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Tolvaptan for treatment of decompensated heart failure patients with diuretic resistance and hyponatremia

YANG Jing, REN Yu-sheng, LI Na, LIANG Chun, WU Zong-gui*
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[Abstract] Objective To assess the efficacy and safety of low dose short-term tolvaptan in treatment of decompensated
heart failure patients with diuretic resistance and hyponatremia. Methods The clinical data of consecutive patients with
decompensated heart failure, who were admitted to Changzheng Hospital from April 2012 to March 2014, were analyzed
retrospectively. Patients were assigned to receiving tolvaptan (15 mg/d X 7 d) or standard therapy Cincluding 3%-4%
hypertonic saline X 7 d). The efficacy endpoints were heart failure symptoms relief, serum sodium elevation during
hospitalization and cardiovascular death at 180 d from discharge. The safety endpoint included adverse effect of thirsty, renal
function impairment and symptoms of nervous system. Results A total of 37 patients met the inclusion criteria and were
assigned to tolvaptan (n=16) or standard therapy (n=21). There were no significant differences between the 2 groups at
baseline. The elevation of serum sodium at day 7, reduction of body weight and NT-proBNP level before discharge, and the
ratio of restoration to higher than NYHA class [ in the tolvaptan group were all significantly more than those in the standard
therapy group (P<C0. 05). Tolvaptan, compared with standard therapy, significantly decreased the mean dose of furosemide,
serum creatinine elevation and hospital stay (P<C0. 05), but failed to lower the cardiovascular mortality at 180 d follow-up.
Conclusion For Chinese patients with decompensated heart failure with diuretic resistance and hyponatremia, in addition to
guideline-recommended therapies for heart failure, low dose short term tolvaptan is associated with more favorable in-hospital
effects and less severe adverse effects, but not with long-term cardiovascular mortality.

[Key words ] tolvaptan; heart failure; hyponatremia; diuretic resistance
[ Acad J Sec Mil Med Univ,2015,36(10):1133-1137 |

JUEAEE 21 30 4RE] O B AT M BAIAE  ARENIMAERR T 25 DE B R BT iR SR 2
TR HO R R BE R KOET R R RGUER B SR O R I B W B KAk
JEEAT . 29 2000 0 ) R O I A OFK DARBE AN BEE AR TR I PR R R

[ BEE] 2015-02-23 [#=HH] 2015-05-21
[EEEN] # ¥ Y. 2R ENH. E-mail: EMA-CO@163. com
M EVE# (Corresponding author). Tel; 021-81885291, E-mail; zgwu@medmail. com. cn



« 1134 -

SRR 2015 4F 10 H L3 36 &

B ALK FIIGREAR R IRGR 7 K07 O 1 5
FARBAIMLAE . 1275 5 ACAE 070 £ 8 A 28 T HL A X
A PRV HOBT A PR — 5 T B A
AR 114 DRSS, e J i i 15 R KOR B R ML 3K B 0B 5 T
— 7 AR A ILAE By 5 SR BRI i KA bR
7o S 2 20 I ARG A MLAE 0 R R K
K- R G (RAAS) AR T His .

13 1550 2 CAVP) T 5 S0 7 i 7= A1
FhMAE A BRI FEREIH (tolvaptan) & —F 1
AR A RSN 2 R I e 3R 32 AR5 051 » RE e 4 1 B
Wr AVP Vo 24K 7 A FDR A HESH Y 2520 4E1R
T SEE FDA T 2009 4 5 AW .0 3%
BBy TR ORI PRI 73 W 5 75 AF 5 19 4 2 F P
AR PR A AT . AN AL BT T3
B R FHAE AL HH 522 0] RE i Je 0 A1 e 0 1) s
T3 RESE AR T e ML R A Y HIRE
BT v R Z AR R _E AR A28 T & 5t 9
JH R T W AN RE I R 0 P /R o 1Y
FEARSH A ] S8 R RAOR B2 P A v i =
REEA B RIETE . AT AR [0 B AT 5 Y 5
LRI N/ R B AGE IHAEIR YT & IR A LT
LRI PRFFAIRTT A o 3 52 08 (7 R0 2 4

