sodium is a readily available, simple and affordable bio-
chemical measurement, clinicians should look for hypona-
tremia in elderly patients who take medications that can
cause hyponatremia, namely diuretics, antidepressants and
anticonvulsants. Thiazides should be avoided in frail
elderly patients with chronically high water intake or in
others who depend on the excretion of maximally dilute
urine to maintain fluid balance, such as patients with psy-
chogenic polydipsia or heavy beer drinking. Inadvertent
rapid correction of hyponatremia is common in TIH
because the ability to dilute the urine is restored when the
diuretic is discontinued and volume deficits are repaired
[41]. Also, elderly patients with unsteady gait and/or con-
fusion should be checked for the presence of mild hypona-
tremia (Na <135 mEq/L) and if present, it should not be

ignored. A thorough investigation should be conducted to
determine the etiology, and the underlying cause should
be treated. If the patient is asymptomatic, then medications
which could cause hyponatremia should be withdrawn.
Should we treat mild hyponatremia? Fluid restriction in

patients with symptomatic hyponatremia is ineffective and
associated with high morbidity and mortality as has been
recently shown by our group [22]. Recently, a new class
of drugs, vasopressin antagonists (vaptans), have been ap-
proved to treat hyponatremia. Two vaptans are now in the
market for the treatment of euvolemic (Europe) or euvole-
mic and hypervolemic (USA) hyponatremia: conivaptan
for intravenous use and tolvaptan for oral application.
Although their specificity and effectiveness are considered
established [42, 43], their indications are not. At present,
we do not know which symptoms of hyponatremia and
which degree of hyponatremia should serve as indications
for vaptans. A single dose may be all that is needed to
correct mild asymptomatic hyponatremia, while chronic
administration could be of use if there is congestive heart
failure, liver disease, SIADH or a medication that cannot
be safely discontinued. Despite this, there are several
points of uncertainty relating their use. The optimal
vaptan regimen (dose, timing of controls) to treat SIADH
is currently not established, as is the procedure to be rec-
ommended in a highly rapid correction rate of chronic hy-
ponatremia. There are only few data regarding their safety
and long-term side effects. In the SALTWATER study, the
most common adverse effects attributed to tolvaptan were
pollakiuria, thirst, fatigue, dry mouth, polydipsia and
polyuria but only six drug-related adverse effects led to
study discontinuation [44]. We do not know if vaptans
will decrease the high mortality associated with hypona-
tremia or if the cost of chronic vaptan therapy will be jus-
tified [45]. Until these requirements are met by additional
studies, we are hesitant to consider vaptans a treatment of
choice for the appropriate hyponatremias.
Finally, if unsteady gait or confusion is found in an

elderly patient with hyponatremia, active treatment with
100 mL of intravenous bolus with 3% sodium chloride
(Na+ 513 Meq/L) should be considered to acutely reverse
neurologic symptoms and get the patient out of harm’s way,
as recently proposed by our group [46]. Elderly patients pre-
senting with an orthopedic injury should have serum
sodium checked and corrected if hyponatremia is present.
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