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Introduction: The platelet count/spleen thickness ratio (PC/ST ratio) is associated with the grade of esophagogastric varices (EGV) in cirrhotic patients, but little is known about its relationship with esophagogastric variceal bleeding (EGVB). The aim of this study was to investigate the association between the PC/ST ratio and the risk of EGVB within 1 year in cirrhotic patients.

Methods: A total of 1,354 patients with cirrhosis who had EGV were enrolled in this cohort study. A logistic regression model was used to determine the association between the PC/ST ratio and the risk of EGVB within 1 year in patients with cirrhosis by adjusting the PC/ST ratio with all the important clinical variables and confounders.

Results: The quartile values of the PC/ST ratio were 1.01, 1.36, and 1.98, respectively. The PC/ST ratio was an independent risk factor for variceal bleeding in cirrhotic patients with moderate or severe EGV. After adjusting for multiple variables, the relationship was still unchanged. The odds ratios of the first EGVB in these patients were 5.07-fold at non-adjustment and 3.28-fold after multivariate adjustment. The odds ratios of rebleeding in these patients from the lowest to the highest quartile were 2.34-fold at non-adjustment and 2.01-fold after multivariable adjustment. The PC/ST ratio ≤ 1.36 elevated the 1-year risk of first-time variceal bleeding or rebleeding in cirrhotic patients with moderate or severe EGV (All P < 0.05).

Conclusion: The PC/ST ratio ≤ 1.36 is an independent risk factor for the onset of first bleeding or rebleeding in cirrhotic patients with moderate or severe EGV.
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INTRODUCTION

Esophagogastric variceal bleeding (EGVB) is a serious and fatal complication in patients with liver cirrhosis and has a high mortality rate worldwide. Esophagogastric varices (EGV) occur in nearly 50% of patients with newly diagnosed liver cirrhosis. New varices occur at the rate of 3–12% per year, and preexisting varices evolve into large varices in 8–12% of patients with cirrhosis per year (1). Combined treatment with nonselective beta-blockers (NSBB) and vasoactive drugs, endoscopic therapy, and interventional treatments are effective methods to prevent and control EGVB and are recommended for patients with acute variceal bleeding (VB) (2, 3). Although the management of portal hypertension and EGVB has significantly advanced in recent years, approximately 12% of patients still experience first bleeding each year, while rebleeding occurs in more than 20% of patients within 6 weeks (4, 5). Therefore, it is important to assess the presence of EGV and its association with the increased risk of bleeding in patients with cirrhosis.

Several studies have suggested the use of risk stratification scores in patients with EGV, which could help in assessing the risk of bleeding, prevent rebleeding, and reduce medical costs and mortality of patients (6). The hepatic venous pressure gradient (HVPG) is one of the most important indicators used to stratify patients with cirrhosis, as it can predict portal hypertension-related complications (7–9). However, HVPG is not recommended for routine use in clinical practice because of its invasive nature. Recently, various non-invasive markers have been used as predictors to evaluate the risk of first VB or rebleeding in patients with EGV, because portal hypertension depends on elevated intrahepatic vascular resistance caused due to hepatic fibrosis and cirrhotic nodules (10–13). However, the results were inconsistent due to the heterogeneity of the studies with respect to etiology, different treatments, prophylactic therapy, and cutoff values. Therefore, further studies are required to investigate and validate the association of some of the indicators with EGVB.

Previous studies have reported a correlation between the platelet count, spleen size, and EGV in patients with cirrhosis (14–19). The platelet count/spleen length ratio or platelet count/spleen diameter ratio has been validated to stratify the risk of EGV and can be used as a triage test before endoscopy to exclude adults without varices (20). Although the platelet count/spleen diameter ratio is a predictor of the existence of EGV, the relationship between it and the risk of EGVB is unknown.

We hypothesized that the platelet count/spleen size ratio may reflect the risk of the first VB occurrence in cirrhotic patients with EGV or rebleeding in patients with a history of bleeding. The present study aimed to determine whether the platelet count/spleen thickness (PC/ST) ratio can predict the risk of first-time VB and rebleeding in cirrhotic patients with EGV.



MATERIALS AND METHODS


Study Population

This retrospective cohort study was conducted at the Beijing Ditan Hospital of Capital Medical University. The clinical data were collected from December 2008 to December 2017. A total of 1,354 patients with liver cirrhosis and EGV confirmed by the first endoscopy or endoscopic treatment were included in the analysis. All the included patients received systematic laboratory testing and ultrasound imaging, magnetic resonance imaging, or a computer tomography scan during the same period in our hospital. Written informed consent was obtained before the patient received endoscopy or endoscopic treatment. The cirrhosis was diagnosed based on as clinical symptoms, laboratory tests, and CT/MRI scan or liver biopsy (1). The exclusion criteria were as follows: (1) patients with liver carcinoma, malignancies of other organs, and other serious concurrent illnesses which causes an splenomegaly (Such as lymphoma and so on); (2) patients who received a liver transplant, splenic embolization or splenectomy, transjugular intrahepatic portosystemic shunt, esophageal and gastric fundus venous embolization and disconnection with splenectomy, or other interventions for varices; (3) patients who were lost to follow-up within 1 year or had missing data; (4) age < 20 years or > 75 years; and (5) patients without cirrhosis or having other causes of EGV. The study protocol was approved by the Ethics Committee of Beijing Ditan Hospital, Capital Medical University.



