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Abstract  Objective: The study was performed to evaluate the effect of estimated plasma volume status

(ePVS) on the prognosis of patients with heart failure(HF). Methods: A total of 1448 patients with HF hospital-
ized in the Department of Cardiology, Affiliated Drum Tower Hospital, Medical School of Nanjing University
from September 2010 to May 2019 were selected. We calculated ePVS at admission using the Duarte formula, de-
rived from hemoglobin and hematocrit ratios. The patients were divided into two groups according to the median
of ePVS. The association between ePVS and 1-year and 5-year cardiovascular mortality and incidence of major ad-
verse cardiovascular events(MACE) were assessed. Results: There were statistically significant differences in 1-
year and 5-year cardiovascular mortality between the low ePVS group and the high ePVS group(3.4% vs 8.3%.,
P<C0.001; 8.4% vs 16.5%, P<C0.001), the incidence of 1-year and 5-year major adverse cardiovascular events
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in the high ePVS group were higher than those in the low ePVS group(37.1% vs 29.8%, P=0.004; 66.4% vs
54.8%, P<C0.001). On multivariable Cox analysis, after adjusting for potential confounders, higher ePVS re-

mained significantly associated with increased rate of cardiovascular death(HR: 1.085, 95%CI: 1.004—1.172,
P =0.039) and incidence of MACE(HR: 1. 0516, 95%CI: 1.013—1.092, P=0.009). Conclusion: With the in-

crease of ePVS, the incidence of cardiovascular death and MACE in patients with HF increased significantly. The

current study strengthened the evidence that ePVS had important prognostic value in patients with HF.
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®1 WMABREELRABLER

Table 1 Baseline clinical characteristics B %) s M(Pys s Prs)

ePVS 441
i H MR (1448 1) — P14
cPVS R4 (728 #])  ePVS B {ELH (720 )

