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Clinical Significance of Serum Albumin/Globulin Ratio in Patients With Pyogenic Liver Abscess
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Pyogenic liver abscess (PLA) remains a significant challenge for modern clinicians. Serum albumin/globulin ratio (AGR) can reflect the progress of many diseases. However, the clinical significance of AGR in PLA has not been evaluated. The aim of this study was to explore the effect of AGR on the clinical characteristic and prognosis in PLA patients. This retrospective study included 392 PLA patients who admitted to the First Affiliated Hospital of Xi'an Jiaotong University from January, 2007 to December, 2016. The medical records on admission were collected. Compared with the healthy controls and the patients with extraperitoneal infection or non-infectious liver disease, PLA patients had lower levels of AGR. The mean level of AGR in PLA patients was 1.02 ± 0.25. There were 179 (45.4%) patients with AGR > 1.02 and 213 (54.6%) patients with AGR ≤ 1.02. The baseline data and treatment plans of PLA patients with high or low AGR were comparative. However, PLA patients with a low AGR had higher body temperature, leukocytes and neutrophils, lower hemoglobin, poorer liver and coagulation function, larger abscess diameter, higher positive rate of pus culture and proportion of Escherichia coli, and were more susceptible to multiple bacteria. Moreover, PLA patients with a low AGR had more complications, including systemic inflammatory response syndrome (SIRS), peritoneal effusion and pleural effusion. And it also needs longer time for temperature normalization and hospital stay. In conclusion, PLA patients have lower AGR and lower AGR is associated with worse clinical manifestations, more complications and poorer prognosis. Thus, monitoring of AGR is of great clinical significance for evaluating the progress of PLA patients.
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INTRODUCTION

Pyogenic liver abscess (PLA) is a type of pyogenic infection in the liver, which can be life-threatening without appropriate treatment. PLA had a high morbidity and mortality in the past (1). The advent of modern antibiotics and intensive care techniques have dramatically reduced the mortality of PLA patients. However, the PLA incidence is still rising due to the aging of the population, the use of immunosuppressive agents, and the increase of diabetes (2). Many factors, such as malnutrition (3), diabetes (4, 5), hepatobiliary diseases (6), or accompanied by shock, low hemoglobin, high urea nitrogen, and multiple lesions in the liver (7) can influence the prognosis of PLA. Therefore, PLA remains an important challenge for today's clinicians.

The serum protein is composed by albumin (ALB) and globulin (GLO). Albumin is mainly synthesized in the liver and its level can reflect liver function. Albumin has a variety of physiological functions, such as maintaining osmotic pressure, transporting nutrient contents (fatty acids, bile acids, and cholesterol), scavenging free oxygen radicals (8–11). In addition, albumin also plays an important role in a variety of diseases (12, 13). Globulin, known as immune globulin, is mainly used to evaluate the overall status of immune and inflammatory responses (14–16).

Several recent studies have found that serum albumin/globulin ratio (AGR) can predict the prognosis of various diseases, including cancers, chronic kidney disease, heart failure, and peritoneal dialysis (17–21). As a serious infectious disease of the liver, PLA was associated with the decreased albumin and increased globulin, however, the clinical significance of AGR in PLA patients remains largely unknown. The aim of this study is to explore the effect of AGR on the clinical characteristics and prognosis of PLA patients.



MATERIALS AND METHODS


Patients

There were 438 patients were collected who diagnosed with liver abscess in the First Affiliated Hospital of Xi'an Jiaotong University during the 10 years from January 2007 to December 2016. The diagnosis of PLA was based on the clinical features, imaging and laboratory results, blood and pus cultures. The inclusion and exclusion criteria, and therapeutic criteria were described previously (22–24). Finally, 392 patients with pyogenic liver abscess were included in this study (Figure 1). This study was authorized by the ethic committee of the First Affiliated Hospital of Xi'an Jiaotong University (No. XJTU1AF2015LSL-057). Due to the nature of retrospective study, the patient informed consent was waived.
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FIGURE 1. Flow chart of the study.




Data Collection

The medical records on admission were collected, including baseline information (age, gender, height, weight, coexistences), clinical features (symptoms and signs), laboratory examinations (blood routine, liver function, kidney function, and coagulation function), imagological examination (the number, size, site of abscesses), microbiological characteristics (pus culture and blood culture), treatments (antibiotics alone, antibiotics combined with percutaneous drainage or surgical drainage), complications (systemic inflammatory response syndrome, pleural effusion, peritoneal effusion, acute respiratory distress syndrome, septic shock, spontaneous rupture of abscess, portal venous thrombosis, acute kidney injury), and outcomes (time for temperature normalization, length of hospital stay, and mortality in hospital). In addition, the AGR levels on day 1, 3, and 7 after admission and on discharge were collected.



