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Thrombocytopenia as an important determinant of poor prognosis in patients with pyogenic liver abscess: a retrospective case series
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Background: Thrombocytopenia and poor prognosis in severe conditions are associated. However, the clinical significance of thrombocytopenia in pyogenic liver abscess (PLA) has not been evaluated.



Objective: To evaluate the association between thrombocytopenia and the prognosis of patients with PLA.



Methods: A consecutive case series of 458 adult patients with PLA hospitalized at Tongji Hospital (Wuhan, China) between October 2011 and June 2021 was included in this cross-sectional analysis. Patient data were compared between the thrombocytopenia and non-thrombocytopenia groups. Multivariate logistic regression, receiver operating characteristic (ROC) curve and propensity score -matched analyses (PSM) were performed.



Results: Of the 458 patients with PLA, 94 (20.5%) developed thrombocytopenia, 19 (4.1%) developed septic shock, 14 (3.1%) were admitted to the ICU, and 15 (3.3%) died during hospitalization. Thrombocytopenia was independently associated with shock (95%CI = 3.529–57.944, P < 0.001), ICU admission (95%CI = 1.286–25.733, P = 0.022), and mortality (95%CI = 1.947–34.223, P = 0.004) in multivariate regression analysis. ROC analysis showed that thrombocytopenia may be an identified marker of shock [area under the ROC curve (AUC), 0.8119; cut-off, 92.50; P < 0.0001], ICU admission (AUC, 0.7484; cut-off, 82.50; P < 0.0015), and mortality (AUC, 0.7827; cut-off, 122.50; P < 0.002). These findings remained consistent across 86 pairs of patients analyzed for PSM analyses.



Conclusions: Thrombocytopenia is an independent risk factor for poor prognosis in PLA and patients may be more prone to adverse outcomes.
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1. Introduction

Pyogenic liver abscess (PLA) is an infectious disease caused by a microbial infection that leads to liver necrosis, septic shock, and other serious consequences (1). The disease has an acute onset and complex condition, and missing the best treatment time may lead to various complications that seriously harm the health and quality of life of PLA patients (2). The incidence of PLA is higher in Asian countries, which can reach 12–18 cases per 100,000 people per year, with a mortality rate of approximately 2%–31% (3, 4).Therefore, prognostic markers should be identified to provide more aggressive and timely resuscitation for patients and plan effective treatment for patients with PLA to improve prognosis.

Thrombocytopenia is the most common hemostatic disorder in critically ill patients, with a prevalence of approximately 40%–53% (5). Previous studies have reported that platelet counts (PLT) regulate inflammation by controlling tissue integrity, and protecting against infection (6). Hence, PLT is considered to be valuable in predicting some disease outcomes, such as sepsis (7), COVID-19 (8, 9), and cancer (10). Zhou (11) demonstrated that patients with severe thrombocytopenia had more blood transfusions, more days requiring advanced support, and worse outcomes than those in the normal group. Orak et al. (12). retrospectively studied 330 patients diagnosed with sepsis in the emergency department and found that the PLTs were lower in patients who died than in the survivors. What's more, platelets have been used as prognostic markers for other hepatobiliary duct diseases, such as cholecystitis/cholangitis, which are closely associated with PLA (13–15). PLA is an inflammatory disease, and we hypothesized that thrombocytopenia may be also associated with its prognosis, which is worthy of our in-depth and detailed exploration and research.

To date, many studies have demonstrated a number of risk factors related to the prognosis of liver abscesses, such as malnutrition, pleural effusion, fever, multiple organ dysfunction syndrome (MODS), presence of gas formation, the size of abscess, and microbiology (16–20). However, few studies have explored the direct association between thrombocytopenia and PLA prognosis. If PLTs, as a common laboratory indicator that is easy to detect, could help to recognize patients with PLA at high-risk for adverse outcomes, it would have even greater clinical benefits. This study was conducted to explore the relationship between thrombocytopenia and PLA prognosis to provide a new and convenient prognostic marker of PLA.



2. Methods


2.1. Study design and participant

This was a retrospective collection of a consecutive case series of 458 patients with PLA admitted to Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, between October 2011 and June 2021.