E/ % 74(64,81) 71(60,78) 77(68.83) <20. 001
Eegc 619(42.75) 222(30.51) 397(55. 14) <0. 001
BMI/(kg » m %) 24.00(22.00,25.00) 24.24(22.71,26. 26) 23.87(21.74,24. 44) <<0. 001
A B KA/ d 11(8,15) 10(7,14) 12(8,17) <<0. 001
W2 4 328(22.65) 202(27.75) 126(17.50) <0. 001
R 155(10. 70) 109(14. 97) 46(6.39) <£0. 001
RN 546(37.71) 260(35.71) 286(39.72) 0.116
o 235(16. 20) 106(14. 60) 129(17.90) 0.083
O L 385(26.59) 202(23.75) 183(25. 42) 0.316
AL LA BE s 202(13.95) 86(11.81) 116(16. 11) 0.018
PCI/CABG % 263(18.16) 117(16.07) 146(20. 28) 0.038
AR AL 226(15.61) 104(14.29) 122(16. 94) 0.163
i 1M e 970(66. 99) 479(65. 80) 491(68.19) 0.332
i PR 9 456(31.49) 185(25.41) 271(37.63) <<0. 001
1L G B3 719(49. 65) 361(49.59) 358(49.72) 0. 959
ArhEg TIA 341(23.55) 154(21.15) 187(25.97) 0.031
B REA 4 261(18.02) 68(9. 34) 193(26. 81) <£0. 001
NYHACI /) 1142(78.87) 570(78.30) 572(79.44) 0.593
W4 'K / mmHg” 131(116,148) 130(117,147) 132(116,149) 0.571
&7 5k i /mmHg 76(66,86) 79(69,88) 72(64,82) <0. 001
/(K » min D) 78(68.91) 78(68.92) 78(67.90) 0. 050
WLEF/ (emol + 171 83(67,109) 81(66,98) 89(68,127) <<0. 001
148/ (mmol « L™1) 4.00(3.70,4.30) 3.92(3.64,4.21) 3.99(3.73,4.35) <<0. 001
144/ (mmol « L™1) 141.0(138.0,143.0) 141.0(138.3,142.9) 141.0(137.8,143. 1) 0.715
BHE B/ (mmol « L™ 3.60(3.00.4.40) 3.82(3.18,4.49) 3.43(2.83.4.16) <<0. 001
HiM=E/(mmol « L) 1.00(0. 80,1. 50) 1.12(0.81,1.57) 1.00€0.72,1. 36) <0. 001
LDL/(mmol « L™1) 1.9(1.5,2.5) 2.07(1.63,2.65) 1.73(1.31,2.28) <<0. 001
HDL/(mmol +« L™1) 1.0€0.8,1.2) 0.98(0.79,1.2) 0.94(0.76,1.18) 0.077
PRI/ (pmol « L°1) 428(337,539) 433(350,546) 420(323,535) 0.026
BNP/(pg *+ mL 1) 449(189,922) 416(169,847) 504(213,1055) <20. 001
HB/(g+ L") 128(112,139) 139(133,149) 112(98,121) <<0. 001
HCT/ % 38.0(34.0,41.0) 40. 8(38.8,42.7) 34.6(31.0,36.8) <<0. 001
ePVS/(mL + g1 4.90(4.30,5.80) 4.25(3.89,4.56) 5.79(5.24,7.01) <<0. 001
LVDd/em 5.60(5.10,6.30) 5.75(5.13,6.50) 5.50(5.00,6.05) <<0. 001
LVDs/cm 4.40(3.60,4.90) 4.39(3.75,5.14) 4.15(3.56,4.60) <<0. 001
LAD/cm 4.80(4.40,5.30) 4.80(4.39,5.30) 4.80(4.34,5.30) 0. 986
Jiti 2l fik F / mmHg 42(35,50) 40(35,50) 43(35,51) 0.001
LVEF/% 45(36,54) 43(33,53) 48(40,55) <<0. 001
B 52 % BHL s 741 952(65.75) 508(69. 78) 444(61.67) 0. 001
CCB 301(20.79) 121(16. 62) 180(25. 00) <20. 001
ACEI/ARB 636(43.92) 338(46.43) 298(41.39) 0.053
R 5 1123(77.56) 560(76.92) 563(78.19) 0.562
I [3] i 32 A 475 40 771 841(58.08) 460(63.19) 381(52.92) <0.001
bEc: Iy 282(19. 48) 154(21. 15) 128(17.78) 0.105
B /MR 2 693(47. 86) 317(43.54) 376(52.22) 0.001
B EEZ 410(28.31) 235(32. 28) 175(24. 31) 0.001
7T 2 757(52. 28) 377(51.79) 380(52.78) 0.706

1 BMI AR 15 500 TIA - 5 B 1 o B i % 4 ; LDL X% FE R & 1 HDL. = % B 5 8 A LVDd: 22 = &7 5k K W 125

LVDs: ZEE WA R MNAZ; LAD: £ 5 M 7% ;21 mmHg=0. 133 kPa,
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Table 2 End event occurrence %)
1 -
e 1 - -
ePVS ik fH 41 ePVS B H 4] P 1A ePVS ik fH 41 ePVS E 4] P fg
MACE 217(29.8) 267(37.1) 0. 004 399(54. 8) 478(66.4) <0. 001
O L FET 25(3.4) 60(8.3) <0. 001 61(8.4) 119(16.5) <0. 001
L WLEE BE 8(1. 1) 11(1.5) 0.473 19(2.6) 23(3.2) 0.508
IRESE ] 17(2.3) 19(2. 6) 0.711 35(4.8) 47(6.5) 0.157
LI e A 147(20. 2) 151(21. 0) 0.714 217(29. 8) 235(32.6) 0. 245
A B i A 2002.7) 26(3.6) 0. 349 67(9.2) 54(7.5) 0.242
15 50
— ePVS>4.86 mL/g — ePVS>4.86 mL/g
— ePVS=<4.86 mL/g 4 — ePVS=<4.86 mL/g
e 0
ﬁ 10 o
® 5 30F
i B
i H
i R
2 8 20
<
2
10+
ok Logrank P<0.001 ok Logrank P=0.004
| | | | | | J | | | | | | J
0 2 4 6 8 10 12 0 2 4 6 8 10 12
at risk Rai7 Bt 18/ A at risk Rais Bt 18/ A
— 728 716 714 713 710 706 703 — 728 659 609 577 554 537 511
— 720 695 685 678 669 663 660 — 720 628 583 543 511 476 453

