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Primary Goals and Management of Heart Failure

– Salt restriction

– Diuretics

– Digoxin

– (Vasopressin 
antagonist ?)

Slow/Reverse Disease 
Progression 

Decrease Mortality

– ACEIs

– ARBs

– Beta blockers

– Aldosterone 
antagonists

– Isosorbide dinitrate + 
hydralazine

– CRT

– ICD

– Ivabradine

– ARNi

– ACEIs

– Beta blockers

– ARBs

– CRT

– ARNi

Relieve Symptoms



Diuretics for Volume Overload NYHA II-IV HF Patients 

2017 Canadian Heart Failure Guideline



Mullens W et al, Diuretics in heart failure .

European Journal of Heart Failure (2019) 21, 137–155



Diuretics : Most Common Medication Given to 
Hospitalized HF Patients  

Gheorghiade, M. Circulation. 2005;112:3958-3968.

Swedberg K, et al. Eur Heart J. 2003;24:464-474.



More than 50% of Patients have Little or No Weight 
Loss During Hospitalization 

Francis G. et al.  Clev Clin J Med 2006; 73 (Suppl 2): S8−S13.



Observational Studies of Diuretics and Outcomes in Heart Failure

Study Population n Comparison End Point Risk 95％ CI

Studies of Left Ventricular 
Function19

Left ventricular dysfunction 
with or without HF 

6797 Oral diuretics vs none Mortality 1.37 1.08-1.73

Digitalis Investigation Group21 Chronic HF 2782 Oral diuretics vs none Mortality 1.31 1.11-1.55

Butler et al22 ADHF 382 Dose of IV loop diuretics Worsening renal function
（change of 0.3mg/dL）

1.04 per 20-mg 
increment of 
furosemide

1.004-1.076

Evaluation Study of Congestive 
Heart Failure and Pulmonary 
Artery Catheterization 
Effectiveness23

Advanced HF 
in-patients

395 Dose of IV loop diuretics Mortality 1.15 per doubling 
of dose

1.025-1.28

Eshaghian et al24 Advanced HF 
in-patients

1354 Dose of oral diuretics Mortality 3.4 per quartile 
of dose

2.4-4.7

Neuberg et al25 Chronic HF 1153 Diuretic oral dose
（＜＞80mg furosemide）

Mortality 1.37 for dose above 
median

Not provided, 
P=0.004

Philbin et al26 ADHF 1150 No. of IV diuretic doses In-hospital mortality 1.11 per No. 
of doses

1.16-1.17

Mielniczuk et al27 Chronic HF 183 Oral diuretic dose HF events 1.53 for dose
＞80mg

0.58-4.03

Loop Diuretics in Acute Decompensated Heart Failure: 
Necessary? Evil? A Necessary Evil?

Higher doses of diuretics are associated with adverse outcomes!
Felker M et al, Clin Heart Failure 2009 Jan 1; 2 (1);56-62



Electrolyte 
Imbalance

Renal Dysfunction NH Activation

Thiazide diuretics causes HN in 
13.7% of patients with HF

Loop diuretics increased urine 
volume, but decreased GFR 

After administration of loop 
diuretics, PRA and NE increased

Limitations of Diuretics



Brater DC. Drugs 1985;30:427-43. 

Conventional Treatment Regimen for 
Congestion in  AHF



IS THERE A ROLE FOR AQUARETICS IN 
HF BEYOND HYPONATREMIA?



I. Vasopressin antagonist is “the only 

diuretic” for acute HF whose 

evidence level is A.

II. Vassopressin antagonist is to be 

used (chronic) when the treatment 

by other diuretics is ineffective, 

regardless of EF.

III. Vasopressin antagonist  can be 

safely used for patients with 

impaired renal function.



Thailand HF guidelines, 2019



Launched in 25 and approved in more than 40 countries

Japan US/Canada EU Philippines

Cumulative 

Patient #1)
720K

(ADPKD：3,363)

330K
(ADPKD：523)

82K
(ADPKD：1,284)

13K

Cardiac Edema ○ ○

Hepatic Edema ○

Hypo Na ○ SIADH SIADH

ADPKD ○ ○ ○

1) Cumulative Patient: estimate as of Mar 2017、ADPKD: as of Feb 2017



RELIEF OF SYMPTOMS



Wu Mei-Yi, et al. PLoS One. Sept 12 2017; 12(9): e0184380.