Patients with PLA were identified by retrospectively searching the medical record code (search term “pyogenic liver abscess”, ICD 10 code = K750) in the medical record department. The inclusion criteria for analysis were as follows: (1) diagnosis of PLA according to the following diagnostic criteria: a. imaging examination found liver abscess lesion (either magnetic resonance imaging (MRI), computed tomography (CT), or ultrasound (US); b. the patient had fever, chills, liver percussion pain, and other clinical manifestations and signs; c. positive bacterial culture; d. the lesions subsided after antibiotic treatment; e. liver biopsy or surgical pathology confirmed; a was essential for diagnosis, and b-e were non-essential diagnostic criteria; (2) age ≥18 years; (3) complete key laboratory results and imaging data. The following were the exclusion criteria: (1) incomplete clinical data; (2) amebic liver abscess or parasitic liver abscess; and (3) underlying conditions at risk for thrombocytopenia (hematologic malignancies, chemotherapy, cirrhosis, and chronic heart failure). The management of PLA was in accordance to the Expert consensus on multidisciplinary management of intra-abdominal infections (21) and Quality Improvement Guidelines for Percutaneous Drainage/Aspiration of Abscess and Fluid Collections (22). Typically, the duration of parenteral antibiotic treatment of liver abscesses is between 4 and 6 weeks. Interval imaging was typically performed after a specific period of antibiotic treatment. The interval between imaging studies also varied depending on the patient's clinical progress, response to therapy, and the physician's judgment.

The study was approved by the ethics committee of Tongji Hospital of Huazhong University of Science and Technology and conducted in accordance with the Declaration of Helsinki (TJ-IRB20221240). This study was exempt from informed consent because of its retrospective design.



2.2. Data collection

Data collected from the electronic medical record system in hospital included patients' demographic characteristics (age and sex), comorbidities (diabetes mellitus, hypertension, chronic respiratory disease, cardiovascular disease, gastrointestinal and hepatobiliary diseases, and malignancy), clinical symptoms and signs (fever, nausea and vomiting, abdominal distension or pain, diarrhea, fatigue), vital signs on admission (temperature, heart rate, respiration rate, and blood pressure), lab tests upon admission [blood routine test, liver function, renal function, serum levels of inflammatory markers, coagulation function, serum lipid parameters, random blood glucose, troponin I, n-terminal pro-brain natriuretic peptide(NT-proBNP), and other related indexes], bacterial cultures, treatments, imaging findings, serious complications, and adverse outcomes including septic shock, acute renal failure, acute hepatic failure, heart failure, myocardial infarction, pulmonary edema, pulmonary infection, acute respiratory distress syndrome (ARDS), pleural effusion, ICU occupancy, and death.



2.3. Definitions

Thrombocytopenia was defined as a PLT less than 125 × 109/L (laboratory reference range 125–350 × 109/L). Patients with liver abscess were categorized into the thrombocytopenia and non-thrombocytopenia groups based on PLTs less than or above 125 × 109/L, respectively. Septic shock was defined as acute circulatory failure with uncorrectable hypotension unexplained by other causes, despite sufficient fluid resuscitation (23). Acute renal failure was diagnosed when serum creatinine above 176 µmol/L, or an absolute increase was greater than 44 µmol/L (24). Acute hepatic injury was defined by WHO diagnostic criteria as alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL) where any one of these markers was more than 1.25 times the reference value upper limit. Heart failure was defined in accordance with the guidelines of the Heart Failure Association of the European Society of Cardiology (25). Myocardial infarction was defined as a serum level of hypersensitive cardiac troponin I (hs-cTnI) >34 pg/ml (26). Pulmonary edema is mainly diagnosed on the basis of pulmonary imaging findings. ARDS was defined according to The Berlin Definition of Acute Respiratory Distress Syndrome (2012) (27).