a: DB ST K EF ;b MACE £4: %,

B2 FEiF1ERARE ePVS HEOMEFE T MACE £ £

Figure 2 Kaplan-Meier curves in incidence of cardiovascular death and MACE in one year
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Figure 3 Kaplan-Meier curves in incidence of cardiovascular death and MACE in five year
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x®3 DOMEETH Cox EAEE
Table 3 Cox regression analysis of cardiovascular death
HR 95%CI P4 HR 95%CI P4
ePVSCEH#E N 1mL/g) 1.151 1.089~1.216 <<0. 001 1.085 1.004~1.172 0. 039
PEB (M 0. 961 0.716~1. 290 0.792
W2 A 0.912 0.633~1.315 0. 662 — — —
R 0.693 0.386~1. 246 0. 220 — — —
AR (RIS 1 %) 1. 036 1.021~1.051 <0.001 1.032 1.016~1.048  <C0.001
BMICE#0 1 kg/m*) 0.928 0.887~0.970 0.001 — — —
&k R CRERE TN 1 mmHg) 0. 980 0.970~0. 990 <<0. 001 — — —
W4 R (BN 1 mmHg) 0.993 0.987~0.999 0.034 — — —
LRI 10 ¥/ min) 1. 007 1.000~1. 014 0.063 1. 009 1.001~1.017 0.022
LVEFCEZ#m 1%) 0.983 0.970~0. 997 0. 020 — — —
Jili sf bk & RS 1 mmHg) 1.020 1.011~1.030 <20. 001 — — —
I U CEE3E N 1 pmol /1) 1.002 1.001~1.002 <0. 001 — — —
PRIR (EEHE N 1 pmol/L) 1. 002 1.002~1.003 <0.001 1.002 1.001~1.002 0.001
BNP (&30 100 pg/mL) 1. 049 1.038~1.061 <0. 001 1. 036 1.021~1.052 <<0. 001
NYHACI/IV) 2.257 1.477~3.450 <0. 001 — — —
50 95 1.220 0.905~1. 644 0.193 — — —
A JILARE BB 5 S 2.291 1.630~3.220 <£0. 001 2. 037 1.388~2.991 0. 000
[=RUNES 1. 047 0.764~1.435 0.776 — — —
WE IR 1.465 1.086~1.977 0.013 1.422 1.031~1.962 0. 032
i 3 B B 1.096 0.817~1.470 0. 542 — — —
B A2 {% BEL s 741 0.565 0.422~0.757 <<0. 001 0.529 0.384~0.729  <C0.001
CCB 0. 854 0.593~1. 231 0. 399 — — —
ACEI/ARB 0. 537 0.395~0. 731 <20. 001 0. 664 0.479~0. 921 0.014
Vsl 1.424 0.980~2.069 0.064 — — —
2 [ i 52 K 5 i 0 1.110 0.825~1.492 0.491 — — —
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MACE (/£ ] & Cox [\ )3 5 #r 45 5 B R .
ePVS. 4E#% LVEF . Jili 8 ik F . JR 2 . BNP.NYHA
I/ IV % .0 ILAE BE 55 52 L B% PR 5 9 MACE [ b 57
I L ] ACEI/ARB F&{% MACE %& 4 KUK
16. 9% . TEULZR 4,

2.5 ePVS 54 /RFEMAY Cox A AR

AWFFEBR T K ePVS 1 % 2k M 48 i gt 37
Cox [B] T4 #Y, [6] B}t %5 ePVS 4% BE K [6] 1Y 43 5

