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This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence
supporting various strategies is then presented, followed by a review of formal guidelines, when they exist.
The article ends with the authors’ clinical recommendations.

An 85-year-old man is found to have a serum sodium level of 128 mmol per liter dur-
ing his annual evaluation. He has noted some “mental slowing” and gait instability.
The patient’s history is notable for primary hypertension and prostatic hypertrophy.
His medications include amlodipine, finasteride, and tamsulosin. His blood pressure
is 136/68 mm Hg without orthostatic changes; the remainder of the examination is
unremarkable. Repeat testing reveals a serum sodium level of 127 mmol per liter,
osmolality of 260 mOsm per kilogram of water, creatinine level 0.8 mg per deciliter
(70.7 pmol per liter), blood urea nitrogen level of 8 mg per deciliter (2.9 mmol per
liter), and uric acid level of 4 mg per deciliter (0.24 mmol per liter). The urine osmolal-
ity is 645 mOsm per kilogram of water, and the sodium level is 95 mmol per liter.
How should this patient be further evaluated and treated?

THE CLINICAL PROBLEM

YPONATREMIA (SERUM SODIUM LEVEL, <135 MMOL PER LITER) IS THE

most common electrolyte abnormality and affects approximately 5% of

adults overall and 35% of hospitalized patients.!? It is categorized as mild
(130 to 134 mmol per liter), moderate (125 to 129 mmol per liter), or severe (<125 mmol
per liter); about 70% of hyponatremia cases are mild, whether in outpatients or
inpatients. Even mild hyponatremia is associated with adverse outcomes, including
increased length of hospitalization, readmission, resource use, and death.”*

The serum sodium level approximates the ratio of osmotically active sodium
and potassium content to total body water. Hyponatremia typically reflects water
excess relative to these body cations, most commonly resulting from disorders
impairing electrolyte-free water excretion by the kidneys (aquaresis).” Impaired
aquaresis largely depends on increased secretion of arginine vasopressin (AVP), the
antidiuretic hormone, which activates the vasopressin 2 receptor in the collecting
duct of the nephron, thus promoting water retention. AVP is triggered by osmotic
and hemodynamic stimuli (hypertonicity and reduced effective arterial blood vol-
ume, respectively).>® In hyponatremia that is associated with hypovolemia and
certain hypervolemic disorders (e.g., heart failure), water retention is driven by AVP
release caused by reduced effective arterial blood volume. In contrast, in the syn-
drome of inappropriate antidiuresis (SIAD), a euvolemic disorder, AVP secretion
occurs in the absence of osmotic and hemodynamic stimuli (and the antidiuresis
is therefore deemed “inappropriate”).>”

Hyponatremia can also reflect impaired aquaresis independent of AVP release,
including low-solute intake, acute kidney injury, and chronic kidney disease
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KEY CLINICAL POINTS

SYNDROME OF INAPPROPRIATE ANTIDIURESIS (SIAD)

« Hyponatremia is the most common electrolyte abnormality. The condition is usually caused by a water

excess relative to sodium and potassium content.

« In SIAD, a frequent cause of hyponatremia, increased secretion of antidiuretic hormone in the absence
of osmotic and hemodynamic stimuli leads to water retention by the kidneys and water excess.

« Manifestations of SIAD depend on the rapidity of development and the severity and duration of the
condition. Symptoms range from mild and nonspecific (e.g., weakness and headache) to severe and

life-threatening (e.g., seizures and coma).

« Causes of SIAD include cancer, medications, pulmonary conditions, disorders of the central nervous
system, postoperative state, severe nausea, and stress; frequently the cause is undetermined.
« Severely symptomatic SIAD leads to emergency treatment with 3% sodium chloride to reverse cerebral

edema. Consultation with a specialist is warranted.

« Management strategies for SIAD include reversal or amelioration of the underlying disorder when
possible; fluid restriction; supplementation with sodium chloride, often with furosemide; and treatment

with urea or tolvaptan.