Data Collection

Baseline clinical characteristics and laboratory data of the patients were collected at their first gastroscopy or endoscopic therapy session, including the general demographic characteristics, medical history, routine blood examination [white blood cell (WBC), red blood cell, platelet (PLT), lymphocyte, neutrophilic granulocyte, and hemoglobin (HGB)], biochemical tests [alanine aminotransferase (ALT), aspartate transferase (AST), total bilirubin (TBIL), gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), albumin (ALB), and creatinine (Cr)], and coagulation function tests [prothrombin time, prothrombin activity (PTA), and International normalized ratio (INR)]. The etiology of cirrhosis was recorded. In addition, the esophageal varices were divided into slight, moderate, and severe groups according to the grading method of esophageal varices which was recommended by the World Gastroenterology Organization Global Guidelines in 20141. Furthermore, abdominal ultrasonography (shape and size of the liver and spleen, and portal vein diameter) results were collected. All the ultrasound tests were performed by experienced operators. The spleen thickness was measured as follows: the splenic hilum and splenic veins were observed through the oblique intercostal section, and the diameter line from the splenic hilum to the contralateral margin of the spleen was measured as the thickness of the spleen. The PC/ST ratio, fibrosis-4 (FIB-4) score (21), model for end-stage liver disease (MELD) score (22), and aspartate aminotransferase (AST)-to-platelet ratio index (APRI) (23) were calculated using the following formulas:

PC/ST ratio = platelet count (N/mm3)/spleen thickness (mm)

FIB-4 = (Age × AST)/[PLT × (ALT)1/2]

MELD score = 3.78 × ln[TBiL (mg/dl)] + 11.2 × ln[INR] + 9.57 × ln[Cr (mg/dl)] + 6.43 × Etiology (Alcohol or Cholestasis: 0; Other etiologies: 1)

APRI = (AST/ULN) × 100/PLT (109/L), where ULN is the upper limit of the normal AST level.



Treatment and Endoscopic Therapy

All patients with first-time acute VB received standard treatment (2, 5), including hemostatics, vasoactive drugs (such as vasopressin, somatostatin, and their analogs), proton pump inhibitors, and endoscopic treatment at 12–24 h after hospital admission. Most patients received repeated endoscopic treatment every 3–6 months during the follow-up. Non-selective beta blockers or endoscopic variceal ligation were used for the patients with high-risk EGVB to prevent first varicose bleeding.



Outcomes and Follow-Up

All patients were followed up for at least 1 year, and a part of patients’ follow-up ended in December 2017. The primary outcome of our study was the association between the PC/ST ratio and the risk of EGVB, including first-time VB incidence in patients with no previous VB since the detection of EGV upon their first gastroscopy, as well as variceal rebleeding incidence within 1 year in patients after suffering from first-time EGVB. We compared the abovementioned outcomes at different PC/ST ratio quartiles.



Statistical Analyses

The baseline characteristics of the patients were compared across quartiles of the PC/ST ratio by using the Kruskal–Wallis test for non-normally distributed continuous variables, analysis of variance for normally distributed continuous variables, and the χ2 test for categorical variables. Cumulative incidence of the first VB or rebleeding in each group was calculated by the Kaplan–Meier method and compared among the groups by using the log-rank test. The odds ratios for the association of the PC/ST ratio with VB were estimated using the binary logistic regression analysis models.

The PC/ST ratio was analyzed in quartiles and as a continuous variable. Important covariates for EGVB were selected on the basis of prior knowledge and statistically significant differences in the comparison among the groups. A logistic regression model was used to determine the association between the PC/ST ratio and the risk of EGVB within 1 year in patients with cirrhosis by adjusting the PC/ST ratio with all the important clinical variables and significant confounders. Analyses of the subgroups were stratified by the etiology of cirrhosis, INR, a red color sign of EGV, portal vein thrombus, and EGV grade, and the interaction among the factors was assessed by forest plots. All statistical analyses were performed using SPSS version 22.0 for Windows (SPSS, Inc., Chicago, IL, United States, RRID:BDSC_7008) and R software (version 3.6.0,2 RRID:SCR_002937).




RESULTS


Characteristics of Patients With Esophagogastric Varices

After excluding 1,341 patients with hepatocellular carcinoma or malignancies of other organs; 322 patients with recurrent EGVB for many years; 281 patients who received splenic embolism, splenectomy, transjugular intrahepatic portosystemic shunt (TIPS), or liver transplantation; 31 patients with age < 20 years or > 75 years; 126 patients with missing data or loss to follow-up; and 551 patients with severe chronic extra-hepatic disease, a total of 1,354 patients with liver cirrhosis and EGV were enrolled in the study. Of these patients, 938 had viral hepatitis (797 patients with chronic hepatitis B and 141 patients with chronic hepatitis C), 218 had alcoholic cirrhosis, 142 had autoimmune cirrhosis, and 56 patients had cirrhosis from other causes. Among the 1,354 patients, 737 cirrhotic patients with no previous EGVB showed EGV for the first time in gastroscopy, and 617 patients with first-time EGVB received endoscopic treatment or gastroscopy. Figure 1 shows the flowchart of the patient selection process.
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FIGURE 1. Flowchart of the enrollment of patients with liver cirrhosis and esophagogastric varices.


The baseline characteristics of all the patients are presented in Table 1 for the overall cohort according to the PC/ST ratio quartiles. The quartile values of the PC/ST ratio were 1.01, 1.36, and 1.98, respectively. From the lowest (≤1.01) to the highest (>1.98) quartile of the PC/ST ratio, statistically significant differences were observed in the following variables: (1) patients with a lower PC/ST ratio were more likely to have cirrhosis associated with viral hepatitis and had slightly lower AST, ALT, GGT, ALP, WBC, hemoglobin, and PLT, as well as higher spleen thickness (P < 0.05, Table 1); (2) the incidence rates of hepatic encephalopathy, ascites, spontaneous bacterial peritonitis, and hepatorenal syndrome were higher in patients with the PC/ST ratio ≤ 1.36 (P < 0.05, Table 1); (3) patients with a lower PC/ST ratio (≤1.36) had a higher MELD score and hepatic fibrosis score (FIB-4 and APRI) than those with a PC/ST ratio of > 1.36, and their Child-Pugh grade was also closely related to the PC/ST ratio (P < 0.05, Table 1); and (4) the incidence of portal vein thrombus was also higher in patients with a lower PC/ST ratio (P < 0.05, Table 1).