Statistical Analysis

Categorical variables were presented in absolute values (%) and compared by the Chi-square test or the Fisher exact test. Continuous variables were presented as mean ± standard deviation (SD) or standard error (SE) and compared by the Students t-test. All statistical analyses were conducted in SPSS 22.0, and the two-tailed P < 0.05 was considered statistically significant.




RESULTS

To explore the effect of PLA on serum AGR, the AGR levels of healthy controls (n = 50) and the patients with PLA (n = 392), extraperitoneal infection (n = 38) and non-infectious liver disease (n = 28) were collected and the three controls were matched with the PLA patients by age and gender (Supplementary Table 1, P > 0.05). However, other factors were not matched in this study. As showed in Supplementary Table 2, the most included extraperitoneal infection was pulmonary infection (26, 68.4%), and the most included non-infectious liver disease was hepatic hemangioma (16, 57.1%). Compared with healthy controls and patients with extraperitoneal infection or non-infectious liver disease, PLA patients had lower level of AGR (Figure 2A, P < 0.05,). There were 69.9% of PLA patients with an AGR between 0.8 and 1.3 (Figure 2B). The mean level of AGR in PLA patients was 1.02 ± 0.25. PLA patients were divided into low-AGR group (AGR ≤ 1.02) and high-AGR group (AGR > 1.02). There were 213 (54.3%) PLA patients in the low-AGR group, and 179 (45.7%) PLA patients in the high-AGR group. This cut-off value was similar to previous studies (25–27).
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FIGURE 2. The PLA patients had lower AGR level compared with the healthy controls and the patients with extraperitoneal infection or non-infectious liver disease. (A) The AGR levels in healthy controls and the patients with PLA, extraperitoneal infection and non-infectious liver disease. (B) The AGR distribution of PLA patients. Data were presented as the mean ± SE. Differences between the groups were compared by the One-way ANOVA. *P < 0.05.



Baseline Data
 
Demographic Data

As shown in the Table 1, the mean age of the patients was 57.8 ± 13.0 in the low-AGR group and 55.4 ± 13.5 in the high-AGR group. The ratio of males to females in the two groups was 108/71 and 115/98, respectively. The body mass index (BMI) of PLA patients was 22.6 ± 2.7 kg/m2. There was no statistically significance in age, gender, and BMI between the two groups (P > 0.05).


Table 1. Baseline data of demographic data and coexistences.
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Coexistences

There were no significant differences between the high-AGR group and the low-AGR group in terms of the coexistences, such as history of smoking and alcohol, hypertension, diabetes mellitus, cirrhosis, viral hepatitis, hepatobiliary malignant diseases, lithiasis, abdominal surgery history, and PLA history (Table 1, P > 0.05).




Clinical Features, Laboratory Results, and Imaging Findings
 
Symptoms and Signs

As shown in Table 2, in terms of clinical symptoms, the two groups had similar proportions of patients with fever, chills, abdominal pain, nausea, vomiting, fatigue (P > 0.05). In terms of the clinical signs, respiratory rate, heart rate, and mean arterial pressure were comparable between the two groups (P > 0.05). However, the low-AGR group had higher temperature at admission than the high-AGR group (P < 0.05).


Table 2. Clinical features, laboratory results, and imaging findings.
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Laboratory Results

The blood routine, liver function, kidney function, and coagulation function on admission were collected and showed in Table 2. Compared with the high-AGR group, the low-AGR group had higher leukocytes, neutrophils, alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (GGT), international standardized ratio (INR), longer prothrombin time (PT), activated partial thromboplastin time (APTT), and lower hemoglobin (P < 0.05), which means that the PLA patients in low-AGR group had more severe infection, poorer liver function, and coagulation function.



Imaging Finding

Abdominal computed tomography (CT)/ultrasound (US) was collected to determine the gas formation, number, size and site of abscesses and the results were showed in Table 2. Gas formation of abscess was comparative between the two groups (23, 12.8%/43, 20.2%, P > 0.05). In terms of the abscess number, single lesion was common in both groups and there was no statistical difference in the abscess number (136, 76.0%/155, 72.8%, P > 0.05). Abscesses in the right lobe were common and did not differ between the two groups (114, 74.0%/141, 73.8%, P > 0.05). However, the maximal diameter of abscess in low-AGR group was larger than that in high-AGR group (7.3 ± 3.0/6.0 ± 2.5, cm, P < 0.05).




