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HyponatremiaHyponatremia

•• HistoryHistory
•• Physiology of Physiology of AquaporinAquaporin channels / ADHchannels / ADH
•• PathophysiologyPathophysiology of SIADHof SIADH
•• Therapeutic optionsTherapeutic options
•• V2 receptor antagonistsV2 receptor antagonists



HistoryHistory

•• First reported in 1960First reported in 1960’’s in 2 patients with s in 2 patients with 
lung cancerlung cancer

•• Criteria was developed by Schwartz and Criteria was developed by Schwartz and 
Bartter in 1967 and has remained Bartter in 1967 and has remained 
unchanged since then.unchanged since then.



Discovery of Discovery of AquaporinAquaporin channelschannels

•• Chance discovery by Peter Chance discovery by Peter AgreAgre-- John John 
Hopkins University while isolating Hopkins University while isolating RhRh 
antigen in 1992.antigen in 1992.

•• Won Nobel prize for chemistry in 2003Won Nobel prize for chemistry in 2003
•• 9 9 AquaporinAquaporin isoformsisoforms-- 6 present in kidney6 present in kidney
•• Though present at birth, initially resistant Though present at birth, initially resistant 

to ADH actionto ADH action-- hypotonic urine in infants.hypotonic urine in infants.



AquaporinsAquaporins

•• 9 9 aquaporinaquaporin isopformsisopforms-- 6 present in the 6 present in the 
kidneykidney

•• AquaporinAquaporin 1 main channel in Proximal and 1 main channel in Proximal and 
distal tubulesdistal tubules

•• AquaporinAquaporin 2 present in the CD is mediated 2 present in the CD is mediated 
by ADHby ADH

•• AquaporinAquaporin 3 and 4 present in 3 and 4 present in basolateralbasolateral 
surface of collecting ductsurface of collecting duct



AquaporinAquaporin channelschannels



PathophysiologyPathophysiology of SIADHof SIADH



Treatment of SIADHTreatment of SIADH

•• Fluid restrictionFluid restriction
•• Salt / urea tabsSalt / urea tabs
•• FurosemideFurosemide / salt tablets or saline/ salt tablets or saline
•• DemeclocyclineDemeclocycline / lithium/ lithium
•• Hypertonic salineHypertonic saline
•• Use of ADH receptor antagonistUse of ADH receptor antagonist



FurosemideFurosemide use in SIADHuse in SIADH

•• No good clinical studies No good clinical studies 
•• Treatment of the SIADH with Treatment of the SIADH with FurosemideFurosemide

N N EnglEngl J Med 1981; 304:329J Med 1981; 304:329--330 330 February 5, 1981February 5, 1981

Case report of using long term Case report of using long term lasixlasix therapy therapy 
in the treatment of SIADH for 12weeks.in the treatment of SIADH for 12weeks.

https://mail.nyumc.org/owa/redir.aspx?C=8063799fbb6b493cb6b4093cf3810a56&URL=http%3a%2f%2fwww.nejm.org.ezproxy.med.nyu.edu%2ftoc%2fnejm%2f304%2f6%2f


Effect of Effect of LasixLasix on serum Naon serum Na



Use of lithium in SIADHUse of lithium in SIADH

•• LithiumLithium--induced induced DownregulationDownregulation of Aquaporinof Aquaporin--2 2 
Water Channel Expression Water Channel Expression in Rat Kidney in Rat Kidney 
medulla.medulla.

•• Lithium Lithium treatment reduced AQP2 expression treatment reduced AQP2 expression 
dramatically, to 31dramatically, to 31±±8% after 10 d coincident 8% after 10 d coincident 
with with development of severe development of severe polyuriapolyuria..

•• Administration of DDAVP / water deprivation and Administration of DDAVP / water deprivation and 
stopping lithium only partially reversed the stopping lithium only partially reversed the 
effects.effects.

((J.ClinJ.Clin. Invest. 1995. 95:1838. Invest. 1995. 95:1838--1845)1845)



Use of Use of DemeclocyclineDemeclocycline

•• Small study comparing use of  Small study comparing use of  demeclocyclinedemeclocycline 
and lithiumand lithium-- 10 patients with Na 10 patients with Na --120120--122122

•• 7 received 7 received DemeclocyclineDemeclocycline 600600--1200mg  for 41200mg  for 4-- 
14days and 3 received lithium. All patients in the 14days and 3 received lithium. All patients in the 
demeclocyclinedemeclocycline group had improved Na to group had improved Na to 
normal normal vsvs none in the lithium groupnone in the lithium group

(N (N EnglEngl J Med 298:173J Med 298:173––177;1978)177;1978)



V2 receptor antagonistV2 receptor antagonist

•• Selectively blocks binding of Selectively blocks binding of argininearginine 
vasopressin fro binding to V2 receptors vasopressin fro binding to V2 receptors 
causing excretion of electrolyte free water.causing excretion of electrolyte free water.

•• Approved for use in patients with Approved for use in patients with 
euvolemiceuvolemic and and hypervolemichypervolemic hyponatremiahyponatremia



SALT 1 and SALT 2 trialsSALT 1 and SALT 2 trials

•• 2 multicenter, randomized, double2 multicenter, randomized, double--blind, blind, 
placeboplacebo--controlled trials to study efficacy controlled trials to study efficacy 
of of tolvaptantolvaptan in patients with in patients with euvolemiceuvolemic or or 
hypervolemichypervolemic hyponatremiahyponatremia. . 

(NEJM 2006; 355:2099(NEJM 2006; 355:2099--2112)2112)



Study methodsStudy methods

•• 2 identical studies for comparing results2 identical studies for comparing results
•• Conducted at 42 centers in US and 50 Conducted at 42 centers in US and 50 

international centersinternational centers
•• Participants received oral Participants received oral tolvaptantolvaptan 15mg 15mg 

or placebo for 30days.or placebo for 30days.
•• Primary end pointsPrimary end points-- change in Serum Na change in Serum Na 

from baseline to day 4 and day 30.from baseline to day 4 and day 30.



Study DemographicsStudy Demographics



SALTSALT-- 11



SALT SALT -- 22



ResultsResults-- change in area under the change in area under the 
curve for serum sodiumcurve for serum sodium-- Day 4Day 4



Change in serum sodium Change in serum sodium -- day 30day 30



Efficacy analysisEfficacy analysis



Serum sodium levels during Serum sodium levels during 
studystudy



Serum sodium levels in marked Serum sodium levels in marked 
HNHN



Adverse eventsAdverse events



ConclusionsConclusions
•• TolvaptanTolvaptan was superior to placebo in the was superior to placebo in the 

treatment of treatment of hyponaremiahyponaremia compared to compared to 
placebo without fluid restriction or change placebo without fluid restriction or change 
in medications.in medications.

•• Efficacy evaluation there was effect on Efficacy evaluation there was effect on 
menatlmenatl component summarycomponent summary

•• Adverse effects comparable in the 2 Adverse effects comparable in the 2 grpsgrps 
with increase thirst and urination in with increase thirst and urination in 
tolvaptantolvaptan group. group. 



LimitationsLimitations

•• Study length only for 30 days  and sodium Study length only for 30 days  and sodium 
levels decreased on discontinuation levels decreased on discontinuation 

•• Did not compare with standard therapy of Did not compare with standard therapy of 
fluid restrictionfluid restriction

•• Cost effectiveness compared to standard Cost effectiveness compared to standard 
therapy.therapy.



Thank youThank you
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