1 BRI E

L1 mBIAEARAE AW bl [ B
X HEAFFZ o 7™ S (b R 2 B 5 ) o AR 5 2 7
FEH A ELE ] B9 5 SR 0 e 5 R R A K AR
P B PR AR B 5L 2 A E, BT AR E BB
5 T 25 8 VIS ) 2 A5 o () A R s 1 o ek B 22
Wi e e WIRE T . DA D0 B PR R S 0 E 2012 4 4
H 2 2014 4 3 A AAERKAE B B O IS R FF A
(i ELC S e W R T T AR )G TR MO )
IR Wb IR =18 BB E, A, A
TRARUE : L35 409 B <<135 mmol/L; AR AT I IR 2%
K SR FE K =60 mg/d; 4l 290 B g 43 L (NY-
HAZ . HFBRFR#E: 60 d AT IE T A .01
TR S HE 60 d AR AL E RS 428 5 T A7 95 <<6
A H BB Rty 5 IMLZ1 85 <790 g/ L iR ; 1
=135 mmol/L. Jfiik )5, I B L TR, U
FEME AFHE RO RIS T | RO i 4550 5
TR NYHA 2 Z S5 8 (LVEF) | I35 84 . 1

JULEEF N 2K 3 Fili £ K AT 44 (NT-proBNP) | (> 7 % 4
R TR B ELS T2 W
TBTTHE FE IR 25 W0 YT AL S R R AR | 148 5
SR LR R (ACED /145 % 9k % 11 32 (KB
FICARB) -5 {4 BH ¥ 7] | 1 151 455 47 790 4 e g 2%
SEIMAEY K259 A

L2 77 WERITH Bk (Na Bk
FAEL 3% ~490) 40 X7 d(Na ¥ >>150 mmol/L
15D S WRZEOK Gl R 2 50 80 11 ) 80 8 22 e A 0 a5
FEAE AL O IRFEART 40 15 mg/d X 7 d(Na ¥
J&>150 mmol/L &) .

1.3 Mg AMREAF MBS 180 d i g Bk
IS RET . LR IR YT AR 7 R I Ak
- BERT-O P BE R A B NYHA T UL b AT B
KA AR i ik % - NT-proBNP AR H B J5 180 d
OIMAEFET- 2, LM% i g MLE T &, BT
B a RGUER KR ZEEL ST RE S

L4 %itsa@ SR SPSS 18. 0 #4743 1
3HT. TR 2t FoR AL LU A ¢« K s 3
BORER T E R R LR L o K50, K IR
IKHEC) A 0. 05,

2 & R

2.1 AARARE Bk 383 8 H I ARACEE ML )
FIRERIAYT » FP AR M E 59 B (5 15,4020,
AT G SR 3T B b 2 Aot 3Ry 7
16 1], 32 bR UETRYT 21 B, 2 ZH A8 B I DR AR TE
BHE D2ERTGIFE XL

2.2 AAcwL L FAGFIGRITE 7R, g T
& T (6. 56 4= 2.34) mmol/L, K F b5 #E 5 I7 4
[(4.05+1.75) mmol/L,P=0.001], FEH¥&IHH
MTE MRS 5 B LBl TARUMETR YT 4 B 22 5 T0 50
28 (75, 00% vs 42. 86%,P=0. 093), L&
LA R BB O T BEA B NYHA [ LL 1 9 A6 A4
i R NT-proBNP 228 i B 2 T hr dE 1R T 41
(P<<0.05), A1 BE KA WeFEK H 344 T8 AR T4 o
TBITAL(P<0. 05) i Be)5 180 d Rl 4 A o , H23%
AR AT AR B IET 4 0 2 AR T R
BET 6 14 (25. 00% vs 28.57%, P=>0. 05) , $u ik ¥ 31
FEARBEARBEG 180 d B IMAFAET %, I 2.