TABLE 1. Characteristics of patients with esophagogastric varices according to the different platelet count to spleen thickness ratio quartiles.
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A Lower Platelet Count/Spleen Thickness Ratio Corresponds to a Higher Grade of Esophagogastric Varices and Incidence of Variceal Bleeding in Patients With Cirrhosis

Significant differences in esophageal varices grades were observed at all four PC/ST ratio quartiles (all P < 0.05, Supplementary Table 1 and Figure 2A). In 339 patients with a PC/ST ratio of ≤ 1.01, 19.5% had mild esophageal varices, 27.7% had moderate esophageal varices, and 52.8% had severe esophageal varices. At a PC/ST ratio > 1.98, the incidence of severe esophageal varices (28.1%) and moderate esophageal varices (23.0%) decreased. In patients with a PC/ST ratio ≤ 1.36, the red color sign of esophageal varices was > 50% (Supplementary Table 1 and Figure 2B). At 1 year of follow-up, 70 (9.5%) patients with no previous EGVB experienced their first bleeding episode, and the cumulative incidences of the first EGVB within 1 year in patients in the four PC/ST ratio quartiles were 23.5, 11.4, 4.5, and 4.0%, respectively (log-rank P < 0.001, Figure 2C and Supplementary Table 1). In patients with a previous first EGVB, the incidence of rebleeding within 1 year was 50.7% (313/617), and the cumulative incidences in the four PC/ST ratio quartiles were 66.5, 56.4, 38.7, and 28.4%, respectively (log-rank P < 0.001, Figure 2D and Supplementary Table 1).
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FIGURE 2. Esophagogastric varices and variceal bleeding of cirrhotic patients according to the quartiles of the platelet count to spleen thickness ratio. (A) Grades of esophagogastric varices in cirrhotic patients according to the quartiles of the platelet count to spleen thickness ratio. (B) The red color sign of esophagogastric varices according to the quartiles of the platelet count to spleen thickness ratio. (C) The incidence of the first variceal bleeding episode within 1 year in cirrhotic patients with esophagogastric varices according to the quartiles of the platelet count to spleen thickness ratio. (D) The incidence of rebleeding within 1 year in cirrhotic patients who suffered from their first EGVB according to the quartile of the platelet count to spleen thickness ratio. EGV, esophagogastric varices; EGVB, esophagogastric variceal bleeding.




The Platelet Count/Spleen Thickness Ratio Is an Independent Risk Factor for Variceal Bleeding in Cirrhotic Patients With Moderate or Severe Esophagogastric Varices

The association between the PC/ST ratio and the risk of VB in cirrhotic patients with EGV might be confounded by the etiology of cirrhosis, coagulation function, EGV grade, portal vein thrombosis, the red color sign of EGV, and other factors. In stratified analyses, we found that the PC/ST ratio was an independent risk factor for variceal bleeding within 1 year in cirrhotic patients with moderate or severe EGV (mild [G1]: odds ratio [OR] = 0.84 95% confidence interval [CI] = 0.65–1.04); moderate [G2]: OR = 0.63 (95% CI = 0.44–0.83); severe [G3]: OR = 0.53 (95% CI = 0.39–0.67). Additionally, we observed that the PC/ST ratio was associated with increased risk of EGVB in patients with cirrhosis, irrespective of etiologies, INR, positive red color sign for EGV, and portal vein thrombosis (Figure 3).
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FIGURE 3. Stratified analysis by forest plots for the platelet count to spleen thickness ratio and variceal bleeding in cirrhotic patients with esophagogastric varices. EGVB, esophagogastric variceal bleeding. G1, mild grade of esophagogastric varices; G2, moderate grade of esophagogastric varices; G3, severe grade of esophagogastric varices; EGV, esophagogastric varices; 95% CI, 95% confidence intervals; PSR, platelet count to spleen thickness ratio.




The Platelet Count/Spleen Thickness Ratio ≤ 1.36 Elevated the 1-Year Risk of First-Time Variceal Bleeding and Rebleeding in Cirrhotic Patients With Moderate or Severe Esophagogastric Varices

To further explore the relationship between the PC/ST ratio and the moderate or severe EGV in the patients with cirrhosis, we used logistic regression analysis to determine how the PC/ST ratio influenced the risk of VB, including the PC/ST ratio alone and PC/ST ratio adjusted by multiple variables. Table 2 shows the association between the PC/ST ratio and the first bleeding episode in patients with no previous EGVB within 1 year. The unadjusted and adjusted PC/ST ratio (as a continuous) was closely associated with first-time VB in cirrhotic patients with the moderate or severe EGV, which is a significant influencing factor for these patients [Table 2, OR (95% CI), P value: 0.58 (0.31–0.85), P < 0.001 and 0.45 (0.28–0.66), P = 0.001]. Considering the incidence of first-time EGVB in cirrhotic patients with a PC/ST ratio (as quartiles) > 1.98 as a reference, a PC/ST ratio ≤ 1.36 (Q1 and Q2) significantly increased the risk of first-time EGVB within 1 year, regardless of whether it had been adjusted by multiple variables. The odds ratios of first-time EGVB were 5.07-fold at non-adjustment and 3.28-fold after multivariable adjustment [Table 2, OR (95% CI), P value: unadjusted, 5.07 (3.43–6.21), P < 0.001; and adjusted, 3.28 (2.40–4.17), P < 0.001]. An “L shaped” relationship was observed between the risk of first-time VB within 1 year and the adjusted PC/ST ratio in cirrhotic patients with moderate or severe EGV (Figure 4A).


TABLE 2. Adjusted effects of the platelet count/spleen thickness ratio on first-time variceal bleeding within one year in cirrhotic patients with moderate or severe esophagogastric varices.
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FIGURE 4. The estimated incidence of the variceal bleeding and 95% confidence intervals of variceal bleeding within 1 year in cirrhotic patients with moderate or severe esophagogastric varices. (A) The estimated incidence of the first variceal bleeding (%) and 95% confidence intervals of first-time variceal bleeding in cirrhotic patients with moderate and severe esophagogastric varices. (B) The estimated incidence of variceal rebleeding (%) and 95% confidence intervals of variceal rebleeding in cirrhotic patients with moderate and severe esophagogastric varices. EGVB, esophagogastric variceal bleeding; G2, moderate grade of esophagogastric varices; G3, severe grade of esophagogastric varices; EGV, esophagogastric varices.


