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[ Abstract] Objective To investigate the predictive value of preoperative combined detection of neutrophil-to-
lymphocyte ratio (NLR) and prothrombin time-international normalized ratio to albumin ratio (PTAR) for early abdominal
infection after liver transplantation. Methods Clinical data of 287 recipients who underwent liver transplantation at the
Liver Transplant Center of Beijing Friendship Hospital, Affiliated to Capital Medical University, from January 2020 to
April 2024 were retrospectively analyzed. The patients were divided into infection group (n=60) and non-infection group
(n=227) based on whether abdominal infection occurred within 30 days after surgery. The distribution characteristics of
pathogens and infection time in infected patients were analyzed. Spearman correlation analysis was used to assess the
correlation between NLR, PTAR, Child-Pugh score and preoperative model for end-stage liver disease (MELD) score.
Univariate and multivariate logistic regression analyses were performed to identify risk factors for abdominal infection.
Receiver operating characteristic (ROC) curves were plotted for NLR, PTAR, and the combined prediction model to
evaluate their predictive efficacy for abdominal infection after liver transplantation. Based on the cutoff value of the
combined model, recipients were divided into low-risk and high-risk groups, and Kaplan-Meier analysis was used to
compare the cumulative incidence of abdominal infection within 30 days after surgery between the two groups.
Results

infections postoperatively. A total of 86 strains were isolated from infected patients, with Gram-negative bacteria

Among the 287 recipients who underwent liver transplantation, 60 developed bacterial or fungal abdominal

accounting for 58%, Gram-positive bacteria for 36%, and fungi for 5%. Preoperative NLR and PTAR were positively
correlated with Child-Pugh and MELD scores (all 1 > » > 0, P < 0.05). Logistic regression analysis showed that
preoperative NLR, preoperative PTAR, postoperative ICU stay duration and postoperative biliary leakage were risk factors
for abdominal infection within 30 days after surgery. The area under the curve (AUC) for NLR, PTAR, Child-Pugh score
and MELD score were 0.771, 0.735, 0.650 and 0.741, respectively. The AUC for the combined NLR and PTAR prediction
model was 0.824 (95% confidence interval: 0.763-0.885, P < 0.001), with a cutoff value of 0.168. Kaplan-Meier analysis
showed that the cumulative incidence of abdominal infection within 30 days after surgery was lower in the low-risk group
than in the high-risk group, with statistically significant difference (P < 0.001). Conclusions Preoperative NLR and
PTAR are independent risk factors for abdominal infection within 30 days after liver transplantation. The combined
prediction model of NLR and PTAR may effectively identify high-risk recipients for early abdominal infection after liver
transplantation, providing basis for early intervention.

