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Purpose: To identify risk factors for bacterial intra-abdominal infections (IAIs) after orthotopic liver transplantation (OLT) and 
establish a nomogram prediction model based on preoperative neutrophil-to-lymphocyte ratio (NLR) and preoperative prothrombin 
time-international normalized ratio (PT-INR)-to-albumin ratio (PTAR).
Patients and Methods: We retrospectively analyzed 261 patients who received OLT between January 2020 and April 2024 in 
Beijing Friendship Hospital. Independent risk factors for bacterial IAIs within 30 days postoperatively were identified by logical 
regression analysis. The area under the receiver operating characteristic (ROC) curve (AUC) was calculated to evaluate the predictive 
performance of NLR and PTAR as well as the nomogram model based on them. Hepatic function was evaluated using the Child– 
Turcotte–Pugh (CTP) score and the Model for End-Stage Liver Disease (MELD) score.
Results: Fifty patients (19.2%, 50/261) developed postoperative bacterial IAIs. The majority of the 66 isolated strains were gram- 
negative (63.6%). Most infections (74.0%, 37/50) occurred within two weeks postoperatively. Multivariate logistic regression analysis 
identified preoperative NLR, preoperative PTAR, acute physiology and chronic health evaluation II (APACHE II) score, and biliary 
leakage as independent risk factors. A nomogram-based prediction model was constructed utilizing the identified independent risk 
factors. Internal validation was conducted through the bootstrap method. The Hosmer–Lemeshow test indicated no significant 
deviation from the goodness-of-fit (χ2 = 7.349, P = 0.499 > 0.05). The calibration curve indicated excellent concordance between 
predicted and observed outcomes. The nomogram exhibited strong discriminative capability, evidenced by a C-index of 0.900 (95% 
CI: 0.828–0.972) and an AUC of 0.912 (95% CI: 0.864–0.960) for predicting abdominal infection, with an optimal diagnostic 
threshold of 0.221 (95% CI: 0.125–0.265). Decision curve analysis revealed a positive net benefit across a wide range of threshold 
probabilities (0.03–1.0), indicating the model’s substantial clinical utility.
Conclusion: Both the preoperative NLR and the preoperative PTAR are independent risk factors for IAIs within 30 days after OLT. 
The nomogram model based on NLR and PTAR can effectively predict the occurrence of IAIs after OLT.
Keywords: orthotopic liver transplantation, intra-abdominal infection, neutrophil-to-lymphocyte ratio, international normalized ratio- 
to-albumin ratio, nomogram model
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Introduction
Orthotopic liver transplantation (OLT) is the primary and most efficacious therapeutic modality for individuals with end- 
stage liver diseases.1 In recent years, significant improvements in both short-term and long-term prognoses for transplant 
recipients and their grafts have been observed, attributable to advancements in organ transplantation technology, the 
introduction of novel immunosuppressive agents, and continuous refinement of perioperative management.2 

Nevertheless, the incidence of early postoperative infections (≤1 month) remains as high as 23.3%-71.4%,3–5 signifi
cantly affecting patient prognosis.6 Bacterial intra-abdominal infections (IAIs) are the most prevalent infectious compli
cation during the initial month after liver transplantation, and represent a significant factor contributing to patient 
mortality.7 Simultaneously, as a result of immunosuppressive therapy, transplant recipients face an elevated risk of 
contracting multidrug-resistant bacterial infections.3 In the event that such infections occur, mortality rates can rise to as 
high as 40%,8 posing a significant challenge to clinical management. The risk factors associated with infections after 
liver transplantation are multifaceted. Empirical studies have indicated that the activation of the inflammatory system, 
coupled with dysregulation of immune responses, plays a significant role in the onset and progression of infectious 
complications post-transplantation.9,10 The neutrophil-to-lymphocyte ratio (NLR) is a common inflammatory indicator in 
clinical practice,11 playing an important role in the immune response.12 In recent years, NLR has gained recognition as 
a potential predictor of a variety of infections.13–15 Within the domain of liver transplantation, three studies16–18 have 
consistently indicated that an elevated NLR is significantly correlated with the incidence of postoperative infections. 
Wiegand18 illustrated that NLR was markedly elevated at the onset of infection. In contrast, Umman16 and Yu17 observed 
that the NLR in the infected group was already significantly higher compared to the non-infected group prior to the onset 
of infection. Overall, research on the NLR as a prognostic indicator for early postoperative infection after liver 
transplantation is currently insufficient. To substantiate the reliability of existing results and to assess its potential 
synergistic application with other biomarkers for improved clinical utility, further comprehensive studies are necessary.

The prothrombin time-international normalized ratio (PT-INR)-to-albumin ratio (PTAR) is a marker of hepatic 
synthetic function, systemic nutritional status, and overall immune resistance.19 Empirical research shows that raised 
PTAR correlates with an elevated risk of adverse outcomes in individuals undergoing hepatectomy for hepatic 
carcinoma.19 Furthermore, patients with end-stage liver disease who are candidates for liver transplantation frequently 
present with hepatic insufficiency and diminished hepatic reserve, a condition substantiated by numerous studies to 
increase vulnerability to infections.20–22 Abnormalities in albumin (ALB) and INR have been extensively documented in 
patients experiencing infections after liver transplantation.6,23,24 Based on these observations, we hypothesize that PTAR 
is a valuable predictor for the occurrence of infections post-liver transplantation. Nevertheless, to date, no studies have 
specifically investigated the predictive value of PTAR for post-liver transplantation infections.

In this study, we analyzed the clinical data of 261patients who underwent OLT to assess the predictive value of 
preoperative NLR and preoperative PTAR for early postoperative bacterial IAIs. Utilizing preoperative NLR and 
preoperative PTAR alongside other clinically relevant indicators identified through multivariate analysis, a nomogram- 
based prediction model was developed. This model aims to facilitate the early identification of infections, enhancing 
patient outcomes and survival rates.

Materials and Methods
Study Population
This study retrospectively examined a cohort of 261 patients admitted to the Liver Transplantation Center in Beijing 
Friendship Hospital between January 2020 and April 2024, who experienced bacterial IAIs within 30 days post-liver 
transplantation. The decision to adopt a retrospective study design was driven by the research objective of identifying 
multiple risk factors associated with postoperative IAIs and exploring the relationship between preoperative NLR, 
preoperative PTAR, and the occurrence of postoperative IAIs.The inclusion criteria were as follows: (1) age ≥ 18 
years; (2) both anesthesia and surgical procedures were conducted by the same medical team; and (3) postoperative 
immunosuppressive therapy was administered. The exclusion criteria were as follows: (1) preoperative concurrent 
infections; (2) donor-derived infections; (3) multiple organ transplantation; (4) postoperative fungal intra-abdominal 
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infections; (5) Infusion of blood, albumin, plasma, fibrinogen or cryoprecipitate within 1 week before liver transplanta
tion; (6) competing deaths within 30 days after the surgery; (7) incomplete follow-ups; (8) patient withdrawals and/or (9) 
incomplete clinical data. The patient selection flowchart is shown in Figure 1.