(stages G3 through G5).? Infrequently, hypona-
tremia results from excessive water intake that
overwhelms aquaresis. Regardless of pathogen-
esis, hyponatremia does not arise unless water
intake outstrips water losses from the kidneys
and through other routes.>® This article focuses
on hyponatremia caused by SIAD.

The prevalence of hyponatremia overall, and
of SIAD specifically, increases with age; 40% of
older (>65 years of age) inpatients have hypona-
tremia, with 25 to 40% of cases attributed to
SIAD.>*® This increased prevalence is attribut-
able to the frequent presence among older per-
sons of coexisting conditions (e.g., cancer, pul-
monary diseases, and disorders of the central
nervous system [CNS]) and medications that
predispose to SIAD.**? In addition, aging impairs
aquaresis by means of diminished glomerular
filtration rate, decreased renal prostaglandins,
and increased AVP response to osmotic and non-
osmotic stimuli'®; low salt and protein intake,
common in older persons, also contributes to im-
paired aquaresis.!* Even a modest increase in water
intake compounds the risk of hyponatremia.>?

Manifestations of SIAD depend on the rapid-
ity of development and the severity and duration
of hyponatremia.? Symptoms of acute SIAD (<48
hours from onset of hyponatremia) result from
cerebral edema and range from mild and non-
specific (e.g., weakness and headache) to severe
and life-threatening (e.g., seizures and coma).
Because brain-volume regulation reverses cerebral
edema, symptoms of chronic SIAD (248 hours
from onset of hyponatremia) are commonly sub-

tle, although severe chronic SIAD can be associ-
ated with nausea, vomiting, headache, confusion,
delirium, and, rarely, seizures.>’? Other mani-
festations associated with chronic SIAD, such
as cognitive deficits, gait abnormalities, falls,
osteoporosis, and fragility fractures, may be
misattributed to normal aging.*"

STRATEGIES AND EVIDENCE

DIAGNOSIS
The diagnosis of SIAD requires clinical confir-
mation of euvolemic hypotonic hyponatremia
(Fig. 1).¢ Given the low sensitivity and specific-
ity of a physical examination in assessing vol-
ume status, European guidelines prioritize mea-
surement of urine osmolality and sodium.” Urine
studies showing natriuresis (sodium, >30 mmol
per liter) and inappropriate concentration (os-
molality, >100 mOsm per kilogram of water) are
consistent with SIAD. However, diagnosing SIAD
requires ruling out secondary adrenal insuffi-
ciency and severe hypothyroidism.>”¢1® In prac-
tice, requisite serum and urine tests for diagno-
sis are often omitted; the Hyponatremia Registry
showed that those tests were completed in only
21% of patients in whom SIAD was diagnosed.”
The causes of SIAD are numerous (Table 1).747
Major categories of causes (and relative frequen-
cies) of SIAD included in the Hyponatremia
Registry are cancer (24%), certain drugs (18%),
pulmonary conditions (11%), and CNS disorders
(9%).*° Additional causes are exercise, pain, stress,
severe nausea, postoperative state, and, rarely,
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Hyponatremia

Obtain clinical history and perform physical examination

Nonhypotonic hyponatremias include:
Hypertonic (translocational) hyponatremia, including

Confirm hypotonic hyponatremia by excluding hyper-
glycemia and other causes of nonhypotonic hypo-
natremia

Hypotonic Hyponatremia

hyperglycemia or retention of hypertonic mannitol
Isotonic hyponatremia, including retention of isotonic
fluids that do not contain sodium (e.g., irrigant
solutions)
Pseudohyponatremia, a laboratory artifact that may be
observed with severe hyperproteinemia or extreme
hypertriglyceridemia

Differentiation of hypovolemia from euvolemia can be
difficult, especially in older people

Clinically assess patient’s volume status as euvolemic
by excluding hypovolemia and hypervolemia

Euvolemic Hypotonic Hyponatremia

Establish presence of natriuresis (urine sodium,
>30 mmol per liter) and inappropriate urine concen-
tration (urine osmolality, >100 mOsm per kg of water;

