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OBJECTIVES

• Definition of hyponatremia

• Different causes

• Evaluation of patient with hyponatremia

• Alternatives of treatment and proper selection according to 
cause and patient’s clinical status

• Vaptans:

• Development

• Function

• Uses

• Limitations

Topics to be reviewed during this session:



NORMAL VASSOPRESSIN (ADH) SECRETION



HYPONATREMIA DEFINITION

Disturbed water homeostasis

Heterogenous disorder

Usually an underlying cause is complicated 
by hyponatremia



HYPONATREMIA DEVELOPMENT

Inability to 
suppress 

Vasopressin

Impairment 
in renal 
water 

excretion

Sodium < 
135 mEq/L



Hyponatremia definition

Normal, but persistent ADH secretion

•Volume depletion

•Low tissue perfusion

•Heart failure

•Cirrhosis

•Baroreceptors

•Carotid sinus, aortic arch – regulation of sympathetic activity – release 
of ADH

•Glomerular afferent arterioles – renin-angiotensin system

•Atria and ventricles – natriuretic peptides

Abnormal ADH release – Syndrome of inappropriate Anti-
Diuretic Hormone Secretion (SIADH).



EPIDEMIOLOGY

• NHANES cohort (1994-2004)

– Prevalence general US population – 1.72%

– 30-40% of hospitalized patients

• Retrospective review of database of 151,446 ICU’s 

– 17.7% patients

• 130-135 mEq/L -13.8%

• 125-127 mEq/L – 2.7%

• <125 mEq/L – 1.2%

– Odds ratio for risk of mortality

• 1.32 (CI 1.25-1.39), 1.89 (1.71-2.09), and 1.81 (1.56-2.10)

Journal of Intensive Care Medicine. (2016) 31(4): 223-236



CASE PRESENTATION 

70-year-old woman admitted to ER after suffering a fall. 

• Cognitive and motor impairment with gradual deterioration since about 2 
weeks prior to fall.

• Medical history:

– Breast cancer – 60 yrs

– HTN, dyslipidemia

– Depression

• Medications:

– Clonidine (transdermal) 5 mg/week

– Atorvastatin 20 mg qd

– Clopidrogel 75 mg qd

– Paroxetine 20 mg qd
Case adapted from:

Endocrine (2017) 55: 311-319



Case Presentation 

• Physical examination

– BP 135/86, HR 75 bpm

• Laboratory workup:

– Na 124 mmol/L

– CXR  normal, ECG normal, 2 D echo – normal, Head CT Scan – subcortical 
arteriosclerotic encephalopathy.



HYPONATREMIA
CLASSIFICATION



CLASSIFFICATION OF HYPONATREMIA

Classification Criteria Limitations of Clinical Utility

Moderate (125–129 

mmol/L) versus 

severe/profounda (<125 

mmol/L)

Absolute SNa concentration Symptoms do not always 

correlate with degree of 

hyponatremia

Acute versus chronic Time of development 

(cutoff 48 h)

Time of development not 

always known

Symptomatic versus 

asymptomatic

Presence of symptoms Many symptoms aspecific; 

chronic hyponatremia may 

be symptomatic

Hypotonic, isotonic, or 

hypertonic

Measured serum osmolality Ineffective osmoles (e.g., 

urea, ethanol) are also 

measured

Hypovolemic, euvolemic, 

hypervolemic

Clinical assessment of 

volume status

Clinical assessment of 

volume status has low 

sensitivity and specificity
JASN May 2017, 28 (5) 1340-1349

https://jasn.asnjournals.org/content/28/5/1340.long#fn-1


HYPONATREMIA: ACUTE VS. CHRONIC

ACUTE CHRONIC

Symptom onset <48 hrs >48 hrs

Sodium concentration Usually > 120 mEq/L

Symptoms ▪ Seizures

▪ Impaired mental status

▪ Coma

▪ Death

▪ Nausea

▪ Vomiting

▪ Loss of appetite

▪ Frequent falls, gait 

disturbances (elderly)

Am J Med. 2006 Jan;119(1):71.e1-8.Indian J Endocrinol Metab. 2014 Nov-Dec; 18(6): 760–771.



Indian J Endocrinol Metab. 2014 Nov-Dec; 18(6): 

760–771.

HYPONATREMIA CLASSIFICATION - TONICITY



HYPONATREMIA – CLASSIFICATION DUE TO VOLUME STATUS

TRUE HYPONATREMIA

HYPOVOLEMIC

U Na > 20 mEq/L

Cerebral Salt wasting

Diuretics

Mineralocorticoid deficiency

Salt Losing  nephropathy

Ketonuria

Renal Tubular Acidosis

U Na < 20 mEq/L

Gastroenteritis

Third Space Losses

EUVOLEMIC

U Na > 20 mEq/L

SIADH

Glucocorticoid Deficiency

Hypothyroidism

Hereditary

Drugs

Urine Na < 20 mEq/L

Primary Polydipsia

Beer Potomania

Exercise Induced

HYPERVOLEMIC

U Na < 20 mEq/L

CHF

Cirrhosis

Nephrotic Syndrome

Urine Na > 20 mEq/L

Renal Failure•

• Indian J Endocrinol Metab. 2014 Nov-Dec; 18(6): 760–771.

60 % of all causes 
of hyponatremia. 

Most common 
cause of 

Euvolemic 
hyponatremia



CAUSES OF SIADH



SYNDROME OF INAPPROPRIATE ADH SECRETION:

TYPE % OF CASES PATOPHYSIOLOGY

A 40-70% Random ADH release, independent of plasma osmolality.

• Ej. Neoplasms.

B 20-40% Reset Osmostat – lower [Na+] 125-130 perceived as normal.  

• Pharmacologic agents

• Brainstem degenerative disorders

• Chronic infections.

• More common in elderly

C 10% ADH not inhibited by H2O load. Dysregulation of ADH 

synthesis.

D <5% Normal or low levels of ADH

• Gain of function mutation of V2 receptors.

J. Endocrinol. Invest. 33: 671-682, 2010



MAJOR KNOWN CAUSES OF SIADH

• Pulmonary disorders

– Tuberculosis, viral/bacterial pneumonia, asthma, atelectasia, pneumothorax, 
HIV

• Ectopic production

– Malignancies

• Pulmonary microcitoma

• Nasopharyngeal tumors

• GI/pancreatic malignancies

• GU tract malignancies

• Mesothelioma

• Lymphoma, sarcoma

J. Endocrinol. Invest. 33: 671-682, 2010



MAJOR KNOWN CAUSES OF SIADH

• Increased hypothalamic/hypophyseal ADH release

– Infections

• Meningitis, encephalitis, sarcoidosis, abcesses, herpes, HIV

– Vascular

• Thrombosis, SAH, SDH, temporal arteritis

• Psychosis

• Post-surgical

• Guillain-Barre

– Drugs

• Antidepressants:  carbamazepine, TCAs, SSRIs, phenothiazines, haloperidol, quinolones, 
leveteiracetam

• NDMA (ecstasy)

• Cyclophospamide

• Chlorpropamide

• NSAIDs

J. Endocrinol. Invest. 33: 671-682, 2010



MAJOR KNOWN CAUSES OF SIADH

• Amplification of effects of ADH at the receptors

– Drugs:  cyclophosphamide, chlorpropamide

• Release of non-ADH antidiuretic peptides

– Prolactinoma, Waldeström macroglobulinemia.

J. Endocrinol. Invest. 33: 671-682, 2010



MANAGEMENT



Diagnostic algorithm for hyponatremia. 

Ewout J. Hoorn, and Robert Zietse JASN 2017;28:1340-1349

©2017 by American Society of Nephrology



J. Endocrinol. Invest. 33: 671-682, 2010



Sterns RH. N Engl J Med 2015;372:55-65.

Treatment and Limits of Correction of Severe Hyponatremia.



Subject United States Guideline European Guideline

Acute or symptomatic hyponatremia Severe symptoms: Bolus 3% NaCl (100 ml over 10 min × 3 

as needed)

Severe symptoms: Bolus 3% NaCl (150 ml over 20 min 2–3 

times as needed)

Moderate symptoms: Continuous infusion 3% NaCl (0.5–2 

ml/kg per h)

Moderate symptoms: Bolus 3% NaCl (150 ml 3% over 20 

min once)

Chronic hyponatremia

SIAD Fluid restriction (first line) Fluid restriction (first line)

Demeclocycline, urea, or vaptan (second line) Urea or loop diuretics + oral NaCl (second line)

Do not recommend or recommend against vaptana

Recommend against lithium or demeclocycline

Hypovolemic hyponatremia Isotonic saline Isotonic saline or balanced crystalloid solution

Hypervolemic hyponatremia Fluid restriction Fluid restriction

Vaptansb Recommend against vaptan

Correction rates Minimum: 4–8 mmol/L per d, 4–6 mmol/L per d (high risk of 

ODS)

No minimum

Limits: 10–12 mmol/L per d, 8 mmol/L per d (high risk of 

ODS)

Limit: 10 mmol/L per d

Management of overcorrection Baseline SNa≥120 mmol/L: probably unnecessary Start once limit is exceeded

Baseline SNa<120 mmol/L: start relowering with electrolyte-

free water or desmopressin after correction exceeds 6–8 

mmol/L per d

Consult an expert to discuss infusion containing 

electrolyte-free water (10 ml/kg) with or without 2 μg

desmopressin iv

Comparison of the United States and European guidelines

JASN May 2017, 28 (5) 1340-1349

https://jasn.asnjournals.org/content/28/5/1340/tab-figures-data#fn-2
https://jasn.asnjournals.org/content/28/5/1340/tab-figures-data#fn-3


Sterns RH. N Engl J Med 2015;372:55-65.

Consequences of Rapid Changes in the Plasma Sodium 

Concentration.



Berl T. N Engl J Med 2015;372:2207-2216.

Landmarks in Vasopressin Biology.



Berl T. N Engl J Med 2015;372:2207-2216.

Binding of Vasopressin to Its Receptor and Location of 

Antagonist.



Berl T. N Engl J Med 2015;372:2207-2216.

Cellular Effects of Vasopressin and Consequences of 

Vasopressin Antagonism.



Berl T. N Engl J Med 2015;372:2207-2216.

Inhibitory Constants and Pharmacokinetics of Two 

Vasopressin Antagonists.



VAPTANS - Trials

• Assessment of the Efficacy and 
Safety of Intravenous Conivaptan 
in Euvolemic and Hypervolemic 
Hyponatremia. 

• Conivaptan (40 mg IV)

• Increase mean Na by 6.3 mmol/L.

Am J Nephrol 2007;27:447–457



VAPTANS - Trials

• Study of Ascending Levels of 
Tolvaptan in Hyponatremia 1 & 2.

– Multicenter, randomized, double-
blind, placebo-controlled.

– Euvolemic and hypervolemic 
hyponatremia.

• Tolvaptan 30 mg qd

• Increase mean Na by 3.6 and 4.4 
mmol/L.

Am J Nephrol 2007;27:447–457



Schrier RW et al. N Engl J Med 2006;355:2099-2112.

Demographic and Baseline Characteristics of Patients in the 

SALT-1 and SALT-2 Trials.



Schrier RW et al. N Engl J Med 2006;355:2099-2112.

Results of Efficacy Analysis.



Schrier RW et al. N Engl J Med 2006;355:2099-2112.

Mean Serum Sodium Concentrations According to the Day of 

Patient Visit.



Schrier RW et al. N Engl J Med 2006;355:2099-2112.

Adverse Events.



LIMITATION IN THE USE OF VAPTANS

• Too slow to be used in patients with severe central neuron system 
symptoms

– Dependence on free water excretion

• No use in patients with hypovolemic hyponatremia

– Possible hypotension

• Adverse events

– Urinary frequency

– Thirst 

– Mouth dryness

– Constipation

• Severe adverse events

– Acute liver injury -> Not to be use in patients with liver injury

• FDA recommends limiting use to 30 days



Berl T. N Engl J Med 2015;372:2207-2216.

Recommendations for the Use of Vaptans in the Treatment of 

Hyponatremia.



CASE PRESENTATION 

70-year-old woman admitted to ER after suffering a fall. 

• Cognitive and motor impairment with gradual deterioration of neurologic 
status since about 2 weeks prior to fall.

• Medical history:

– Breast cancer – 60 yrs

– HTN, dyslipidemia

– Depression

• Medications:

– Clonidine (transdermal) 5 mg/week

– Atorvastatin 20 mg qd

– Clopidrogel 75 mg qd

– Paroxetine 20 mg qd
Case adapted from:

Endocrine (2017) 55: 311-319



Case Presentation 

• Physical examination

– BP 135/86, HR 75 bpm, Temp: 37.1 0C

– Clear to auscultation

– Euvolemic

– No severe neurologic deficits

• Laboratory workup:

– Na 124 mmol/L

– CXR  normal, ECG normal, 2 D echo – normal, Head CT Scan – subcortical 
arteriosclerotic encephalopathy.

– TSH and cortisol wnl

– Urine sodium 63 mmol/L, serum osmolality 271 mOsm/kg, urine osmolality 301 
mOsm/kg.

Case adapted from:

Endocrine (2017) 55: 311-319



Case presentation

• Initial management 

– Discontinuation of paroxetine

– Increase in sodium in 48 hrs to 126 mmol/L

– No clinical improvement in neurological function

– Therapy with Tolvaptan 15 mg daily started

• Na increase to 139 mmol/L in 4 days.  

• Discontinuation of tolvaptan

– Psychiatry consultation for change of antidepressant Tx.  - > Bupropion.

Case adapted from:

Endocrine (2017) 55: 311-319



Conclusions

• Hyponatremia is a common electrolyte derangement in hospitalized 
patients

• This condition may cause significant morbidity and mortality

• Adequate management requires a careful history, examination and 
selection of studies for identification of cause(s).

• Determination of chronicity and neurologic status of patient are of utmost 
importance for determination of therapy

• Available options for therapy include:

– Fluid restriction

– 3% SS

– Vaptans



THANKS FOR 
YOUR 
ATTENTION!!


