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Role of tolvaptan to treat acute heart failure

Ratthaphon Chitthai, Bancha Satirapoj
Division of Nephrology, Department of Medicine,
Phramongkutklao Hospital

Abstract

Acute decompensated heart failure is a common condition that increases morbidity and cardiovascular
mortality. Most patients often suffer from dyspnea. The main treatments are to treat precipitating causes of acute
heart failure and to use diuretics to eliminate water and salt from the body. After a high dose of diuretic treatment
for several patients, the signs and symptoms of acute heart failure cannot be improved and some side effects
from hypokalemia, metabolic alkalosis, and worsening renal function develop. For those reasons, a new oral
vasopressin receptor antagonist (VRA), i.e., tolvaptan, has been developed. It decreases the function of the
aquaporin 2 channel at the distal collecting duct, inhibits reabsorption of water, and produces a clear aquaretic
effect. Tolvaptan has been approved by the United States Food and Drug Administration to treat hypervolemic
hyponatremia from heart failure and euvolemic hyponatremia from the syndrome of inappropriate antidiuretic
hormone. Furthermore, several clinical studies show that tolvaptan improves congestive symptoms, promotes
weight loss, increases urine output in patients with heart failure without affecting other electrolytes and maintains

renal function.
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Subtypes of vasopressin receptors, their location, and function

Location

Receptor (2nd messenger)

Function/effects

V a (G-protein IP,, ca™) Vascular smooth muscle

Vasoconstriction, myocardial hypertrophy

Brain (anterior pituitary)

Platelet Platelets aggregation

Hepatocytes Glycogenolysis, urea synthesis

Myometrium Uterine contraction

Renal Stimulation of prostaglandin synthesis, decrease in inner
renal blood flow, glomerular mesangial contraction

Adrenal Stimulation of aldosterone and cortisol secretion

Brain Memory, stress adaptation, social recognition, circadian
rhythmicity, temperature regulation, regulation of blood
pressure and heart rate

\/1b (G-protein |P3, Ca*) Pancreas Insulin release

Stress adaptation ACTH release/ beta-endorphin release

V, (G-protein, adenyl Basolateral membrane of

cyclase, CAMP) renal collecting tubule

Pneumocytes, type 2

Vascular endothelium
Vascular smooth muscle

Free water resorption

Stimulation of sodium resorption (through activation of
epithelial sodium channel)

Releases von Willebrand factor and factor VIl
Vasodilatation

W88 : ACTH: Adrenocorticotropic hormone; cAMP: Cyclic adenosine monophosphate; IP3: Inositol triphosphate;

Ca”: Calcium
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Vasopressin Regulation of Water Reabsorption from Renal Tubular Cells
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Vasopressin receptor antagonists (VRAs)

Tutagduilen nonpeptide vasopressin receptor
antagonists (VRAS) %ammju vaptan gnAunulugist a.e. 1960
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diuresis #30138n31 aquaretic laglidsnasonisiulafo
warlnunadesludaans Jauandrsanedudaangiild
wazdanudlldnason15nsee usEUUUIEAMTUNINEN
LAZIZUU RAAS ﬂﬂuﬂfjuﬁ"lﬁl,l,d tolvaptan, lixivaptan,
satavaptan ey mozavaptan

3. Va/V, VRA lulagdufie 81 conivaptan 1Uugndn
mMaaealdeniiosdnisemsiazevesanigoluinonysa
Tl lunsshsnmzluiealudonsdiie euvolemia waw
hypervolemia aiuAfien conivaptan Samze1danimasa
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‘ Mozavaptan ‘

Generic name ‘ Tolvaptan Lixivaptan Satavaptan Conivaptan
Trade name Samsca - Aquilda Physuline Vaprisol
Derivative Benzazepine | Benzodiazepine N-arylsulfonyl- Benzazepine Benzazepine

oxindole
Administration Oral Oral Oral/IlV Oral \Y
Dose 15-60 mg 50-100 mg 5-25 mg once daily 30-60 mg twice 40-80 mg
once daily twice daily daily
Protein binding 99% 99% 88-90% - 98.5%
Ki (nmol/L) 0.43 0.60 4.1 254 1.11
Selectivity index 29 100 112 10 0.15
(V1a/v2)
Half life (h) 6-8 7-10 14-17 - 3.1-7.8
Metabolism Hepatic Hepatic Hepatic (CYP3A4-90%) Hepatic Hepatic
(CYP3A4) (CYP3A4) (CYP2D6-10%) (CYP3A4) (CYP3A4)
Elimination Faeces Faeces Faeces Faeces Faeces
Development Otsuka Wyet-Ayerst Sanofi-Aventis Otsuka Yamanouchi
laboratory Cardiokine Astellas

IV=intravenous, Ki=inhibition constant

Tolvaptan

\Jus1 nonpeptide benzazepine derivative viln
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it Faludagtiuesdnseminazvesanigoluing
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antidiuretic hormone (SIADH)
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Boundusaiumsinvimunsguduiiueulsimeuia
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Ansfiuaehedifddy winuiensueumilosana i
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nsiasuulacisinasvesnduierilatesansdne (left
ventricular volume) lngnsinseansiiusad virlunausdae
wladumaniifinstusvesilatiesdsdetesninfesay 30
(left ventricular ejection fraction) WU #aIn15TeN
tolvaptan WJunan 1 ¥ fn1sanaesUSuasveanduiile
Wilaesansde wlufidediAgnieads wenwilunnisln
tolvaptan 3zandnsN1s@ediinlaznisuiueulsangiuia
nangiladumadle uanlufiveddgnieadfeuiu
dunatradesnmsldsmuinnguitléen tolvaptan e
Haanglos Fnh wasUinuiannndinguesvasnegnedl
oAy NI9Ena
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61 tolvaptan 7.5 un. Juazeds Wisuisufunauiildsy
g1 furosemide 40 un. Mavaemidendiuavade Wusves
han 5 Yu nui inaleensintusasiminganadaiil
AaLANATUTeIAR N WU NguLiSUEN tolvaptan
fisnnsviauvedlaiiindy uasdisedu plasma renin activity
found1 Sesdfansanntanszdussuy RAAS IddndIngy
ilgsuen furosemide aehsiiiuddiny
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fugmaen Inquszasivesnsinudiesnisgeinisueumiles
7 8 uaz 16 Flus nddldsuen tolvaptan man1s@nwilainy
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ﬁ&qaaaﬂfjmzlﬁ%’um furosemide YWY TngUsEasAnan
Foamsilisuifisugemsvieumilosiiiudsuuasil 24 §alus
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ogafifuddy winuingUaonguiild3uen tolvaptan
dmdndanas Uinadaanaiiuty seiulndedludon

= o
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Chubin Wang wazauz® lavin135iusiudeyasin
SRR ILUUNARDIFITIRNA 6 N19ANY F1uuE U
Wanun 746 518 Lﬁaﬁaqmigﬂszﬁw%mwmmm tolvaptan
Tumsinuitaelsarladumandeunduiiueulsameuia
Wisuiisuiumsinuiluviesvasn mslieseviodu
wudn ngugUasfild¥uen tolvaptan fidndniana
waalasuen 2 Ju (WMD 1.35; 95% C1 0.75-1.96) flszeiuluifen
1uL§amLﬁmsﬁuﬁ7i 2 4 (WMD 2.33; 95% C| 1.08-3.57) uay
#1 5 %u (WMD 1.57;95% C10.04-3.09) wazilonsveumiles
‘ﬁﬁ?gu (RR 0.82; 95% Cl 0.71-0.95) pg19lsAnudns
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