Footnotes: 

(1)Tolvaptan group: hold furosemide; Control group: furosemide 40mg IV)

Efficacy Outcome: Body Weight Change at 24 Hours



Wang et al. BMC Cardiovascular Disorders (2017) 17:164

.25 1 4

Favors Tolvaptan Favors Control

Felker 2016  – 8 hours

Felker 2016 – 24 hours

Overall (l2 =20.5%, P=0.279)

Study ID

Efficacy Outcome: Dyspnea Improvement

RR (95% CI)

% 

Weight

.91 (0.59, 1.38)       32/161          32/164                

12.92

Matsue 2016 – 6 hours

Matsue 2016 – 12 hours

Matsue 2016 – 24 hours

Matsue 2016 – 48 hours

Events 

Treatment

Events 

Control

.5 2

1.05 (0.79, 1.40)      65/194          60/188                

22.07

.74 (0.39, 1.40)       14/122          20/129                7.04

.60 (0.37, 0.95)       21/129          41/150                

13.73

.66 (0.45, 0.96)       31/139          56/165                

18.55

.82 (0.71, 0.95)       220/910        288/980               

100.00

.85 (0.65, 1.11)       57/165          75/184                

25.69



EFFECT ON RENAL FUNCTION
/DECREASED DIURETIC USE



Matsue, T., et al. Clinical Effectiveness of Tolvaptan in Patients with Acute Heart Failure and Renal Dysfunction. 

J Card Fail. 2016 Jun;22(6):423-32.

Tolvaptan significantly improved dyspnea 

as early as 12 hours of initiation

Tolvaptan significantly resulted to 

more urine volume 



Risk Scoring:
Hx of HF, DM & SBP >160mmHg: 1 point each
S Creatinine 1.5–2.4 mg/dL : 2 points
S Creatinine ≥ 2.5 mg/dL:              3 points

Matsue, Y. et al. Tolvaptan reduces the risk of worsening renal function in patients with acute 

decompensated heart failure in high-risk population. J Cardiol. 2013 Feb;61(2):169-74.

Primary Endpoint: Incidence of WRF (S Crea elevation 
of > 0.3mg/dL or 50% above baseline in 48hrs) 
Secondary Endpoint: Urine volume, Furosemide 
dose, BNP change from baseline



Regression curve of the relationship between time and commencement of TVT  from 

hospitalization and the length of hospital stay. Time until commencement of TVT  from 

hospitalization were strongly correlated with the length of hospital stay : P <0.001, 

r2 = 0.0390. 
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Scatterplot Showing Relationship between Days to oral Tolvaptan tablets 

and Length of Hospitalization. Correlation Coefficient: 0.6350; p value: 

<0.0001.

The relationship between the time until commencement of 

tolvaptan and the length of hospital stay in heart failure 

patients1

The Philippine Tolvaptan Experience2

The earlier, the better!
1. Kiuchi, S. et al. The relationship between the time until commencement of tolvaptan and the length of hospital stay in heart failure patients. 

Heart Vessels. 2018 Apr;33(4):367-373.  2. Data on file. Based on the result of the Tolvaptan Philippine Early Experience



Chiong J et al, Evaluation of costs associated with tolvaptan-medicated length of stay reduction

among heart failure patients with hyponatremia  in the US, based on the EVEREST Trial, 

J Economics Vol 15 No. 2, 2012, 276-284



TOLVAPTAN FOR CHRONIC USE?



Chronic HFrEF
Class of 

Recommendation Level of Evidence

*MINDS

Recommendation

Grade

*MINDS Evidence

Classification

Loop Diuretics, Thiazide diuretics

Administration for symptom related with volume overload I C C1 III

Vasopressin V2 Receptor Antagonist (Tolvaptan)

To be initiated during hospitalization to improve a symptom due to 

excess water retention in heart failure when the treatment by other 

diuretics including loop diuretics is ineffective

IIa A B II

Carbonate Dehydrase Inhibitor, Osmotic Diuretics, etc.

Diuretics except for loop, thiazide and MRA IIb C C2 III

Chronic HFpEF

Diuretics to alleviate the subjective symptoms due to 

congestion
I C C1 VI

The long-acting loop diuretics to choose among the loop 

diuretics
IIb C C1 III

Tolvaptan, initiated during hospitalization for acute heart 

failure, to be used continuously after discharge to control 

congestion*

IIa C C1 IVb

*Tolvaptan is to be initiated during hospitalization.

Japan Guidelines for Diagnosis and Treatment of Acute and Chronic Heart Failure, p40 table 23, p42, Table 26 (revised in 2017)

*Medical Information Network Distribution Service



Imamura ,T. and Kinugawa, K., Tolvaptan Improves the Long-Term Prognosis in Patients With Congestive 

Heart Failure With Preserved Ejection Fraction as Well as in Those With Reduced Ejection Fraction. Int

Heart J. 2016 Sep 28;57(5):600-6.