1000 1 o AR ST EIR YT B IR B IR SR PR FRBTIY 0 S) E

« 1135 -

R1 NABEEZHEH

- Fetkarng PrUEIRTT A - FofRF Il bRl
iz S
N=16 N=21 N=16 N=21
B (%) 10(62. 50) 14(66. 7) BRI n (0) 5(31.25) 6(28.57)
SRR (8, ks 62. 818, 89 65. 717, 97 G M55 n (96) 3(18.75)  4(19.05)
AR NYHANV S » (%) 8(50. 00) 11(52. 38) PG n (00 4(25.00)  5(23.81)
et (1 Qmt 0.30560.898 0 0.311 970.890 3 || BEAER.LEERE 7 (X0) 7(43.75)  8(38.10)
NT-proBNP pp/(pg « mL~1), xds 55581242 277.70 4 851. 5242 276. 67| FIFRH n (%) 16(100.00)  21(100. 00)
L% #H e/ (mmol « L), z+s 130. 001. 97 130.1043. 08 ACEIs/ARBs n (%) 14(87.50)  18(85.71)
KT m/kg, xts 67.69411.61 68. 7428. 09 BZARBLH ] n (%) 12(75.00)  15(71.43)
MILEF e/ (umol « L-1), a5 83. 75422, 91 77.29420.57 || BEREAERFERLA) 0 (Y0 5(31.25)  7(33.33)
Beii O HERT 7 (%) 6(37.50) 8(38.10) L 0 () 8(50.00)  11(52.38)
FLE n (70 9(56. 25) 14(66. 67) K I IS HEZ5 0 () 5(31.25)  7(33.33)
NYHA: 4125050884539 NT-proBNP: N 7 s i a4
=2 MEABREAUHELIMILE
£zt e N=16 FRAEVRIT AL N=21 PfH
WRITER TR
M54 cp/ (mmol « 1), 136. 562, 61 134,762, 41 >0. 05
B e/ (mmol « L71), x5 6.562. 34 4.0541.75 0. 001
IR IE S n (VD) 12(75. 00 9(42. 86) =0. 05
MG s/ (umol « L), zs 91. 38422, 10 94.57+23. 21 >0. 05
W m/kg. 7+ 62.59412. 06 65.33+8. 58 >0.05
NT-proBNP pp/(pg + mL~1), z+s 2 839,561 118. 03 3160. 3341 403. 48 >0. 05
NYHAT %% n (%) 13(81. 25) 10(47. 62) 0. 048
RS m/ kg, Tt —5.0642, 48 —3.40+1.59 0.018
NT-proBNP #4¢ o/ (pg « mL™1), s —2718.561 503. 88 —1693.05+1 142. 70 0. 024
TEBEREL t/d. 7+ 9.19+2.10 12. 0542, 82 0. 002
ek H ¥R m/mg, s 32,5012, 38 88.57426. 51 <<0. 001
HBE)E 180 d L FET-R n (Y0) 4(25.00) 6(28.57) =0.05

NYHA: #5082 NT-proBNP. N A I 3 Ik Hir {4

2.3 AWML E FEARH LA B I E) H i
TR AR TARMERITA 75 00% (12/16) vs
9.52% (2/21),P=0. 0037, {A 4 i Z, 3K I
152 . FEAGE R W] LR 4 B T i EL AR e T LIS
Tl i e BE A F AR IR Ir 41 [(7. 62 £ 13. 82) vs
(17.48413.30) pmol/L.P=0. 035], Wil H#Hy
B MEEEHT K 1 1 28 2 G AR AR 2560 ST
Tt T v S AN R RN

RIS & I
R4 IILRE S0 7 3 0 Y ™ B 1 RE 2 — » S Bk
TR P 3 I ST B T I TS 22 1 T

WRZ—. MK RS ORI R i B Rk
AR, 2012 AFRRICESE 2 (ESO) L 1 3B 1 F

HEHERE AVP V, SZ R$S PR 78 0 7 32 58 v () B
o R G IF AR AN I AE () 18 P 0 I 3 0 Tl 5 B
25 ABJE BT I TC Uk P 2% W 2 1 AR AN I wT DAL
SO R KBTS o 7E AR YA G [l
XTHRAIE g AT T v B ANHE H IRk AVP Y,
SARTE D HE AR G 97 R IR R HE B MR v
DA IR ME A S S & e, &
WF T8 R FH BH X B HL A T 4B AR 30 5 & = 8
ERIK B FRHEIR T 5 ZE ST R

