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Abstract

Objective: Analyzing risk factors for the development of hypoproteinemia in patients after heart
valve replacement (HVR). Methods: A retrospective analysis of 449 patients who underwent heart
valve replacement surgery at the Department of Cardiovascular Surgery, Affiliated Hospital of
Qingdao University, from 1 January 2021 to 31 December 2022, including 229 males and 220 fe-
males aged 16~92 years old. The clinical data of the patients were collected, and they were divided
into a low-protein group (n = 184) and a control group (n = 265) based on the level of albumin in
the postoperative period of 48 hours; single-factor and multifactorial logistic models were used to
analyse the risk factors for hypoproteinaemia and its warning model. Single-factor and multifactor
logistic regression analyses were used to summarise the risk factors for the occurrence of hypo-
proteinaemia after heart valve replacement, and a multifactor early warning model was con-
structed. Results: Among the 449 patients who underwent valve replacement surgery, there were
184 cases of postoperative hypoproteinaemia, and the univariate regression analysis was that di-
abetes mellitus, preoperative haemoglobin, albumin, prealbumin, time of extracorporeal circula-
tion, time of blocking, time of surgery, intraoperative bleeding volume, autologous blood refill vo-
lume, intraoperative colloid volume, and intraoperative infusion volume were related to the oc-
currence of hypoproteinaemia after heart valve replacement, and the preoperative albumin level,
extracorporeal circulation time, intraoperative bleeding volume, and fluid infusion volume were
independent risk factors for postoperative hypoproteinaemia after heart valve surgery. Conclu-
sion: Preoperative albumin level, duration of extracorporeal circulation, intraoperative bleeding,
and intraoperative fluid infusion are risk factors for hypoproteinaemia after heart valve replace-
ment.
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o HEE S JE 3 (H /D) 5 e ] — i 3 DL PR XL/ 000 5t A e B LA 00 A0 AN B 1 1 3 22 i[RI [ 1]
[2]. FARJG 3 HBUIRE A MR 2 3w AR S5 K 2 A KA TR o AHIT FUIE R0 A% r oo JE 5
B G B HEAT BUBE M, B AEPRIT O R R B A R R AR R A URE R R R, IR 7 e il
SE SR T AR T2 A YT B SRS LR AR R IR R 1 IUAE R A 3R, s B I R AT

2. #REFE
2.1 HIRMRKEHA

XF 2021 41 H 1 H & 2022 4 12 H 31 H T35 8RS BB O U8 SMEHT O I JIE 5 B 3 R 449
B F 3 AT U b, Ferr B 229 9, Lotk 220 5], 4EES 16~92 &, TI4ER4(60.84 £10.38) % . R
ARG 48 /NI N IME A A A4 R A EZ 184 ARG 48 /M IfyE A& H <35 g/L), 1IEH4A
265 N(ARJ5 48 /NETIE AL > 35 g/L). AT FE3R1S 1 & K22 B E IR B AS #E 2% 53 2 Lk S ite
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2.2. MNHERRFRE

MAFRE: © Fh > 14 %, AR @ SROYOIEIEN H A% TR © 1T 0AEREE
FAR WU L) -

HEsRbRE: © KRETEEA <359/L; @ HFARNAFEMRSMESS ™ HEGE; © GIFAITA.
AL B IhBEA L, BEME: @ FTEKERA; © —UREERTAR; © TANREFAREE.

2.3. MIRFG*E

23.1. FERE

P BB IRR TR, —BBDRMEAR MR 6. B m. AE. BMIREL. BRAE (RIS BERRw)-
ALV EIRF 2 (NYHA) O IIRE S R T 1 R B EFoRARMINAE . S % BRIIBOR: AR4MEH
IfIE) . FELWTIS ). TR A Hefietice . R, fmeE. AmEmeE. Rbshiidg, R
g, RfifiaE,; Scie =R sir. RefMaEn. aEa. waEa. . REaEA.

232 MBEFARER

P E VR ARG A BRI, RS IE P T, DM FR IS NI AR R 78 N il
NGB RACTERE 3 mg/kg, FARMFEHZRIBIN, WLl s AL Ae ML (7] 480~600 0, i#id T+ LBk & 1
R KR B AL AR SMIEIA AT TR, T EBIOGE B, PR MURRIRE 37°C, i k&
HAR AR, PR At i A ]

24. BIEFERZE

KH] SPSS23.0 Bt i, 1 Jext BORREEAT IEASYEATES & 75 2255 PR SG, THEBORMH AR A
WEATHRE, LA(X £ )RR THORER AL A f, (AR (R Ee) 37 o o B0 R 36 B e Ui
PRIZRREAT 2 K 3K — 72K Logistic [AIHEIRL T, P <0.05 A4t~ L.