2.4. Statistical analysis

The mean ± standard deviation was used to express the continuous variable of normal distribution, and the median (quartile distance) was used to express the continuous variable of skewness distribution. Categorical variables were expressed as frequencies and percentages (%). For comparison between the two groups (thrombocytopenia group vs. non-thrombocytopenia group), continuous variables were analyzed by Student's t-test or Mann-Whitney U test, and categorical variables were analyzed by Fisher's exact or chi-squared test. Univariate logistic regression analysis was performed to ascertain the possible risk factors that showed a relationship with shock, ICU admission, and mortality. Variables without collinearity were selected for the multivariable analysis to assess the association between thrombocytopenia and PLA, taking into consideration previous research findings (28), clinical implications, and significant variables identified in the univariate logistic regression analysis. Finally, age, gender, hemoglobin (Hb), TBIL, creatinine, white blood cell, ARDS, presence of gas and pleural effusion were included in the multivariate analysis. The distribution of isolated microorganisms of the total or two groups (thrombocytopenia group vs. non-thrombocytopenia group) is presented in Figure 1. Receiver operating characteristic curve (ROC) was plotted to evaluate the discriminatory performance for adverse outcomes (shock, ICU admission, and mortality) of PLA according to the value of the area under the ROC curve (AUC). To adjust for additional confounding factors, a propensity score matching analysis was performed. Standardized mean differences and t-tests were used to ensure baseline demographics were comparable between the two groups. After matching, the standardized mean differencece of all matching factors in the t-test was not statistically significant. The matched variables included: age, sex, fever, nausea and vomiting, abdominal distension or pain, diarrhea, fatigue and muscle pain, palpitation, cough and sputum, dizziness or headache, SBP, DBP, heartrates, diabetes mellitus, hypertension, cardiovascular disease, malignancy, liver and gallbladder stones, viral hepatitis, fatty liver disease, presence of gas, hemoglobin, total bilirubin, direct bilirubin, ALT, AST, albumin, creatinine. SPSS version 20.0 software (SPSS Inc, Chicago, IL, USA) and GraphPad Prism (ver.9, GraphPad Software, La Jolla, USA) were used for all statistical analyses and figure construction. Statistical significance was defined as a two-sided P-value <0.05.
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FIGURE 1
Profiles of isolated microorganisms in patients with pyogenic liver abscess.





3. Results


3.1. Demographics and baseline characteristics of patients with PLA

Table 1 shows the demographic data of patients at admission. A total of 458 patients with liver abscess were enrolled in this study, with an average age of 53.0 ± 0.6 years, of whom 131 (28.6%) patients were female. The most common clinical symptom was abdominal distension or abdominal pain (n = 230, 50.2%), followed by fatigue and muscle pain (n = 178, 38.9%) and fever (n = 129, 28.2%). Less common symptoms included dyspnea (n = 8, 1.7%) and disturbance of consciousness (n = 7, 1.5%). Diabetes mellitus (n = 101, 22.1%) was the most common comorbidity, followed by liver or gallbladder stones (n = 100, 21.8%) and hypertension (n = 78, 17.0%).


TABLE 1 Demographics and baseline characteristics between thrombocytopenia group and non-thrombocytopenia group with pyogenic liver abscess.
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Patients were categorized, based on PLT, into either the thrombocytopenia group (n = 94) or non-thrombocytopenia group (n = 364). Compared with the non-thrombocytopenia group, the thrombocytopenia group was more likely to report nausea, vomiting, fatigue, muscle pain, palpitations, and dyspnea and had lower blood pressure and higher heart rates for vital signs at admission (P < 0.05). However, no significant differences in size of abscess, presence of gas, or multiloculation were observed between the two groups.



3.2. Baseline laboratory parameters of patients with PLA

The thrombocytopenia group showed significantly decreased levels of lymphocyte, albumin, total cholesterol, high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), and fibrinogen, as well as increased levels of inflammatory markers like C-reactive protein, hepatic function indicators (TBIL, direct bilirubin, ALT, and AST), kidney function indicators (urea nitrogen and creatinine), coagulation function indicators (PT and D-D dimer), cardiac parameters (NT-proBNP and cTnI), and others, such as random blood glucose, compared with the non-thrombocytopenia group (Table 2, P < 0.05).


TABLE 2 Laboratory indices between thrombocytopenia and non-thrombocytopenia group with pyogenic liver abscess.
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3.3. Profiles of isolated microorganisms of patients with PLA

Of the 458 patients with PLA, 194 (42.4%) showed positive bacterial culture results. Twenty-six (12.37%) of the cases were multiple bacterial infections. Among them, 22 cases were cultured with two kinds of bacteria, and 4 cases were cultured with three or more kinds of bacteria. Additionally, there were 4 cases of bacterial infection with fungal infection. As shown in Figure 1, Klebsiella pneumoniae was the most common pathogenic microorganism in both the thrombocytopenia and non-thrombocytopenia groups, accounting for 61.86% of all patients, followed by Escherichia coli (17.01%). Streptococcus (7.73%), Staphylococcus (5.15%), and Enterococcus (4.64%) accounted for a certain proportion. There was no difference in the bacterial culture composition ratio between the thrombocytopenia and non-thrombocytopenia groups (P = 0.318).



