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From Kumar S, Berl T. Diseases of Water Metabolism, Atlas of Kidney Disease Vol. 1
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FRi2:ZEE 350 mOsm/L

RTHRINEREEME (= 10 mOsm/kgBW) 700 mOsm
> RE = 2L

FIREREICEST -

* Naitt 180 (ex. NaCl 6g =17 X 2 X 6 = 200 mOsm)
> RTHMINEZREEME 700 + 200 = 900 mOsm

* ADHIEAFR 2(HHEEREEET REMEE )KL,
RERBEEDET 350=>250 mOsm/L

> FRE = 900 +250=3.6L (1.6 LOR=Em)
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Urea transporter proteins as targets
for small-molecule diuretics

Cristina Esteva-Font, Marc 0. Anderson and Alan S. Verkman
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Yao, C. et al. . Am. Soc. Nephrol. 23,1210-1220(2012)
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EstevaFont, C. et al. Nat. Rex. Nephrol, 11, 113-123 (2015)

2. TGFHI#l (GFRi#%)

N Engl) Med 2017;377:1964-75,
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A Bolus vs. Continuous Infusion

Proportion
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Furosemide&AzosemidelCERFREIZEISZLLY (FAR)
Superiority of Long-Acting to Short-Acting Loop Diuretics
in the Treatment of Congestive Heart Failure
The J-MELODIC Study
A gv .
P Hazard ratio, 0.55 (95% CI, 0.32 to0 0.95), P=0.03 - -
B — e 7OESREHROBAZH ML
g3 | T NRH—EOT ) EIFEDLLH
EZor D—REBADIRKERIZHELL
o /;_,,/_f:—’i TOEIKOBHSLREERD
Noshik Years since Randorization ‘
Furosemide 160 148 133 651
Azosemide 160 142 131 64 (Circ J 2012; 76: 833-842)
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DOSE#f% (NEJM 2012)
F—=FA vs. HRILSOLERCT > FEELL

TH: R EOHFHURDHIEBOTHET(TAR)

Hazard ratio with continuous infusion, 1.15 m‘m
(959 CI, 0.83—1.60) .
P-0.41 *xMAPiREZ LTS

g:; Loading®&L

o *x RiEEAE

03 sl 4% 600mg

o F—FZ 480mg
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Effects of Albumin/Furosemide Mixtures on Responses to
Furosemide in Hypoalbuminemic Patients

NAGA CHALASANL® J. CHRISTOPHER GORSKL' JOHN C. HORLANDER. SR_.*

REBECCA CRAVEN," HELENA HOEN.* JUAN MAYA." and D. CRAIG BRATER'
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loop diuretics in heart failure? No ! C‘JASN
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Furosemide Absorption Altered in D

SERUM CONCENTRATION Gacq/mt)
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At Charcicps, Wathews Gifin, Vessa s, Lesey ks, et o. Sorum and Urine.
Albumin and Response o Loop. ioart Falure. CASN do
102215CM 11600318, Visual Abstract by Beatrice Concepcion, MD.

CJASN

Antonios Charokopos et al. CJASN
2019;14:712-718

22019 by Amercan Socity of Neptvology
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Heart Failure

MICHAEL R. VASKO, PhO; DEBBIE BROWN-CARTWRIGHT, PA; JAMES P. KNOCHEL, MD: J. V.
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Mechanism of furosemide resistance in analbuminemic rats and
hypoalbuminemic patients

Mo avasu Inouk, Kenn Okanma, Kazusosu 110, YUKIo ANDO, NOBUKAZU WATANABE,
Tarsuomt Yasaka, Sustt NaGase, and Yosuimasa MoriNG
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Kidney International, Vol. 32 (1987), pp. 198-203
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Absorption and disposition of furosemide
in congestive heart failure

D. CRAIG BRATER, RUTH SEIWELL, SHIRLEY ANDERSON, ANN BURDETTE, GREGORY J.
DenMER, and POLAVAT CHENNAVASIN
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Decreased Effective Blood Volume in Edematous
Disorders: What Does This Mean?

