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Clinical observation of ivabradine in the treatment of chronic heart failure in end-stage renal disease
patients undergoing maintenance hemodialysis

TAN Gang', L1 Yongfang’,ZHOU Guangpeng’( 1. Dept. of Cardiology, Sichuan Academy of Medical Sciences &
Sichuan Provincial People’ s Hospital, Chengdu 610072, China; 2. Endoscopy Room, Sichuan Academy of
Medical Sciences & Sichuan Provincial People’s Hospital, Chengdu 610072, China;3. Dept. of Endocrinology,
Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital, Chengdu 610072, China)

ABSTRACT OBJECTIVE To investigate the efficacy and safety of ivabradine in the treatment of end-stage renal disease patients
with chronic heart failure (CHF) during maintenance hemodialysis (MHD). METHODS End-stage renal disease patients with CHF
during MHD who were treated in our hospital from May 2021 to September 2023 and met the inclusion criteria were selected as the
study subjects. They were randomly divided into control group and observation group, with 60 cases in each group, using a random
number table method. Both groups of patients received MHD three times a week for 4 hours each time and were anticoagulated with
low-molecular weight heparin sodium. At the same time, they were treated with CHF conventional therapy; based on the above
treatment, observation group was orally administered Ivabradine tablets 5 mg, twice a day (if the resting heart rate was above 60
beats/min after 2 weeks, the drug dose was increased to 7.5 mg, twice a day). Both groups of patients were treated continuously
for 6 months. The clinical efficacy of 2 groups was compared as well as vital signs, cardiac function, the levels of heart failure-
related biomarkers and inflammatory factors before and after treatment, and the incidences of dialysis-related hypotension and
adverse drug reactions. RESULTS The effective rate of the observation group (92.45%) was significantly higher than that of the

AESTE 1A R T A 25 A BRI AT control group (76.47%) , and the incidence of dialysis-related

. o .
(No.22KJJB0188) hypotension (20.75%) was significantly lower than that of

% Bz Hl AR, WIS A8 L ) 2608 . B-mail: the control group (41.18%) (P<<0.05). The heart rate,
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factor- «, interleukin-6, and hypersensitive C-reactive protein in observation group after treatment were significantly lower than

those of control group (P<<0.05); the left ventricular ejection fraction and cardiac output were significantly higher than those in the

control group (P<<0.05). There was no statistically significant difference in the diastolic blood pressure, systolic blood pressure, or

the total incidence of adverse drug reactions between the two groups after treatment (P>0.05). CONCLUSIONS Ivabradine can

significantly improve cardiac function, inhibit ventricular remodeling, down-regulate serum levels of serum N-terminal pro-B-type

natriuretic peptide and cancer antigen 125, decrease body inflammation levels and the incidence of dialysis-related hypotension in

end-stage renal disease patients with CHF during MHD, with significant clinical effects and good safety.

KEYWORDS ivabradine; end-stage renal disease; maintenance hemodialysis; chronic heart failure; heart function; inflammation
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AHIFGE R TR REAL BRI 28 B 2021 4 5
A % 202349 AERKBEiRYT AT G ER AFRIER) 120
151 MHD 9 [8] 5 31 CHF A28 AR 30 B 28, R R ML AR
S MR R FTER A, 45 60 . ARBFIE 7 4T
B B 22 PR 23 D 2 W AZGE o (R it 45 YLL20210475) ;
JIT A B o B B A R B B g R
1.3 {&ITHIE