3.4. Treatment and clinical outcomes of patients with PLA

As shown in Table 3, 128 patients (27.9%) received conservative treatment with antibiotics alone, 278 patients (60.7%) received antibiotics with abscess puncture and drainage, and 33 patients (7.2%) received antibiotics with surgery. In these areas, there were no statistical differences between the thrombocytopenia and non-thrombocytopenia groups regarding the treatment received. Albumin infusion (P = 0.002), glucocorticoid use (P < 0.001), and antiviral drug use (P = 0.010) were significantly higher in the patients with thrombocytopenia than in those without thrombocytopenia.


TABLE 3 Treatment and clinical outcomes between thrombocytopenia and non-thrombocytopenia group with pyogenic liver abscess.
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Compared with the non-thrombocytopenia group, patients with thrombocytopenia were more likely to develop serious complications, such as septic shock (P < 0.001), acute renal injury (P < 0.001), acute hepatic injury (P < 0.001), heart failure (P < 0.001), myocardial infarction (P = 0.001), pulmonary edema (P = 0.001), ARDS (P < 0.001), and pleural effusion (P < 0.001). In addition, ICU occupancy (P < 0.001) and mortality rates (P < 0.001) were significantly higher in the thrombocytopenia group than in the non-thrombocytopenia group.

Furthermore, we compared baseline data of liver abscess patients grouped by death, ICU admission, and shock, and the results are presented in the Supplementary (Tables S1–S3).



3.5. Independent association between thrombocytopenia and poor prognosis in patients with PLA

Based on univariate analysis (Table 4), decreased hemoglobin (P = 0.003), PLT (P = 0.001), and albumin (P < 0.001), as well as pleural effusion (P = 0.018) and ARDS (P < 0.001) were correlated with septic shock; female sex, decreased hemoglobin (P = 0.011), PLT (P = 0.003), albumin (P < 0.001), increased ALT (P = 0.020), and pleural effusion (P = 0.004) and ARDS (P < 0.001) were correlated with ICU admission; and decreased hemoglobin (P = 0.009), PLT (P = 0.003), albumin (P < 0.001),and increased TBIL, creatinine (P = 0.011) and ARDS (P < 0.001)were correlated with mortality in PLA patients. Moreover, the independent association between thrombocytopenia and poor prognosis was determined using a multivariate logistic regression analysis. After adjusting for age, sex, hemoglobin, albumin, ALT/TB, and pleural effusion, thrombocytopenia remained independently associated with shock, ICU admission, and mortality in patients with PLA. As seen in Table 5, in model 3, the ORs for thrombocytopenia (PLT < 125 × 109/L) were 14.300 (95% CI = 3.529–57.944; P < 0.001), 5.753 (95% CI = 1.286–25.733; P = 0.022), and 8.163 (95% CI = 1.947–34.223; P = 0.004) for shock, ICU admission, and mortality, respectively. Additionally, when the PLT was tested as a continuous variable, with each 10-unit increase in PLT, the adjusted ORs of shock, ICU admission, and mortality were 0.936 (95% CI = 0.890–0.984; P = 0.010), 0.932 (95% CI = 0.875–0.992; P = 0.027), and 0.915 (95% CI = 0.852–0.982; P = 0.014), respectively.


TABLE 4 Univariate logistic regression analysis for risk factors associated with shock, ICU admission and mortality in patients with pyogenic liver abscess.
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TABLE 5 Association of thrombocytopenia with shock, ICU admission and mortality in patients with pyogenic liver abscess.
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3.6. Propensity score-matched analysis

The PSM analysis resulted in a total of 86 pairs of study participants. Due to the limited number of subjects, several analyses were constrained. Therefore, we combined three outcome events (shock, ICU admission, and death) as “adverse outcomes” for analysis. It is noteworthy that the baseline features were well balanced between the two groups, as indicated in Table 1. Consistent with findings in the overall population, the PSM analysis demonstrated an independent association between thrombocytopenia and adverse outcomes in patients with PLA.



