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Diuretics in the Treatment of Heart Failure Due to Congenital Heart Disease
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Diuretics are crucial in the treatment of infantile heart failure, particularly in cases of left-to-right shunt heart
disease. Their use should be guided by an understanding of renal structure, the functions of nephrons, renal
corpuscles, and tubules, as well as the mechanisms of renin secretion from the juxtaglomerular apparatus, the
renin-angiotensin-aldosterone system, the counter-current system, renal nerves, the macula densa, and tubulo-
glomerular feedback. Although evidence from large clinical trials exists for most heart failure medications, there
is a lack of sufficient clinical trial data specifically for diuretics. Additionally, higher doses of diuretics in chronic
heart failure have been associated with a worse prognosis. The effectiveness of diuretics in patients with heart
failure who exhibit diuretic resistance is still unclear. This review discusses the structure and function of the kid-
ney, outlines the types of diuretics, their mechanisms of action, and side effects, and emphasizes the importance
of recognizing diuretic resistance in chronic heart failure.

Keywords: diuretics, loop diuretics, nephron, renin-angiotensin-aldosterone system, diuretic resis-
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Figure modified from Mullens W, et al. [ref. 16] with permission.
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YA 7 VA RRAPRIE S TN RS B %
OAT %/t LTI SMfEMNICE D A E N 5. IR
M AN E NI, FIRE & BISEMRMEE T
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FESERERE, MU, OO DN LS E
ncTwna 23,24).

(5)SGLT2 PHEZ

FrUY L - Z)ba—AHiEA 2 (Sodium-glucose
cotransporter 2; SGLT2) FHE I LA ARHME IS A1
U TIRBED 90% % AN % SGLT2 ZEd 5 C &
I &> TRAIC T )V a— A ZET 5 22, Y
FIHEPRIHE & LT B?EJ%EE‘ NI, REHEMPRICE R
ERTEEMNMEE -T2, 20D, *fﬁﬁiﬁ@ﬁﬂb:b‘b‘
b5d, »L\T%@%f&%ﬂkéé B2 O IRAENEHI AR

© 2025 Japanese Society of Pediatric Cardiology and Cardiac Surgery



72

(@)
mE m RIS
SEATERARE bR

o - THIRE

= (EHE

RAERE W7==:§m g

A L= LT

OAT1/OAT3 : Organic anion transporters B#7 =42 b5V AR—2—

Mrp-4 . Multidrug resitance-associated protein-4

NKCC2: sodium-potassium-chloride cotransporters 2 Na-K-2C| H#ixik

Fig. 4 IW—T7RIREDIERHKRF

W—THREEMARPTEEABLEES LTHEEL, EMRMAEICH S OATI/OATI IC& > TREBEMANICER YA TN, REEEM
D Mrp-4 I & > TRBBRERICBENS. IV—TRIREEFAY LIV—TRBE LROEERAICEFET 5 NKCC2 ICHlaA b SEE L

TEREDHIBANDERXZEET 5.

NG XD HEoT. Ty oYy, XNTY
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TIRMIERTANICEL D AR N, JREVEEHO - Z >
A R—%— multidrug resistance-associated protein 4
(Mrp-4) 1T & > CTRME AT E B 2272,
IW—THRPREEEAN Y L)V—T DR FATHHIO FRATE -
[ DEREUNCAFAES 2 NKCC2 ICHIfas I HAEE LT
EREOMIBNNDOHEEZHE TS (Fig. 4. V—7
FIPRFE S MO FPRIRICEL LIER ISR TRIRN T H 2
A, THUILLFD 2 DO LS. QKW EfTIIT
PRI E 1% Na " 135k A Tl € 1172 Na' 0 20%
FELE <, NKCC2 2% d % C & THRMICT b
VY LRRZGH T EMNTES. @V LIL—TDK
W EATHN FERFE O IR 21T 5 7Y, K I3 L
BOHKTHS. DED, BEOREFELIIEICE

ARNRBERSBSFME F4NE 25

FRHn Th 2128, TOMMTONa®, CI” DRI
NS % & B AEIC B TRIINR RO HEAH
FEING T LICK > TKRROIEEMFENS T &I
7% "% Table 11C)L— 7 RIFRSEDOMER] & HEAIRF
HZRd.

Wo— TR (M R & Na' o gEiflt & DRI
& S iRz i < 2B A HRKISHRE 7 F =0
WHHENE. FIPRFED AR EEICEL THD
THIPREN R ZFME L, ZDBIZEIC Na" A &
F5 20, EoICMPRED ERT B LV TRIR
HF—ER RE LT 20RO ED FICE
Na FIRZETG SR, — RIS EH B HEERE T
7t X FeAsEifkANRS Lichia emakb Lz
LazET 2 L, HIRNIRG DT 2 5O Rz
RY. DAREERTE 7 at I FORRZHET 5
BIEAY S < 75 0, Na FIRENEAEE T 5 e DRI
5 X0 EIRNESDIE S DIRNTH % (Fig. 5.