[ Key words] Liver transplantation; Abdominal infection; Neutrophil-to-lymphocyte ratio; Prothrombin time-
international normalized ratio to albumin ratio; Model for end-stage liver disease score; Child-Pugh score; Ascites;
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Table 1 Univariate analysis of preoperative factors influencing the occurrence of
intra-abdominal infection within 30 days after liver transplantation
fabn RGP (n=227) YL (n=60 ) it PA
R (%) ] 0.132 0.717
5 142 (63) 36 (60)
4 85 (37) 24 (40)
R (345, %) 51+13 51+12 0.241 0.810
ARHETBMI ( x+s, kg/m?) 2344 2344 0.504 0.615
ARHTEALL R (%) ]
PRI 33 (15) 13 (22) 1.792 0.181
e I 29 (13) 10 (17) 0.612 0.434
SR Sl e R Rt Ak 24 (11) 8 (13) 0.365 0.546
s 3(1) 2(3) 0.255 0.614
SR (%) ] 3.119 0.682
JiT4a 76 (34) 20 (33)
CHYRTFEEIT R ATAE AL 45 (20) 14 (23)
PRSI ATAE AL 17 (7) 5(8)
B S e i 43 (19) 14 (23)
LA 19 (8) 4(7)
HoAte 27 (12) 3(5)
A K (%) ] 6.988 0.008
BHIR 217 (96) 51(85)
HIK 10 (4) 9 (15)
AR RAEDR (%) ]
THALTE H 1. 29 (13) 10 (17) 0.612 0.434
R E T 38 (17) 13 (22) 0.788 0.375
FHE Ak 13 (6) 7(12) 1.748 0.186
JIFIfZs G E 18 (8) 4(7) 0.003 0.957
HL iR BT 2R L 63 (28) 21 (35) 1.204 0.273
R IEAREFEE (0 (%) ] 16.732 <0.001
¥ 102 (45) 19 (32)
R 94 (41) 19 (32)
hEEEE 31 (14) 22 (37)
AR124 WL I B SR
FIZRMIM (P, Ps) , x10°/L] 55 (46, 6.7) 6.2 (3.8, 9.0) —0.366 0.715
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AR KRIBYL (n=227) Y (n=60 ) St PfH
FPERIAIIEIM ( Py, P.s) . x10°L] 22 (1.7, 3.2) 43 (24, 6.8) -5.519 <0.001
WM (P, P,s) , x10°/L] 0.8 (0.5, 1.2) 0.6 (04, 1.0) —2.690 0.007
MMM (Py, Prg) . x10°/L] 60 (41, 103) 63 (43, 102) -0.052 0.958
CRNEHM (P, Ps) , mg/L] 37 (15, 7.2) 4.1 (23, 7.1) -0.937 0.349
BEIMEHEIE[M ( Py, Pys) , s] 15 (13, 19) 18 (15, 24) -3.710 <0.001
APTT[M (P, P,) , s] 39 (35, 45) 41 (35, 48) -0.727 0.467
PTA ( X+s, %) 59420 49+19 3.837 <0.001
INR[M (P, P,) ] 1.42 (121, 1.73) 1.86 (1.52, 2.46) —5.891 <0.001
ALT[M ( Py, P,5) , U/L] 24 (18, 45) 29 (19, 48) —1.246 0.213
AST[M (P,s, Py5) , U/L] 41 (31, 73) 48 (29, 101) —1.408 0.159
GGT[M (P,, P,;) , U/L] 43 (23, 95) 39 (24, 69) —0.649 0.516
AKP[M (P, P,) , U/L] 115 (83, 167) 134 (84, 195) -1.322 0.180
BMELIE[M (Pys, P,) , umol/L] 40 (22, 95) 98 (35, 374) —4.582 <0.001
ALB[M (P,,, P,;) , g/L] 35 (30, 41) 34 (29, 38) —-2.325 0.020
A [M ( Py, P,s) , pmol/L] 60 (45, 76) 68 (47, 87) -1.306 0.192
JUUBF[M (P, P.;) , pmol/L] 66 (56, 78) 72 (57, 92) -1.729 0.084
M58 [M (P,s, P,s) , mmol/L] 139 (137, 141) 138 (135, 141) -1.769 0.077
M40 ( X+s, mmol/L) 3.9+0.4 3.9+0.5 0.565 0.573
FLBRIM ( Py, P,) , mmol/L] 1.6 (1.3, 2.0) 17 (12, 22) -1.164 0.244
MM (P, Pss) , mmol/L] 54 (438, 6.5) 55 (48, 74) —0.785 0.432
MBEELM ( Py, P,) , mmol/L] 2.8 (2.0, 3.9) 27 (18, 3.6) ~0.446 0.656
HIM=ES[M (P, P,) , mmol/L] 0.80 (0.56, 1.05) 0.85 (0.55, 1.13) -0.533 0.594
NLR[M (P,;, P,5) ] 3(2,5) 7 (4, 14) —6.455 <0.001
PTAR[M (P,s, P,5) ] 0.41 (0.34, 0.54) 0.57 (0.43, 0.83) —5.604 <0.001
Child-PughiFsr[M ( Py, P,y) , 4¥] 8 (7, 10) 9 (8, 11) -3.615 <0.001
MELD-/MM ( Py, Pys) , 47] 10 (6, 15) 15 (12, 23) —5.747 <0.001