Microbiological Characteristics
 
Pus Culture

The results of pus culture from 231 PLA patients were presented in Table 3. Klebsiella pneumoniae was the most common pathogen in both groups (40, 33.6%/39, 34.8%, P > 0.05). However, the positive rate of pus culture (87, 77.7%/67, 56.3%) and the proportion of Escherichia coli (21, 18.8%/3, 2.5%) were higher in low-AGR group (P < 0.05), and patients in low-AGR group were more susceptible to the infection of multiple bacteria (15, 13.4%/5, 4.2%, P < 0.05).


Table 3. Microbiological characteristics.
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Blood Culture

According to the analysis of 163 PLA patients whose samples were sent for blood culture, Klebsiella pneumoniae was the most common pathogens in both groups (7, 9.5%/7, 7.9%, Table 3, P > 0.05), which was consistent with the result of pus culture. In addition, the two groups had similar positive rate and composition of positive bacteria in blood culture (Table 3, P > 0.05).




Treatments, Complications, and Outcomes
 
Treatments

Patients in both groups were mainly treated with antibiotics combined with percutaneous drainage (85, 47.5%/119, 55.9%), followed by antibiotics alone (51, 28.5%/56, 26.3%), and antibiotics combined with surgical drainage was used in the least number of PLA patients (43, 24.0%/38, 17.8%). There was no statistical difference in the choice of treatments (Table 4, P > 0.05).


Table 4. Treatments, complications, and outcomes.
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Complications

The common complications are listed in Table 4, systemic inflammatory response syndrome (SIRS) (51, 28.5%/89, 41.8%), pleural effusion (48, 26.8%/90, 42.3%), peritoneal effusion (15, 8.4%/36, 16.9%) were the most common complications in two groups. However, the number of patients with SIRS, pleural effusion, peritoneal effusion was higher in low-AGR group than that in high-AGR group (P < 0.05). There was no statistically difference between the two groups in other less common complications, such as acute respiratory distress syndrome (ARDS), septic shock, spontaneous rupture of abscess, portal venous thrombosis, and acute kidney injury (AKI) (P > 0.05).



Outcomes

Table 4 showed the analysis of patients' outcomes. Specifically speaking, the low-AGR group needed longer to temperature normalization and longer hospital stay than that in high-AGR group (P < 0.05). There were no in-hospital deaths in either group. In additon, the AGR level of PLA patients was increased gradually after treatment (Figure 3A, P < 0.05 vs. AGR level on admission). However, the decrease of globulin (day 3 after admission, Figure 3B) was significantly earlier than the increase of albumin (on discharge, Figure 3C).


[image: Figure 3]
FIGURE 3. The AGR level was increased gradually after treatment in PLA patients. The levels of AGR (A), globulin (B), and albumin (C) on day 1, 3, and 7 after admission and on discharge. Data were presented as the mean ± SE. Differences between the groups were compared by the One-way ANOVA. *P < 0.05. OA, on admission; OD, on discharge.






DISCUSSION

In this study, the PLA patients had lower AGR level, compared with the healthy controls and the patients with extraperitoneal infection and non-infectious liver disease. The 392 PLA patients were divided into high-AGR group and low-AGR group according to the mean of AGR 1.02. There were 179 (45.4%) patients in the high-AGR group and 213 (54.6%) patients in the low-AGR group. The baseline data were consistent between the two groups. However, the low-AGR group had more serious infections, lower hemoglobin, worse liver function and coagulation function than high-AGR group. In addition, the maximal diameter of abscess in the low-AGR group was larger than that in the high-AGR group. On the other hand, the low-AGR group had higher positive rate, proportion of Escherichia coli and proportion of multiple bacteria. The treatments of the two groups were comparable, but the patients in low-AGR group were more likely to have complications such as SIRS, pleural effusion and peritoneal effusion. The low-AGR group also needed longer to temperature normalization and longer hospital stay than that in the high-AGR group.

PLA is one of the largest solid abscesses in the human body, it has multiple etiologies, which have been changed recently (1). Biliary diseases, including biliary stones, biliary tumors and biliary strictures, have replaced appendicitis as the most common cause of PLA (28, 29). Meanwhile, PLA with cryptogenic infection are also increasing gradually (30). Albumin/globulin ratio (AGR) is often used to guide treatment and predict prognosis in a variety of diseases. In cancers, AGR is a potential prognostic biomarker for several cancers, such as oral cavity cancer, lung cancers, nasopharyngeal cancers, renal cell carcinoma, and gastric cancers (31–35). In addition, AGR also plays a role in non-neoplastic diseases. Serum levels of ALB and GLB can be used in combination to predict the survival of patients with heart failure (18). The low AGR is associated with the significantly increased risk for subsequent vascular events in stroke patients and in subjects with clinical risk factors for stroke (17). In chronic kidney disease, AGR was suggested a simple and inexpensive measurement for detecting the risk of mortality (20). AGR has the potential to predict all-cause and cardiovascular mortality in patients on peritoneal dialysis (21). However, the effect of AGR on the clinical characteristic and prognosis in PLA patients remains unknown.

