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ABSTRACT

KEY WORDS

Objective: Spontaneous bacterial peritonitis (SBP) is a common complication of liver
failure and is associated with high mortality. This study aims to identify factors associated
with the effectiveness of antimicrobial therapy in patients with liver failure complicated by
SBP, thereby providing clinical evidence for individualized antibiotic selection.

Methods: In this retrospective study, the short-term antimicrobial treatment outcomes of
263 patients with liver failure complicated by SBP admitted to 2 tertiary teaching hospitals
in China between 2015 and 2021 were analyzed. According to the initial antimicrobial
regimen, patients were divided into three groups: the third-generation cephalosporin (TGC)
group, the PB-lactam/p-lactamase inhibitor combination group, and the carbapenem group.
Based on short-term treatment outcomes, patients were further classified into an
improvement group or a deterioration group. Baseline clinical characteristics (including
age, sex, and etiologies of liver failure), changes in laboratory parameters before and after
treatment (including complete blood count, liver function indices, and coagulation
parameters), and short-term treatment outcomes (improvement or deterioration) were
compared among the three antimicrobial treatment groups. Differences in baseline
laboratory parameters between the improvement and deterioration groups were also
analyzed. A binary Logistic regression model was established to identify independent
factors associated with treatment outcomes, followed by subgroup analyses. Receiver
operating characteristic (ROC) curve analysis was performed to evaluate the predictive
value of these factors, and the area under the curve (AUC) and model prediction accuracy
were calculated.

Results: A total of 263 patients were included, comprising 52 patients (19.8%) in the TGC
group, 138 patients (52.5%) in the B-lactam/B-lactamase inhibitor combination group, and
73 patients (27.8%) in the carbapenem group. No significant differences were observed
among the three groups regarding treatment outcomes or post-treatment biochemical
parameters (all P>0.05). Compared with the improvement group (172 patients, 65.4%), the
deterioration group (91 patients, 34.6%) had significantly higher levels of total bilirubin (P=
0.012), direct bilirubin (P=0.045), prothrombin time (PT) (P=0.015), and international
normalized ratio (INR) (P=0.044), as well as significantly lower hemoglobin
concentrations (P=0.009) and prothrombin activity (PTA) (P=0.034). Logistic regression
analysis demonstrated that hemoglobin concentration (OR=0.982, P=0.006) was an
independent protective factor for treatment efficacy, whereas prothrombin time (OR=1.051,
P=0.002) was an independent risk factor. The predictive model achieved an accuracy of
68.1% and an AUC of 0.651. Subgroup analysis showed that among patients with 30%<
PTA<40%, carbapenem therapy was associated with better treatment outcomes than other
antibiotic regimens.

Conclusion: PTA and hemoglobin concentration are important predictors of short-term
antimicrobial treatment outcomes in patients with liver failure complicated by SBP. Among
these, PTA may provide useful guidance for the rational selection of antibiotics in clinical

practice.

liver failure; spontaneous bacterial peritonitis; antimicrobial agents; treatment efficacy;
carbapenems; prothrombin activity; retrospective cohort study; antimicrobial stewardship;

treatment outcome; risk factors
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H & £ 40 W M I8 B & (spontaneous bacterial
peritonitis, SBP)J& /% 7 W H H 2 0Y If AE,
SR EURE TG IE T 0 B N 22—
SBP 1) [543 ok [ 1 38 40 B ) B 61 IR R R
U RS B B . . RORSER EE, I8
K B 5 45 A rh R ARG g SRR g UL A SR
ARBBEAE . MRTEHEMAE . MR . 2P
FRoJE LA EE R TR . A A K R A B TR e
SEM AR A 2R 3 40 3k 1A 3 (third-
generation cephalosporin, TGC). B- PN Bt i 28 bt 4k
35/~ PN I i T 1) 550 52 ) SR 7 R R S 2R
JT SBP & . SR, DA MITE IR 3 Fh 257 AL
225 Mo HYT R IR R . AR B TERE T DIhe
W4 IF SBP B H PR 25 W T AR fE R I ER
HAETEREE = fE R 2 R T AR ) 46 R T
SRS HE

| ARSI

1.1 {£IE AR

AHIEFE T ARAT g AR A = 8 B R AR P
POHEE(HT IS 2024-S029), WFSEAEE (bR F
FEEF) R, AR ST R OC A8 PN AR R
B, PR R BT AR TR AL B B 44 A SR, B R
AR WAL S5 R A5 B OB IS T A ST T ™
6 (R B00H 2 2 A8 BRAR R AN F AR LR it LA PRk
PAE o . AR S R R i RS AE B
(FS/al