Low or low-normal values for the levels of blood urea
nitrogen and serum creatinine and for the ratio of blood
urea nitrogen to serum creatinine and low serum uric
acid levels support euvolemia

If uncertainty about volume status persists, infusion
of 1-2 liters of isotonic saline and assessing urine
output and serum sodium can help resolve the
question

Urine sodium reflects dietary salt intake; if patient

urine specific gravity, >1.003)

Rule out secondary adrenal insufficiency (normal early-
morning serum cortisol and if equivocal, normal corti-
cotropin stimulation test) and severe hypothyroidism
(normal thyrotropin)

SIAD Diagnosed

has a very low salt intake, urine sodium would be
<30 mmol per liter

Verify presence of normal kidney function and no recent
use of diuretic agents

SIAD is a diagnosis of exclusion and requires ruling out
secondary adrenal insufficiency and severe hypo-
thyroidism

Measurement of serum AVP or copeptin, its surrogate,
is not required for diagnosing SIAD

There are no formal guidelines regarding diagnostic

Review clinical history for potentially causative drugs
and clues for underlying cause or causes; imaging
dependent on clinical cues

Absent clinical clues, CT imaging of the head and chest;
if negative, consider CT imaging of the abdomen
and pelvis

body imaging; recommendations reflect expert opinion
If no cause is identified, SIAD is considered idiopathic

Figure 1. Diagnostic Algorithm for the Syndrome of Inappropriate Antidiuresis (SIAD).
AVP denotes arginine vasopressin, and CT computed tomography.

gain-of-function variants of gene encoding vaso-
pressin 2 receptor (in nephrogenic SIAD).**
More than one cause is frequently present.!>*
Antidepressants are the most commonly impli-
cated drugs, especially in underweight older
women??; the risk relative to the use of antide-
pressants has been reported to be highest with
the use of selective serotonin-reuptake inhibitors
and lowest with mirtazapine. No cause is identi-
fied in 17 to 60% of patients with SIAD, depend-
ing on the extent of the evaluation and patient age
(occurrence is highest among older persons).??
Reversal of hyponatremia upon discontinua-

tion of a drug establishes the causal relation-
ship. In the absence of clinical diagnostic clues,
experts generally recommend computed tomog-
raphy (CT) of the head and chest; if imaging
results are negative, CT of the abdomen and
pelvis may be considered.*

MANAGEMENT

Emergency Treatment

Urgent treatment is required for patients with
SIAD who have severe symptoms of hyponatre-
mia (e.g., somnolence, seizures, cardiorespira-
tory distress, or coma); moderately severe symp-
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iuresis (SIAD).*

Table 1. Causes of the Syndrome of Inappropriate Ant

Comments

Causes

Categories

Most commonly observed in small-cell lung cancer (approximately 25% of the cases of SIAD that are

Pulmonary and mediastinal, nasopharyngeal,

Cancer

caused by cancer), followed by head and neck cancer and olfactory neuroblastoma; ectopic produc-

gastrointestinal, genitourinary

tion of AVP by some cancers has been documented (e.g., small-cell lung cancer and its metastases

and olfactory neuroblastoma); tumor regression can reverse SIAD

Most commonly seen in pneumonia of all causes; observed with positive-pressure ventilation

Infections, asthma, acute respiratory failure

Pulmonary conditions

Develops in up to 56% of patients with subarachnoid hemorrhage and up to 35% of those with trans-

Mass lesions, infections, cerebrovascular accident,

Central nervous system

sphenoidal pituitary surgery; a rare but treatable cause of rapidly progressive dementia, anti-LGI1

limbic encephalitis, leads to SIAD in 60 to 90% of patients
MDMA intoxication can result in severe hyponatremia because AVP stimulation is coupled with exces-

head trauma, pituitary surgery, acute psychosis

disorders

Stimulants of AVP release (e.g., opiates, ifosfamide,

Drug-related

sive ingestion of fluids on the users’ belief that they can avoid the characteristic hyperthermia;