3. &R
3.1 BEESH

3.1.1. RETHEH

PREALERE PR RATMLEA . AEA. iTEEAKTFEREG SR (P < 0.05), M a4
W, B, (RE. BMI RS, mE. UUEF. A0 ES(NYHA) D IHREDFORT 1| %, =475k
RIER S BEFE A B4t 3, WAE 1.

Table 1. One-way analysis of preoperative data

1 REIEBBRERSN

T H K& A 41(n = 184) 1EH 4 (n = 265) A 1l P
H 100 (54.3%) 129 (45.7%)
PEHI(n, %) 1.396 0.237
e 84 (48.7%) 136 (51.3%)
FER(R) 61.02 + 10.05 60.70 + 10.62 0.322 0.747
B Ei(n, %) 165.28 + 7.78 163.87 + 8.26 1.828 0.068
A EE(n, %) 66.80 + 11.23 65.83 + 10.70 0.914 0.316
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BMI (kg/m?) 24.40 +3.35 24.40 +3.79 -0.030 0.976
H 122 (66.3%) 180 (67.9%)
L (n, %) 0.129 0.719
v 62 (33.7%) 85 (32.1%)
H 141 (76.6%) 241 (90.9%)
HEIRIF (n, %) 17.524 <0.01
T 43 (23.4%) 24 (9.1%)
I %% 11 (6.0%) 16 (6.0%)
% 96 (52.2%) 111 (41.9%)
O IIRESF K (n, %) 5.550 0.136
2% 67 (36.4%) 114 (43.0%)
IV % 10 (5.4%) 24 (9.1%)
AR AT 2 H (g/L) 132.47 £19.08 137.43 £18.18 -2.789 0.006
ARATEERHA(@Q/L) 39.48 +4.70 41.04 £ 4.59 -3.499 <0.01
NGNS ST () 255.39 + 72.46 269.73 + 67.15 -2.155 0.032
A AT HLEF (umol/L) 75.66 + 63.05 66.42 + 24.51 1.890 0.06
7r B F R AR B N A% (cm) 5.10 +0.82 5.13 +0.86 -0.383 0.702
77 = 5 153 £ (%) 57.52 +7.33 56.84 + 8.53 0.882 0.378

3.1.2. RpFIARFHER

PIALLEASMIEPR IS (] FELBN R) . PRI AR, ARmEmeE. RhgidsE. Rfmi
BITHNZERAAGHER (P <0.05), MxfFARPmME. R giAE, RGFEHEREURETHERE

WA 2,

Table 2. Univariate analysis of perioperative data

2. EAHIS B E RS

T H AR (A 41(n = 184) 1EH 41 (n = 265) tl 14 P1A

A SMIEERES ] (min) 133.12 +52.78 113.99 + 54.24 3.710 <0.01
[ BT BT[] (min) 86.31 + 38.90 74.78 + 39.87 3.030 0.003
FARBF [A] (min) 275.59 + 85.55 246.63 + 79.47 3.680 <0.01
A H I & (ml) 723.91 + 270.55 636.60 + 236.09 3.540 <0.01
AR ¥ L & (ml) 423.80 + 479.26 401.26 + 437.83 0.516 0.606
ERzNINEL = (])] 608.59 + 238.54 545.17 + 235.20 2.793 0.005
AR g k& (ml) 694.73 + 290.29 655.40 + 278.21 1.447 0.149
AR A AR & (ml) 566.68 + 256.05 515.43 + 174.38 2.361 0.019
AR (ml) 1261.41 + 402.32 1166.68 + 332.28 2.631 0.009
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3.2. ZEFE =t Logistic EYA5 4

B R R T A Gt TR AR IR 2 R 2 logistic [51H, FRAZ D RATE T 41, 45
FUAARFT A EAKT . ARAMEIRE ] AR B SR A O SR A i A6 A P L E O T fE B R 3%
ERBGI R (P <0.05), W3,

Table 3. Multifactorial logistic regression analysis of hypoproteinaemia after HVR surgery

5= 3. LIEREE AR FRE A M % E 2 Logistic [EY3 94

fER R 2 B SE WaldX2 OR 95%Cl Pl
ArAEA 0.074 0.022 11.198 1.078 (1.031~1.124) 0.001
A HMIEER I [R] -0.005 0.002 5.680 0.995 (0.991~0.999) 0.017
A i -0.001 0.000 5.348 0.999 (0.998~1.000) 0.021
PSR T -0.001 0.000 5.257 0.999 (0.999~1.000) 0.022
W -0.575 0.972 0.350 0.554