HL[A] 0D ) — TR RFEFE 1% PR rp Na ™ i 8 7 890
THBH, ZD%IX postdiuretic sodium retention &
NS Na HitRIK R C % (Fig. 5. OF
D )— TR 5 1E %O Na IR ZIEH L & LT
LES>TWAAEENRE D 57, 2IGEHMICHT
% Na " HEltE « /N5 > ZA%FHET 2 HADDETH
%. TOXS BB IV—THPRFED Na " F Rk
THREMENH LIk EIONS. DOF
D, HIfEAHEED AT % & QMR & RAA R
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Table 1 Jb—7HIREDZEIEFHIFY

AR TYEIF FSEZF TAZZF
(5¥v 929 (Z14T7— 1) W73v5°) Lz bo>e®)
MAZ (mg/H) 40~80mg 30~60mg 4~8mg 1~2mg
70+t = F 40mg RBRICX Y 2R 40mg 60mg 20mg 1mg
Bioavailability (%) 10~100 (F#550) 20 68~100 80~100
EED SR\ DL 1:2 (FE0D 218) RARD I 1:1 1:1
=AREE (MR 80mg 60mg 8mg 2mg
RRMREDERR (RRE) 1 K 4 K5 0.5~2 B8 0.5~2 B8
IRHA 1.5~2 B5fE 2.0 B8 3~4 B5fE 1 B§RE
BiEErEERS 2.8 B5R ’ 4~5 B5RY 1.6 B¥RE
e i 50% B EIES R 80%AFa 50%FFAE
hRFFRE 6~8 B 12 B5R8 6~8 K 4~6 B5RS
A B
K& Ceiling effect T
"""""""""""""""""" EEA
o1
= o
4 I
a ® BOs
D \ e A
P e 2 N S B i
+~ w
T2 [ [P SN AN N W EER
= e
/" [fE Threshold effect
n#)V— THIRERE BEH S DEHHE
C 24hr
105 4 T
\ B FhUYLHR
B 90 TL—F5% Natriuresis
Ca— Braking Phenomenon B 5 YLER
-L\,I\ 60 Antinatriuresis
= 45
/.
+ 7 T RIRES b U LR
15 Post-diuretic Na retention
0
w—7agsgs | 1 i 1 B FS

Fig. 5 Jb—7HRIREDEENERFIE

A EERRAEBEOADEANICSIFT MBIV —THRERESL F bV LRRMEEDOBEFRETRY. BEOADEATIEIHIEIES
N2 IV —THREDOEEEZ LR EE, RO LRTHSF M)V LFIROXHENMET T S. B iR ES F IBOKRSICEITS
mig)IV—TRIRERELIRED SOBREDEFEETYT. 7 MU ULFROME ) IEEOCADENTIIEEHBHALIYEL. +
U LFIFRIG C ORBMEU EDBSRIICEH T B8 (AUC; area under the curve) T&h3. TDicd, EFENEBHITIIEORS &580R
ESTIEAREOMRIRD SNBZH, EBEOFADES TIHEORS TEHRINFERZITNE K, BIRERICK > THIEEOHMRELIES
NBTEEGBBENZWL. CIL—THREOREREICLZT M) VLFIRGREZ 6 B0y IV TRY. IW—TFIRERERDF
U LFIRDEICFH b U D LHERMERDNE L, FIREOMRICEVNTEIL—FEKRHRHS5NS. Figure modified from Ellison
DH, et al. [ref. 29] with permission.
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JUET % T &, ERMEMIOMA & NCC DO#HE
T, BEED ENaC WEMET 2 2 &5 T 5.
5T, W—TRIRIEEIANY LIV—T DR BTN
& % NKCC2 & [Fl BRI 3 47 RS OB ICAFAE S
% NKCC2 [HFET 3 Lic k> TL =iz ieit
THEHZHT S, TNHDEFICK S postdiuretic
sodium retention 1 U CHERRGHEZ BIZZ T % 005
M5 2, 29).

FURSEIEMMEDA D =X Ls

ZEO)—TRREZMEH L TERIRZE S RN
FPRIEILH U O FEIE OARIERNIC LIX LISEET 5.
T HIIFUENOASE - B A S e UK
HFRIC BN TRV —TRIREOHEHENZ NZE T
BHENC EBMETNTOEN I, Z20RAH=
ALl UTHREEG N ZZ 5N TV D, FIJREE
U L EE TR 215 % DICZ 'O R R
Y BRETH O, FPRIEEEICHT S Na HElit 7y
HOEFEERENS Y. COYRICIIZTERIRE
MEFEEL, 4 DREFNC X D RKZHEL B8N H
5. FIRBIGEORT & UTE ) I)L—THRIRZED
TERARRIC K BN E Q) )V— TR RIKIC X B JRA
EOWRINZLIC K BB IEDORE L 2DICHHEENS
(Fig. 6).

M IV—THEREDIERETE
)= TRIRIRIS IS TN E N T CE IS

ALTHERICEIINS. Z0%, IMEMEZNTLT
RAEERENIC W EN, EAHIEESIREETAV L
JL—7"0) NKCC2 ZHlIil| L TR A ST 5. T
BOWINHREESNTERRMISNT, FIRIEIE
Fitk e 7x 3 339,

S 0 B OWRIIZDAZITHE S IHEERTT - WS T3 E
DIFEFTIRFELLIBEINS. )V—THRIEDNAR
F 5 TR ICIIN E NS FIPREN IR FE 5 T E IR WVE
Ble 2 R . DAERNEREICK S MEEN -
TV T 2 UK NIV — TRIREOEREEE & 72 0 (EH
K RICDHEDNS., EHIKTY R—VARIEATaA
RAFIRIETE DM OAT ICH2 L CIRMIE B
W E N B IV—THRIRIED IR U CRIFREEI T 72 7
<. BFEMEK T % LA RS F P OEMmiE
FETEZ)V—TRIREME RS S. £z, RERIANE
WENME R % & RAIENDRMN D LAY Lb—
TICHETEZ )N —TFIREMEFT 2. chHh
Jo—TRIRIEDOVE I & % R PRSI HIIE DR W
THITHS. ST ER L CEYICHIET 22 & T
=T RO FFFRIC DN B L EbNhs.

(2)IV—THIRZEIC & B RAEDRIZ(L
ODHEME R L, BifmHEME RS % &l AME)
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