3.7. Prognostic value of PLT

As shown in Figure 2, ROC analysis was performed to evaluate the relationship between PLT and PLA prognosis. For the discriminative ability of shock in patients with PLA, the AUC value of the PLT was 0.8119 (95% CI = 0.6773–0.9465, P < 0.0001) (Figure 2A). The optimal cut-off (the value of PLT when the Youden index reaches the maximum) was 92.5 × 109/L) with a corresponding sensitivity and specificity of 89.07% and 73.68%, respectively. The AUC value of PLT as an identified marker of ICU admission was 0.7484 (95% CI = 0.5958–0.9010, P = 0.0015) (Figure 2B), and the cut-off value was 82.50 × 109/L with a corresponding sensitivity and specificity of 90.54% and 64.29%, respectively. The AUC of PLT for the discriminative ability of mortality was 0.7827 (95% CI = 0.6539–0.9295, P = 0.002) (Figure 2C) and the cut-off value was 122.50 × 109/L with a corresponding sensitivity and specificity of 81.53% and 73.33%, respectively. In addition, in the PSM analysis, the AUC value of PLT was 0.7209 (95%CI = 0.5887–0.8531, P = 0.0011) as an indicator of adverse outcomes in PLA patients (Figure 2D). The cut-off value was 82.5 × 109/L, the sensitivity was 79.47%, and the specificity was 66.67%.
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FIGURE 2
ROC analysis of PLT for the identification of shock (A), ICU admission (B), and mortality (C) among overall papulation with pyogenic liver abscess. (D) presents ROC analysis of PLT's ability to identify adverse outcomes in PSM populations.





4. Discussion

In the study involving 458 patients with PLA, thrombocytopenia was found in 20% of cases. Patients with thrombocytopenia were more likely to have deranged (including inflammatory markers and hepatic and renal function indicators were deranged), increased risk of complications, higher ICU admission rates, and elevated mortality. ROC analysis indicated that PLT, an inexpensive and easily obtained biomarker, may be a good candidate to meaningfully identify the poor prognosis of PLA.

Platelets are small anucleate circulating cells that are increasingly recognized as key effector cells that modulate host responses to inflammation and infections (29, 30). Platelets play a key role in innate immunity by interacting with other immune cells, through multiple receptors on their surface, such as Toll-like receptor 4 (31). Thrombocytopenia is a common complication of infection-related diseases. Platelets can interact with pathogens through a variety of platelet damage-related molecular pattern receptors, with the most common causative agent being viruses (28%), followed by bacteria (28%), and fungi (15%) (31). Current studies indicate that the causes of infection or sepsis-associated thrombocytopenia are complex, not fully elucidated, and may involve several factors, for example, a decrease in platelet production. The liver is the most vital site for the synthesis of thrombopoietin (TPO), a crucial platelet-stimulating factor that modulates platelet production (31). Liver injury due to PLA may result in an absolute or relative deficiency in TPO levels in these patients, leading to thrombocytopenia. In addition, various inflammatory cytokines can cause thrombocytopenia by destroying stem cells in the bone marrow (32, 33). This is followed by increased platelet destruction and consumption. Infections can stimulate platelet activation and aggregation through various pathways leading to thrombocytopenia (34, 35). Bacteria, such as Escherichia coli, Staphylococcus aureus, and Streptococcus pneumonia, can directly stimulate platelet activation and platelet-leukocyte aggregation by binding to and activating platelet receptors such as toll-like receptors or by participating plasma proteins related pathways (36). The release of diverse antimicrobial peptides can give rise to cell destruction and tissue damage. Endothelial cell injury and its release of inflammatory factors can also induce platelet activation and aggregation, increase platelet consumption or thrombosis (31, 37–39), and lead to thrombocytopenia. Studies have shown that the release or upregulation of sialidase during infection leads to the hydrolysis of sialic acid, a natural sugar acid that protects platelets from destruction (40–42), thereby causing thrombocytopenia. Additionally, treatment-related drug induction has been shown to cause thrombocytopenia. For example, vancomycin (43), linezolid, cephalosporin, and chloroquine phosphate (44, 45) can produce antiplatelet antibodies that induce increased platelet destruction. Finally, thrombocytopenia was found to be associated with a lower protein concentration and higher fluid balance, which may suggest a hemodilution effect caused by heavy fluid rehydration during treatment (46).

The pathophysiological mechanism of adverse outcomes in thrombocytopenia remains unclear. Possible reasons for this are as follows. Platelets fulfill vital functions in microbial host defense, angiogenesis and tissue remodeling, as well as wound healing (45–47). The higher incidence of adverse outcomes in the thrombocytopenia group can be directly explained by the decreased antimicrobial defenses of thrombocytopenia and changes in platelet function. The interaction between platelets, white blood cells, and the endothelium can result in endothelial dysfunction, leading to inflammation and thrombosis. This process is primarily mediated by platelets, which serve as the fundamental components driving this pathological cascade (7). The specific process is that platelets can be activated by microbial components or inflammatory mediators, leading to their interaction with neutrophils (48). This interaction exacerbates systemic inflammatory responses, triggers the release of inflammatory cytokines, stimulates endothelial cells, and dysregulates host defense responses by inhibiting or activating relevant signaling pathways (49). Additionally, platelets may play a chief part in the pathophysiology of disseminated intravascular coagulation (DIC) and MODS, together with the activation of endothelial cells and leukocytes (7). Although thrombocytopenia is often referred to as a condition of hypocoagulation, the reality is complex, and patients are at a potential risk for bleeding and thrombosis (50). Although different types of infection and definitions of thrombocytopenia influenced the outcome analysis, PLTs may be used to indicate infection severity.