4. g

IR (1 IRE 2 BRI A 5 WL AR S5 R ACRE, DA HOE Bon AR SR AR (A hE & A2 % 70%~80% [3],
3 = 25 D) i B 52 4R (Enhanced Recovery After Surgery, ERAS)H & (1) &, I 4F R A J5 A% 2 (A 1ML
I )R AR 2R IR T B, LA I SRR AR SR B 1 MURE 1 & A2 28 1E 27.74%~44.50% [4] [5]. ABFAAR G
A MR R AE# Y 40.98% . (O EHRAE B DL 2 O, T A AR R 1 IURE 1 = fe AN BE, — 0
g4\ 90 RN FIW FL I 252800 b o, LI AR VR EERE N % 10 o/L, ZET-ZRIENN 137%. 1ICU AAF I [H]
FEK: 28%. {EBEI A ZEK: 71%. FIEFFH R0 66% [6].

AW TR IART A AT R AR G 8 A URE RIS G R R 2 . 1 8 A i A e = B B A
BAGERMRRAARSER . HHRS I RKPE . afimer s, WEMBNR U e s 2
FIAEHIhRE. 240k, AEA—BEEIANE RS MEIE SR RIERS EW[7]. ARETEE AR
RIS S T R IS TR R AR RS IR - RATE A REFEREEELSAEARE R, Wan-H
Hu 25 N BB T R IS FRAN R B ARG AR B R TR, B R Te R AR 26 T s, ARG U@ i
AR FAR = A E R 5 R [8]. 7E— YN 54,215 44 5552 U lIE T AR 1) B3 A R 28 i s e O 4 7
WEFEN R DA P ] 8 R e YRR R IR 2R 5, R A I B 8 o R 28 APE T 2 () B s T s, ]I
AR LI F A REAR L T 4 S PR IE . Stk St . B RR AN T2 0 B L [9] . 55— TR 20 T
FUIZEAE M on 5 AR AT LT A KPR R B E A, B I% A 8 A ORE ROl R SR 5 R
ARJGHIRECGR L, B, BEH5E), H3 00 W 599 55 (1CU) B ]y 3 B i (] A4 S MG R TR][10] o
TESFHIEARIEOL T, A RIGARES R 518 8 8 A IUE 2 RS OCCR I, AR I B & F R B VPG AT AR
SN RFARL LA E B RAE F A BE . =284 L& Henry BM 55 ABIFFTIE SEAR 5 1ML & K
R B S5 RRT B8 A KE R PR IERSE[11] [12]. BEE A TSR A ME AR LK, ERAS B8 i
Joo BB BEARWIE IR R A SR E 2 —,  H AT PR Bt 30 6 A2 b BRI i o0 i 9 7R 5 4
HEAZ 8 72 B 7 £5-2002, X T & IR RGP > 3 B E NS TARATE F=T[13]. ARATSEEF#A
R, #EmEiiE A EEKTE, TR A SR A A LA .

PRAMEIES 8] I 2 S BOR J5 R AR S A IRE Y fE K 2 2 — . Berbel-Franco D %5 A\ FHH 5T &
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L, B A MR R A G 3 AR R L IURE 1 TR0 PR 2R [14] 0 3 A2 i T 7E AR A MG B3 B ) O
AR5 4 5 ROE [ N 4 S iE (systemic inflammatory response syndrome, SIRS). MLk %7 5 N T8 B %
T i P AR . B R A T ARG EE SIRS KA REJR K . AEARIMEAR T AR, *MER T
J LB 0] KA G AR, SR R AR 71 &k, BN IASERE T-a (TNF-a). E/%-6
(IL-6). FI412-8 (IL-8) LA K I8 N 2 A= KKl 1 (vascular endothelial growth factor, VEGF)%% . Gessler P 25 A
WARKI, ARG IL-8 AKF-EASMERET ] 2 IEAE, ARAMEIRR R A G 5 5 I 9 RE RV [15]
i 2 40 M BT -~ 1L 3 1 N B 3R AT 5 A — S A &S B (inducible nitric oxide synthase, iNOS) )i &
T 2155 £L 0 ) e AL AT LA R T — A BU(NO) ot T LA S BB 7 0 » INOS 7 A2 K& Y
NO [16]. TE—BUKRIIWTFFH, TNF-a fl—% A A G HE(INOS) 25 19 I 4 & i s vk, 5 Sl i 2 bt
BT RERRRT, S KSR, S EZH[17]. INOS ATAER NO Z 5 SRR B AR Fd AR, 7 S M
kA EE RGN, WA T I R TAE, G TR R, ARARHBHLK, BB
EBIRGAME, SEULE A MAE[16]. {H Tassani P 2 OB S A SCFEBNAE ) LR SME I 5 B 40 I 12 TR
B [18] . BEWL AU L, A fyiE— I SR .