1.2 %Y

Ml EPECAE 20154F 1 H 1 H & 2021412 H31 H
TR RAFMAE R B . WE — R B 4521697 10 263 14l
B2 Wi 1T 58385 9 SBP Y R B IR IRMS B, 145
1IN N 7Y P W S 110 3 G 104N 77 5 N 1
LM PrERIAM L], SNEAM . AR
B, BHLLER . HEBIHLAR | EAEAKE, &
161016 T35 311 (prothrombin activity, PTA). #EIfiL R
st 8] K [ Frps 1AL (B (international normalized ratio,
INR)S . FT A3 B3 7 A B J5 3 BV 32 2 I8 T 1 24
YIRAYY o BURIEE T 20 5 ABEE [ R aG PR
Wz PR ZYA IS 72 he

1.3 SNFOHERR AR

MARRME: DTS I3 I236 15 7 (2024 4F
W)Y RIS bR IE s 2)FF A SBP IR B
K RN 250 AN /mm?, AT SR PEAT I

KIEFRLE R R BAE; 3R EF>0.5 ng/mL, H AKX
PUILABFRAL G, s 4) ABERT 2 J N AR Z PR 254
BIT s SWIRPUREZYAIT R TGC., B-MIBE IS HT
A 2R/ B- PR Bk P i 11500 A2 T 3R i 7 B 25 20 )
B EAEUU] B E N 6)F 18y 18~75
AU HABE 72 h NiEAT TR E kA, H AR
#; 8) iR 3R G WIAT TR ZE I H]>72 h

HEBRPRUE: DA IFGPERE ; 2)8 4k R PERE R
MIUEHE 5 3)72 h NYRYT T 28 A8 8 5 HA BT 3 259
(hnvdspRmn e . B hrT . BURMEECS T 47
SBP AAEHT 1 M H WA AT ARL s SEARREA
FRHER; 6) A I A B IERE PR, LR
WE O SR 7) B ERR R

1.4 4y48

HRAE I IR e AT 25 W B JBE Iy 3 A
TGC 4. B- PN MM IS HT A 2R/B- A T i 41 ot 570 52 05
HIRZE . BRTTRIRIEA . T 3 T AL 22 52
TGC ALk AHAN . SkAIbEfs . Skquflune; B-rat
RIS HT A= Z2/B- PN ot i AT ot 590 52 75 77 4L 475 Sk fL R
Pl 7 L SEURITR 37 PG ARAL L CL 1L 5 Bl 77 R4 28 25 W
5 M B e VG AT RIS R R

MRABIFROG B E A 220 R ARALEH . X
2 B R PR R N R . TR ORI
fh R ARAR IR T RO A2, B AEIR T T 4R 72 h
JE K A L 2R TR R AR 25% ,  ELI PRAEAR
FARTECI A3 MRk MR . TR . b A ik
B, WOE SO FIFMABGEEA, R
e

1.5 it AbiE

K FH EpiData 3.1 {4 W 5 5 8 3 504l . SR
SPSS 26.0 Gt X B A T3 b o THECRERH (3
FAR ) AECR R F R, AR FLECRH AR, 45
221 [a] FL A Sk 86 P<0.05, D 3E—2% JH Bonferroni
AT 2 E . SRR T IES R, £F
BIES A R R A B bR 22 30K, 241
BRI ZR 5 22500 AF G IES i i o
BELAR AL R 1 9508k, 3 AR B)FRoR, £
2H He AR H Kruskal-Wallis #6555, 2 20 H#k FH Mann-
Whitney 5 .

K H Logistic [ = 57 V& 52 M BB 16 7T 7 2L [
R, WEBUNAR, JfRE s R S R SR R
SOt b, TR R T A A R SR A2 i R AR
FRAE 2T TR M2 T A, DADTAS 30 AE 7Y ) X 4y
M. P<0.05 AEFAGITFE X,
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248 R
2.1 AEHREETTAELRIFE
TENABIFER 263 Bl #H, B AKREH
(92.4%), BHEPOIAENR R 46.0 5 o FF 20K K BN
B ARG (77.9%) 0 T A BAE TR E 5 1Y)
PUR 2392A 5 TGC 41(52 141], 19.8%). B-P LML
Bt A F/B- PN Tk M e A o R0 &2 o R 41 (138 4]
52.5%) Mt 5 B MG AR 2T AL (73 49, 27.8%). X34l

BE R FLIG IR VORI AT LR, 45 WoRAERy | 1
S R R oA S (0] 22 R o g 2R (Y
P>0.05), 34 B0 (D).