FEA AT T FL A 2 R T 4 IE RN
N5 TRl YR AT B X W TR 2 2R . 4
RIS M HHE A 305 1003 4 e BT FEiR TS 7
K AT HAL M S T T (6. 562, 34) mmol/L,
WA TE R I HL 3K 75, 00% . FEAk 30 T = i 4 Y



+ 1136 -

SRR 2015 4F 10 H L3 36 &

W 5 22 2 AE0 HE AR DL, T ZE SALT-L Al
SALT-2 355, 522 A AH b, FE AR SR Y755 4
KA I35 81wk BE o 3 TF s T (3. 62 £ 2. 68)
(4.3342. 87) mmol/L", Patra 21 3R IB .0 J1 5
4 I ™ AR A I (<C125 mmol /L) (1) 5 3 F
15 mg L& R 9T 7 d. I AR B T S 4
15 mmol/L, Vilapurathu &) [b & T 454k 3% 0 5
300 B ER K A IE AR I AE 997 850 AR T34k 4T
FREH AN 3 EhKIGIT G 24 h Bk E 4y B
(5.1140. 66) F1(10. 11 4+0. 62) mmol/L,J8J7 )5
48 hANHEE 23 M T T (8. 0340, 65) F1(12. 33+
0.65) mmol/L, EVEREST #iff 5 v i 2 {082 0 S
I 53T R AR AT 7 d I BT
(4,945, 2) mmol/L, %5 1 KR 7 KI5 IE
WY HLEEA B 58 Y6 Rl 64 %51, BRIt T I
5 11 WG AN T) 55 4 R PR R 1 e R LG 3R A ik A B
PRI S LG DL LA B AR AN TR A O, [ B 3R AT ik
WL B 5 =18 3R K AH B 6 AR 30 ] 8 2 Bl iR
A I S0 [ 79 o 3 o R IR RV A O BB 1 10 L
FWDAE B R B, X5 DU R ED T L
¢ 1 18] N'T-proBNP 7K - 76 1 41 34 47 & & %
% FCAR HH 21 4 5 18 R K bR METR T 4110 W e
BETR SR e A Ok . DATE B9 o S8 4R B 46
3 35 fil T A1 il B 40 1 2 B2 (PCWP) | Ay
0 3 R 7 B i sl ik i g a3k 6 1 3 2 g 2 AR AR
AT REFR 2> M B T NT-proBNP PReidt B i J5 A

FIPRFE ] TE K A B £ 25 SR T AE O
73363 1) P I A A A ) PR R) - S g T % )
AN BIVEE R 2t 1) ) R G A B 3k S A 7] 9 1] R
RO PR S HE B O 1 3 o RE AR OR B 4 O
(9 32 A A I R ) AR A R B A R DR R A
eI R A . PR RS BT A I A 5 V) AH
Ko TEBY LG, Wk ZEOKGE o HE A A R IR AR
FH T FEAR 0 A B 2 4 1K IR R B3 5 e
LA o FEAR BRI T FE AR SE R 2 e ok
ek A RE[(32. 50412, 38) mg vs (88. 57+
26.51) mg., P<<0. 001) ], 4& 7% W5 & A th 4 .
DRI T 07 FF G £ 3% 2E BEL B AVP 32 4K 1] BE B R 38 97
IR FNHCL ) — 1> R