{B . DA 2570 B UEAT AL, BT A ePV'S B T 47 {8
AR EEELLT 3 53 FfH: ePVS %L 4. 86
mL/g.ePVS 5.0 i M58 T-/F ROC il £k 48 11
e fEr B 4. 79 mL/g.ePVS 5 MACE /£ ROC
Mk & A e LM 4. 61 mL/g. &5 R BoR
ePVS J& 0 il B M FE T /) R 4w A . 2
MACE 45 i w0 H 7, WL 5.,

& 4 MACE iy Cox [o] |3 #&2Y
Table 4 Cox regression analysis of MACE

22 R ZHE

HR 95%CI P {H HR 95%CI P {H
ePVSUEH N 1ml/g) 1.084 1.051~1.118 <20. 001 1.052 1.013~1.092 0. 009
P (LoD 1.027 0.899~1.173 0. 700 — — —
W i s 0. 900 0.764~1.060 0.208 — — —
R S 0.910 0.723~1.147 0.426 — — —
R BRI 1 %) 1.018 1.013~1.024 <0. 001 1.019 1.012~1.026 <C0. 001
BMICAEE# M 1kg/m*) 0.996 0.977~1.014 0. 648 — — —
&3k FE CRERE N 1lmmHg) 0. 994 0.989~0. 999 0.014
Wi e (R3S 1mmHg) 0.999 0.997~1.002 0.671 — — —
LR 1R /53 1.003 0.999~1. 006 0. 100 — — —
LVEF(E4 i 1%) 0.984 0.978~0.990 <0. 001 0. 985 0.977~0.993  <C0.001
fili 2 ok Fe (BE34 i 1mmHg) 1.015 1.010~1. 020 <0. 001 1.010 1.004~1.015 0. 001
M JUEF RS 1 pmol/L) 1. 001 1.001~1.001 <<0. 001
JRER CHE3E M 1 pemol/L) 1. 001 1.001~1.002 <<0. 001 1. 001 1.000~1. 001 0.011
BNPCH:H#E T 100 pg/mD) 1.027 1.020~1.034 <<0. 001 1.012 1.004~1.020 0. 005
NYHAC /IV) 1.787 1.503~2.124 <<0. 001 1.333 1.108~1. 605 0. 002
509 1.213 1.059~1. 390 0. 005 — — —
SR 1. 543 1.289~1.848 <£0. 001 1.314 1.058~1.630 0.013
[N 1. 082 0.938~1. 249 0. 281 — — —
Wi PR 9 1.326 1.154~1.524 <<0. 001 1.214 1.049~1. 405 0. 009
s Bl 1.262 1.105—1. 441 <<0. 001 — — —
B 5% fA BH i 71 0. 968 0.844~1.111 0. 647 — — —
CCB 0.972 0.828~1. 141 0.728 — — —
ACEI/ARB 0.762 0.666~0. 872 <20. 001 0. 831 0.723~0.956 0. 009
FIIR A 1. 350 1.146~1.590 <<0. 001 — — —
R [T i 52 1K 5 i 0 1.113 0.973~1.273 0.118 — — —

x5 PVSEZEFEMHM Cox BAZEER
Table 5 Cox regression analysis of ePVS for outcome
22 O I BB T MACE
HR 95%CI P HR 95%CI P14

ePVSGif 22425 1) 1.151 1.089~1.216  <C0.001 1. 084 1.051~1.118  <C0.001
ePVS(=>4.86 mL/g vs <<4.86 mL/g)  2.051 1.506~2.792  <C0.001 1.284 1.124~1.467  <C0.001
ePVS(=4.79 mL/g vs <<4.79 mL/g)  2.292 1.657~3.170  <<0.001 1.308 1.143~1.496  <C0.001
ePVS(=4.61 mL/g vs <<4.61 mL/g)  2.102 1.496~2.953  <C0.001 1.374 1.195~1.580  <C0.001
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