Table 3 shows the relationship between the PC/ST ratio and rebleeding within 1 year after first-time EGVB in cirrhotic patients with moderate or severe EGV. The results showed that the PC/ST ratio (as a continuous variable) is an independent factor for increasing the risk of rebleeding in these patients, and this effect remained unchanged after the multivariable adjustment [Table 3; OR (95% CI), P value: unadjusted, 0.56 (0.44–0.70), P < 0.001; adjusted, 0.53 (0.42–0.67), P < 0.001]. Considering the incidence of rebleeding in these patients with the PC/ST ratio (as quartiles) >1.98 as a reference, the PC/ST ratio ≤ 1.36 (Q1 and Q2) significantly increased the 1-year risk of rebleeding in cirrhotic patients with moderate or severe EGV. After adjusting for multiple variables, the relationship between them still existed. The odds ratios of rebleeding from the lowest to the highest quartile were 2.34-fold without adjustment and 2.01-fold after multivariable adjustment [Table 3, OR (95% CI), P value: unadjusted, 2.34 (1.28–3.61), P < 0.001; adjusted, 2.01 (1.22–2.81), P = 0.006]. Figure 4B shows the relationship between the 1-year risk of rebleeding and the PC/ST ratio (adjusted).


TABLE 3. Adjusted effects of the platelet count/spleen thickness ratio on rebleeding within one year in cirrhotic patients with moderate or severe.
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DISCUSSION

Portal hypertension is the main complication experienced by patients with liver cirrhosis, and bleeding from EGV caused due to portal hypertension is a serious threat to the life of patients with cirrhosis (24). There is great clinical interest in discovering ideal and easily obtained non-invasive markers to assess the risk of EGVB and reduce the number of endoscopic therapy sessions needed for the screening and management of EGV in cirrhotic patients. Such non-invasive tools can be used to differentiate low- and high-risk EGVB patients. In the present study, we investigated the association between the PC/ST ratio and the incidence of VB in patients with cirrhosis and EGV. The analyses showed that patients with a lower PC/ST ratio (≤1.36) had a significantly increased risk of EGVB within 1 year, and the PC/ST ratio was an independent risk factor that can evaluate the risk of first-time VB and rebleeding.

In patients with cirrhosis, hypersplenism due to portal hypertension is the main cause of the reduction in platelets (25). Thus, the platelet count reflects the severity of hypersplenism and portal hypertension. Platelet count is the primary parameter in the decision rules used by hospitals in Canada to predict which patients are at low risk of variceal upper gastrointestinal hemorrhage (26). In our present study, the analysis of the non-invasive predictors was based on the maximum thickness of the spleen measured in millimeters by using abdominal ultrasound, and the platelet count. These two parameters were used to calculate the PC/ST ratio. Both these parameters are easy to obtain, non-invasive, and economical because these tests are routinely performed for patients with cirrhosis. Previous studies have reported that the platelet count/spleen diameter (or length or thickness) ratio could be used to stratify the risk of EGV in patients with chronic liver disease (19, 20), which was considered the best non-invasive predictor of EGV development (27). In the present study, we also found that the PC/ST ratio was related to several important factors of VB, including EGV grade, portal vein thrombosis, and the red color sign of EGV.

Patients with a PC/ST ratio ≤ 1.01 were more likely to have severe EGV, the red color sign of EGV, and portal vein thrombosis. The results also showed higher MELD score and hepatic fibrosis score (FIB-4 or APRI) in patients with lower PC/ST ratio (≤1.36), as well as higher incidences of hepatic encephalopathy, spontaneous bacterial peritonitis, ascites, and hepatorenal syndrome in patients with a PC/ST ratio ≤ 1.01. Thus, the PC/ST ratio represents the severity of EGV, portal hypertension, and liver cirrhosis. More than 80% of patients with cirrhosis will develop EGV (28), and the first bleeding episode occurs with 5–10% mortality after the detection of the varices (28). Endoscopy remains the only valid method to determine the presence and size of EGV. However, access to endoscopy resources and endoscopic therapy is limited in some countries, especially in those areas with a shortage of medical facilities and a strong appeal for rationalization of limited resources. Hence, identifying the risk of first-time VB is a fundamental part of the management of patients with EGV. The first crucial preventive step is to identify the patients with bleeding risk and select them for prophylactic treatment. A previous study reported that FIB-4 was a strong and significant predictor of esophageal varices, but the diagnostic accuracy for the first-time EGVB was low (10). Another recent study revealed that the liver volume index is an independent predictor of first-time VB in cirrhotic patients on propranolol prophylaxis (29), but whether this conclusion could be applied to all patients with cirrhosis remains to be validated. The findings of the present study provide evidence of a negative relationship between the PC/ST ratio and first-time VB within 1 year in patients with the lowest PC/ST ratio at the greatest risk of VB events. The risk of first-time VB was significantly increased in patients with cirrhosis who had a PC/ST ratio ≤ 1.36. With the decrease in the PC/ST ratio, the risk of first-time bleeding incidence within 1 year increased. The PC/ST ratio could be used to help clinicians to assess the risk of first-time VB, as well as improve the management and prevention of EGV in patients.

Acute EGVB is one of the serious complications of cirrhosis that leads to a high mortality rate, with a rebleeding rate of up to 60%. Treatment with NSBB and regular repeat endoscopic therapy is recommended for patients with cirrhosis who have an increased risk of EGVB (2, 30, 31). Prevention of rebleeding in these patients is one of the major goals of therapy for cirrhosis. In the present study, we found that a PC/ST ratio of ≤ 1.36 was closely associated with rebleeding of EGV within 1 year in the patients with cirrhosis. The incidence of rebleeding in cirrhotic patients increased with a decrease in the PC/ST ratio, and this effect on rebleeding did not change after adjustment with multiple variables. These findings, if confirmed by clinical trials, suggest that the assessment of the PC/ST ratio in patients with EGV could be helpful to stratify cirrhotic patients into different risk categories, identify the high risk of VB, and improve the management of patients with previous EGVB.

Our study showed that first-time VB or rebleeding risk was significantly associated with the PC/ST ratio in patients with portal hypertension, and this association remained consistent even after further adjustment with variables such as gender, age, etiology of cirrhosis, complications of cirrhosis, MELD scores, laboratory test results, the red color sign of EGV, portal vein thrombosis, and EGV grade. However, in the subgroup analysis, the VB risk was not significantly different among patients with mild EGV. This implies that the relationship between the PC/ST ratio and the risk of EGVB was significant in patients with moderate and severe EGV. The models and stratified analysis revealed an “L shape” association between the PC/ST ratio and the risk of EGVB in cirrhotic patients with moderate or severe EGV.