X HRZH B 5 Y4252 MHD , 551K 4 h, B8 3 CRH
WRPER S ER BT, TR 35.5~36.5 °C, i HT Il It
7 200~300 mL/min, 375 7 ¥ i & 500 mL/min) , 3-2% H
o1 I R AR S CBe M LR SE R TR AT FR A H]
[ 24 7 H10980115, #14% 2 mL: 5 000 YU ) Hi &t ; [F1HT,
BEHAZ CHF RT3 - M= i (ARl 5547 2001
AR F [ 25 1 H11020053, HLKS 0.25 mg) 0.25 mg
CTAR, A5 K 1R+ B S L AL TR R Cim BR 4 A e B ol 24
I, E 25 HEF 10930189, A% 10 mg) 10 mg IR , BEK 2
IR+IRFATR L FEUS /R G2 FE i (B HiL Astra- Zeneca AB /2y
A, [E 25 fE 5 HI20140807, BLA% 23.75 mg) 23.75 mg [
W, BER 1 UR+V0 PR B 25 v 0 7 (RS 250 147y
H R, FE 24 5 H20234317, MLAS 100 mg) , 4745 7]
oA 100 mg AR, 55K 20K, 56 2~ 4 JA i i 14, e i 771
AT 200 mg, BER 2K, WESAL S MHD \CHF
FRIAYT 5 X R AR, [R) B in £k B Ao 7 2 A (b
L E BN AT IR THE AR, B 255 H20213404, FLA% 5
mg) , MIEEFIE R 5 mg TR, AF K 2K, 2 J8 e 4 5 B0
# (heart rate, HR) & T 60 {X/min, W 25950 i 49 i 22 7.5
mg, BER 2. ML BIELSRIT 61 H o
1.4 MEIEFR

(D) PRIT 3%« 3k #3 ADQI ikt 2~ 3 4
GO , W W PRI 450 ) 5 v e R ) b % Mo A RCh R
ADQI 5 it 1A, W W DRI 550 0 5 iy e IR A
TR s TCRCH ADQI Z3 2 JC 35 B RIS, IR R X 550
JiE v R TCHGE SN E" . A RHOR (%) = (B35 +
G H ) /A5 B X 100% . (2) A A AR AF + LA %R
GA40E BU.0> B Z2 S0 W 3 3G 1 28 35 VR 7 10 W 4
JE &P E M HR. (3) 0T EE : LAPE[]F ACUSON X700
TR (0, Z2 5§y 7 12 W {SG 3t R 35 VA YT TS A9 LVEF
O F tH 7= (cardiac output, CO) | &£ & W 45 7K N 4% (left
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ventricular end-systolic diameter, LVESD) . ZE & &7 5Kk A N
4% (left ventricular end-diastolic diameter, LVEDD) ., (4)
O TSR AR ) < VAT IS 23 R R IO A bk I 4
mL, B0 15 min J5 58 BT , SR HBEK 5o 758 W B 18 55
(enzyme-linked immunosorbent assay, ELISA ) il %2 Ifil 14
G A it i K1) 4 K 1T 1A (N-terminal pro-B-type natriuretic
peptide, NT-proBNP) . i it Ji 125 (cancer antigen 125,
CA125) /Ko ARG &30 A iR AR A
RS ] (5) AAE BRI« 17 15 25 I b BURE 5  Jok . 4
mL, B0 15 min Ji5 B BUILTE , >R ELISA I 5E i SR 58
“F o (tumor necrosis factor-a, TNF-a) , 41 iE /- % 6
(interleukin-6,IL-6) . A # C 2 i #E H (hypersensitive C-
reactive protein, hs-CRP) /K-, #8151 & 34100 F /e 5t
FEAE R AR AT BR A F] . (6) 385 B AH A I : MHD
o B AR R B T R R Tk B sl EE A 20
mmHg (1 mmHg=0.133 kPa) m¥, & #% % % 90 mmHg A
T, 3T B0 kO R S 2 sl 10 mmHg, HRE R
AR AR DGHE AR , B PT2 W A g fir A AR M R . 3%
BT AH AL & A2 28 (9% ) = & A 32 AT A SARR IR 1) AR
HNE S X 100% . (T) 25 AN B BN < A 455 Ho, figk o
AL O Bhid g WO s GRS . AR IR
MR AR (%) = RGPS BRI )RR 1) B 1)
B X100% .
L5 FitEFHE

Jir A B iRk SPSS 22.0 ST G b T
B2 BLR FH Shapiro-Wilk 6 56 17 1E A MRG0 , AT A IE
A5 BBAE L M (Pas, Prs) 371, 411H] Ho #5R HIMann-
Whitney UK ; 776 IE 040 BOEE UL x + 5 7R, 2H 1]
FEECR ek i . THECTORE LGB A 43 L (%) FR
L] SR Y K. K7k i «=0.05,
2 #R
2.1 —MRER