Robert W. Schrier J Am Soc Nephrol 18: 2028-2031, 2007.
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A rational approach to fluid therapy in sepsis.
Paul Marik & Rinaldo Bellomo
British Journal of Anaesthesia 2016; 116: 339-49

“From an evolutionary point of view,
Humans have evolved to deal with hypovolemia and not hypervolemia.”
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PEie—h— (R)
BESREEMEE (UA > 10 mg/dl)
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2. Angiotensin Il, Na/K ATPase D=3 A B MR B L
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A RMAETONBRINTEREE MRS EIS ? e NEW ENGLAND

ERISGFREMISTELABIEEAL JOURNAL o MEDICINE
1, BEREEHETS Diuretic Strategies in Patients with Acute Decompensated
Heart Failure
*x ME%HIFTS B Low-Dose vs. High-Dose Strategy
X FREBEICTI(BHERZEEA! ) Lo Hazard .:avlngwnh high-dose strategy, 0.83 (95% Cl,
0.9+ -1,
P=0.28
2. \ 084 d
WAHBIRORBEEE L ” DOSE#RZE (RCT) Tl
*NSAIDs (EEIHIFR )2#\13 5 o . | EEERREEL,
KL=y (b-77RE) TGF (SGITIEEE)FI L2 RIS o T | mARO7O0BING
s e | PREBILEELRD
3, MHMEBROMRESELL o3, P
0.24 ~
X RAASHIFIZEOER IS ELTS R
* SHE(RSRAE )OI/ Ma—) S T B % % % ©
Days
43 44
EAEON-THRE#HTLTAENREE/TS 70tIFRBIEEICIZEMHRBIETO
L. BiEEELLEIR NCCIREFENaBRIUEMDAN=X Ls
Low High P value Loop Diuretic Infusion Increases Thiazide-Sensitive
Dyspnea VAS AUC at 72 hours 4478 4668 0.041 Na"/Cl -Cotransporter Abundance: Role of Aldosterone
9% free from congestion at 72 hrs 1% 18% 0.091 ossesozcs 1A Soe Neghrl 12: 1335-1341, 2001
JOSEPH G. ABDALLAH.* ROBERT W, SCHRIER.* CHARLES EDELSTEIN.*
CI‘IEHQC in WDighl at72 hrs 6.1 lbs -87 lbs 0.011 SUSAN D. JENNINGS,* BRUCE WYSE.*' and DAVID H. ELLISON*'
[net volume foss at 72 hrs 575 ML 4899 mL 0.001) o

Change in NTproBNP at 72 hrs (pg/mL) -1194 -1882 0.06 2 psa00

furosemide: # «NCC
Hk{"\#’i 06 erosemi

% Treatment failure 37% 40% 0.56 £ 20000 , Control Furosemide Furosemide
p g furosemide plus spironolactone: & F g0, 4 +Spironolactone
% with Cr increase > 0.3 mg/dL 14% 23% 0.041 S 15000 El
within 72 hrs E 10000 E 0 y
Length of stay, days (median 6 5 0.55 u o
& Y, days ¢ } L} 5000 control animals (group | M 2 10
DukeMedicine v g =
m Felker GM et al, NEJM 2011 ! 2 2 4 5 g 7 & N o

Days Control  Furosemide Furosemide
+ Spironolactone
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Combination of Loop Diuretics With DRETHHARERA

Thiazide-Type Diuretics in Heart Failure

J

iy A. DeWald, RD, ProansD, BCPS*f Adrian F. Hemandez, MD'$§

v YL HIRGERICEWI—T RIRFBREREFICHLTH

FIRERTEHTRE,
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vy [ v ETON—T - HLPH OB EDETHRRENBSMFENS,
(mEa/d) ' EEEm N
_— T v BASEHEFHPFEUBNRASIN KA TS,
R I S A S v BEEHI LMEPBGEEL GEOURTEE LB,
June 1982 The American Joumal of Medicine Volume 72 829 +ﬁ&;:§:gl)yﬁﬁ\%mwggmim 2010;56:1527-34)
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June 1982  The American Journal of Medicine Volume 72 929
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and Followed by

Versus ide and iazi

Followed by Furosemide for the Treatment of Adults With
Nephrotic Edema: A Randomized Trial

(Acetazolamide 250 + HCTZ 50) X 1 wk (Furosemide 40 + HCTZ 50) X 1 wk

= Furosemide 40mg X 2 wk = Furosemide 40mg X 2 wk

Weight Change (xg)

—+— Furosemide + HCTZ Group Cazes
= Maan (280) for Group ! = MAgan (+50) for Group.