4 P<0.05) , HIYNEWZHE ARG 30 d N &R E
R fER R (¥ OR>1) , B NLR 7Kt
. PTAR KF#E . ARG ICU (SRR . RS
RN, 3235 I AR TR g RS B o 3 e 2R
¥ NLR Fl PTAR & BURBR GBS, 1% RBOE T M I
FEAR ARG R B AR A R B H, BARATHRA
A H: 0.224xNLR+3.758x PTAR.

27 BNABEAEINIRNEEERRLEN
ROC HiZ& 547

ROCZ5 R Rk (£ 5. Bl 2) , NLR., PTAR,
Child-Pugh 43 . MELD ¥4} . NLR B4 PTAR i
ML 1y it 26 N i fH (area under the curve, AUC)
I3 B 0771, 0.735, 0.650, 0.741. 0.824 ( ¥
P<0.05) , VEHILL bF6 b5 10000 I s SR e i) AN (B2 A
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Table 2 Univariate analysis of intraoperative factors influencing the occurrence of

intra-abdominal infection within 30 days after liver transplantation

ECL2N KB (n=227) ISR (=60 ) it Pl
PRI (%) ] 2310 0.129
AL 163 (72) 37 (62)
TRAARBEIT 64 (28) 23 (38)
FAEA (%) ] 3.446  0.179
M ROAE 179 (79) 41 (68)
IR A 41 (18) 15 (25)
HoAtb 7(3) 4(7)
MBEM& IR (%) ] 1.843  0.175
YA 191 (84) 46 (77)
IEV71YiESs 36 (16) 14 (23)
FAREEI[M (Pys, Pys) , h] 7(6,9) 7(6,9) -0.035  0.972
TCHFIRT A [M (P, P,s) , min] 40 (37, 45) 42 (39, 46) -1.439  0.150
GRWR[M (P, P,;) , %] 1.20 (0.87, 1.80) 1.10 (0.86, 1.37) -1.083 0279
AR IME[M (Py, Prs) , mL] 800 (500, 1200) 1100 (662, 1775) 2712 0.007
AR LR ER[M (Pys, Pys) , mL] 600 (0, 1040) 600 (520, 1040) -1.697  0.090
AR (M (Py, Pys) , mL] 800 (0, 1200) 800 (600, 1350) 1714 0.086
AP EHEARMTERM (Py, Pys) , mL] 2000 (1500, 2650) 2000 (1500, 3150) -1.240 0215
A2 AL (%) ]
WY HIFE SR 208 (92) 54 (90) 0.159  0.690
FER R 102 (45) 28 (47) 0.058  0.810
B ERER 83 (37) 24 (40) 0.240  0.624
K FIRR 38 (17) 7(12) 0.924  0.336
Z 20 (9) 2(3) 1312 0252
MRS 8(4) 5(8) 1.548 0213

Giit4 & L, H NLREKA PTAR Y AUC ¥ K F
NLR. PTAR. Child-Pugh ¥4}, MELD ¥4} B — 45
P TN I i SR UL ) AUC, 225 B G L (3
H P<0.05) .
28 HBHEARFININAECREEEASERER
REAENLLR

HR % NLR+PTAR B4 T ASE 21 % AT (004 32
I3 R G B LI 41 ( NLR+PTAR<<0.168 ) Al
W fE 4l ( NLR+PTAR=0.168 ) , ik fa 2 3t 192 4],

It 95 ], HREHEAR ST 30 d N, ARG /e
156, EfEdlEYe 45 ), 28 log-rank A 5 25 S
N, RfEAZE A RRURGCRL TS fedl, 254
Giit#E X (P<0.001, F3) .