PR M AR O BT I MR T 45 41 (body
mass index, BMI) . Ifil £I. i [ (hemoglobin, Hb) 7K F | [
& [1 (albumin, ALB) 7K °F- | Ifil. /R 2 & (blood urea nitro-
gen, BUN) & i | il LIF (serum creatinine, Scr) 7% & | /K
Z 15 B3 (urea reduction ratio, URR) . ADQI 73 &% . & K
9B 8 B B A L bR A B s S8 PR R PR 1T
(Acute Physiology and Chronic Health Evaluation,
APACHE I ) #F7r LLZ, 22 R R G5 8 X (P>
0.05), HAA AT Fb: , TRULER 1. AL A 2 5 f & DR e vk
BLAIRITIR INBFY , 2 B i A AR IR YT il B P T, 3 il it
TRVT, A 53 B ARG X A A 1) 18
H N TCIERL A iR IR AT, 3 il R B AE YR YT L R b Ak
T2, 5 B R T, e 51 B E AL .
2.2 IGKRFFEL

WL H 2 A RCR N 92.45% , i 35 18 T 0 REZH 1)
76.47%(P<<0.05), Z5HWFE2,

TEZG; 202545 36 4 1Y

x1 WAHABEE MBI (n=60)
L L 5 Bl BMIGEs)  Hb(xts)  ALB(vts) BUN(vts)
Boh Gy G (k) (gL) (gLl)  (mmolL)

4

MR 35 25 5086+1108 2655%10.89 23.16+2.08 10258+12.62 35254985 31.28£7.17
WA 38 20 33341051 8271308 2474223 1048941108 3642£1172 3063£8.12
_ ADQUA B BAKI BRI .
i Ser(xts)/ URR QU Iﬁgﬁ?;%ﬁgﬁfﬁm APACHE [
A -\ i KR Rl _
(moll)  (ts)% 3R INR 4R 4NR gk . b AGEs
T4 95355421736 7067+503 12 13 20 15 24 16 10 10 173475
WA 9185142964 71163495 14 15 18 13 22 15 1310 1688512
F2 MWABERRKITHILE
413 [ O T T v L e L % P
B4 1 1 n 12 4
T;ﬁ ) ! 1647 5100 0030
Wi 53 n 7 4 9245

2.3 HEMEME

IRITRT, UL BB B4 e AT 9K JHR FbE, 2 5%
WG T3 L (P>0.05) . IRI7 5, P4 B B U4
JE EF kR CHR S8R AT E PR (P<<0.05) , HWEE
ZH R E DY HR SE T X IR (P<<0.05) s (HP 4 & 1
Wk BT SR LR, 22 R B R giFE E X(P>0.05) .
L3,

=3 WAEREFBTHEEMEFMELR(x£s)
P I Ll W L —

TR g TR IR g IR

FRAL S 1617511187 1528241078 91.25+10.29 82.62+11.05* 103.55+15.07 91.74+14.02*
WEA 53 1584441263 149.6212.02 89.77£9.86 80.64%10.15 10538+13.94 75.62%1085°

a: 5 [FZAYTHTLLEE, P<0.05;b: 5iRY7 E X BRA LL s, P<<0.05,
2.4 ILIhEE

YRYTHT, B 4H B 19 LVEF .CO . LVESD .LVEDD [t,
5, BRI G I FE L (P>0.05), 1675, M4 R H
) LVEF . CO ¥J#¢ /Y7 i i % $2 % , LVESD \LVEDD ¥J
BRI B W /N (P<<0.05) 5 HWZE4H #3419 LVEF
CO ¥ 5 2 5 T-XF BB 4H , LVESD . LVEDD ¥ i /N T %}
HAZH (P<<0.05)., ZhH L4,

x4 WABRFBTHEOINEELLR (xts)
LVEF/% LVESD/mm LVEDD/mm CO/(L/min)
W OBEE BEH MR W WTE W iR

WA ST 3552400 M5T607 41272208 0421199 49001237 41331255 257H054 324067
WA 53 34102507 49864577 40883235 3765:226° 48791240 45561233 2602076 365072

a: SRR T, P<0.05;b: 5IAYT IR A IRLL 4, P<0.05.