The present study has some limitations. First, this was a single-center study, and potential bias may be introduced due to the lack of data from multiple centers. Second, the present study investigated the relationship between the PC/ST ratio and 1-year EGVB; however, the value of PC/ST ratio for assessing the long-term risk of EGVB in patients with cirrhosis is unknown. We will continue to explore the effect of PC/ST ratio on long-term EGVB in patients with cirrhosis in a prospective study with multiple centers.



CONCLUSION

In conclusion, the PC/ST ratio ≤ 1.36 is associated with EGVB in cirrhotic patients with moderate or severe EGV and should be considered when identifying patients with cirrhosis who have a high risk of VB. The PC/ST ratio may help in developing a more effective and useful non-invasive method to assess the bleeding risk of patients with moderate and severe EGV, which may further help to improve the management of patients with portal hypertension.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, and further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Beijing Ditan Hospital, Capital Medical University. The patients/participants provided their written informed consent before the endoscopy procedure in this study.



AUTHOR CONTRIBUTIONS

XW and YJ participated in designing the research plan and revised the draft. HL designed the research plan, analyzed data and wrote this manuscript. QZ contributed in collecting all clinical data of patients and was involved analysis of data. FG and HY participated in the collection of clinical data. All authors listed in the manuscript have contributed to this study and approved of the manuscript being submitted.



FUNDING

This work was supported by the National Natural Science Foundation of China (grants 81503428 to HL and 81804009 to FG), Major National Science and Technology Projects (grant 2018ZX10723203 to XW), Beijing Municipal Administration of Hospitals Incubating Program (grant PZ2021030 to HL), and Capital Medical Science Development Fund (grant 2020-2-2172 to YJ).



ACKNOWLEDGMENTS

We thank all participants in this study and our team members for their helpful discussion. We also thank International Science Editing for editing this manuscript (http://www.internationalscienceediting.com).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.870351/full#supplementary-material


ABBREVIATIONS

EGVB, esophagogastric variceal bleeding; EGV, esophagogastric varices; VB, variceal bleeding; HVPG, hepatic venous pressure gradient; PC/ST, platelet count/spleen thickness; TIPS, transjugular intrahepatic portosystemic shunt; MELD, model for end-stage liver disease; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized ratio; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; MELD, model for end-stage liver disease; EGV, esophagogastric varices; 95% CI, 95% confidence interval; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; PTA, prothrombin activity; NSBB, nonselective beta-blockers.

FOOTNOTES

1
https://www.worldgastroenterology.org/guidelines/esophageal-varices/esophageal-varices-english

2
http://www.r-project.org


REFERENCES

1. Haq I, Tripathi D. Recent advances in the management of variceal bleeding. Gastroenterol Rep (Oxf). (2017) 5:113–26. doi: 10.1093/gastro/gox007

2. Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive bleeding in cirrhosis: risk stratification, diagnosis, and management: 2016 practice guidance by the American Association for the study of liver diseases. Hepatology. (2017) 65:310–35. doi: 10.1002/hep.28906

3. Tripathi D, Stanley AJ, Hayes PC, Patch D, Millson C, Mehrzad H, et al. U.K. guidelines on the management of variceal haemorrhage in cirrhotic patients. Gut. (2015) 64:1680–704. doi: 10.1136/gutjnl-2015-309262

4. European Association for the Study of the Liver. EASL clinical practice guidelines for the management of patients with decompensated cirrhosis. J Hepatol. (2018) 69:406–60. doi: 10.1016/j.jhep.2018.03.024

5. de Franchis R. Expanding consensus in portal hypertension: report of the Baveno VI Consensus Workshop: stratifying risk and individualizing care for portal hypertension. J Hepatol. (2015) 63:743–52. doi: 10.1016/j.jhep.2015.05.022

6. Monteiro S, Gonçalves TC, Magalhães J, Cotter J. Upper gastrointestinal bleeding risk scores: WHO, when and why? World J Gastrointest Pathophysiol. (2016) 7:86–96. doi: 10.4291/wjgp.v7.i1.86

7. Bureau C, Péron JM, Alric L, Morales J, Sanchez J, Barange K, et al. “A La Carte” treatment of portal hypertension: adapting medical therapy to hemodynamic response for the prevention of bleeding. Hepatology. (2002) 36:1361–6. doi: 10.1053/jhep.2002.36945

8. de Franchis R, Baveno VF. Revising consensus in portal hypertension: report of the Baveno V consensus workshop on methodology of diagnosis and therapy in portal hypertension. J Hepatol. (2010) 53:762–8. doi: 10.1016/j.jhep.2010.06.004

9. Turnes J, Garcia-Pagan JC, Abraldes JG, Hernandez-Guerra M, Dell’Era A, Bosch J. Pharmacological reduction of portal pressure and long-term risk of first variceal bleeding in patients with cirrhosis. Am J Gastroenterol. (2006) 101:506–12. doi: 10.1111/j.1572-0241.2006.00453.x

10. Kraja B, Mone I, Akshija I, Koçollari A, Prifti S, Burazeri G. Predictors of esophageal varices and first variceal bleeding in liver cirrhosis patients. World J Gastroenterol. (2017) 23:4806–14. doi: 10.3748/wjg.v23.i26.4806

11. Kothari HG, Gupta SJ, Gaikwad NR, Sankalecha TH, Samarth AR. Role of non-invasive markers in prediction of esophageal varices and variceal bleeding in patients of alcoholic liver cirrhosis from central India. Turk J Gastroenterol. (2019) 30:1036–43. doi: 10.5152/tjg.2019.18334

12. Ma JL, He LL, Jiang Y, Yang JR, Li P, Zang Y, et al. New model predicting gastroesophageal varices and variceal hemorrhage in patients with chronic liver disease. Ann Hepatol. (2020) 19:287–94. doi: 10.1016/j.aohep.2019.12.007