Sty Woe oty Week

Fallahzadeh MK etal. Am)J Kldney Dis 2016; 69: 420-7.
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Serum Potassium and Clinical Outcomes in the Eplerenone
Post—Acute Myocardial Infarction Heart Failure Efficacy
and Survival Study (EPHESUS)

Bertram Pitt, MD: George Bakris, MD; Luis M. Ruilope, MD; Lorenzo DiCarlo, MD;
Robin Mukherjee, PhD: on Behalf of the I:PHLSL'S Investigators

MFKRERFICIREAMIZERICFTy7Eh.,
ZOMEICKHLT, @DV AEAEITOATINS

;::;I:s}i.]mDnsaga Adjustments in EPHESUS Based on Serum ﬁKﬁ}Eﬁ
Serum Potassium,
mEgL Dosage Adjustment MmEKREFTYY
<5 Increase 25 mg Q0D to 25 mg AD;
Increase 25 mg QD to 50 mg QD
5.0-5.4 No adjustment FAtRAT
5559 Decrease 50 mg QD to 25 mg QD; yﬁ&

decrease 25 mg QD to 25 mg QD;

decrease 25 mg 00D to withhold 2,7,30,90, 180H
=6.0 Discontinue eplerenone until serum &y
K 5.5 mEQL Lig90RE

QD Indicates dally; QOD, every other day.

(Circulation. 2008:118:1643-1650.)
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JAMA Cardiology | Original Investigation

Efficacy and Safety of Spironolactone in Acute Heart Failure
The ATHENA-HF Randomized Clinical Trial

P o
Key Points 2

Question Does
patients with acute heart failure lower natriuretic peptide levels
and improve outcomes better than usual care?

Findings In this randomized clinical trial, high-dose
with
greater improvement in natriuretic peptide levels, symptoms,
congestion, urine output, weight loss, or clinical outcomes than
treatment with usual care.

Meaning y steh
fail i

patients who are resistant to diuretics with high-dose
spironolactone are needed

MFEKEPEHEICOAEERL

JAMA Cardiol. 2017;2(9):950-958.
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Rates of Hyperkalemia after Publication
of the Randomized Aldactone Evaluation Study

BV LMEICEET AT ERH SEICIEM

N Engl J Med 2004; 251:543-551
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EPHESUSICH112E55i85#0
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feof2H-THTHEEBKELYSS

A o Epbarenons-Taaied Pasarts

K > 6.0 mEq/I%l;&
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o
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Diaye 1o it ccunercs of Sean K 360 mEQL

BEKREE
13 9(R)

[

Patients (%)
Patiertis With Serum K- =6.0 mEAL
Ay Tema. (9]
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(Circulation. 2008:118:1643-1650.)
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Clinical Trial _ (J Cardiac Fail 2010:16:922—930)

Impact of Dopamine Infusion on Renal Function in Hospitalized
Heart Failure Patients: Results of the Dopamine in Acute
Decompensated Heart Failure (DAD-HF) Trial

GREGORY GIAMOUZIS. MD.' IAVED BUTLER. MD. MPIL? RANDALL C. STARLING. MD. M
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Kida K, Shibagaki Y, Tominaga N, et al. Clin Pharmacokenetics 2014
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BHEEIRREETHBEHNADHICEZKBRIRICHE
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- e i EhE
FHR(RRAD) w_ o
1200 mOsm/I
MARFNEIHEEEEERMICAQP2EFEL, KDEBEVEEED
KIHERELROZEEDRICH->TH<ETHLR BN ICHRIRENS

Nine VAM, N Engl J Med 2005, 352;18 1847-1850
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% of Patients
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TolvaptanidFurosemide &i&(»
migL=>FEE LREELO

—*— Tolvaptan (30 mg)
—=—  Furosemide (80 mg)

6 —*—  Combination

Median plasma AVP concentration (pg/mi)
Median plasma renin activity (ng/mi/hr)

Baseline 2-hr 4-hr
Time

Baseline

2-hr 24-hr
Time

Shoaf, SE. J Cardiovasc Pharmacol 50: 213-222, 2007.