IeAh, FAROG G T BT BN ECIRES , BRI B - T - B IR R 5 il DA i
PE - 22K -5 RIREE O, BRSO E N IR, (A NUARCEE n[19]. FFEE SRR T AR R
PEHIER E1(C MR EAE) IZBi R g (fMA. S 3kEm), Fa&aasmb, F8URE A ME20].

AR 2 5 BOR G IR E FURE =& — NEG IR SE B b T2 M R B, B8 K BT AR () A
PRI AV DL RO B AR JE IR M HE RS . 76 T AR FE o dE R e ANHSNREVE, a8 75 2 ) i
HENAN R, BRI, BAEBRRP RN, HIEFEMZE R SRR IS B0k .
SR, S B AR AR b RV, 2 S EUERRE, T Sk MR R R EE TR, TR A LE
B2 FARWGIT ORISR B RO ZE, AIROTIREA S, SIgMO NE SRR, WA E
o Z B mE R R, FECOIER DRI, L N EAER I, SRR R AR FIR, 4L
W2 B FAROMGERIEG, PR MR IERE T, 8RB N P R AT . 20 I 52 1 1
I, FEBG DX S DR S RIS RN, S HAE SR A B B RIB H, K& MR ()R
W A A DRI RRANGE” , BY “E8 =R BRSON ” [21], RIABARN KT &M@t 1A &,
NI 5 BOR R AR B L [22] o AR TT B AR L3730 0 53047 & BRI, LRIEA R ARG T
[23]. CAWFFIESEAE ) LB O P B AL FF AR w5 PR 8 4 AF B AT DAk Ak S MG 0 1 [ FR 2R 1 2 4% B 14K
gy, HEEE MR S) 11255 50[24] . AMAREEFIE R 4HMIR T RERURAR, DL SN F7 2 il ik 1 5
FEIX LG B F R SR [25] 0 X 8855 Ab W] RETE ) LR N B e K T3 S2 I8 B 1 el FkFE A 1) o i vy, ol
Tob R A 1) 200 B RORS B 23 PRI 2R 5 AR R I PR AR B4 4H 5 [26]

ARk I & [E AR AR AR ML ST G R R 2%, AR AR K2 60%I1) 18 40 A0 T I 1 1 28 a4
5T, FIR 40%AL T MEN[27]. RPMBEEREZL, KA EEEAKTFEIC MAHXFTRYE, kil
it 200 ml, ARSI FIE A& AR 2R B RGN [28] . IR A 5T UE S 2 I /A B R AR S AR 1 IfURE AR Bk ST 6
KRR [29], 5AM AT ISR 8. Rl FEWREANRE, —FHEENNAEAREIERE, 55—
THI AT B L/ 2 S AN /R A R[30] A AR EAFE MK (5 Eh 2 50%, (HILENTTHR T £ 75% AR 7518
[31]. ARRERM, SEATEEAL, N ONEMETFRAERIMER KM T 3T, Mo/ fHE
VEVET,  RETTAR A ML A B A SR TR A B 2 W - R A SR S )= (endothelial glycocalyx layer,
EGL), M @iEmsgm, SHAEAmA[R2]. MEEFHARMARE, IARTFREAF T HAW K
J& A IR T A AR . a0, BB TR (B AR FINLES A4 B F-AR) mT Lhysk s> 2H 27
B FIME ST, AT FRARA L XU . e4h, miE R RS BT AR A AN M5 P & 25 S5 AR
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TR A BT FARP R M. HUG 7870 AR RTHE R T AR i 200 2. XA
SR B RO S 29 R DU SEIR AR A A R . 0 T I XS R, R ITREGE 4 i il
W75 28 it (e R B L PR L /IR B BT R 245 T ) T DU RO R TR P i b XS o B4, 7R T
AR AT b 22 0 AN F50 AT DA IS R I I A B L L () o 3045 U0 M U R AR A AR L I
eI D BEAT T AR DA MAE AL, IFAR IS 75 28 S RO B8 I, A B AR SS nkab i, {3 A
b 24, LR ORRE R AR Y I

5. &

Zr LR, AR AR U 3 A R 9 KRR 28 TR 7R TG LA N B B B se B e Ok, IV i 5
PERE N, ERAEARL, PURNER NSRS FEAUAAREE N, AEAE > FHik, fmmEa
ARATPEAG, B B B IRIRES, AR MR sl /2 I, MR 45 R e i, Sk, AR
AR didi, b RRERIE, A AT B R (R A B A AR A

SE
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