MDMA [also known as “ecstasy”], vincristine,

desmopressin, prescribed for enuresis (nocturnal polyuria), can cause severe hyponatremia and oc-

and platinum compounds), enhancers of AVP

effects (e.g., NSAIDs), AVP analogues (e.g.,

casionally osmotic demyelination syndrome; antidepressants are among the most common causes,
especially in underweight older women (risk is highest with SSRIs and lowest with mirtazapine);

desmopressin and oxytocin), and stimulants

high-dose intravenous cyclophosphamide can result in severe hyponatremia if large amounts of fluid

are prescribed for prevention of hemorrhagic cystitis

of V2R (e.g., SSRIs, haloperidol, carbamazepine,
cyclophosphamide, and chlorpropamide)

pain, stress, nausea, anesthesia, opiates, and hypotonic fluids; most cases of hereditary SIAD feature

avoid weight gain during exercise; in postoperative state, hyponatremia reflects combined effects of
persistent activation of V2R (gene located on the X chromosome) that is unresponsive to vaptans

ally, an apparent idiopathic case has later been found to have been caused by occult tumor

Prevention of exercise-associated hyponatremia requires that athletes drink only in response to thirst and
Widely variable prevalence (17 to 60% of cases), most commonly reported in older patients; occasion-

of-function variants in V2R gene (nephrogenic

general anesthesia, postoperative state, gain-
SIAD)

Exercise-associated, pain, stress, severe nausea,

Other
Idiopathic

* AVP denotes arginine vasopressin, LGI1 leucine-rich, glioma-inactivated 1 antibodies, MDMA 3,4-methylene-dioxymethamphetamine, NSAIDs nonsteroidal antiinflammatory drugs,
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toms (e.g., vomiting or confusion) and a high
risk for progression on the basis of the clinical
presentation (e.g., postoperative state or exercise-
associated); or any hyponatremia accompanying
intracranial disease (e.g., subarachnoid hemor-
rhage or head trauma), in which case worsening
of cerebral edema could be catastrophic. Typi-
cally, such patients have acute hyponatremia, but
some have acute-on-chronic hyponatremia or
extreme chronic hyponatremia.>12161724-26
Traditional treatment has been the adminis-
tration of 3% sodium chloride by means of slow,
continuous infusion to raise serum sodium by 1 to
2 mmol per liter per hour for a few hours, with
a correction limit of 8 to 10 mmol per liter over
24 hours and 18 to 25 mmol per liter over 48
hours.” The current rapid approach, supported
by guidelines from a U.S.~Irish expert panel and
by European guidelines, is the administration of
100 ml and 150 ml of 3% sodium chloride, re-
spectively, administered as an intravenous bolus
and repeated two or three times as needed.’®¥
The goal of this treatment approach is to in-
crease serum sodium by 4 to 6 mmol per liter
within 1 to 2 hours, an increase sufficient to re-
verse clinical manifestations of cerebral edema.’®"
Guidelines set a correction limit of 10 mmol
per liter within the first 24 hours and 18 mmol
per liter within the first 48 hours. Correction
limits are imposed because overly rapid correc-
tion of chronic hyponatremia increases the risk
of osmotic demyelination, a rare but potentially
devastating complication that involves the cen-
tral pons or extrapontine structures and can
cause hyperreflexia, pseudobulbar palsy, parkin-
sonism, locked-in syndrome, and death.’®"%
For patients at high risk for osmotic demye-
lination (i.e., chronic hyponatremia of <110 mmol
per liter, alcohol use disorder, liver disease or
transplantation, potassium depletion, or malnu-
trition), the correction limit is 8 mmol per liter
during any 24-hour period.'*'*'” Other experts
recommend stricter correction limits: in any 24-
hour period, a correction limit of 8 mmol per
liter for patients at low risk for osmotic demye-
lination and 6 mmol per liter for patients at high
risk.>12% If hyponatremia is known to be acute
(e.g., occurring during a postoperative state),
adherence to correction limits is unnecessary.
However, the duration of hyponatremia usually
cannot be ascertained!?; even in exercise-associ-
ated hyponatremia, preexisting chronic hypona-
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tremia cannot be ruled out. Emergency treat-
ment requires close monitoring, preferably in
the intensive care unit, and consultation with a
specialist (i.e., intensivist, nephrologist, or endo-
crinologist).?