2.2 AEIEETT AT LS

3BT P TA YT AL A I R 3 1) 3] T 3 2
F(P>0.05), TESLE bR, BRIGIT IS FIAnAETT
AR AL 22 A i T4 78 L(P<0.05)5k, HoAth 1kt
PRARfb 22 S350 B (X P>0.05, #2).

F1 REGERTEESEREELS

Table 1 Comparison of baseline clinical data among different antibacterial treatment groups

13 . o PERN/B1/(%)] JHF e s PR/ [451/(%0)]

5 o CHRFFSOREEAC CEEHDC MG HdA
JEYEN 263 46.0(37.0,54.0) 243(92.4) 20(7.6) 205(77.9) 28(10.6)  16(6.1)  14(5.3)
3R ERA 52 47.5(36.3,54.0) 46(88.5) 6(11.5) 39(75.0) 5(9.6) 23.8)  6(11.5)
B-INBERZETTE K/B-INBE 138 46.0(36.0, 55.0) 130(94.2)  8(5.8) 109(79.0) 14(10.1) 9(6.5)  6(4.3)
eI 700 52 5 2
HRII 73 46.0(39.0,52.5) 67(91.8) 6(8.2) 57(78.1) 9(12.3) 56.8)  2(2.7)
/H 0.482 1.826 5.833
P 0.786 0.401 0.442

FTHECE R SRR B CRMER, FLECR T 2K AR IEAS O YT HE SORER A TP A 58 1 Ui, 58 3 DUSr
BOMIR, LR Kruskal-Wallis #:56

R2 TRETERTHEHRTHLLR

Table 2 Comparison of short-term therapeutic effects in different antimicrobial treatment groups

At a1 B-IN B A:
it bk e R
- eV
3R Ty il 2R
TEERES A 0.7(=0.6, 2.0) 0.0(-1.1, 1.6) 0.6(-0.5, 1.7) 1.0(=0.0,2.7)  10.114% 0.006
AMaTHEA 8.0(2.0, 15.0) 9.0(4.0, 15.0) 6.5(1.0, 13.3) 11.0(2.0, 18.5) 4.013% 0.134
A /MR 11.0(-3.0,28.0)  12.0(-2.8,27.5)  8.0(-4.0,28.0)  13.0(-1.0,35.0)  1.119% 0.572
ATPPERIAMEL 5.0(-0.4, 10.4) 3.1(-1.1,9.8) 4.1(-2.0,9.8) 7.1(1.5, 13.4) 4.448% 0.106
AR TG 2 il 113.0(19.0, 434.0) 160.5(55.0, 683.3) 93.0(17.8,376.0) 94.0(19.0, 408.5)  4.723% 0.094
AR R 59.0(5.0,246.0) 124.5(6.3,343.3) 42.5(4.8,234.3)  66.0(-0.5,189.0) 2.969% 0.227
A BT -2.0(=62.7,65.8) 12.8(-48.3,66.8) -2.9(-62.2,64.6) -2.2(-92.9,71.3) 1.077+ 0.584
ABEIEIR R -0.1(=31.7,37.2)  7.6(-24.7,41.0) -2.3(-33.4,32.4)  0.3(=32.6,46.9) 1.1061 0.575
A -0.4(-3.6,2.7)  -0.1(-3.7,2.9)  -0.6(-3.6,2.3)  -0.7(=3.9,2.7) 0.307+ 0.858
ABEMPAR TS -1.2(-8.8,4.3) -1.8(-9.2,32) -1.4(-95,47)  -0.2(-8.3,4.5) 0.868% 0.648
A I T s s 1] 0.3(-1.8,2.5) 0.5(-1.3,3.1) 0.4(-1.2,2.3) 0.1(=2.7, 3.0) 1.468% 0.480
AFEPRARELEM 0.0(-0.2,0.2) 0.1(=0.1, 0.3) 0.0(-0.1,0.2)  -0.0(-0.3,0.3) 1.476% 0.487
FERUH(%)] et 172(65.4) 33(63.5) 90(65.2) 49(67.1) 0.184* 0.912
AL 91(34.6) 19(36.5) 48(34.8) 24(32.9)