13. Zhao Y, Ren M, Lu G, Lu X, Yin Y, Zhang D, et al. The prognosis analysis of liver cirrhosis with acute variceal bleeding and validation of current prognostic models: a large scale retrospective cohort study. Biomed Res Int. (2020) 2020:7372868. doi: 10.1155/2020/7372868

14. Sezer OB, Çelik D, Tutar N, Özçay F. Can platelet count/spleen diameter ratio be used for cirrhotic children to predict esophageal varices? World J Hepatol. (2016) 8:1466–70. doi: 10.4254/wjh.v8.i33.1466

15. El-Sherbiny W, Elegezy M, Wagih Shaltout S. New cutoff point for platelet count/spleen diameter ratio to predict esophageal varices in patients with hepatitis C virus-related hepatic cirrhosis. Euroasian J Hepatogastroenterol. (2015) 5:136–7. doi: 10.5005/jp-journals-10018-1154

16. Mattos AZ, Mattos AA, Vianna FF, Musskopf MI, Pereira-Lima JC, Maciel AC. Platelet count/spleen diameter ratio: analysis of its capacity as a predictor of the existence of esophageal varices. Arq Gastroenterol. (2010) 47:275–8. doi: 10.1590/s0004-28032010000300012

17. Agha A, Abdulhadi MM, Marenco S, Bella A, Alsaudi D, El-Haddad A, et al. Use of the platelet count/spleen diameter ratio for the noninvasive diagnosis of esophageal varices in patients with schistosomiasis. Saudi J Gastroenterol. (2011) 17:307–11. doi: 10.4103/1319-3767.84483

18. Mangone M, Moretti A, Alivernini F, Papi C, Orefice R, Dezi A, et al. Platelet count/spleen diameter ratio for non-invasive diagnosis of oesophageal varices: is it useful in compensated cirrhosis? Dig Liver Dis. (2012) 44:504–7. doi: 10.1016/j.dld.2011.12.016

19. González-Ojeda A, Cervantes-Guevara G, Chávez-Sánchez M, Dávalos-Cobián C, Ornelas-Cázares S, Macías-Amezcua MD, et al. Platelet count/spleen diameter ratio to predict esophageal varices in Mexican patients with hepatic cirrhosis. World J Gastroenterol. (2014) 20:2079–84. doi: 10.3748/wjg.v20.i8.2079

20. Colli A, Gana JC, Yap J, Adams-Webber T, Rashkovan N, Ling SC, et al. Platelet count, spleen length, and platelet count-to-spleen length ratio for the diagnosis of oesophageal varices in people with chronic liver disease or portal vein thrombosis. Cochrane Database Syst Rev. (2017) 4:Cd008759. doi: 10.1002/14651858.CD008759.pub2

21. Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V, et al. FIB-4: an inexpensive and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepatology. (2007) 46:32–6. doi: 10.1002/hep.21669

22. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg PC. A model to predict poor survival in patients undergoing transjugular intrahepatic portosystemic shunts. Hepatology. (2000) 31:864–71. doi: 10.1053/he.2000.5852

23. Loaeza-del-Castillo A, Paz-Pineda F, Oviedo-Cardenas E, Sanchez-Avila F, Vargas-Vorackova F. AST to platelet ratio index (APRI) for the noninvasive evaluation of liver fibrosis. Ann Hepatol. (2008) 7:350–7.

24. Qamar AA, Grace ND, Groszmann RJ, Garcia-Tsao G, Bosch J, Burroughs AK, et al. Incidence, prevalence, and clinical significance of abnormal hematologic indices in compensated cirrhosis. Clin Gastroenterol Hepatol. (2009) 7:689–95. doi: 10.1016/j.cgh.2009.02.021

25. Testa R, Testa E, Giannini E, Borro P, Milazzo S, Isola L, et al. Noninvasive ratio indexes to evaluate fibrosis staging in chronic hepatitis C: role of platelet count/spleen diameter ratio index. J Intern Med. (2006) 260:142–50. doi: 10.1111/j.1365-2796.2006.01673.x

26. Driver BE, Horton G, Barkun A, Martel M, Klein LR. Validation of a decision rule to predict patients at low risk of variceal upper gastrointestinal hemorrhage. Am J Emerg Med. (2020) 44:267–71. doi: 10.1016/j.ajem.2020.04.001

27. de Franchis R, Dell’Era A. Diagnosis and therapy of esophageal vascular disorders. Curr Opin Gastroenterol. (2007) 23:422–7. doi: 10.1097/MOG.0b013e3281299011

28. Seo YS. Prevention and management of gastroesophageal varices. Clin Mol Hepatol. (2018) 24:20–42. doi: 10.3350/cmh.2017.0064

29. Kim BH, Chung JW, Lee CS, Jang ES, Jeong SH, Kim N, et al. Liver volume index predicts the risk of esophageal variceal hemorrhage in cirrhotic patients on propranolol prophylaxis. Korean J Intern Med. (2019) 34:1233–43. doi: 10.3904/kjim.2018.120

30. Hernández-Gea V, Berbel C, Baiges A, García-Pagán JC. Acute variceal bleeding: risk stratification and management (including TIPS). Hepatol Int. (2018) 12:81–90. doi: 10.1007/s12072-017-9804-3

31. Robertson M, Ng J, Abu Shawish W, Swaine A, Skardoon G, Huynh A, et al. Risk stratification in acute variceal bleeding: comparison of the AIMS65 score to established upper gastrointestinal bleeding and liver disease severity risk stratification scoring systems in predicting mortality and rebleeding. Dig Endosc. (2020) 32:761–8. doi: 10.1111/den.13577


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Zhang, Gao, Yu, Jiang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fmed-09-870351-g003.jpg
Subgroup
Entire cohort
Etiology
HBV or HCV
Alcoholic
Autoimmune
Others
INR
<15
215
Portal vein thrombus
Yes
No
Esophagogastric varices
mild (G1)
moderate (G2)
severe (G3)
Previous EGVB
Yes
No
EGV-red-color sign
Yes
No

No.of EGVB/total(%)
383/1354(28.3%)

281/938(30.0%)

55/218(25.2%)

36/142(25.4%)
11/56(19.6%)

292/1130(25.8%)
91/224(40.6%)

87/180(48.3%)
296/1174(25.2%)