TLV significantly reduced 

readmission rate among 

patients with HFrEF

TLV significantly reduced 

readmission rate among 

patients with HFpEF



Loop Diuretic

Tolvaptan
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Patients who received Tolvaptan on top of standard therapy exhibited lower rate of 

rehospitalization for heart failure compared to those who received loop diuretics alone.

Estimates of Rehospitalization-free Rates

Uemura, Y., et al. Clinical benefit of tolvaptan in patients with acute decompensated heart failure and chronic 

kidney disease. Heart Vessels. 2016 Oct;31(10):1643-9.



AQUARESIS VIA AVP RECEPTOR 
ANTAGONISM



Conventional Treatment Regimen for 
Congestion in  AHF

Novel therapy 

with a different 

MOA



30

↑ Sympathetic Nervous 

System Activity ↑ Renin secretion ↑ Vasopressin secretion

Vasomotor center

↑ Angiotensin II

↓Renal blood flow

↑ Aldosterone

↑ Sodium reabsorption

↑Water reabsorption

Baroreceptor

dysfunction

↓ Cardiac 

Output

↓  afferent inhibitory signals

Neurohormonal Activation in HF



N = 10

Adapted from Nakamura GS, et al.  Int J Card 2006; 106: 191-5

N = 10 N = 19

N = 23

N = 20
* p < 0.05      ** p < 0.001      ⊥ p < 0.0001 vs. control subjects

*

**

**

⊥

Control NYHA
Class I

NYHA
Class II

NYHA
Class III

NYHA
Class IV

Arginine Vasopressin (AVP) Levels are Elevated 
According to Heart Failure Severity 



Site of Action of Diuretics & Tolvaptan

Tolvaptan acts by blocking the binding of ADH (Antidiuretic Hormone) or AVP (Arginine Vasopressin) to V2

receptors in the collecting duct of the kidney, preventing the insertion of Aquaporin 2 water channels to 

the apical membrane of the collecting duct principal cells resulting to electrolyte-free water clearance or 

aquaresis.

Exp Clinical Endocrinology Diab 1999, 107: 157-165



1. Narayen G, et al. Indian J Endocrinol Metab 2012;16(2):183-91. 

2. Sarraf M, et al. Clin J Am Soc Nephrol 2009;4:2013-26.

3. Ambrosy A, et al. Expert Opin Pharmacother  2011;12:961-76.

Comparison of Tolvaptan and Diuretics 



Tolvaptan DOES NOT Activate Neurohormonal
Mechanisms

Miyazaki T, et al. (2007). Cardiovasc Drug Rev 2007, 25(1), 1-13.



Start in-hospital, *frequently monitor serum Na 

(at least twice on the first day and daily while in hospital;)

Stop all fluid restriction 

(especially  during the first 24 hours of therapy) 

Patients should be able to appropriately sense thirst and have 

access to water  

1

2

3
*Na+ monitoring for chronic use may be done 1 week after discharge, 

every month for 2 months and every 2 months thereafter (EVEREST) or 

depending on patient status or the physician’s discretion 

Mihai Gheorghiade; Marvin A. Konstam; John C. Burnett, Jr; et al.  JAMA. 2007;297(12):1332-1343 (doi:10.1001/jama.297.12.1332)

3 Practical Points to Remember  When Using  Tolvaptan

*Tolvaptan medication can be taken home as long as it is initiated  in-

hospital. 



Samsca Summary of Product Characteristics. 2009.

Proper use of Tolvaptan

• Initiate at 15 mg

• Start low or initiate at 7.5 mg if:

> baseline serum Na+ is  <125mEq/l to reduce risk of rapid increase 

> baseline serum Na+ is  ≥140mEq/L to reduce risk of hypernatremia

> patient is elderly of >80 yo

• Maximum daily dose of tolvaptan is 60 mg

• Monitor Na+ depending on baseline, may be less frequent if normal

• If serum Na+ level reaches  more than 145 mEq/L, or the increase is  more than 12 mEq/L/day, 

consider the ff:

• Increase water intake

• Withhold next dose if not restored with increased water intake

• Administer hypotonic saline

• DO NOT administer with hypertonic saline



Treatment with Tolvaptan is safe for normonatremic & 
beneficial for hyponatremic heart failure  patients

The time course of serum sodium between <135 and ≥135 mEq/L. Open circles show data from patients with serum  sodium levels ≥13
5 mEq/L at baseline (BL). Closed circles show <135 mEq/L. Values are presented as mean ― 

Kinugawa K, et al. Circ J 2014;78:844-52. 

• Expect 2-3 mEq/L increase in serum sodium when initiated to patients with normal baseline 

• Patients’ thirst mechanism should protect normonatremic patients from hypernatremia



Summary 



THANK YOU