Preoperative Infection Screening in Recipients
All patients were subjected to comprehensive preoperative infection screening to detect both overt and covert infections. 
The diagnostic process employs an integrative approach that synthesizes clinical symptoms, physical examination 
findings, and imaging results, augmented by pathogen-specific detection techniques such as molecular diagnostics, 
microbial culture, and metagenomic next-generation sequencing (mNGS).

To enhance the detection of occult infections, we systematically monitor the recipient’s inflammatory markers, 
conduct comprehensive whole-body imaging, and routinely perform PCR testing for respiratory viruses. Additionally, 
we carry out antibody detection for Epstein-Barr virus (EBV) and cytomegalovirus (CMV) in blood, alongside micro
biological cultures of samples including anal swabs, sputum, ascites, and bile,etc. After a thorough screening process, 24 
patients who showed evidence of infection were excluded from the study (Figure 1).

Formulation of the Immunosuppressive Regimen
All patients received or did not receive basiliximab for immune induction based on their individual clinical conditions. 
All patients received postoperative immunosuppressive therapy. The postoperative immunosuppressive regimen predo
minantly included the following drugs: (1) Tacrolimus (FK506), initiated at a dosage of 0.05–0.1 mg/kg/day, with 
subsequent adjustments based on target blood concentrations at designated intervals, or Cyclosporine A (CsA), initiated 
at a dosage of 6–8 mg/kg/day, with subsequent adjustments based on target blood concentrations at designated intervals; 
(2) Glucocorticoids(GCs), initially administered intravenously at 2–3 mg/kg/day, followed by a gradual tapering and 
transition to oral administration by postoperative day 7, maintaining a dosage of 5–10 mg/day; (3) Mycophenolic Acid 
(MPA), including Mycophenolate sodium(MPS), initiated at a dosage of 360–720mg per dose, with subsequent adjust
ments based on the patient’s clinical condition and (4) Mycophenolate mofetil(MMF), administration typically com
mences on the seventh day following surgery, with a standard dosage of 0.5–0.75 g per dose, twice daily.

Post-Operative Empirical Anti-Infective Regimen
As previously reported,3 all patients were administered standard prophylactic anti-infective therapy postsurgery. For the 
184 recipients who received grafts from donation after brain death (DBD) or donation after circulatory death (DCD), the 

Figure 1 Patient Selection Flowchart.
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regimen generally consisted of a combination of meropenem/imipenem, vancomycin, and micafungin. For the 77 
recipients who underwent living donor liver transplantation (LDLT), postoperative prophylaxis was achieved using third- 
generation cephalosporin antibiotics or carbapenem antibiotics.

Diagnostic Criteria for Bacterial IAI
Currently, there is no universally accepted gold standard for diagnosing bacterial IAIs within the context of liver 
transplantation. Drawing upon established guidelines25,26 and the clinical practice experience of our center, we propose 
the following diagnostic criteria for bacterial IAIs: 1. Postoperative clinical manifestations characterized by the acute 
onset of abdominal pain, in conjunction with both localized and systemic inflammatory indicators such as abdominal 
muscle rigidity, tenderness, rebound tenderness, fever, elevated white blood cell count, and abnormal increases in 
inflammatory markers, including C-reactive protein and procalcitonin, as well as tachycardia and/or tachypnea; 2. 
Positive microbial isolation and identification from intra-abdominal drainage fluid; 3. Imaging modalities, such as 
ultrasound or computed tomography (CT), revealing the presence of peritoneal effusion or intra-abdominal infectious 
foci.

Microbial Isolation and Identification Methods
The isolation and identification of microorganisms are typically performed using conventional culture methods. Prior to 
the procedure, the drainage tubes and orifices were disinfected. Under aseptic conditions, drainage fluid samples, with 
volumes ranging from 10 to 20 mL, were collected into 25 mL aerobic/anaerobic culture bottles. These samples were 
promptly transported to the microbiology laboratory for bacterial culture analysis. Bacterial cultures were incubated at 
37°C using the BACTEC FT5790 fully automated blood culture system (Becton Dickinson, USA) along with its specific 
reagents. Subsequently, the BD Phoenix™ M50 microbial identification and antimicrobial susceptibility testing system 
(Becton Dickinson, USA) and its associated reagents were employed for analysis, isolation, identification, and evaluation 
of bacterial strains and their drug resistance.

Nonetheless, owing to the constraints inherent in conventional culture methods, certain patients with negative ascite 
cultures continue to present with distinct clinical manifestations or imaging features strongly indicative of IAIs. In these 
instances, mNGS is commonly utilized to ascertain the causative microorganisms. Prior to the procedure, the drainage 
tubes and orifices were disinfected. Under aseptic conditions, drainage fluid samples, with volumes ranging from 2 to 
3 mL, were then sent to Jieyi Biotechnology (Hangzhou, China) for mNGS detection. Library preparation, metagenomic 
sequencing and mNGS reporting criteria were as described previously.3

In differentiating between microbial colonization and infection, our clinical experience suggests that pathogens 
isolated from sterile sites are typically indicative of infection. However, in patients who present with positive cultures 
but lack clinical signs of infection or do not exhibit positive findings on imaging, bacterial colonization is highly 
suspected. In these instances, we usually conduct repeated examinations of the drainage fluid, including routine ascite 
analysis and microbial culture, or to utilize mNGS to assist in distinguishing colonization from infection.

Data Collection and Analysis
The electronic medical record system of Beijing Friendship Hospital, Capital Medical University, was accessed to 
retrieve relevant clinical data. Preoperative clinical data for the following parameters were collected: gender, age, body 
mass index (BMI); underlying diseases; primary diseases; preoperative comorbidities; number of liver transplantations 
(initial transplantation versus retransplantation); severity of ascites prior to surgery; preoperative Model for End-Stage 
Liver Disease (MELD) score; and preoperative Child–Turcotte–Pugh (CTP) score.

The baseline laboratory indicators (24 hours prior to surgery) were as follows: white blood count (WBC), neutrophil 
count (NEU), lymphocyte count (LYM), platelet count (PLT), C-reactive protein (CRP), prothrombin time (PT), activated 
partial thromboplastin time (APTT), prothrombin activity (PTA), INR, alanine transaminase (ALT), aspartate transami
nase (AST), gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (AKP), total bilirubin (TBIL), albumin (ALB), 
blood ammonia (Amon), creatinine (Cr), serum sodium (Na), serum potassium (K), lactic acid (LA), glucose (GLU), 
triglyceride (TG), and total cholesterol (TC). All collected blood samples were transported to the laboratory by 
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designated personnel within 30 minutes, adhering to the center’s standard operating procedures. Consistent analytical 
instrumentation was employed for the measurement of the index.

The following intraoperative clinical data were collected: the source of the donor liver, the surgical method, the 
biliary anastomosis method, the duration of the operative time and anhepatic phase, the graft-to-recipient weight ratio 
(GRWR), the volume of blood loss, the volumes of transfused red blood cell (RBC), plasma, and albumin, as well as the 
administration of immunomodulatory and vasoactive drugs during the surgical procedure.

The following postoperative clinical data were collected: immunosuppressive regimen,average levels of FK506 and 
CsA within 30 days, the administration of reduction or suspension of the immunosuppressants, the intensive care unit 
(ICU) stay duration, the APACHE II score assessed within the initial 24 hours following ICU admission, the abdominal 
drainage tube retention duration; and events occurring before the onset of IAI, including laparotomy, abdominal incision 
debridement and suture, and the administration of continuous renal replacement therapy (CRRT). Additionally, the 
dataset includes information on surgical complications occurring before the onset of IAI, such as intra-abdominal 
hemorrhage, bile leakage, colonic leakage, and biliary stricture. Furthermore, it provides detailed documentation of the 
incidence and timing of bacterial IAIs occurring within 30 days postsurgery, alongside the distribution of pathogens.

Univariate and multivariate logistic regression analyses were conducted to identify independent risk factors for 
bacterial IAIs occurring within 30 days postoperatively. We also explored the predictive value of NLR and PTAR for 
early bacterial IAIs after OLT and established a nomogram prediction model based on NLR and PTAR.

NLR and PTAR are indices derived from baseline laboratory indicators (24 hours prior to surgery) measurement. 
Specifically, NLR was determined by calculating the ratio of the neutrophil count to the lymphocyte count.11 In contrast, 
PTAR was defined as the prothrombin time-international normalized ratio (PT-INR) divided by the albumin concentra
tion expressed in grams per deciliter (g/dL).19 The calculation formulas for CTP score, MLED score and APACHE II 
score were derived from relevant previous works.27–29 The term “retransplantation” denotes a subsequent liver trans
plantation procedure necessitated by functional failure of the initially transplanted liver.30

Statistical Methods
Statistical analysis was conducted using SPSS 27.0; GraphPad Prism 10 software was utilized for data visualization. The 
measurement data underwent a normality assessment. Data adhering to a normal distribution were presented as mean 
[SD], and comparisons between groups were conducted using the independent sample t-test. Data not conforming to 
a normal distribution were represented as median [interquartile range, IQR] with the Mann–Whitney U-test employed for 
intergroup comparisons. Categorical data were expressed as frequencies and percentages, and the χ2-test was utilized for 
group comparisons. Spearman correlation analysis was applied to evaluate the correlations between NLR, PTAR, MELD, 
and CTP scores. The predictive abilities of the NLR, PTAR, CTP score, MELD score, and APACHE II score to predict 
IAIs were assessed using the area under the ROC curve (AUC). The optimal cut-off values were identified employing the 
Youden index method. A multivariate logistic regression analysis was performed to ascertain the risk factors associated 
with the onset of IAIs within 30 days after OLT and a risk prediction nomogram for IAIs was constructed based on that. 
The nomogram’s calibration was evaluated using a calibration curve and the Hosmer-Lemeshow goodness-of-fit test. 
Bootstrap resampling was employed to determine the confidence interval and concordance index (C-index) at the optimal 
cut-off value, utilizing 1000 iterations. The model’s discriminative capacity was assessed using the AUC, while its 
clinical applicability was evaluated through decision curve analysis (DCA). A two-tailed p-value <0.05 was considered to 
indicate significant differences.

Results
Incidence and Pathogen Distribution of Bacterial IAIs Within 30 Days Postorthotopic 
Liver Transplantation
In a cohort of 261 patients who underwent OLT, 50 individuals (19.2%, 50/261) developed IAIs within 30 days 
postoperatively. A total of 66 bacterial strains were isolated from the IAI group. Gram-negative bacterial infections 
were the most prevalent, comprising 63.6% (42/66) of the isolates. Klebsiella pneumoniae (15.2%, 10/66), Acinetobacter 
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baumannii (13.6%, 9/66), and Pseudomonas aeruginosa (7.6%, 5/66) were the most common gram-negative bacterial 
pathogens; Enterococcus faecium (15.2%, 10/66), Staphylococcus epidermidis (7.6%, 5/66), and Enterococcus faecalis 
(6.1%, 4/66) were the leading gram-positive bacterial pathogens (Table 1).

Temporal Distribution of Bacterial IAIs Postorthotopic Liver Transplantation
Among the cohort of 50 patients who experienced bacterial IAIs within 30 days after OLT, 22 patients (44.0%, 22/50) 
experienced infection onset within the first 1–7 days postoperation. 15 patients (30.0%, 15/50) experienced infections 
during the 8–14 day period postoperation. 9 patients (18.0%, 9/50) exhibited infection onset between 15–21 days 
postoperation, while the remaining 4 patients (8.0%, 4/50) experienced infection onset between 22–30 days postopera
tion. Statistical analysis indicates that the majority of infections, accounting for 74.0% (37/50) of all cases, occurred 
within the first two weeks after transplantation (Figure 2).

Table 1 Distribution of Pathogens Among Patients with Bacterial IAIs

Pathogen Number of Stems (n=66) Composition Ratio (%)

Gram-Negative Bacteria 42 63.6 (42/66)
Klebsiella pneumoniae 10 15.2 (10/66)

Acinetobacter baumannii 9 13.6 (9/66)

Pseudomonas aeruginosa 5 7.6 (5/66)
Enterobacter cloacae 4 6.1 (4/66)

Stenotrophomonas maltophilia 3 4.5 (3/66)

Chryseobacterium indologenes 3 4.5 (3/66)
Escherichia coli 2 3.0 (2/66)

Proteus mirabilis 2 3.0 (2/66)
Klebsiella oxytoca 1 1.5 (1/66)

Pseudomonas putida 1 1.5 (1/66)

Chryseobacterium gleum 1 1.5 (1/66)
Serratia marcescens 1 1.5 (1/66)

Gram-Positive Bacteria 24 36.4 (24/66)

Enterococcus faecium 10 15.2 (10/66)
Staphylococcus epidermidis 5 7.6 (5/66)

Enterococcus faecalis 4 6.1 (4/66)

Staphylococcus aureus 2 3.0 (2/66)
Corynebacterium striatum 2 3.0 (2/66)

Staphylococcus haemolyticus 1 1.5(1/66)

Figure 2 Temporal Distribution of Bacterial IAIs.
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A Comparative Analysis of Preoperative, Intraoperative and Postoperative Indicators 
Between Patients with and without Bacterial IAIs
In comparison with the noninfection group, the IAI group exhibited significantly higher rates of retransplantation as well 
as increased incidences of preoperative moderate-to-severe ascites (all P < 0.05). No statistically significant differences 
were found between the two groups regarding gender; age; preoperative BMI; underlying diseases; primary disease 
types; preoperative complications (all P > 0.05) (Table 2).

In comparison with the noninfection group, the IAI group exhibited significantly elevated preoperative levels of NEU, 
PT, INR, TBIL, NLR, PTAR, CTP score, and MELD score. Conversely, the IAI group showed significantly reduced 
preoperative levels of LYM, PTA, and ALB. All these differences were statistically significant (all P < 0.05). No 
statistically significant differences were found between the two groups regarding preoperative levels of WBC, PLT, CRP, 
APTT, ALT, AST, GGT, AKP, Amon, Cr, serum Na, serum K, LA, GLU, TC, or TG (all P > 0.05) (Table 3).

In comparison to the noninfection group, the IAI group demonstrated a significantly greater volume of intraoperative 
blood loss (P < 0.05). However, there were no statistically significant differences between the two groups regarding 
donor liver sources; surgical methods; biliary anastomosis methods employed during surgery; operation time; anhepatic 
phase duration; GRWR (all P > 0.05). All patients received intraoperative blood transfusion or at least one type of blood 
product—including plasma, albumin, or platelets—during surgery. Given the universal exposure to blood products in this 
cohort, we individually categorized each product type and quantified the volume administered to enable a more precise 
assessment of their potential association with postoperative infection. However, there were no statistically significant 

Table 2 Preoperative Clinical Data of Patients with or Without Bacterial IAIs

Preoperative Clinical Data Non-Infection 
Group (n=211)

Infection 
Group (n=50)

t/χ2 P

Gender [n(%)] 0.533 0.47

Male 130(61.6) 28(56.0)

Female 81(38.4) 22(44.0)
Age (�x� s, years) 51.38±12.42 52.88±11.26 0.779 0.44

BMI (�x� s, kg/m2) 23.29±3.99 23.03±4.42 0.409 0.68

Underlying diseases [n(%)]
Diabetes 32(15.2) 10(20.0) 0.700 0.40

Hypertension 28(13.3) 8(16.0) 0.253 0.62

Coronary heart disease 24(11.4) 6(12.0) 0.016 0.90
Cerebral infarction 3(1.4) 2(4.0) 0.387 0.53

Primary diseases [n(%)] 0.072 1.00

Liver cancer 73(34.6) 17(34.0)
Acute liver failure 5(2.4) 1(2.0)

Acute-on-chronic liver failure 14(6.6) 3(6.0)

Benign end-stage liver disease 119(56.4) 29(58.0)
Number of liver transplant [n(%)] 8.546 0.004

Initial liver transplant 203(96.2) 42(84.0)

Liver retransplant 8(3.8) 8(16.0)
Preoperative complications [n(%)]

Gastrointestinal bleeding 23(10.9) 7(14.0) 0.382 0.54
Hepatic encephalopathy 36(17.1) 10(20.0) 0.240 0.62

Hepatorenal syndrome 12(5.7) 6(12.0) 1.622 0.20

Hepatopulmonary syndrome 17(8.1) 4(8.0) 0.000 1.00
Electrolyte disturbance 60(28.4) 17(34.0) 0.602 0.44

Preoperative ascites degree [n(%)] 16.650 <0.001

No ascites 99(46.9) 14(28.0)
Mild ascites 88(41.7) 19(38.0)

Moderate to severe ascites 24(11.4) 17(34.0)
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differences between the two groups regarding intraoperative transfusion volumes of RBC, plasma, and albumin; 
administration of basiliximab intraoperatively; or the use of vasoactive drugs during surgery (all P > 0.05) (Table 4).

The IAI group had a significantly longer ICU stay, higher APACHE II score within the initial 24 hours following ICU 
admission, extended abdominal drainage tube retention, and a higher incidence of postoperative bile leakage compared to 
the non-infection group (all P < 0.05). However, there were no significant differences between the groups in the average 
levels of FK506 and CsA within 30 days after OLT and the rates of different immunosuppressive regimen, administration 
of reduction or suspension of the immunosuppressants, laparotomy, postoperative abdominal incision debridement and 
suture, CRRT, postoperative Intra-abdominal hemorrhage, biliary stricture, or colonic leakage (all P > 0.05)(Table 5).

Correlation Analysis of NLR and PTAR with CTP and MELD Scores
Spearman correlation analysis demonstrated that NLR and PTAR were positively correlated with CTP and MELD scores (all 
r > 0, P < 0.05). PTAR demonstrated a moderate positive correlation with both CTP and MLED scores (all r > 0.3, P < 0.05). In 
contrast, NLR displayed a weak positive correlation with both CTP and MLED scores (all 0 < r < 0.3, P < 0.05). (Table 6 and 
Figure 3).

Table 3 Baseline Laboratory Indicators (24 Hours Prior to Surgery) of Patients with or Without 
Bacterial IAIs

Baseline Laboratory Indicators Non-Infection 
Group (n=211)

Infection 
Group (n=50)

t/Z P

WBC[median (IQR), 10^9/L] 5.48(4.58,6.73) 5.84(3.80,8.81) −0.304 0.76

NEU[median (IQR), 10^9/L] 2.20(1.68,3.18) 3.72(2.40,6.29) −4.943 <0.001
LY[median (IQR), 10^9/L] 0.80(0.53,1.24) 0.51(0.38,0.90) −3.381 0.001

PLT[median (IQR), 10^9/L] 62.00(41.00,108.00) 57.00(40.00,103.75) −0.111 0.91

CRP[median (IQR), mg/L] 3.51(1.45,7.12) 4.89(2.30,7.20) −1.302 0.19
PT[median (IQR), s] 15.30(13.10,18.60) 17.45(14.73,20.85) −2.931 0.003

APTT[median (IQR), s] 39.10(35.20,44.80) 40.73(34.58,47.58) −0.627 0.53
PTA (�x� s, %) 59.90±19.41 50.98±18.01 2.962 0.003

INR[median (IQR)] 1.41(1.21,1.69) 1.91(1.56,2.45) −6.219 <0.001

ALT[median (IQR), U/L] 24.00(18.00,44.00) 26.00(18.00,47.25) −0.642 0.52
AST[median (IQR), U/L] 40.90(30.80,73.10) 46.40(30.00,82.55) −1.020 0.31

GGT[median (IQR), U/L] 42.00(23.00,95.00) 40.00(24.00,71.00) −0.406 0.68

AKP[median (IQR), U/L] 112.00(82.00,164.00) 137.50(80.75,205.75) −1.575 0.12
TBIL[median (IQR), μmol/L] 37.64(21.35,95.30) 81.94(33.33,364.07) −3.870 <0.001

ALB[median (IQR), g/dL] 3.52(2.96,4.07) 3.24(2.87,3.63) −2.326 0.020

Amon[median (IQR), μmol/L] 61.00(46.00,76.00) 61.00(45.50,79.25) −0.195 0.85
Cr[median (IQR), μmol/L] 66.50(56.80,78.60) 68.80(57.55,90.53) −1.288 0.20

Na[M(P25, P75), mmol/L] 139.40(137.10,141.20) 138.90(135.73,141.68) −0.870 0.38

K(�x� s, mmol/L) 3.87±0.44 3.87±0.51 0.020 0.98
LA[median (IQR), mmol/L] 1.60(1.30,2.00) 1.87(1.28,2.20) −1.367 0.17

GLU[median (IQR), mmol/L] 5.35(4.80,6.47) 5.36(4.78,7.13) −0.254 0.80

TC[median (IQR), mmol/L] 2.83(2.00,3.95) 2.71(1.82,3.70) −0.423 0.67
TG[median (IQR), mmol/L] 0.81(0.56,1.08) 0.85(0.54,1.18) −0.590 0.56

NLR[median (IQR)] 2.89(1.78,4.14) 6.27(4.08,13.35) −6.485 <0.001

PTAR[median (IQR)] 0.41(0.34,0.53) 0.60(0.47,0.78) −6.077 <0.001
CTP score[median (IQR), score] 8.00(7.00,10.00) 9.50(8.00,11.00) −3.601 <0.001

MELD score[median (IQR), score] 9.49(5.75,14.38) 14.97(12.33,21.38) −5.576 <0.001

Abbreviations: WBC, white blood count; NEU, neutrophil count; LYM, lymphocyte count; PLT, platelet count; CRP, c-reactive 
protein; PT, prothrombin time; APTT, activated partial thromboplastin time; PTA, prothrombin activity; INR, international 
normalized ratio; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl transpeptidase; AKP, alkaline 
phosphatase; TBIL, total bilirubin; ALB, albumin; Amon, blood ammonia; Cr, creatinine; Na, serum sodium; K, serum potassium; 
LA, lactic acid; GLU, glucose; TG, triglyceride; TC,total cholesterol; NLR, neutrophil-to-lymphocyte ratio; PTAR, international 
normalized ratio-to-albumin (g/dL) ratio; CTP score, Child-Turcottee-Pugh score; MELD score, Model for End-Stage Liver Disease 
score.
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Table 4 Intraoperative Clinical Data of Patients with or Without Bacterial IAIs

Intraoperative Clinical Data Non-infection 
Group (n=211)

Infection 
Group (n=50)

Z/χ2 P

Source of donor liver [n(%)] 0.602 0.44

LDLT 60(28.4) 17(34.0)

DCD/DBD 151(71.6) 33(66.0)
Surgical method [n(%)] 2.354 0.31

Classic Orthotopic liver transplantation 165(78.2) 36(72.0)

Piggyback liver transplantation 39(18.5) 10(20.0)
Others 7(3.3) 4(8.0)

Biliary anastomosis method [n(%)] 0.105 0.75
Roux-en-Y anastomosis 34(16.1) 9(18.0)

End-to-end anastomosis 177(83.9) 41(82.0)

Operation time [median (IQR), h] 7.00(6.00,9.00) 7.00(6.00,8.00) −0.674 0.50
Anhepatic phase duration [median (IQR), min] 40.00(37.00,45.00) 42.00(38.00,46.25) −1.060 0.29

GRWR [median (IQR), %] 1.2(0.86,1.85) 1.1(0.87,1.51) −0.864 0.39

Intraoperative blood loss [median (IQR), mL] 800(500,1200) 1150(687.5,1875) −2.723 0.006
RBC transfusion volume[median (IQR), mL] 600(0,1040) 600(465,1010) −1.204 0.23

Plasma transfusion volume [median (IQR), mL] 800(0,1200) 800(575,1250) −1.632 0.10

Albumin transfusion volume [median (IQR), mL] 2000(1500,2700) 2000(1425,2962.5) −0.157 0.88
Drugs used during the operation [n(%)]

Basiliximab 193(91.5) 45(90.0) 0.003 0.96

Terlipressin 95(45.0) 23(46.0) 0.016 0.90
Adrenaline 79(37.4) 18(36.0) 0.036 0.85

Phenylephrine 35(16.6) 6(12.0) 0.642 0.42

Pituitrin 7(3.3) 4(8.0) 1.189 0.28
Dopamine 19(9.0) 2(4.0) 0.776 0.38

Abbreviations: DCD, donation after circulatory death; DBD, donation after brain death; LDLT, living donor liver transplantation; GRWR, 
graft to recipient weight ratio; RBC, red blood cell.

Table 5 Postoperative Clinical Data of Patients with or Without Bacterial IAIs

Postoperative Clinical Data Non-Infection 
Group (n=211)

Infection 
Group (n=50)

t/Z/χ2 P

Postoperative immunosuppressive regimen 0.125 0.99

FK506+MPA+ GCs 166(77.9) 40(80.0)

CSA+MPA+ GCs 10(4.7) 2(4.0)

FK506+ GCs 24(11.3) 5(10.0)

Others 13(6.1) 3(6.0)

Average levels of FK506 within 30 days [median (IQR), days, ng/mL] 5.60(3.18,7.60) 5.20(3.70,7.10) −0.274 0.78

Average levels of CsA within 30 days (�x� s, ng/mL) 685.44±239.20 1034.95±325.08 2.027 0.07

Reduction or suspension of the immunosuppressants 22(10.4) 7(14.0) 0.523 0.47

ICU stay duration [median (IQR), days] 3.00(2.00,4.00) 4.00(3.00,5.00) −4.484 <0.001

APACHE II score within the initial 24 hours following ICU admission [median (IQR), score] 26.00(24.00,28.00) 29.00(27.00,30.00) −7.000 <0.001

Abdominal drainage tube retention duration [median (IQR), days] 11.00(8.00,16.00) 14.00(10.00,20.25) −3.076 <0.001

Postoperative related surgical procedures and treatments [n(%)]

Laparotomy 7(3.3) 3(6.0) 0.229 0.63

Abdominal incision debridement and suture 3(1.4) 2(4.0) 0.387 0.53

CRRT 5(2.4) 3(6.0) 0.779 0.38

Postoperative surgical complications [n(%)]

Intra-abdominal hemorrhage 6(2.8) 4(8.0) 1.685 0.19

Biliary Stricture 1(0.5) 1(2.0) 0.044 0.83

Biliary leakage 5(2.4) 5(10.0) 4.484 0.03

Colonic leakage 1(0.5) 1(2.0) 0.044 0.83

Abbreviations: FK506, Tacrolimus; MPA, mycophenolic acid, including mycophenolate mofetil (MMF) and mycophenolate sodium (MPS); GCs, glucocorticoids; CsA, 
Cyclosporine A; ICU, intensive care unit; APACHE II score, acute physiology and chronic health evaluation II score; CRRT, continuous renal replacement therapy.
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ROC Curve Analysis of Preoperative NLR, Preoperative PTAR, Preoperative CTP 
Score, Preoperative MELD Score, and APACHE II Score Within the Initial 24 Hours 
Following ICU Admission for Predicting Bacterial IAI Within 30 days after OLT
The analysis of the ROC curves indicated that the AUCs for predicting bacterial IAIs were 0.795 for preoperative NLR, 
0.776 for preoperative PTAR, 0.662 for preoperative CTP score, 0.754 for preoperative MELD score, and 0.815 for 
APACHE II score within the initial 24 hours following ICU admission. The P-values associated with all these indicators 
were less than 0.05, signifying statistically significant predictive value for IAIs. Importantly, the AUC of APACHE II 
score was the hightest above all. Meanwhile, both the AUC for NLR and PTAR was higher than that for the CTP score 
and MELD score in predicting bacterial IAIs (Table 7 and Figure 4).

Logistic Regression Analysis of Factors Influencing Bacterial IAIs Occurrence Within 
30 Days After OLT
A binary logistic regression model was developed utilizing the entry method, with infection status (intra-abdominal 
infection = 1, noninfection = 0) as the dependent variable. The independent variables included the degree of ascites, 

Table 6 Correlation Analysis of NLR and 
PTAR with CTP and MELD Scores

Indicators CTP MELD

r P r P

NLR 0.228 <0.001 0.257 <0.001
PTAR 0.353 <0.001 0.579 <0.001

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; 
PTAR, international normalized ratio-to albumin (g/dL) ratio.

Figure 3 Correlation Analysis of NLR and PTAR with CTP and MELD Score. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PTAR, international normalized ratio-to albumin (g/dL) ratio; CTP score, Child-Turcottee-Pugh score; MELD score, 
Model for End-Stage Liver Disease score.
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number of transplantations, intraoperative blood loss, APACHE II score within the initial 24 hours following ICU 
admission, duration of postoperative abdominal drainage tube retention, occurrence of postoperative bile leakage, 
preoperative TBIL, preoperative NLR, and preoperative PTAR. Owing to the presence of collinearity among NEU, 
LYM, and NLR, as well as among PT, PTA, INR, ALB, CTP score, MELD score, and PTAR, and taking into account that 
an extended duration of ICU stay may clinically result from an infection,the variables NEU, LYM, PT, PTA, INR, ALB, 
CTP score, MELD score and ICU stay duration were excluded from the multivariate regression analysis.The analysis 
revealed that preoperative NLR, preoperative PTAR, APACHE II score within the initial 24 hours following ICU 
admission, and postoperative bile leakage were statistically significant predictors of IAI occurrence (all P < 0.05), 
with each serving as a risk factor (odds ratio [OR] > 1). Specifically, elevated preoperative NLR and preoperative PTAR 
levels, along with a higher APACHE II score within the initial 24 hours following ICU admission, as well as the 
occurrence of postoperative bile leakage, were all correlated with an increased risk of IAI. (Table 8).

Table 7 ROC Analysis Results of NLR, PTAR, CTP Score, MELD Score and APACHE II 
Score

Parameters NLR PTAR CTP MELD APACHE II

AUC 0.795 0.776 0.662 0.754 0.815

95% CI 0.718–0.872 0.709–0.844 0.584–0.739 0.686–0.821 0.747–0.883

P <0.001 <0.001 <0.001 <0.001 <0.00
Cut-off value 4.389 0.508 8.5 11.386 27.5

(95% CI) (3.977–7.736) (0.422–0.601) (7.5–10.5) (10.142–13.398) (26.5–29.5)

Sensitivity 74.0 72.0 72.0 84.0 72.0
Specificity 77.3 73.5 52.1 62.6 72.5

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PTAR, international normalized ratio-to albumin (g/dL) ratio; 
CTP score, Child-Turcottee-Pugh score; MELD score, Model for End-Stage Liver Disease score; APACHE II score, 
acute physiology and chronic health evaluation II score.

Figure 4 ROC curves of NLR, PTAR, CTP score, MELD score, and APACHE II score. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PTAR, international normalized ratio-to albumin (g/dL) ratio; CTP score, Child-Turcottee-Pugh score; MELD score, 
Model for End-Stage Liver Disease score, APACHE II score, acute physiology and chronic health evaluation II score.
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Construction and Validation of a Nomogram Model for Predicting the Occurrence of 
Bacterial IAIs Within 30 Days After OLT
Four statistically significant predictors—namely, preoperative NLR, preoperative PTAR, APACHE II score within the 
initial 24 hours following ICU admission, and occurrence of postoperative bile leakage—were identified through 
multivariate analysis and utilized as independent variables to construct a combined prediction model employing 
a coefficient-based approach. The coefficients were derived from the individual logistic regression models fitted 
separately for each of the four indicators. The specific calculation formula was as follows: ln (P/(1−P)) = 0.488 
×APACHE II score + 2.686 × bile leakage (no = 0, yes = 1) + 0.247 × NLR + 3.781 × PTAR – 23.512. 
Subsequently, a nomogram was developed based on this model (Figure 5).

The Bootstrap method was employed 1000 times to evaluate the model’s goodness-of-fit. The Hosmer-Lemeshow test 
for assessing model fit resulted in a χ2 value of 7.349 with a P-value of 0.499, which exceeds the 0.05 threshold. This 
suggests that the model’s predicted values align well with the observed data (Figure 6).

Table 8 Results of Logistic Regression Analysis for Factors Influencing the Occurrence of 
Bacterial IAIs Within 30 Days After OLT

Factors P OR (95% CI)

Preoperative ascites degree 0.12

No ascites – 1.000

Mild ascites 0.77 0.854(0.295–2.470)
Moderate and severe ascites 0.08 3.124(0.876–11.143)

Number of liver transplant

First liver transplant – 1.000
Liver retransplant 0.82 1.237(0.209–7.340)

log(Intraoperative blood loss) 0.16 3.513(0.618–19.980)
APACHE II score within the initial 24 hours following ICU admission <0.001 1.653(1.298–2.106)

Abdominal drainage tube retention duration 0.22 1.040(0.976–1.109)

Postoperative biliary leakage 0.009 14.680(1.972–109.292)
Preoperative TBIL 0.31 1.001(0.999–1.004)

Preoperative NLR <0.001 1.281(1.137–1.442)

Preoperative PTAR 0.002 43.862(3.882–495.573)

Abbreviations: APACHE II score, acute physiology and chronic health evaluation II score; TBIL, total bilirubin; NLR, 
neutrophil-to-lymphocyte ratio; PTAR, international normalized ratio-to albumin (g/dL) ratio.

Figure 5 Nomogram Model for Predicting Bacterial IAIs within 30 Days After OLT. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PTAR, international normalized ratio-to albumin (g/dL) ratio; APACHE II score, acute physiology and chronic health 
evaluation II score.
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Utilizing the established logistic regression model, the joint probability was computed, and the corresponding ROC 
curve was subsequently plotted.The AUC was calculated to be 0.912, with a 95% confidence interval (CI) ranging from 
0.864 to 0.960. Utilizing the Youden index method, the optimal diagnostic threshold was identified as 0.221 (95% CI: 
0.125–0.265). The model exhibited a sensitivity of 86.0% and a specificity of 88.6%, alongside a model-adjusted C-index 
of 0.900 (95% CI: 0.828–0.972). These metrics collectively suggest that the model possesses strong predictive capability 
for identifying IAIs within 30 days post-liver transplantation (Figure 7).

In the decision curve analysis (DCA), the y-axis represents the net benefit, the primary x-axis indicates the threshold 
probability, and the secondary x-axis illustrates the benefit-to-harm ratio. The “None” strategy is depicted by a horizontal 
line at zero net benefit, signifying that no patients are treated. Conversely, the “All” strategy is represented by a diagonal 

Figure 6 Calibration Curve of the Nomogram Model.

Figure 7 ROC Curve of the Nomogram Model.
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line with a negative slope, implying that all patients are presumed positive, leading to a diminishing net benefit as the 
threshold probability increases. The DCA curve of primary interest is derived from our predictive model. In the training 
dataset, this curve consistently lies above both the “None” and “All” reference lines across the threshold probability 
range of 0.03 to 1.0, thereby indicating that the model offers enhanced clinical utility within this interval (Figure 8).

Discussion
With the rapid advancement of surgical techniques and perioperative management, the survival rate of liver transplant 
recipients has significantly improved, with the current 5-year survival rate exceeding 70%.31 Despite these advance
ments, a considerable proportion of liver transplant recipients continue to experience infections during the early post
operative period.4 Bacterial IAIs are most prevalent within the first month after liver transplantation and have 
a substantial impact on both recipient and graft survival rates.7,32 In this study, the overall incidence of bacterial IAIs 
within 30 days after OLT was 19.2% (50/261), a figure consistent with those reported in previous research.7,33 Analysis 
of the pathogen composition and temporal distribution of infections revealed that E. faecium (15.2%, 10/66) and 
K. pneumoniae (15.2%, 10/66) were the most frequent cause of IAIs, and among patients with IAIs, 44.0% (22/50) 
developed infections within one week postoperatively, aligning with findings from previous studies.7,34–36 The mortality 
rate associated with early infections can reach 10 to 30%,36 significantly affecting patient prognosis. However, the 
clinical use of immunosuppressants often results in atypical infection symptoms in many patients, and the inherent 
limitations of conventional culture methods can delay timely diagnosis and treatment to some extent.3 Moreover, early 
postoperative infections are frequently caused by multidrug-resistant bacteria acquired nosocomially, thereby further 

Figure 8 DCA Curve of the Nomogram Model.
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complicating treatment management.3 Consequently, early and accurate identification of infection, along with prompt 
intervention, is critical for reducing mortality and improving patient outcomes.

The NLR is calculated by dividing the number of neutrophils by the number of lymphocytes. The neutrophil count is 
indicative of the inflammatory status during disease progression,37 whereas the lymphocyte count reflects the regulated 
immune system.38 NLR serves as a marker for the equilibrium between the host’s inflammatory and immune responses, 
thereby reflecting immune system homeostasis and effectively predicting both the occurrence and severity of infections.38 

Patients with end-stage liver disease awaiting liver transplantation frequently exhibit immune dysfunction and a chronic 
inflammatory response, resulting in elevated NLR compared to healthy individuals. The extent of NLR elevation serves 
as an indicator of the inflammatory burden and immune status, and is closely associated with an increased risk of 
infection.38–40 Umman16 found that patients who developed postoperative infections after liver transplantation exhibited 
significantly elevated NLR levels 1 week after surgery, prior to the onset of infection. These levels were markedly 
different from those observed in the non-infection group (P < 0.05). Yu’s study17 indicated that preoperative NLR were 
significantly elevated in patients experiencing infection compared to those without infection during the early post
operative period following liver transplantation (P < 0.05).Wiegand18 conducted a study to evaluate the efficacy of the 
NLR as a biomarker for detecting bacterial and fungal infections after liver or lung transplantation. The findings 
demonstrated that NLR levels significantly elevated in patients experiencing infections. Furthermore, the efficacy of 
NLR in detecting bacterial and fungal infections surpassed that of interleukin-6 (IL-6), CRP, and WBC. Given that the 
immune response elicited by fungal infections differs from that elicited by bacterial infections,18 and considering that 
only 5 patients with fungal infections were included in this study, we excluded these patients to more accurately assess 
NLR as a biomarker for bacterial infections post-transplantation. Our study revealed that the preoperative NLR was 
significantly elevated in the bacterial infection group compared to the non-infection group. Since IL-6 was not routinely 
tested preoperatively, our analysis was limited to preoperative CRP and preoperative WBC, two conventional markers of 
infection, which did not show a significant difference between the groups. These findings suggest that NLR is a more 
effective predictor of bacterial infection than traditional inflammatory markers. Multivariate analysis further identified 
preoperative NLR as an independent risk factor for early bacterial IAIs after OLT. Moreover, preoperative NLR 
demonstrated satisfactory predictive performance in the infection group, achieving a higher diagnostic accuracy 
(AUC:0.795 vs 0.754) than the conventional MELD score. This metric shows potential for assisting clinicians in 
identifying high-risk populations for postoperative infections. Nevertheless, comprehensive studies examining the 
correlation between NLR and posttransplant infectious complications are relatively scarce, highlighting the necessity 
for prospective research to further substantiate its reliability.

The PT-INR to albumin ratio PTAR, a novel indicator introduced by Haruki19 in 2018, was initially developed to 
assess liver function status. Subsequent studies41,42 have further validated its utility, demonstrating its robust predictive 
capability in evaluating the prognosis of patients with severe cirrhosis. PTAR is calculated using INR and ALB. Elevated 
INR levels often suggest impaired liver synthetic function and coagulation dysfunction.42 Considering the liver’s critical 
role in immune defense, this impairment may further compromise the immune function of liver transplant recipients 
undergoing immunosuppressive therapy, thereby increasing their susceptibility to infections.43 Moreover, an elevated 
INR may suggest an intensified inflammatory response,44 thereby increasing susceptibility to infection. Empirical 
studies6,23 have shown that an elevated INR prior to liver transplantation significantly heightened the risk of post
operative infection. ALB, a plasma protein synthesized by the liver, is closely associated with nutritional status and 
inflammatory response.45,46 Low levels of this protein have been widely recognized as an independent risk factor for 
infection following solid organ transplantation.24,47,48 From a pathophysiological standpoint, hypoproteinemia is com
monly associated with malnutrition, which adversely impacts the activity and function of immune cells, compromising 
the body’s ability to combat infections and exacerbating the risk of infection in the context of immunosuppression.49 

Furthermore, albumin possesses anti-inflammatory properties and plays a role in modulating the release of inflammatory 
mediators. Consequently, hypoalbuminemia may precipitate dysregulated inflammatory responses, leading to systemic 
inflammatory response syndrome characterized by the release of substantial quantities of inflammatory mediators and 
cytokines into the bloodstream, ultimately culminating in various inflammatory complications.50 These observations 
further elucidate the potential link between liver dysfunction and infection. In our study, we considered that the 
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administration of coagulation substances and albumin could potentially destabilize PTAR parameters. Consequently, we 
excluded patients who received such treatments within 1 week prior to surgery based on our experience to enhance the 
reliability of our conclusions. Our study indicates that elevated preoperative PTAR serve as an independent risk factor for 
early bacterial IAIs after OLT. Moreover, preoperative PTAR demonstrated a higher diagnostic accuracy (AUC:0.776 vs 
0.754) than the conventional MELD score. These findings corroborate our hypothesis that PTAR can be a marker for the 
body’s inflammatory state, with higher PTAR correlating with an increased risk of infection.

The Child–Turcotte–Pugh (CTP) score is currently the most widely utilized method for classifying liver function. It is 
instrumental in evaluating liver reserve capacity, surgical risks, and prognosis in patients with end-stage liver disease. 
A high CTP score has been identified as an independent risk factor for posttransplant infections.27,51 The MELD score, 
a well-established model for assessing the prognosis of patients with various liver diseases, is extensively employed in 
clinical practice, with higher scores correlating with poorer patient outcomes. Research indicates that liver transplant 
recipients with low MELD scores tend to exhibit better postoperative liver function preservation and reduced infection 
risks.52,53 Nonetheless, the MELD score shows limited reliability in predicting posttransplant infection risks in patients 
with end-stage liver disease. This limitation is attributed to the scoring system’s exclusion of indicators related to 
inflammatory responses or immune status, which are crucial to the infection development process following liver 
transplantation.9 Addressing this gap, this study incorporated inflammatory and immune-related markers to evaluate 
the predictive utility of NLR and PTAR for early bacterial IAIs after OLT. ROC curve analysis demonstrated that both the 
AUC for postoperative NLR and postoperative PTAR was higher than that for the postoperative CTP scores and 
postoperative MELD scores, suggesting superior predictive performance of postoperative NLR and postoperative 
PTAR. Correlation analysis further revealed positive associations of NLR and PTAR with CTP and MELD scores, 
indicating their potential to reflect liver function status and disease severity, thereby influencing postoperative prognosis.

The APACHE II scoring system, introduced by Knaus29 in 1985, consists of three components: the acute physiology 
score, the chronic health status score, and the age score, culminating in a total score ranging from 0 to 71. Higher scores 
correlate with an increased risk of mortality, establishing it as one of the most extensively utilized tools for assessing 
severity of illness in ICU. Numerous studies54–57 have demonstrated that the APACHE II score not only objectively 
reflects disease severity but also facilitates early prediction of various infections, with its accuracy being widely 
acknowledged by clinicians. In this study, we obtained the most adverse values for each parameter within the initial 
24 hours following ICU admission and subsequently calculated the APACHE II score for each patient. Importantly, no 
patient exhibited signs of IAI within the initial 24-hour period, thus eliminating the likelihood that elevated APACHE II 
scores were attributable to such infections. Multivariate analysis identified the APACHE II score as an independent risk 
factor for postoperative IAI. Furthermore, the AUC for the APACHE II score in predicting IAI was superior to those of 
NLR and PTAR, demonstrating enhanced predictive performance. This superior predictive capability may be ascribed to 
the APACHE II system’s incorporation of a more comprehensive array of physiological and clinical parameters, 
facilitating a more precise evaluation of postoperative IAI risk.

Through multivariate analysis, it was determined that, along with preoperative NLR, preoperative PTAR, and 
APACHE II score within the initial 24 hours following ICU admission, the incidence of bile leakage emerged as 
independent risk factors for the development of bacterial IAIs within 30 days posttransplantation. The result aligns with 
findings from previous research.58–60 In our study, we systematically documented instances of bile leakage that transpired 
before the onset of infection. This temporal restriction was applied to maximize the likelihood that these variables are 
potential predisposing factors rather than consequences of infection. Drawing on the identified independent risk factors, 
we constructed a nomogram prediction model, which underwent internal validation through the Bootstrap method. The 
model’s calibration was deemed satisfactory, as evidenced by the Hosmer-Lemeshow goodness-of-fit test. ROC curve 
analysis demonstrated that the model possessed strong discriminative capability, while DCA affirmed its favorable 
clinical applicability. This study effectively translates a complex regression equation into a visually interpretable graph. 
By integrating individual risk parameters from the nomogram, the model enables quantitative prediction and personalized 
assessment of the risk of bacterial IAIs after OLT, thereby offering substantial clinical value in the prevention of 
postoperative abdominal infectious complications.

https://doi.org/10.2147/JIR.S571498                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2026:19 16

Peng et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



This study has several limitations. As a single-center retrospective analysis, it was restricted to internal validation of 
the nomogram model. Variability in postoperative anti-infection and immunosuppressive regimens across different 
transplant centers may introduce potential confounding effects on patient prognosis. Consequently, future multi-center, 
large-sample prospective studies are necessary to further establish the model’s reliability. Furthermore, this study 
exclusively utilized clinical-related variables. As detection technologies continue to advance, incorporating novel 
biomarkers for the early identification of infection in liver transplant recipients could enhance the predictive accuracy 
of the model in future applications.

Conclusion
In this study, preoperative NLR, preoperative PTAR, APACHE II score assessed within the initial 24 hours following 
ICU admission, and postoperative bile leakage have been identified as independent risk factors for bacterial IAIs 
occurring within 30 days after OLT. The nomogram model developed from these variables exhibits significant predictive 
value for such infections after OLT. This model is clinically significant as it aids in identifying patients at high risk and 
informs the development of targeted preventive and therapeutic strategies. Importantly, NLR and PTAR are routine, non- 
invasive laboratory parameters that are easily accessible in clinical practice. Their straightforward calculation methods 
facilitate monitoring, underscoring their potential for widespread clinical application.
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