29/440(6.6%)
04/344(27.3%)
260/570(45.6%)

313/617(50.7%)
70/737(9.5%)

284/682(41.6%)
99/672(14.7%)

PSR median(IQR)

1.36(1.01-1.98)

1.51(0.98-2.36)
1.49(1.05-2.40)
1.58(1.14-2.27)
1.48(1.10-2.12)

1.39(1.03-2.02)
1.22(0.93-1.79)

1.21(0.90-1.67)
1.39(1.03-2.03)

1.64(1.18-2.47)
1.38(1.02-1.94)
1.21(0.92-1.69)

1.39(1.21-2.27)
1.48(1.10-2.23)

1.23(0.92-1.69)
1.51(1.12-2.33)

0.5

Odds ratio

Odds Ratio (95%Cl)

0.54(0.46-0.63)

0.42(0.32-0.51)
0.77(0.62-0.92)
0.67(0.44-0.89)
0.70(0.52-0.87)

0.56(0.46-0.65)
0.57(0.38-0.75)

0.61(0.36-0.84)
0.57(0.47-0.66)

0.84(0.65-1.04)
0.63(0.44-0.83)
0.53(0.39-0.67)

0.70(0.56-0.84)
0.57(0.40-0.74)

0.55(0.42-0.67)
0.71(0.56-0.85)





OPS/images/fmed-09-870351-g004.jpg
~N o

1

1

N W s, O O

= B 8 8 P 9 B8 @
—_

o

No previous EGVB patients with G2 and G3 EGV (N=349)

|0 0000 N 1000 000 0L 00 LR

Estimated incidence of the first variceal bleeding >

0 1 2 3 4
Platelet count/spleen thickness ratio

Previous EGVB patients with G2 and G3 EGV (N=565)

Platelet count/spleen thickness ratio





OPS/images/fmed-09-870351-g001.jpg
varices were hospitalized
from 2008.12 to 2017.12

4006 patients with esophagogastric

Excluded (n=2652)

1341 patients with liver malignancies or other organs
malignancies:

322 patients with esophagogastric variceal bleeding were not
the first time ;

281 patients who received TIPS, splenic embolism,
splenectomy, and liver transplantation;

31 patients were Age<<20y or age>>75y:

126 patients had missing data or lost to follow-up:

551 patients had severe chronic extra-hepatic disease;

\J

797 patients with hepatitis B virus infected;

1354 patients were enrolled 1n this
study cohort

141 patients with hepatitis C virus infected;
218 patients with alcoholic ciurrhosis;
142 patients with autoimmune cirrhosis;

56 patients had cirrhosis from other causes:

|

|

737 patients with 617 patients

esophagogastric varices but time esophagogastric
without variceal bleeding variceal bleeding

with the first






OPS/images/fmed-09-870351-g002.jpg
A Bl mild(G1)
200- moderate (G2)
severe (G3)
£ 150+
Q0
©
Qo
© 100-
@
L
=
> 50-
0-
<101 101136] 136198] >198
C Platelet count/spleen thickness ratio
50-
| == =1.01
2 40 = (1.01-1.36]
g% { —— (1.36-1.98]
s 0301 —— >1098
O
= ©
D 820- P < 0.001
oA =R
C ®©
£ >10-
0 50 100 150 200 250 300 350 400
Days

Number of patients

O

Incidence of rebleeding

— N
&) =
£ o
1 L

100+

o)
-
1

El red-color sign (+)
red-color sign (-)

0-

100+

(0]
o
1

(@)
-

AN
o
1

N
o
i

o
o | |

Ll

<101 101136]136198] >198
Platelet count/spleen thickness ratio

— <1.01
—— (1.01-1.36]
—— (1.36-1.98]
s > 1.98 P <0.001
100 200 300

Days

400





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Platelet Count/Spleen Thickness Ratio and the Risk of Variceal Bleeding in Cirrhosis With Esophagogastric Varices



		INTRODUCTION



		MATERIALS AND METHODS



		Study Population



		Data Collection



		Treatment and Endoscopic Therapy



		Outcomes and Follow-Up



		Statistical Analyses







		RESULTS



		Characteristics of Patients With Esophagogastric Varices



		A Lower Platelet Count/Spleen Thickness Ratio Corresponds to a Higher Grade of Esophagogastric Varices and Incidence of Variceal Bleeding in Patients With Cirrhosis



		The Platelet Count/Spleen Thickness Ratio Is an Independent Risk Factor for Variceal Bleeding in Cirrhotic Patients With Moderate or Severe Esophagogastric Varices



		The Platelet Count/Spleen Thickness Ratio ≤ 1.36 Elevated the 1-Year Risk of First-Time Variceal Bleeding and Rebleeding in Cirrhotic Patients With Moderate or Severe Esophagogastric Varices







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/fmed-09-870351-t001.jpg
Platelet count/spleen thickness ratio quartiles (total N = 1,354) P-value