As a suppurative infection of the liver parenchyma, PLA may be caused by a wide variety of bacteria, including biliary tract, portal vein, blood-borne or cryptogenic, and adjacent structure infections (51). Klebsiella pneumoniae was identified as the predominant bacterium in patients with PLA in our study, which aligns with findings from previous studies (52, 53). It has been reported that multibacteremia occurs in 14%–55% of PLA cases (54), a proportion slightly lower than what we observed in our study. Our study found no significant difference in bacterial culture results between the thrombocytopenia and non-thrombocytopenia groups, which was coincident with the findings of Johansson, et al. (36). However, some studies have demonstrated that thrombocytopenia is more common in gram-negative bacterial infections (55) and its duration is longer in gram-negative bacterial or fungal infections than in gram-positive bacteria (56). Unfortunately, this study lacked data on patients' platelet dynamics and did not draw similar conclusions. Owing to the differences in the distribution of microorganisms in previous studies, prevalence and duration of thrombocytopenia based on different bacterial infections remain unclear.

As mentioned above, bacterial components can directly activate platelets and release sialidase, thereby causing platelet destruction. During the deterioration of PLA, a large number of inflammatory cytokines are released, and endothelial damage occurs, triggering the activation of the coagulation cascade, which in turn result in platelet activation (7). And activated platelets lead to the production of thrombin by promoting the release of procoagulant factors, which further aggravates the development of the disease and leads to septic shock, liver and kidney function injury, and even multiple organ dysfunction in severe cases. Thrombocytopenia has been proved to be closely related to the increase of ICU occupancy rate, length of stay and mortality in critically-ill patients (57). A prospective study (58) also showed that changes in platelet mitochondrial function occurred early in patients with septic shock and were independently associated with the development of organ failure. Because thrombocytopenia induces organ damage, including renal failure, acute lung injury, and septic shock, it may indirectly lead to death (7, 57). Similarly, our findings showed that thrombocytopenia patients with PLA had nearly 7 times the risk of death, 12 times the risk of shock, and 11 times the risk of ICU transfer compared to patients without thrombocytopenia. These findings suggest that thrombocytopenia may be associated with severe infection and poor prognosis.

Additionally, previous research has indicated that the size of the abscess, gas production, and multiloculation are closely associated with the prognosis of PLA (19, 20). However, in our study, we did not observe significant differences in these variables between the two groups. Only a positive correlation between gas production and mortality was identified through univariate regression analysis. This discrepancy may be attributed to several factors, such as our relatively small sample size, missing data, confounding factors, or the heterogeneity of different ethnic groups.

In recent years, many advances have been made in the treatment of PLA. Percutaneous aspiration/drainage under US or CT guidance plus long-term antibiotic therapy has replaced traditional surgical drainage as the cornerstone of treatment (22). As in this study, most patients received antibiotics combined with puncture and drainage (60.7%). The prognosis of PLA is influenced by early diagnosis, as delayed detection can lead to complications such as liver and kidney failure, as well as respiratory failure, resulting in poor outcomes (2). However, thanks to the continuous advancements in treatment approaches, the mortality rate associated with PLA has significantly declined in recent years.

The study's limitations are as follows: (1) This is a retrospective study and lacks follow-up of patient parameters over time to directly establish absolute causality based on the results of this study. (2) Although we continuously recruited participants at our hospital and our participants were representative of local inpatients, they were not representative of the entire regional population of patients with PLA. (3) The etiological specimens were obtained from the blood or fester of patients, and different specimens for detection may have led to certain errors. (4) Data deficiencies include no details on the duration of antibiotic use, interval imaging, and a small sample size of patients reporting abscess size. (5) The data collected in this study were all indicators obtained on hospital admission without dynamic observation. In the future, a large-scale prospective study should be conducted to validate our conclusions.