A=IRITHEELAAIRYT IR 72 Wi *THRORI AR R PORER IR CROMMIE ,  HUBSR AT 28 +ARIEAS A0 AT TR BORER
PR 1 PUor 8, 58 3 PO RORIA USR] Kruskal-Wallis 545 .
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23 FEFTFHANELIREERER

REE R YT BRI 41 (172 ) AR 4 (91
i)y, LR LR AR LA R, Bl 2l 2k 1 2T 2K 1
JKAFEHTPTA ¥4 18 25 5 T8 AL 41 (33 P<0.05), T E4k i
RRETZR K- . EHEARLT 3K | B i it 5 B] A INR
¥ TR AL (3 P<0.05, #3).

24 TRHMEZHNETESH
B R R G2 B LI A Z I &

F3 ARTFRARELSILEEBIRLE

Logistic [nlHE AL, 25K (K4 WoR, MLL&E K-
(f=-0.018, OR=0.982, P=0.006). ¥ il /i 5t a] (8=
0.049, OR=1.051, P=0.002)R37 LAY 7 FEm R & .
FET RS PR AL, y(P)=0.381-
0.018xHb+0.049xPT., ., Hb HIMLLE A, PTH
O ML ST ] o AR ) T AE B R K 68.1%. 21K
H AR FRAE M 2 T AL R 0.651(95% CT 0.581~
0.722)( 1),

Table 3 Comparison of initial laboratory indicators in patients with different therapeutic efficacy groups

A JENEN e A VA P

141 i 6.3(5.0, 8.3) 6.1(5.0, 8.2) 6.5(5.0, 8.5) -0.157 0.875
JiTEARE 124.0(110.0, 136.0) 127.0(114.0, 138.0) 122.0(99.0, 134.0) -2.612 0.009
/N 99.0(67.0, 132.0) 99.5(70.5, 133.0) 98.0(63.0, 128.0) -1.412 0.155
R A A T4 71.6(65.2, 78.7) 72.0(64.8, 78.6) 71.1(66.8, 78.9) -0.164 0.870
AN 255.0(108.0, 716.0) 263.5(108.0, 748.3) 232.0(102.0, 555.0) -0.232 0.817
A B o il 209.0(118.0, 433.0) 193(107.3, 420.8) 217.0(128.0, 467.0) -0.562 0.574
JRLr R 384.9(255.8, 492.2) 361.8(232.6, 471.4) 408.0(288.4, 546.0) -2.514 0.012
HERaE 221.6(153.3, 276.0) 214.7(141.7, 268.0) 236.2(160.6, 299.0) -2.005 0.045
EEHE] 30.6(27.5, 33.2) 30.9(27.9, 33.7) 29.9(27.1,32.3) -1.658 0.097
TR AL D 3 B B 38.2(28.0, 50.0) 38.9(29.9, 51.9) 37.7(24.6, 46.8) -2.123 0.034
TRE 1L 8 S T ) 20.8(17.1, 26.3) 20.3(16.7, 24.7) 21.9(18.3, 28.9) -2.434 0.015
EPrbrEfL LA 1.8(1.5,2.2) 1.8(1.5,2.2) 1.9(1.6, 2.6) -2.012 0.044

AEIEZ AT HEBORER T L8 CGR 1 UKk, 55 3 DU B0FIA ,  HLBSR H Mann-Whitney #2482

F4 BFFEi5SBP BE TN EZEM S EZE Logistic B2

Table 4 Multivariate Logistic regression analysis of predictive factors for therapeutic efficacy in patients with SBP in hepat-

ic failure
ARt B SE Wald df P OR (95% CI)
M£T 25 -0.018 0.007 7.562 1 0.006 0.982(0.970~0.995)
TRE 1L it S S ] 0.049 0.016 9.387 1 0.002 1.051(1.018~1.085)
R 0.381 0.862 0.195 1 0.658 —

SBP: F K PEA PRI S

2.5 ETFPTA SRR E A WIT L A5 1

HE— ARG M 2L KT . PTA XS 3 5B 2454
SPALEAT WAL AT, S5 BoR, (UL T PTA 47 247
TEA ) J7 3% 25 5 (R 5): 2 PTA<20%. 20%<PTA<
30% 0, 3RPUR WA YT S R R TSI
B SL(H P>0.05); 24 30%<PTA<40% i, 3 2K25W197
REAR 2 SAT G124 8 L(P=0.004), 57 )5 Bonferroni
LI BAR, Y 30%<PTA<40% I, TGC 4H k%