FEAR T I AR g 08 G AR A I A8 3
180 d Lo M A AE T4, W Rl 55 1M EA35 B P IR AS e 4

FRIE# A 5. 18 EVEREST iR 5 v, 5 42 & 577 4
FE » FEARESH I AN B A IGO0 77 32 0 8 3 K00 I 38
I R FRRGET R P2 WAL o T i 4G
A HEGT A [F] 2 B2 %) AR AN I RE 197 R B e 3 2
5o FOAR A M JF S R AR R RE IR 4N I AE (130 ~
134 mmol/ L) L ML A8 R AL T #E (HR
0.96, 95%CI1 0. 74~1. 25; P=0. 77), {l Rl
AR AN 1M E (<130 mmol/L) (1.0 M8 95 Tl 5
(HR 0. 60, 95%CI 0. 37~0. 98; P=0. 00)") | AHf
FENTE B A A GRIHEHT 14.0 T 32 5855 I AR A 1.
i » SR R ) 3 0 B L 88 EVEREST B 5% v
AL B E TG H 2 . Feta A& B K07
A FET AL WA O ) i S T 38 1 %
Ji RO 2 o 3 ) S 00 E D) R ™ T U8R LA S
R, MRS —3 2 O BENE BFRE &
PR A0 1 AN RE IR 20 % &F sk A A R
(LVEDV) , HIGEREAIRFE T-FLL ) 308 P BE AR &
AN A T AR R K Y G £ S AT B
AT AVP BEEO AR TS .

TEZAVETT T B2 FE ARG T S B I &
AR TAMERY T B TC— Bl 2. kR
Xof B T RE S M 2 5, T e 98 AR K 2L A P 1 ORR) Y
R, UM UEF W2 _E . Matsue 257 i)
TEFEAREH BERR I S AR O ) 3 (ADHTE)
G B DI RE AL . ARS8 A WL 3 1l A
FE B A CRIRE A R RN, WA W
FERFRAR I ) oAt 5 WA Ry WA 25 6L
JHEfe 54 5 T RE 5 R B/ NA R

ARFFAAE— LA . AR Sy 5O [m] i vk
W9, I HLA - IREA MAE i xEva PE.O ) il e =1
B B A B A8 B BN s R B RE A B 5D
FIREE L —E R GE T 2R 22 . O3 oh, A B
JG B TR0 T A KN AS [R] L /]
X Bt 17 45 SR B

S A S IE S 1] B A3 A s ESE T AR
TERLI N R TR ST AFTE R RGBT Y O T 325 5 0
TREN AT UL T8 e AR HETR YT » 3 76 £ 0 7E 8
SR PRFNHEHT 50T e R 5 98 2 T A O B L T s
AR A5 7 T BA MR L3, I HLZe e A 2 v R
U FTRERCNIR T LR B3 B B ALY . (B2
il B S A FEARAE A O M55 3R 55 R AE AR



$10. 1

5 55 FEREIRIRYT B AR AR B A PRI AL T3 5%

« 1137 -

WFFE AR EIIESE . A fp TRE RS E i il KA
WEPERE LG HEBF T A T IR AR

(& % T #k]

[1]

[2]

[3]

[4]

[6]

[7]

(8]

()’ Connor C M, Miller A B, Blair ] E, Konstam M A,
Wedge P, Bahit M C, et al. Causes of death and re-
hospitalization in patients hospitalized with worsening
heart failure and reduced left ventricular ejection fraction:
results from Efficacy of Vasopressin Antagonism in Heart
Failure Outcome Study with Tolvaptan (EVEREST) pro-
gram[ J . Am Heart J,2010,159;841-849,

Klein L, O’ Connor C M, Leimberger J D, Gattis-
Stough W, Pina I L, Felker G M, et al. Lower serum
sodium is associated with increased short-term mortali-
ty in hospitalized patients with worsening heart failure:
results from the Outcomes of a Prospective Trial of In-
travenous Milrinone for Exacerbations of Chronic
Heart Failure (OPTIME-CHF) study[J]. Circulation,
2005,111.2454-2460.

Gheorghiade M, Gattis W A, O’Connor C M, Adams
K F., Elkayam U, Barbagelata A, et al. Effects of
tolvaptan, a vasopressin antagonist, in patients hospi-
talized with worsening heart failure: a randomized con-
trolled trial[JJ]. JAMA,2004,291:1963-1971.
Udelson ] E, Bilsker M, Hauptman P J, Sequeira R,
Thomas I, O’Brien T, et al. A multicenter, random-
ized, double-blind, placebo-controlled study of tolvap-
tan monotherapy compared to furosemide and the com-
bination of tolvaptan and furosemide in patients with
heart failure and systolic dysfunction[ J]. J Card Fail,
2011,17.973-98]1.