Liver is the body's albumin synthesis organ and globulin is associated with inflammation. PLA could affect the production of both albumin and globulin. In contrast, extra-abdominal infection mainly caused the increase of globulin and non-infectious liver disease mainly caused the decrease of albumin. Our results showed that AGR in both groups was lower than healthy controls, but AGR in extra-peritoneal infection and non-infectious liver disease was higher than PLA patients. This demonstrated the importance of AGR in PLA.

In the study, PLA patients was divided into two groups based on the levels of AGR. PLA patients in low-AGR group had higher body temperature, leukocytes and neutrophils on admission, which were the indication of poor prognosis (36). Moreover, the patients in low-AGR group had higher ALP, GGT, INR, longer PT, APTT, which indicating that the patients in the low-AGR group had more severe liver injury and inflammation, and worse liver function. This is not surprisingly that albumin is synthesized and secreted by hepatocytes and globulin is associated with inflammation. Patients with low AGR often have lower albumin and higher globulin, which predicts more severe liver injury and inflammation, and worse liver function. On the other hand, patients in low-AGR group had lower hemoglobin. Research has shown that hemoglobin was one of the independent prognostic factors of PLA (37). Furthermore, several studies have explored the effect of gas formation on PLA (38, 39) and gas formation of abscess was comparative between the two groups in our study. In addition, we found that the abscess diameter of the patients in the low-AGR group was significantly larger than that in the high-AGR group. Our previous study found that the larger abscess always accompanies with higher leukocytes, lower albumin, and longer time for temperature normalization (40).

With regard to microbiological characteristics, Klebsiella pneumoniae and Escherichia coli were still the most common pathogenic bacteria and Klebsiella pneumoniae has gradually take the place of Escherichia coli as the main pathogenic bacteria of PLA (41). In this study, Klebsiella pneumoniae was the main pathogenic bacteria, which was consistently with a previous study (42). A higher positive rate, proportion of Escherichia coli and susceptibility to multiple bacteria in pus culture were observed in the low-AGR group. In general, the factors, such as positive rate of bacterial culture and infections of Escherichia coli or multiple bacteria, always predicted a worse prognosis for PLA patients (1, 43). In addition, PLA with Aerogen infection may cause acute cholecystitis (44), however, there was no difference between the two groups.

In terms of treatments, sensitive antibiotics should be used as the preferred treatment, and combined with percutaneous drainage or surgical drainage if necessary (45). Percutaneous drainage is regarded as the preferred drainage due to its advantages of fewer complications, lower mortality, anesthetic risk, cost and shorter hospital stay (1, 46–48). Surgical drainage can be selected in the case of failure of percutaneous drainage, abscess diameter > 5 cm or multiple lesions (45, 49). In this study, antibiotics combined with percutaneous drainage was the most common treatment and the treatments were similar in both groups. Eighty-One (20.7%) PLA patients were treated with surgical drainage, which was a high percentage compared with a previous study (50). A possible reason is that the different standard (e.g., smaller abscess size) for surgical drainage was used in our study.

Many researches have shown that the low AGR is often associated with the poorer prognosis in many diseases (51–53). In the present study, although there were no in-hospital deaths in either group, patients in the low-AGR group had more complications and needed longer time for temperature normalization and hospital stay. This indicated that patients in the low-AGR group had a worse prognosis than those in the high-AGR group, which was consistent with the above results. Meanwhile, SIRS is a prevalent feature of patients with sepsis and SIRS has high sensitivity in predicting intensive care unit (ICU) admission and morbidity (54, 55). Thus, more attention needs to be paid to the low-AGR group of PLA patients. In addition, the AGR level of PLA patients was increased gradually after treatment. Therefore, AGR may be a prognostic factor for PLA patients. However, due to the retrospective nature and its inherent biases of this study, we cannot prove a cause-and-effect relationship of AGR on PLA patients, further prospective studies and larger multicenter studies are still needed to verify it. Specifically, it would be interesting to investigate if a patient, with more severe disease (lower AGR) would benefit from a more aggressive treatment in a prospective study.

In conclusion, PLA patients in low-AGR group are associated with worse clinical manifestations, more complications and poorer prognosis. AGR level may be used to measure severity and predict prognosis in PLA patients. Monitoring of AGR is of great clinical significance for the treatment and prognosis of PLA patients.
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