H(21.4%) 0 FE AL T B- N LR S B0 A= 22 /B- P4 ok e ity 417
il 37 42 5 1 ) 26 (63.2%,  P=0.008) Fl ik 75 25 Js 41
(77.8%, P=0.002), B-INELRISHA R/B- N BERE B
00 52 5 w300 4 5 i 7 R M 2 ek R 25 e e ge
B (P=0.274), R/RNIZEWLH NFEL ook Fmk i 5
L B- PN B 470 A 2R /B - P Tt M k4o ) 550 52 7k 511)
RIS AT R 3T 20 86 A 2 2 R Kk AL B) 97
MES .
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Figure 1 Test for binomial regression fitting effect by ROC curve

ROC: Receiver operating characteristic.

R5 AEPTATLABHREGWITS T

Table 5 Analysis of the therapeutic effects of antibiotics in different PTA subgroups

SR RA  B-INBRREE B 2/ B- N B 1 ) HaMmISH/
PTA /32 [#1(%)] 57 1(%)] [#1(%)] P4 P
U Ak GEE Ak W Ak
PTA<20% 0(0) 3(100.0) 4(80.0) 1(20.0) 2(28.6)  5(71.4) 5714  0.057
20%<PTA<30%  8(53.3) 7(46.7) 11(55.0) 9(45.0) 19(70.4)  8(29.6)  1.672 0.433
30%<PTA<40%  3(21.4) 11(78.6) 24(63.2) 14(36.8) 14(77.8)  4(222) 11.025  0.004

PTA: B IMLEGE S

3T iR

ARG T 2 A EE M AN, B, B
TR LORF, 3P 25 YTE T R0 (s 1 A T3k 2%
SR, BRI, FET X PTA WAH BT, B EM
EAE 30%<PTA<40% HP¥7 ki fE. ok, WFe& i
2178 KOV F1 PTA J2 0000 J1F 32 38 45 I SBP £ 3% 46 10
PUBPSUR A SN R

SBP 5 {E B sL R B UIAHOC ), bk A iE
MIHTER 25 W AT IR S B VR YT B . RN
Gi%t SPB B B YL AW AT TIRAMG, HE
AR IR — IR — 25" A, SBP &
FHXTTGC Wit 2R E e 2 LTt Bt X RS
M SBP F8 3 Hh O S T R 7 25 2 TR 24 B I B TR 24
Yy, WiEAEMH TGC; T3 MR A0 AR 2451 |
PP ZB I, A TGC R 7E SBP H& HhE N
WIRIRIT 299 . ek, % T R 3 AR = s
N 5300y SBP 3, B E & 15225 iy 2 K3t

TR W F KT TGC WS AL, XATRES B ke
“h SBP Wi} (R M AR BE AT O . ANE M PLIR 25 )
BT & SRS ARG N . 4 P T 2 1 5 K T
YIRS TT AER Y, I PR IS D Anfal > SBP £ 5 1
Bl IRIRPUR T AI AR R . A e
XEREAE AT 25, BFHERITEEZRT
WP AT
ARRHFFEER Bos, 3HPTRE Y 2 Rk
BRI, X — R IIF N GE % 0 2
(P 25 A ATk, O AEIRYT AT, 3410
Y R R ) B AR AT Re AR S, BD
55 TGC 411 B- P Bk e 0 Az /8- P T e il 90 il 710 42
J5 il R AR B, ik 7 R M AL R A 15 B R P
Mathen 5591 Kim S5V HE SO B 75 5 05 22 25 A
FE R E IR, IT HEONE R B AR A A8 2
5 17 SRR A B B 2 . AR RIE Y S i
BB, HAME X — NHERS M AL 2 28 H 30%<
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PTA<40% f3V.4H .

AW 5E LA PTAAE R Il FHE , & IAE 30%<PTA<
40% I SBP [ 1, MBI T IS IS I WAE NI IR
PURZ5YRYT, HIm IR R, ST E LT
TGC, 7EXUE W& T B-INBE b A R /B- N
T e il 00 0 500 2 7 R (R TE BRI S B- N
T Feie A 470 A 2R/ - PR Tk M il 410 1) 790 42 7 o 390 1 247 )
ZFARIRBNGIT2E R X o X —J7 1 ] BEVR 1% 041
FEA AT A R, (AL ; 59—,
0,2 LS W B- PN I e e A= 3R/ - DA T e T 47 ) 51
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