A nonrandomized study involving patients
with severe symptomatic SIAD who were treated
with 100 ml of 3% sodium chloride adminis-
tered as an intravenous bolus showed an in-
crease in serum sodium levels that was greater
than that observed in a historical comparison
group in which patients received 3% sodium
chloride in a continuous infusion (6 mmol per
liter vs. 3 mmol per liter at 6 hours) and re-
ported greater neurologic improvement in that
time interval?’; overcorrection occurred in 4.5%
of the patients who received sodium chloride by
intravenous bolus as compared with none of the
patients who received continuous infusion, and
sodium-relowering therapy was used in 23% and
0%, respectively. Two other small studies also
showed high rates of overcorrection (17% and
28%) and sodium-relowering therapy (41% and
28%) with the bolus approach (150 ml per dose);
however, these studies included many partici-
pants with hypovolemia in whom aquaresis
probably developed after volume repletion.?*

Overcorrection can occur because of excessive
administration of 3% sodium chloride owing to
repeated fixed-dose boluses.>'*3° The effects
that a given dose has on the serum sodium level
depend on the sodium level at baseline and the
total body water (the latter affected by sex,
weight, and body fat). An individualized ap-
proach to the administration of 3% sodium
chloride can be applied with the use of a for-
mula that effectively predicts the change in the
serum sodium level after the infusion of 1 liter
of any solution if there is no other input or out-
put. The change from baseline in sodium level is
calculated according to the following formula:
(sodium+potassium) infusate—sodium level at
baseline+total body water+1.%>>!*> The formula
has been validated with regard to patients with
SIAD who remain antidiuretic, with actual se-
rum sodium levels at 24 hours that are very
similar to predicted levels.?3?

Overcorrection can also occur because of
transition to aquaresis (urine output, >100 ml
per hour) after the discontinuation of causative
drugs or reversal of transient SIAD (e.g., postop-
erative state). The effect of aquaresis on serum

sodium can be quantitated by means of a simple
fluid-loss formula.’? To counter such risk, desmo-
pressin can be used proactively (anticipating
aquaresis) or reactively (responding to aquare-
sis).?>323 However, randomized trials of desmo-
pressin are lacking in these contexts; retrospec-
tive studies have shown no consistent benefit
associated with its use and potential complica-
tions, including volume overload, longer hospi-
talization, more testing, and worsening hypona-
tremia.>*3¢ If overcorrection develops, urgent
treatment is required, including discontinuation
of 3% sodium chloride, infusion of a 5% solu-
tion of dextrose in water, and administration of
desmopressin as rescue therapy.>* Because potas-
sium retention increases serum sodium, special
caution is required with potassium supplementa-
tion when treating hyponatremia to avoid over-
correction.>!?

Nonemergency Treatment
Fewer than 5% of patients with hyponatremia
have sufficiently severe symptoms to need emer-
gency treatment.>!* For the majority of patients,
treatment focuses on addressing the underlying
cause (or causes) and is typically administered
on an outpatient basis; exceptions include treat-
ment of patients who are hospitalized for man-
agement of an underlying cause of hyponatre-
mia or whose serum sodium level is less than
120 mmol per liter. Among patients in the latter
group, the absence of severe manifestations is
evidence of substantial brain-volume adaptation,
so close monitoring of serum sodium levels is
indicated during treatment to minimize the risk
of osmotic demyelination. If the underlying cause
can be reversed (e.g., drug effects or pneumonia),
hyponatremia resolves within several days.
Observational studies in patients with moder-
ate or severe chronic SIAD have shown associa-
tions between correction of sodium levels and
improvements in neurocognitive performance,
motor function, and mood'**”3; however, other
aspects of patient care, including treatment of
associated coexisting conditions, may confound
these findings. Limited data from randomized,
controlled trials bear out findings of improve-
ment on the physical component score of the
12-item Short-Form Health Survey Questionnaire
(a tool for evaluating quality of life) with in-
creases in sodium levels.* In addition, increases
in serum sodium levels in patients with chronic
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SIAD and mild or moderate hyponatremia have
been associated with increases in markers of os-
teoblast function,*** although the effects on the
incidence of fractures are not known. These ob-
servations support reasonable efforts to correct
hyponatremia of any level in patients with SIAD.