FIRFEERELDR2ICHTS

Furosemide} & vs Tolvaptan_E &t

K-STAR:tE&

Worsening Renal Function (WRF)
(AsCr 20.3 mg/dl vs. Baseline)

[ +Tolvaptan  [] +Furosemide

TolvaptanfEf
L] 3

WIERE
Baseline eGFR

P=0.010

44%

18%

WRF SEEDAY XL

0.157 (0.043—0.605)
5.632 (1.652—23.00)
3.725 (1.057—15.47)
0.921 (0.863—0.976)

0.001*
0.004*
0.040%

0.004*

Inomata, Shibagaki, etal. CircJ 2018

Tolvaptan PK/PD iB%: F[RENDIEE
EESHEETHITERES500-1000mIEE N

Daily urine volume (mL)

Baseline Dayl Day2 Dayd Dayd Days  Day6

mG3b mG4

G5

Day7  Days

[ Tolvaptan 15 mg/day

Kida K, Shibagaki Y, Tominaga N, et al. Clin Pharmacokenetics 2014
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Intravenous Salt Supplementation With Low-Dose Furosemide
for Treatment of Acute Decompensated Heart
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Journal of Cardiac Failure Vol. 20 No. 5 2014

68

70

72

Tolvaptan PK/PD :EfE -K#MEEEELLL

Tominaga N, Shibagaki Y et al Nephron Clin Pract 2015

150 50
1if 1. T

S140.0 *.!! Tf

Fisso 22 it Teaety

L RS=C IR WS T -
Y + E

z J H -—ct

Euso LEE e

Ssno

1150 10
FEESREEEESSAREE FERLEEEEFLALEE

70 10

60 S0 Iy

§ 11 —3 Fuoo r 2

[ STEE T e Sl tiddete [I1]®

E. B ] (S -

x S R e TIE T--e.

B H it Tt

3 E a0 —

& L

10

o0 |

00 IARAEEFFELRLLF

[EAAEFEFELELREE ] = SRR N

DARZICHEITIRERRIBKIEEETF#

HEHERIED
NYHA IVO)CHF
BEENS
703K IV
vs

* 703k
+OERRRIEK

e
vanss

e 7OBIF+ERRIEK
[Na] 135.8 — 142.3

é\x&
LX ey

&
7 7063kE@ 0 ..
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ZRAY
BIRRIEKEANTSE, Negative BalanceZ{RTIE, FHHRL

Rubbing Salt into Wounds: Hypertonic Saline to Assist
with Volume Removal in Heart Failure

Curr Heart Fail Rep (2010) 7:134-139

Mark Lisekowski - Anju Nolria

Table 1. Poteniial beneflis of hypestonio siline wie in decompenemed| | HTS and loop diuretic administration |

hean failure

O s =
AA Decreased Increased
SVR

Caniovascular hemodynamics
« Increased preload

inhibition contractiity
« Decreased afterload (SVR) -
= Posilive inotropy (increased dP/dt) -
” Increased cardiac output
Renal I Decreased SNS

« Decreased renal vascular resistance
« Increased renal blood flow
« Enhanced distal tubule Na/water delivery

P/ds marimal rate of ventricular pressure risc over time: N sodium |
SVR systemic vascular resistance: TVF tumor necrosis factor

|| Enhanced natriuresis |
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H Ultrafiltration in Decompensated Heart M
Ce;RgE‘sit;laal Failure with Cardiorenal Syndrome STATE-OF-THE-ART REVIEW

iy & o o ot i i

UltrafiltrationDEE 3%

N Engl ] Med 2012.
DOI: 10.1056/NEJMoa 1210357

Extracorporeal Ultrafiltration for ®
Fluid Overload in Heart Failure
' Current Status and Prospects for Further Research

Ultrafiltration performed at fixed rates after onset of therapy-induced increased serum creatinine was not superior

0304
2 0.204 d resulted in more ications. In contrast, compared with diuretic agents, some data suggest
a that adjustment of ultrafiltration rates to patients’ vital signs and renal function may be associated with more
i 0104 effective decongestion and fewer heart failure events, Essential aspects of ultrafiltration remain poorly defined,
£S5 o aa-—r -- -- - -
& E" 0.104 =0.50 5 = -
5= - T FRKEEZ/NNA 2P ERETRELLYSOUFIE
S o P=0.048 SUMRE LS MBERETTEEEL.
£ o] ook DREANERSTRREED H S,

-0.40+ -

056 P-003 (J Am Coll Cardiol 2017;69:2428-45)
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