2.5 IDHRIBHEXIEEY

JAYTHT , W2 H 3% 09 1135 NT-proBNP . CA 125 7K F-
L, 2 T G243 L (P>0.05) . &7 )G, 4L
H LTS NT-proBNP . CA 125 7K V- S48 1697 Hi i3 T I
(P<<0.05) ; HWRZL ] £ 45 (1 ML 7 NT-proBNP ,CA125 7K
S5 B T IR AL (P<<0.05) . ZE I35,
2.6 REETF

YRITH, W24 H 3 B0 ML T TNF-o \ JL-6 . hs-CRP 7K F-
i, 2R G2 L (P>0.05), iGIT)E, I4LR
F Y 1L 7 TNF-o IL-6 . hs-CRP /K - 8EI P T B T
[%(P<<0.05) ; HWELH -5 A I TNF-o IL-6 \hs-CRP
TRV 3 T B ZH (P<<0.05), 4536,
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(x+s)
. y NT-proBNP/(ng/L) CAI25/(UfmL)
gy L k. i e
TR W il il
W 5L 990883:21S564  525829+173493F TSI 2562874
WEE 53 92685198793 3IBETILIA9S® 682106 1685678

a: 5FEIRITHT A, P<0.05;b: 5iRY7E Xt I Hhik , P<<0.05,
x6 FWHEBEBERTHERERFKELRE(xLs)
al TNF-u/(mg/L) ‘IL-()/‘(ng/L) hé-CRP/( mglL)

g} R i} il i} W
ML 51 35794574 245514860 2369614097 1659542772 4476%774 31554628
MR 53 34484608 1876%5.00% 2405414548 8826%3098° 4529+8.00 19.78+557*

a: 5IRILLAYT AT AR, P<0.05;b: 5IAYT R A BELL HLEE , P<<0.05.
2.7 EMHEXEMLE

W5 41 8 35 10385 A A G UL e & 2B 365 20.75%
(11/53), B TR IRZHA 41.18%(21/51) , 2 RAH 4 it
2F 7 X (y'=5.088,P=0.033),
2.8 HYARKMN

TG b AR R B ™ 25 AN R RO T TR
I & o N R L A SR A A 20 AN B RN R & A R 4y
TR 7.84% . 11.32% , 22 S LG TFE L (Y =0.362, P=
0.742), ZERWERT,
Fx7 WARFETHEAGYARKNEEFRILE
nER LIRS ORES HOW

il ¥ B 2

B e W W W g PR X0
JORGE | 2 1 1 0 0 784 G0 00
WeEy 5 1 2 1 1 | 1132 ' '

3 ittt

PP AR B A ) 24 LA 2 L DT A A T B
AR )4 B FmaE , 28R shVE s Ak iy 1 Tt
] , Fe 28 R HR /DO IURE SRR VE T, X0
S O NG T RO U s T Tesg ™, Foe & B,
MNYHA 23200 T, T 4% /Y CHF 34 % 8 HR KT 70
YK /min B, B 32 1A BT 7036 DA A B T i eI AR
HIFERERY . MHD (85 BA 25 ol 0y St
PR R PRIR IMLAE (BT B TR R B 3R - ik 3 -
g [T ) 2 490 s K 0 i Bk R 2 5 TR 2R T A s R A K
SRR O EAY OB R, 1 CHF 3 CO /Y TR
AL — A ek 0 B T a3 T TR BB PEE # . MHD
] 3 CHF A 2R 11 B BB 3 BIR 7 SR B 72 TR P
FRAE TR, FRARAR RO A R & AR, A &
FE B AN R 240 (028 PAS0 3A4 BRI, R
HEME AR T 209", XFF B DI REIE 7 5k & D) g pest o,
I PR R 22 A PE AR, , MHD 28 24 A5 75 5 7Y
FI IR DI IE & — B LRGSR AR
1A A FH A2 32 M AR 2 B 3 BT RS I LA /N B T
FREF Z R R g, GHRAG 5 e B IR 1 h 5 A9 I
2 i RV AT IR BWEAE , A3 R0 10 0 11 h 22 4y, [l
O3 TR, AL G IR 17 B I ) P IR B X s
M 5e /N BRI, MHD 39 8] 45 9 CHF B 2K 3 s 7
AT B 14 7 vk 5 B4l CHF J 14l ik
AR, JCis A 77 A
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i 2 HR 5 CHF il J5 &2 i 3% A0 5S¢ , IR e 4% il HR
JE VAT MHD ] 7] 4 9% CHF 19 & R 1] S i 2 H
BRI S5 R B, 6 BRAL B 16097 5 1 HR AT A
FERE R KT AR AL B AT A 1Y HR B3I X0 IR AL,
T T 4 R R T I WA TR R 7 ik T 22 S B G 24
S KA UL R PR TR B B 32 AR A R AIG AR
H HR R 8 R, A 500 F B 2 AR 7, akA
CIRR s T (1WA A Ny NP 2 5 ke e i Bu R S By d T A
HR A 25 B O WURE S, BP9 B L 125 ] i 35
BRAT LR B bk S5 RS AB A FR A 0O LB Il Bl S PR A
PRI WL e s 2 0 M R W Al , it O LA R rh
BGOSR O WA I AE M 220 By o058 8] iR 4T
He Ak, [ B IF AN 2 xb 0 WL e g = A= g ™, HR 1 R
IR AT 0 28 67 5K FE BB SE K | 2 ol A Pl H o i
FHEE . AR R WYL B E 1A YT )5 U LVEF
CO ¥ & & T X840 , LVESD \LVEDD ¥ i /N T-%f
HEA, B0 AT B e B RO 3 v Ry T O 6]
1B 3E 3 MHD W64 3 CHF B2 A B 5 B 3 9.0 3
A8, MG A D E