Characteristics Qi: < 1.01 Q2:(1.01-1.36] Q3:(1.36-1.98] Q4: > 1.98

(N =339) (N =339) (N =341) (N = 335)
Demographic
Age 51.7 £10.3 526+ 112 52.7 £10.8 52.3+10.6 0.351
Gender (male) n (%) 188 (565.5%) 178 (562.5%) 187 (54.8%) 187 (565.8%) 0.058
Etiology
HBV n (%) 222 (65.5%) 205 (60.5%) 201 (58.9%) 169 (50.4%) <0.001
HCV n (%) 37 (10.9%) 44 (13.0%) 32 (9.4%) 28 (8.4%) 0.021
Alcoholic n (%) 43 (12.7%) 54 (15.9%) 49 (14.4%) 72 (21.5%) <0.001
Autoimmune n (%) 19 (5.6%) 24 (7.1%) 47 (13.8%) 52 (15.5%) <0.001
Others n (%) 18 (5.3%) 12 (3.5%) 12 (3.5%) 14 (4.2%) 0.302
Laboratory tests
ALT (UL 29.5 (4.6-1230.5) 29.1 (1.9-1274.0) 31.5 (6.9-2493.0) 36.5 (4.7-2456.0) <0.001
AST (UL) 36.7 (6.1-929.2) 40.4 (9.0-1699.0) 40.5 (11.8-1595.2) 47.7 (13.5-1506.0) <0.001
TBIL (wmol/L) 24.6 (4.5-606.5) 24.6 (0.9-489.6) 24.0 (4.5-525.0) 23.2 (3.7-408.1) 0.998
GGT (U/L) 30.0 (6.0-919.3) 40.4 (5.8-761.5) 47.8 (4.4-1065.7) 69.3 (4.7-1741.8) <0.001
ALP (U/D) 69.4 (15.8-789.0) 80.7 (20.9-2320.0) 85.2 (17.9-678.1) 97.7 (21.7-637.7) <0.001
Albumin (g/L) 36.20 (16.4-45.3) 32.50 (14.9-47.0) 30.96(15.8-49.3) 29.00 (12.0-38.5) 0.110
Serum creatine (wmol/L) 65.1 (7.1-522.1) 64.0 (7.4-182.4) 62.5 (11.6-268.3) 64.0 (5.28-486.9) 0.108
WBC (109/1) 1.27 (0.8-50.9) 1.43 (0.8-10.30) 1.45 (0.8-10.0) 1.563(0.6-15.0) <0.001
Hemoglobin (g/L) 93.0 (31.1-178.0) 103.5 (32.5-170.5) 103.7 (37.2-163.0) 114.0 (35.2-176.1) <0.001
PLT (109/L) 45.1 (6.3-72.6) 59.8 (37.4-87.4) 76.0 (48.2-121.0) 113.3 (63.0-388.0) <0.001
INR 1.3(0.9-2.8) 1.3(0.9-2.2) 1.3(0.9-6.2) 1.2(0.84.3) <0.001
Spleen thickness 56.0 (35.0-84.0) 50.0 (29.0-71.0) 46.0 (30.0-70.0) 42.0(23.0-77.0) <0.001
Portal vein thrombus 61 (18.0%) 47 (13.9%) 46 (13.5%) 26 (7.8%) <0.001
Complications
Hepatic encephalopathy
Grade I-Il 29 (8.6%) 26 (7.7%) 23 (6.7%) 21 (6.3%) <0.001
Grade lll-IV 5(1.5%) 9 (2.7%) 4(1.2%) 2 (0.6%) 0.005
Spontaneous bacterial peritonitis 154 (45.4%) 134 (39.5%) 123 (36.1%) 128 (38.2%) <0.001
Ascites 237 (69.9%) 219 (64.6%) 214 (62.8%) 204 (60.9%) <0.001
Hepatorenal syndrome 5(1.5%) 2 (0.6%) 1(0.3%) 3 (0.9%) <0.001
Scores
MELD 11.0(0.0-34.0) 10.1 (0-24.4) 10.0 (0.3-38.4) 9.9 (0-40.2) 0.001
FIB-4 8.4 (2.7-89.1) 6.6 (1.8-33.7) 5.3 (1.4-37.6) 3.6 (0.6-24.5) <0.001
APRI 2.2 (0.4-74.2) 1.7 (0.3-57.9) 1.3 (0.4-50.5) 1.0(0.1-26.7) 0.353
Child-pugh
A 88 (26.0%) 94 (27.7%) 122 (35.8%) 130 (38.8%) <0.001
B 190 (56.0%) 190 (56.0%) 175 (51.3%) 165 (49.3%) 0.032
C 61 (18.0%) 55 (16.2%) 44 (12.9%) 40 (11.9%) <0.001

Categorical variables are given as count (percentage), and normal and non-normal continuous variables are presented as mean =+ standard deviation or median (minimum,
maximum), respectively. HBV, hepatitis B virus; HCV, hepatitis C virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALF, alkaline
phosphatase; GGT, y-glutamyl transpeptidase; WBC, white blood cell; PLT, platelet; INR, international normalized ratio; MELD, model for end-stage liver disease; APRI,
aspartate aminotransferase/platelet count ratio index.





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Platelet Count/Spleen Thickness
Ratio and the Risk of Variceal
Bleeding in Cirrhosis With
Esophagogastric Varices





OPS/images/fmed-09-870351-t003.jpg
Platelet Odds ratios of variceal rebleeding (N = 565)
count/Spleen (95% CI), P-value
thickness
ratio
Unadjusted Adjusted*
Continuous 0.56 (0.44-0.70) 0.53 (0.42-0.67)
<0.001 <0.001
Quartiles
Q4:>1.98 1.00 (reference) 1.00 (reference)
Q3: (1.36-1.98] 1.36 (0.72-1.99) 1.08 (0.63-1.53)
0.503 0.768
Q2: (1.01-1.36] 1.99 (1.25-2.74) 1.46 (1.15-1.78)
0.032 0.039
Q1: <1.01 2.34 (1.28- 2.01 (1.22-2.81)
3.61) < 0.001 0.006

*Adjusted for age, gender, and etiology of cirrhosis, aspartate aminotransferase,
alanine aminotransferase, hemoglobin, platelet, international normalized ratio,
model for end-stage liver disease, red color sign of EGV, portal vein thrombosis,
and esophagogastric varices grade. 95% CI, confidence interval.






OPS/images/fmed-09-870351-t002.jpg
Platelet Odds ratios of first-time variceal bleeding

count/Spleen (N = 349)

thickness (95% CI), P-value

ratio

Unadjusted Adjusted*

Continuous 0.58 (0.31-0.85) 0.45 (0.28-0.66)
<0.001 0.001

Quartiles

Q4:>1.98 1.00 (reference) 1.00 (reference)

Q3: (1.36-1.98] 1.08 (0.95-3.10) 1.03 (0.43-1.62)
0.783 0.869

Q2: (1.01-1.36] 3.03 (1.32-4.67) 2.28 (1.18-3.37)
0.007 0.010

Q1: < 1.01 5.07 (3.43-6.21) 3.28 (2.40-4.17)
<0.001 <0.001

*Adjusted for age, gender, and etiology of cirrhosis, aspartate aminotransferase,
alanine aminotransferase, hemoglobin, platelet, international normalized ratio,
model for end-stage liver disease, red color sign of EGV, portal vein thrombosis,
and esophagogastric varices grade. 95% CI, confidence interval.








OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine





