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Hyponatremia
• Epidemiology and outcome
• Pathophysiology as the basis fordiagnosis and treatment
• The role of pharmacologic andnon pharmacologic treatment



Hyponatremia:the mostfrequentelectrolytedisorder
• HyponaNa: < 135 mEq/L• Moderate hypona: 125-135mEq/L• Profound (severe) hypona:< 125 mEq ERBP 2014< 120 mEq US panel 2013



J Am Heart Assoc 2020;9:e014140

In-hospital mortality asa function of admissionsodium in patients with(A) acute coronarysyndrome (ACS); (B)heart failure (HF); (C)chronic kidney disease(CKD), and (D) acutekidney injury (AKI).P<0.001 for allmortality comparisonsbetween sodiumgroups by chi-squaredtest, except in patientswith severe AKI(*P=0.30).
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9676 patients, 1706 (17.6%)with hyponatremia
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Hyponatremia is mainly a problem of water(relative or absolute excess of water on sodium)



Mechanism of hyponatremia: relative orabsolute excess of water on Na*
a) Loss of sodium (and K) more than H2O
b) Gain of water (more than Na)• Excess drinking hypotonic fluids, or excessparenteral hypotonic fluidsand/or• Reduced/inappropriate water excretion(ADH activated or not fully suppressed)
*Na excess can coexist but water is always in excess of sodium



Osmotic stimuli:
Hypertonicity +
Hypotonicity -

Non-osmotic stimuli(hypovolemia,nausea, pain,inflammation etc.):
Hypovolemia +
Hypervolemia -

1) AVP secretionand trafficking

2) Renaltubularcells

The brain-kidney axis is aimed atmaintaining water balance homeostasis

AVP

Non-osmotic stimuli aremore potent thanosmotic stimuli



Syndrome of inappropriate secretion of ADH (SIADH):inappropriate for the presence of hypotonicity





Adroguè HJ et al., JAMA 2022;328:280-291



Differential diagnosis of hyponatremia
The conventional approach to DD is based onthe evaluation of volume status of the patient
-Euvolemic hyponatremia: excess water,normal Na pool-Hypovolemic hyponatremia: excess water inrespect to a highly reduced Na pool-Hypervolemic hyponatremia: excess water +excess Na pool (however more water than Na)



Pathophysiologic criteria for classificationof hyponatremia aiming at treatment:
-Volume status
-Symptoms

Patients with symptomatichyponatremia have severeneurologic problems



Consequences of hyponatremia on CNS



Osmotic Demielynation Syndrome
• Delayed, gradual neurologicdeterioration (up to vegetativestate, coma and death) appearingone to several days after a rapidcorrection of chronichyponatremia
• Clinically defined, since imagingnot always positive in the earlyphases
• Definite diagnosis by MR



Severerly symptomatic hypoNa vs «chronichypoNa»: what is the best rate of correction?
No «best» rate can bedefined a priori: it dependsfrom the severity ofsymptoms, the type ofhyponatremia (acute vschronic), the underlyingcomorbidities, theaccompanying electrolytedisorders
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Hoorn EJ et al., Q J Med 2005; 98:529-540



Treatment of acute/symptomatichyponatremia: practical aspects
• First of all define the target and the rate of correction in mEq/hour for how manyhours, then calculate how much of the saline solution available should be infused
• With 3% NaCl (513 mEq/L NaCl): to induce a correction rate of 1 meq/L/h using 3%saline, one should infuse the body weight as millilitres/hour  a man with a BW of 70Kg will increase serum Na by approximately 1 meq/hour when infused with 3% NaCl ata rate of 70 ml/hour (70 ml contain 35 mEq of NaCl)
• With NaCl vials (20 mEq/10 ml): to induce a correction rate of 1 meq/L/h using NaClvials, one should infuse 20 ml/hour (i.e. 40 mEq)  in a subject with a BW of 70 Kg anda total body water of 42 L, serum Na will increase by approximately 1 meq/hour
• Potassium: if K is needed (hypokalemia and K depletion), take it into account : if K isco-administered  calculate it as sodium
• Avoid fixed algorythms, be careful with formulas



Therapy of chronic paucisymptomatichyponatremia with normal orexpanded ECF volume
• Water restriction• Loop diuretics• Urea (?)• Vaptans



J Am Coll Cardiol 2022;79:e263-e421



European Heart Journal 2021; 42:3599-3726

Fluid restrictions to less than 800-1000 mL/day may be indicatedto achieve a negative water balance and treat hyponatraemia

Daily weight is the mainparameter to check fluid balance



European Heart Journal 2021; 42:3599-3726



Comparison of sodium removal with various treatment options. Whereasultrafiltration extracts isotonic fluid from plasma, pharmacologic agentsproduce hypotonic urine containing lower concentrations of sodium. Vaptans,vasopressin receptor antagonists

furosemide

Furosemide diuresis is hypotonic
If a patient become hyponatremicon loop diuretic therapy, theproblem is in the scarcecompliance to fluid restrictionnot in the loop diuretic per se

vaptans urea



Filippone EJ et al., Am J Kidney Dis 2020; 7:256-264

Thiazidediureticsdirectlyinducehyponatremia(diuresis ishypertonic inNa and K)



Vaptans are the antagonistsof vasopressin receptors



The rational pharmacodynamic/pharmacokinetic approachto diuretic use in heart failure: sequential nephron block

Vaptans

Glifozines



Take home messages
• Hyponatremia is a frequent finding among HF patients• Hyponatremia is classified both by patient’ volume statusand the presence of severe CNS symptomatology/timing• In symptomatic hyponatremia rapid, partial increase inserum Na levels to limit cerebral edema; iIn chronicsymptomatic hyponatremia slow correction to avoidiatrogenic neurologic injury (ODS), based on thepathogenesis• Fluid restriction is important in the prevention andtreatment of hyponatremiain normovolemic andhypervolemic forms of hyponatremia; however it shouldbe integrated with other therapies• In-depth knowledge of pathophysiology the basis for asafe approach









Adroguè HJ et al., JAMA 2022;328:280-291



AVP acts in the kidneythrough waterchannels (aquaporins)in the membranes oftubular cells





Excretion of large volume of dilutedurine: what is needed in the kidney
Cortex

Medulla

1) Distal delivery of filtrate(fluid as preurine) = GFR –volume of water reabsorbedin the proximal tubule (allsubsequent nephronsegments are impermeableto water when vasopressinfails to act): normally about14-21 L/day

1
2) Reabsorption of Naand Cl in nephronsegments that areimpermeable to water preurine is madehypotonic, and medulla ismade hypertonic

2

3

3) AVP suppressed bylow serum Na andabsence of nonosmoticstimuli  collectingtubules areimpermeable to water



Serum sodium (SNa) valuesduring treatment with vaptansand urea. Each point is the meanvalue of serum sodium for the 12patients (mean + SD)





-SNa increased more than 12 mmol/L the first day in 12/35 patients(37%) and in 13 patients the increase in SNa was higher than 18mol/L/48 hr
-In two of these patients the intensivist lowered the SNa again bygiving desmopressin (DDAVP) and water
-No cases of clinical osmotic demyelination syndrome (ODS)developed



The best path topatient’ safetywhenapproachinghyponatremia

Know the pathophysiology



Serial measurements of plasma sodium (a) and serial assessments of Glasgow Coma Scale(b) in patients with symptomatic hyponatremia treated with hypertonic saline as a bolus(light grey line) or as a continuous infusion (dark grey line)
Garray A et al., J Clin Endocr Metab 2020, in press

Hypertonic saline in hyponatremia:bolus vs continuous infusion



There are 4 majormechanisms ofinappropriate AVPsecretion/activity

Volumedepletion/hypotension,nausea, paininflammation, drugs neoplasia

drugs

Genetic alterations ofthe ADH receptor





Studies on AVP antagonists in patients with acutedecompensated heart failure and hyponatraemia

Tee SL et al, Int Med 2020; 50:659-666



Algorhytm for the differential diagnosis of hyponatremia (1)

ERBP Guidelines 2014

Serum osmolaritynormal or increased
Serum osmolarityreduced



Potential use of tolvaptan in selectedclinical cases of hyponatremia
• Cancer patients with mild to moderate hyponatremia andlife expectancy > 6 months, in whom water restriction maybe not effective/tolerated/feasible
• Epileptic patients with mild to moderate hyponatremia, inwhom anti-epilectic drugs cannot be withdrawn or changed
• Patients with heart failure, as an adjunct to loop diureticsand thiazides?



Adroguè HJ et al., JAMA 2022;328:280-291



Chronichyponatremia

Rapid correction ofchronic hyponatremia
 risk of brain celldehydration  ODS

48 hours



Sterns RH et al., Am J Kidney Dis 2010; 56:774-779

Simple goals for the treatmentof severe chronic hyponatremia
Acute and chronic

Acute/symptomatic