3 i %

BEE FARBA . RGP & R, I
M ZEH BT S AR E LR 70%5, &M
e, U5A SR Z B A G R R A et 3
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Table 3 Univariate analysis of postoperative factors influencing the occurrence of
intra-abdominal infection within 30 days after liver transplantation
E=La KRIBGLLH (n=227) B (n=60 ) GeitE PlH

ARIGICULEEERTE[M ( Py, Pys) . d] 3(2, 4) 4(3,5) -4.897 <0.001
ARG WIS VAL B B A E M (Pys, Prs) . d] 11 (8, 16) 15 (10, 21) -3.392 0.001
RIGHIAMEFARIEFRIES (0 (%) ]

HlE R A 7(3) 3(5) 0.105 0.746

fER 0 PG Bl A 3(1) 2(3) 0.255 0.614

CRRTZH¥ 5(2) 3(5) 0.533 0.466
ARIGHMRITAIEN (%) ]

JIR S PN LS 1A 6(3) 4(7) 1.245 0.265

JHE B 1(04) 1(2) 0.020 0.886

JE - 5(2) 7 (12) 8.379 0.004

%5l 1(04) 1(2) 0.020 0.886
NLR[M (P, P;5) ]

AfE1d 23 (18, 28) 23 (17, 29) —0.669 0.504

RIF2d 25 (18, 40) 21 (20, 31) -1.096 0.273

ARJE3d 25 (19, 38) 30 (24, 35) -1.883 0.060
PTAR[M (P, Py;) ]

ARJE1d 0.50 (0.38, 0.56) 0.45 (0.38, 0.50) -1.873 0.061

ARJF2d 0.44 (0.39, 0.58) 0.46 (0.40, 0.52) —0.151 0.880

RJF3d 0.39 (0.35, 0.50) 0.44 (0.35, 0.49) -0.865 0.387

HUC TG EE R IR J5 R iy e A %
H 4419, X 5 Kiipeli %5 > #E 1 13.7%~51.0%
R RY G M2 E Y, A —FEBM
J& VAERAET B 02 p R B, R IR 22
SRS RS TR AP, v I B 2 S A
A5 R W e I fohE 2 —P7 . A
FAJE 30 d PG R IERGL () AR & AR SRR 20.9%, iR
PR AR B ER T (15% ) |« MR e B A (14%)
LS AR (12% ) Jy 2, X8k AR STk
I WA HEAR B2 iy R I S B e
SRR 10%~30%", SR 1 T R _L S e 7 il 25
I, VP22 B MG RRRAN IR |z AR S 57
FEEJmPRYE, — R E A RS AR 2R 5
— 5T, ARJGR R A IR LA GE N ARG 2 S 24
WL, BIGRIBIT R TR . ik, 4%
— PR 2T HA R HE AR A T IR, X%
REZEWRIER . W2 H TG BA HE S L

NLR & —Fh 6 247 . 552 P i 1 AR S vy 4
b, HAE—EFEEE bR T 18 35 R0 SO B S

MPA, SRR RGRRAS PR, RENE A RLHT ERg
WA ERED, RS FCIR R, AT
NLR 7K -5 2 P RS A AR S5 & A= 40 A o JB e 11 il
SEAERE R & . Umman 2559 fFSEIESE T NLR B9 T
SRS 1~2 J8 22 8] 518 i N el 548 A0 6
TR YA . Yu PR B, RS AR S5 e
ABEFRARFIAIAJG 1 d NLR K748, ZHREST
FW], ARJF 1 d NLR KPS P 40 R ok 37 i
B R . ARkl 172 ARHT 24 h IKAOKRSE 1~3 d
PII% NLR 7K, 255 o B4R T NLR /& AR
Yesfl (P<0.05) , HEEEMFRLEIE—8. AR E
P, SRR, ARJF 1~3d N NLR KEF R, A
RES PR T RS . e i P08 1 403453 80 LA Y
ARAEIFEA ST AR G EE v AT RE S B0 40
Mo—id T, JeLih MR 325 kA, e
HiIREY Rl IR N ER L0 Nz il il DA A1 R Nl S
PR, AL R AR R B RE 108055, T 5 kAR IR
Yy T b R g0 M A, TRDAE 530 NLR T
B BORBMHARSS 1 dNLR ZACEFI B TR, SR, 4
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Figure 1 Analysis of correlation between NLR, PTAR and Child-Pugh and MELD scores
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FMATRHEARE 30 d WR EEEBRREE RN S E X logistic {3547