B, MRS, FEAGRERYT O i R
RER AR 1997 ORI 22 LT ], A i 0 A4 2
2011,39:936-940.

Schrier R W, Gross P, Gheorghiade M, Berl T, Ver-
balis ] G, Czerwiec F S, et al; SALT Investigators.
Tolvaptan, a selective oral vasopressin V2-receptor an-
tagonist, for hyponatremia [ J ]. New Engl J Med,
2006,355:2099-2112.

Patra S, Kumar B, Harlalka K K, Jain A, Bhanu-
prakash H M, Sadananda K S, et al. Short term effica-
cy and safety of low dose tolvaptan in patients with a-
cute decompensated heart failure with hyponatremia: a
prospective observational pilot study from a single cen-
ter in South India[ J]. Heart Views,2014,15;1-5.
Vilapurathu J K, Rajarajan S. A prospective study to

compare the clinical efficacy of tolvaptan with 3% hy-

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

pertonic saline solution in hospitalized patients having
hyponatremial J|. ] Res Pharm Pract,2014,3;34-36.
Hauptman P J, Burnett ], Gheorghiade M, Grinfeld
L., Konstam M A, Kostic D, et al. Clinical course of
patients with hyponatremia and decompensated systolic
heart failure and the effect of vasopressin receptor an-
tagonism with tolvaptan[ J]. J Card Fail,2013,19:390-
397.
Gheorghiade M, Konstam M A, Burnett ] C Jr, Grin-
feld L., Maggioni A P, Swedberg K, et al. Short-term
clinical effects of tolvaptan, an oral vasopressin antago-
nist, in patients hospitalized for heart failure: the EV-
EREST Clinical Status Trials[J]. JAMA, 2007, 297.
1332-1343.
Matsuzaki M, Hori M, Izumi T, Fukunami M;
Tolvaptan Investigators. Efficacy and safety of tolvap-
tan in heart failure patients with volume overload de-
spite the standard treatment with conventional diuret-
ics: a phase [l . randomized, double-blind, placebo-
controlled study ( QUEST study) []J]. Cardiovasc
Drugs Ther,2011,25 Suppl 1:S33-S45.
Udelson ] E, Orlandi C, Ouyang J, Krasa H, Zimmer
C A, Frivold G, et al. Acute hemodynamic effects of
tolvaptan, a vasopressin V., receptor blocker, in pa-
tients with symptomatic heart failure and systolic dys-
function: an international, multicenter, randomized,
placebo-controlled trial[J]. J Am Coll Cardiol, 2008,
52:1540-1545.
Ellison D H. Diuretic therapy and resistance in conges-
tive heart failure[ J]. Cardiology, 2001, 96 (3-4); 132-
143.
Veeraveedu P T, Watanabe K, Ma M, Palaniyandi S
S, Yamaguchi K, Kodama M, et al. Effects of V2-re-
ceptor antagonist tolvaptan and the loop diuretic furo-
semide in rats with heart failure[ J]. Biochem Pharma-
col, 2008,75:1322-1330.
Udelson ] E, McGrew F A, Flores E, Ibrahim H,
Katz S, Koshkarian G, et al. Multicenter, random-
ized, double-blind, placebo-controlled study on the
effect of oral tolvaptan on left ventricular dilation and
function in patients with heart failure and systolic dys-
function[ J]. J Am Coll Cardiol,2007,49;2151-2159.
Matsue Y, Suzuki M, Seya M, Iwatsuka R, Mizukami
A, Nagahori W, et al. Tolvaptan reduces the risk of
worsening renal function in patients with acute decom-
pensated heart failure in high-risk population[ J]. J
Cardiol, 2013,61:169-174.

[(Ax%HmE] N &