Several therapies are available for patients
with SIAD (Table 2). Fluid restriction, the first-
line treatment, is inexpensive and safe but of
limited efficacy; urine output of less than 1.5 li-
ters per day or urine osmolality greater than
500 mOsm per kilogram of water predicts SIAD
that is unresponsive to this approach.>'® A ran-
domized, controlled trial that assessed fluid re-
striction (fluid intake limited to 1 liter per day)
as compared with no hyponatremia treatment in
46 patients with chronic SIAD (in whom tran-
sient and reversible causes were ruled out)
showed a modest rise in serum sodium levels
with fluid restriction (3 mmol per liter vs. 1 mmol
per liter at day 4; and 4 mmol per liter vs. 1 mmol
per liter at day 30). Only 17% and 4% of patients,
respectively, had a rise in serum sodium of at
least 5 mmol per liter at day 4.

Other therapies involve increasing salt, urea,
or protein intake,'®'"?*2¢ although data are lack-
ing from randomized, blinded trials. In a retro-
spective study involving 83 patients with chronic
SIAD, patients who took salt tablets (median
dose, 5 g per day) had a mean increase in serum
sodium levels of 5.2 mmol per liter, as compared
with 3.1 mmol per liter in patients who did not
receive salt tablets.®® Salt tablets plus furosemide
are widely used on the premise that replacement
of salt lost in the urine promotes aquaresis, thus
raising serum sodium levels. However, in an
open-label, randomized, controlled trial involv-
ing 92 patients with SIAD, treatment with salt
tablets plus furosemide and severe fluid restric-
tion as compared with fluid restriction alone
resulted in modestly higher sodium levels at day
7 but no difference at day 28; the addition of salt
plus furosemide also increased the risk of acute
kidney injury and hypokalemia.*

Small observational studies ranging in dura-
tion from 2 days to 1 year have shown improve-
ments in sodium levels among outpatients and
inpatients who received urea in addition to
moderate fluid restriction (fluid intake limited
to 1 to 1.5 liters per day).”** A retrospective
study showed that among 12 patients treated
only with urea, serum sodium levels increased

by 6 mmol per liter over 4 days without incidents
of overcorrection or other serious adverse ef-
fects.*® Urea has been used effectively in manag-
ing nephrogenic SIAD.® Patients with SIAD
commonly have low protein intake"; increasing
protein intake (to approximately 1 g per kilo-
gram of body weight) may ameliorate hyponatre-
mia by mimicking urea therapy, but data regard-
ing this effect are lacking.

Tolvaptan, which competitively inhibits the
vasopressin 2 receptor in the collecting duct, is
a highly effective therapeutic agent.* In a subset
analysis involving 110 patients with SIAD who
were included in two randomized, placebo-con-
trolled trials of tolvaptan for the treatment of
hyponatremia, patients who received tolvaptan
had larger increases in serum sodium levels
than patients who received placebo. The average
daily area under the curve for the serum sodium
level among patients who received tolvaptan was
5.3 mmol per liter from baseline to day 4 and
8.1 mmol per liter from baseline to day 30;
among patients who received placebo, the aver-
age daily area under the curve for the serum
sodium level was 0.5 mmol per liter from base-
line to day 4 and 1.9 mmol per liter from base-
line to day 30. Patients who received tolvaptan
had less need for fluid restriction and a shorter
duration of hospitalization than those who re-
ceived placebo.*® However, thirst and dry mouth
were common, and overcorrection of hyponatre-
mia occurred in 5.9% of patients treated with
tolvaptan.® In an open-label extension of these
trials, daily therapy with tolvaptan continued to
be effective over 4 years.*® Tolvaptan is contrain-
dicated with concomitant use of hypertonic sa-
line, and caution is recommended in patients
with serum sodium levels of less than 120 mmol
per liter because of limited safety informa-
tion.?*?4 Tolvaptan is ineffective in the man-
agement of nephrogenic SIAD.* A treatment algo-
rithm for SIAD is shown in Figure 2.