Table 4 Multivariate logistic regression analysis of factors influencing the occurrence of intra-abdominal

infection within 30 days after liver transplantation

B OR{H 95% 1] {7 X [A] PfE

AR s R R 0.067

¥ 1.000

iR 0.705 0.275~1.805 0.466

R 2.285 0.854~6.110 0.100
TR AR AL

HIK 1.000

Bk 1.254 0.235~6.704 0.791
logAR H 2k I 5= 2.723 0.658~11.266 0.167
ARJGICUE BB i [A] 1.179 1.027~1.354 0.019
ARG MR 5 7 A8 B ) 1.031 0.973~1.093 0.296
LNEE AN 17.05 3.635~79.985 <0.001
b NGIPSYEEaRE 1.001 0.999~1.003 0.439
ARHTNLR 1.255 1.145~1.375 <0.001
ARRPTARX10Y 1.451 1.182~1.782 <0.001

FE: VHEPTARKUH L/, A ORME K,

BEAT T RO B s T
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Table 5 The ROC results of NLR, PTAR, Child-Pugh, MELD, and the combination of NLR and PTAR in

predicting intra-abdominal infection within 30 days after liver transplantation

S8 AUC 95% P {5 X [A] P T RIYE eS8
NLR 0.771 0.700~0.842 <0.001 4.389 0.733 0.722
PTAR 0.735 0.666~0.804 <0.001 0.508 0.650 0.722
Child-Pugh¥-53 0.650 0.577~0.723 <0.001 7.500 0.900 0.326
MELD#F-43 0.741 0.674~0.808 <0.001 11.386 0.833 0.612
NLR+PTAR 0.824 0.763~0.885 <0.001 0.168 0.750 0.780
1.0- e Fph ST fER % . 5288 MELD 4340, NLR 78
S T T AAEA S 30 d P9 & AR I8 s B T T HL A
0.8 B2 WHER R (AUC: 0.771 1 0.741) , A BhT 5
o) PUMNA S5 B s KU A BE, {H HHTCTF NLR 5%
% 5 B 2 8] 5 R (A R I S8 AR XT3 AL, AT 2
™ 0.4- — NLRIPTAR HTHEPEAI T A —IE ST S
| — Child-Pugh PTAR J& 2018 4F- i H A“% 3 Haruki % Bk
02 ZNIR R B R TR RS
L AR 5 PTAR ZEZIBRSE it — B WAED, g th 1
0 0.2 0.4 0.6 0.8 1.0

1 — 54

E 2 NLR.PTAR,Child-Pugh, MELD ¥ NLR Bt &
PTAR FIBFHEARE 30 d HZ LR ROC #hZk
Figure 2 ROC curves of NLR, PTAR, Child-Pugh, MELD,
and the combination of NLR and PTAR for predicting
intra-abdominal infection within 30 days after

liver transplantation
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Figure 3 Risk curves of intra-abdominal infection in
high-risk and low-risk recipients within 30 days after

liver transplantation
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LW, AR ET INR T2 3 3 AR S5 e
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FIAILAAR 14 785 35 R 25 R0 98 0 S 7 8 U0 AH S6 44, 1%
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RERR A AR YL Z (B VAR IR R, SRAT H A 0 CfERS
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WFFER T 32 % AR HT 24 h LEARJS 1~3 d N PTAR
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