NT-proBNP J& 700 & Wi i b i) , 742 CHF
& i S WS ARG, 25 7K NT-proBNP Fi 7R il 5 A
KM, I3 NT-proBNP /K - (520 [R 48 &, INAE 5
D SR 5 . AR SR TR e IR L R
LT NT-proBNP /K V-l 3 R, X 0l g 5 % L Y Be
M3 CHR FEARSE R R B VI C . CAL125 & —Fh 2Ll Zh
FEAMHEAZAY , ATV R P HIE bR ED , IR
55 CHF ()9 1 % V1A 56 o WF5% /R, CHF & 5k
CHF A4 I 1E CA125 /K257 8%, H CA125 K V-5
NYHA 434 i B 240 M52 e 6 s B e 22 S B AR G,
Hon /5 0 5 B CHF HRg T il S J (R R, AT
FREER R, WE Y B #1675 19 NT-proBNP . CA125
IR KT IR, 5 Ordu S5 5 25 SR AR B o

MHD B & KA F i g iR A, vl 808006 5
TR LT AN A R RIS 2 M I R . B9
NSRRI 22 Y CHF | i B 2k 0 ey 45 8 R 4
A 4 21458 TNF-o, IL-6 . hs-CRP 45 % it [ F 1 S 19 %
JiE N, I EE O LA i 1) A& PR S A o
RN, A B T e 2 R A O WSS 0 ) 5
iy FR 3 1 TNF-o B0 S8 AL P I S hs-CRP ZKF-, k4% R
E SR, 03 DI RE . AT SR BN AR
HVRYT G IS TNF-o, IL-6 . hs-CRP 7K -3 i 2% T
X 2, 3k 14 BH B (A B T B IR MHD ] 45 9 CHF
A 2 R 3 B o B 1R R IE K -, 1E T AE 28 SE A R TR
R,

75 M AR A I S MHD 3 WL &5 | A9 241K 1fi
SR ENTARCR , P B AT R A BEAR SR K
SEEAEBERT R, B BT AE AR M P S ML B2 4
SRR 2R TR CHR T 0 F B B W4 e 7 s
1 e 28 3t AR L0 ZE ET 7K ) RE R A 4 PR 28 A O
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25 G E TR X MRS L R85 A R A 805 W 3 1
FxF A4, 1 LB AL X MHD ] [6] 4 9 CHF A9 K115
P S, SR R K AP e A1 B RIS — 7 Il PR
g B[R, 22 et R

25 LA, P A 7R E AT 2 G MHD 1] & JF

CHF (2 AR B 8 1.0 D RE il o= 9, N

5 L7 NT-proBNP . CA125 /K - , IR ALAA 46 5iE /K °F-

A BT AR SAR LR A A 38 I R ACR .38 B e R

U SRMIABEFEREA BN 077 AW, DA 7

7EXT MHD H[H]5 91 CHF B2 A B s £8 5 A 16 i o
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