More recent data support a potential role for
empagliflozin, a sodium glucose cotransporter
2 inhibitor that promotes osmotic diuresis by
means of glucosuria, in the treatment of patients
with SIAD. In a randomized, controlled trial
involving 87 patients, fluid restriction to 1 liter
per day plus treatment with empagliflozin was
associated with a greater increase in serum so-
dium levels at day 5 than fluid restriction alone
(10 mmol per liter vs. 7 mmol per liter). How-
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Figure 2 (facing page). Treatment Algorithm for SIAD.
ODS denotes osmotic demyelination syndrome.

ever, although the frequency of serious adverse
events did not differ materially between the
empagliflozin and placebo groups in that trial,
empagliflozin was associated with transient kid-
ney dysfunction in 4 patients and overcorrection
of hyponatremia in 2 patients (as compared with
no patients and 1 patient, respectively, in the
placebo group).* In a subsequent randomized
4-week crossover trial involving 14 patients, treat-
ment with empagliflozin resulted in an increase
of 4.1 mmol per liter in the serum sodium level,
as compared with no increase with placebo.*

AREAS OF UNCERTAINTY

Whether the observed associations between
chronic hyponatremia and adverse outcomes
(such as fractures and increased risk of death)
are causal remains uncertain, although some
evidence supports causal relationships. For ex-
ample, the experimental induction of chronic
SIAD in aged rats resulted in loss of bone den-
sity, sarcopenia, cardiomyopathy, and hypogo-
nadism.'*!

Whether reversing hyponatremia results in
improved long-term outcomes is also uncertain.
A meta-analysis of observational studies showed
substantially lower occurrences of in-hospital
and postdischarge death among patients whose
hyponatremia improved during hospitalization
as compared with patients whose hyponatremia
did not improve.”> However, the possibility of
confounding by coexisting conditions and other
aspects of treatment cannot be excluded.

Prospective studies are needed to assess emer-
gency management of hyponatremia with the
use of guideline-directed fixed doses of hyper-
tonic saline (administered as an intravenous bo-
lus) as compared with an individualized formula-
based approach. Encouraging reports regarding

the efficacy and safety of smaller starting doses
of tolvaptan warrant additional investigation.”
Long-term randomized trials are needed to com-
pare treatment with tolvaptan, urea, and empa-
gliflozin (as well as other sodium glucose co-
transporter 2 inhibitors) with respect to efficacy
outcomes, safety, and costs.

GUIDELINES

Recommendations from a U.S.-Irish expert pan-
el'® and European guidelines? regarding the di-
agnosis and management of hyponatremia, in-
cluding hyponatremia due to SIAD, have been
published previously. Our recommendations align
with these guidelines.

CONCLUSIONS AND
RECOMMENDATIONS

The patient who is described in the vignette has
hyponatremia consistent with SIAD. To confirm
the diagnosis, testing is needed to rule out sec-
ondary adrenal insufficiency and severe hypo-
thyroidism. Because he is taking no medications
associated with SIAD and no other cause is ap-
parent, we would pursue CT imaging of the
chest and head; if imaging is negative, we would
consider the case idiopathic. His high urine os-
molality level predicts a poor response to fluid
restriction as monotherapy. Given the patient’s
hypertension and prostatism, we would avoid
recommending salt tablets and furosemide. We
would instead recommend urea at a dose of 15
g twice daily (delivered as an oral urea formula-
tion) along with fluid restriction to 1500 ml per
day, although data from randomized trials are
not available to support this approach. Alterna-
tively, we would consider long-term use of
tolvaptan at a starting dose of 7.5 mg per day;
however, the cost of this therapy may be a bar-
rier for some patients. Sodium levels should be
closely monitored during treatment.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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