5. Conclusion

Thrombocytopenia, an independent risk factor, was significantly associated with septic shock, ICU admission, and mortality in patients with PLA. PLT, a rapid and easy clinical laboratory index, can assist risk assessment and hierarchical management in patients with liver abscess and help identify those patients with a poor prognosis early, important for timely and appropriate intervention to improve poor outcomes. Larger sample sizes and prospective studies are required to confirm this conclusion.
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in, g/l 115-150 115 (101, 129) 110 (97, 124) 116 (102, 130) 0175 11+23 11022 0815
Platelet count, 10°/L 125-350 232 (141, 321) 79 (47, 99) 268 (196, 349) <0.001 82 (47, 99) 238 (165, 337) <0.001
CRP, mg/LL <1 115 (59, 190) 143 (100, 200) 97 (51, 184) 0.003 162+91 137278 0.161
PCT, ng/ml <0.05 10 (02, 7.8) 83 (25,242) 05 (0.1, 24) 0.000 825 (2.53,23.9) 155 (0.21, 13.58) 0.015
Total bilirubin, pmol/L <=21 118 (79, 18.2) 17.2 (120, 423) 109 (75, 164) <0.001 17 (12, 41) 13 (9.24) 0.003
Direct bilirubin, pmol/L <=8 54 (3.1, 94) 10.0 (5.8, 27.4) 47 (28,74) <0.001 10 (6, 26) 7 (4 14) 0.002
ALT, UL <33 31 (18, 55) 47 (31, 113) 28 (17, 48) <0.001 47 (31, 93) 43 (21, 86) 0.015
AST, U/L <32 26 (18, 45) 49 (23, 98) 24(17, 38) <0.001 46 (23, 93) 39 (21, 68) 0185
ALP,U/L 135-214 140 (98, 210) 153 (113, 224) 137 (96, 204) 0.125 154 (112, 214) 195 (120, 0.038
7GT, UL 6-42 115 (63, 193) 131 (69, 205) 112 (59, 191) 0220 134 (76, 207) 137 (91, 285) 0257
Albumin, g/L 35-52 317+03 284+07 32503 <0.001 2947 2946 0592
TC, mmol/L <58 3124, 38) 26(21,35) 32(26,39) <0.001 27 (21, 36) 30 (23,36) 0102
TG, mmol/L <17 12 (09, 1.9) 14 (10, 2.1) 12 (08, 1.7) 0.067 14 (10,22) 14 (10, 1.9) 0820
PT,s 115-145 147 (139, 15.7) 15.1 (142, 168) 146 (139, 155) <0.001 15 (14,17) 15 (14, 16) 0253
APTT, s 29-402 410 (37.1, 45.0) 410 (364, 45.2) 411 (37.1, 449) 0863 417 42+6 0842
Random blood glucose, mmol/L. - 7.1 (56, 10.9) 86 (65, 13.1) 69 (55,10.3) 0.003 86 (64,129) 90 (60, 13.1) 0857
BUN, mmol/L 2675 44 (32,59) 64(38,99) 41 (31,53) <0.001 99.7+55 985465 0165
Creatinine, gmol/L 59-104 67 (54, 83) 77 (59, 103) 65 (54, 79) <0.001 76 (58, 99) 69 (60, 84) 0232
NT-proBNP, pg/ml <62.9 665 (296, 2,353) 1,449 (671, 3,094) 391 (145, 1,001) <0.001 1,301 (665, 2,596) 430 (98, 695) 0.007
<Tnl, pg/ml <=342 18 (00, 7.6) 23 (00, 162) 0.1 (00, 40) 0.049 3.05 (0.02, 16.20) 025 (0.00, 5.70) 0022
Bold value means statistically significant (P <0.05). Data are presented as median (interquartile range) for commuous variables. P-values comparing and group are from Mann-Whitney U-test
PSM, propensity score-matched; CRP, C-reactive protein; PCT, in; ALT, alanine ami T, aspartate ALP, alkaline +-GT, ida; TC, Total cholesterol; TG,
DL-C, y lipoprotein LDL-C, y lipoprotein PT, time; APTT, activated partial thromboplastin time; Fib, annogen BUN, blood urea nitrogen; NT-proBNP, n-

terminal pro-brain natriuretic peptide: ¢Tnl, cardiac troponin |.
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Characteristics

Overall population

PSM population

Thrombocytopenia Non-thrombocytopenia P-value Thrombocytopenia Non-thrombocytopenia P-value
group (n = 94) group (n=364) group (n=86) group (n=86)
Age (years) 53006 547:13 525207 548721229 5386+ 1288
Female, n (%) 131 (286) 24 (255) 107 (29.7) 66 (76.7) 67 (77.9)
Clinical
Fever, n (%) 129 (282) 27 28.7) 102 (28.0) 24 27.9) 29 (33.7)
Nausea and vomiting, r (%) 83 (18.1) 24 (255) 59 (16.2) 24 27.9) 22 (256)
Abdominal distension or pain, 1 (%) 230 (50.2) 44 (468) 186 (51.1) 41 (47.7) 36 (419)
Diarrhea, 7 (%) 36 (7.9) 10 (10.6) 26 (7.1) 0262 10 (11.6) 8(93) 0618
Fatigue and muscle pain, # (%) 178 (389) 47 (50.0) 131 (36.0) 0.013 44 (512) 43 (500) 0879
Chest pain, n (%) 18 (39) 3(32) 15 (4.1) 0.679 3(35) 6(7.0) 0496
Palpitation, (%) 27 (59) 10 (10.6) 17 (4.7) 0.029 9 (105) 8(93) 0798
Cough and sputum, (%) 43(94) 11 (117) 32(8.8) 0.388 11 (12.8) 11 (128) 1000
Dizziness or headache, n (%) 49 (10.7) 15 (16.0) 3493 0.064 13 (15.1) 15 (17.4) 0680
Dyspnea, n (%) 8(1.7) 5(53) 3(08) 0.011 2(23) 3(35) 1.000
Disturbance of i n (%) 7 (1.5) 3(32) 4(L1) 0.156 2(23) 1(12) 1.000
Co-morbidity
Diabetes mellitus, (%) 101 (22.1) 26 27.7) 75 (20.6) 0.141 23 (26.7) 28 (326) 0404
n (%) 78 (17.0) 16 (17.0) 62 (17.0) 0.998 16 (18.6) 15 (17.4) 0843
Cardiovascular disease, n (%) 13 (28) 4(43) 9(25) 0.353 4(47) 5(58) 1.000
Chronic respiratory disease, 22(48) 6(64) 16 (4.4) 0422 5(58) 7(81) 0549
n (%)
Urologic diseases, n (%) 8(1.7) 2(21) 6 (1.6) 0.752 2(23) 2(23) 1.000
Malignancy, n (%) 22 (48) 4(43) 18 3.9) 0.780 4(47) 5(58) 1.000
Liver and gallbladder stones, 100 (21.8) 22(234) 78 (21.4) 0.679 21 (244) 19 221 0718
n (%)
Viral hepatitis, # (%) 54 (11.8) 16 (17.0) 38 (10.4) 0.078 14 (163) 13 (15.1) 0834
Fatty liver disease, n (%) 49 (10.7) 12 (128) 37 (102) 0.467 10 (11.6) 10 (11.6) 1.000
Vital sign at admission
Temperature, oC 36.7 (36.4, 36.8 (365, 37.4) 367 (364, 37.2) 0.509 365 (365, 37.5) 368 (365, 38.0) 0301
37.2)

SBP, mmHg 12009 115+23 122209 0.002 11520 117217 0521
DBP, mmHg 7505 72513 76+06 0.001 71=13 72:10 0497
Heart rates, /min 86 (78, 98) 91 (80, 103) 86 (78, 96) 0.012 91 (80, 103) 91 (80, 106) 0604
Respiratory rates, /min 20 (20, 20) 20 (20, 20) 20 (20, 20) 0.900 20 (20, 20) 20 (20, 20) 0254
The size of abscess (25 cm) 49 (10.7) 9 (96) 40 (11.0) 0.452 8(93) 7 (8.1) 0556
Presence of gas 39 (85) 10 (10.6) 29 (8.0) 0.408 9 (10.5) 9 (105) 1.000

i 84 (183) 22 (234) 62 (17.0) 0238 21 (244) 22 (256) 0706

Bold value means statistically significant (P <0.05). Data are presented as mean + SE or median (interquartite range) for continuous variables and n (%) for categorical variables. P-values comparing thrombocytopenia group and non-
thrombocytopenia group are from Student's t-test, Mann-Whitney U-test, z test, or Fisher's exact test. We had data on the size of the abscess for 72 patients, while data on multiloculation were available for 405 patients in this study.

PSM intnensity score-mstehed: SBP. svstolic blood pressure: DBP. diastole blood pressire.
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