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Increased INR Values Predict Accelerating Deterioration and High Short-Term Mortality Among Patients Hospitalized With Cirrhosis or Advanced Fibrosis
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Background and Objective: An increase in the international normalized ratio (INR) is associated with increased mortality in patients with cirrhosis and other chronic liver diseases, while little is known about the quantitative relationship. This study aimed to investigate the quantitative relationship between the INR and short-term prognosis among patients hospitalized with cirrhosis or advanced fibrosis and to evaluate the role of the INR as a risk factor for short-term liver transplant (LT)-free mortality in these patients.

Patients and Methods: This study prospectively analyzed multicenter cohorts established by the Chinese Acute-on-Chronic Liver Failure (CATCH-LIFE) study. Cox regression was used to describe the relationship between the INR and independent risk factors for short-term LT-free mortality. Forest plots were used in the subgroup analysis. Generalized additive models (GAMs) and splines were used to illustrate the quantitative curve relationship between the INR and the outcome and inflection point on the curve.

Results: A total of 2,567 patients with cirrhosis and 924 patients with advanced fibrosis were included in the study. The 90-day LT-free mortality of patients with cirrhosis and advanced fibrosis was 16.7% (428/2,567) and 7.5% (69/924), respectively. In the multivariable Cox regression analysis, the increase in the INR was independently associated with the risk of 90-day LT-free mortality both in patients with cirrhosis (HR, 1.06; 95% CI, 1.04–1.07, p < 0.001) and in patients with advanced fibrosis (HR, 1.09; 95% CI, 1.06–1.12, p < 0.001). An INR of 1.6/1.7 was found to be the starting point of coagulation dysfunction with a rapid increase in mortality in patients with cirrhosis or in patients with advanced fibrosis, respectively. A 28-day LT-free mortality of 15% was associated with an INR value of 2.1 in both cirrhosis and advanced fibrosis patients.

Conclusions: This study was the first to quantitatively describe the relationship between the INR and short-term LT-free mortality in patients with cirrhosis or advanced fibrosis. The starting points of INR indicating the rapid increase in mortality and the unified cutoff value of coagulation failure in cirrhosis and advanced fibrosis, will help clinicians accurately recognize early disease deterioration.
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INTRODUCTION

Cirrhosis and other chronic liver diseases are the main causes of death, affecting 1.5 billion people worldwide (1, 2) and accounting for 1.3 million deaths every year (3). Most chronic liver disease patients will remain in a stable state, while upon acute liver injury (ALI), they may progress to acute decompensation or even organ failure; the latter is defined as acute-on-chronic liver failure (ACLF) and is characterized by a high short-term mortality rate of over 50% (4, 5).

Most patients with liver cirrhosis or other chronic liver diseases hospitalized with ALI have coagulation disorders, which are associated with significantly prolonged prothrombin time (PT) and an increased international normalized ratio (INR) (6). As an indicator of severe liver injury, the INR has been included in the diagnostic criteria of ACLF by the European Association for The Study of the Liver (EASL) and the Asian-Pacific Association for the Study of the Liver (APASL) (7–9). The INR has also been incorporated in scoring systems such as the model for end-stage liver disease (MELD), MELD-Na, and chronic liver failure-sequential organ failure assessment (CLIF-SOFA) for assessing the severity of cirrhosis and liver failure (10–12).

However, the cutoff value of the INR for the diagnosis of ACLF has long been controversial in the East and the West (13). The APASL considers that an INR ≥ 1.5 and a total bilirubin (TB) ≥ 5 mg/dL in patients with cirrhosis and noncirrhotic chronic liver disease were important indicators for the diagnosis of ACLF. The INR cutoff value used by the APASL in the diagnostic criteria of ACLF is based on the definition of acute liver failure (9, 14–16). The EASL considers an INR ≥2.5 in patients with cirrhosis as the cutoff value for coagulation failure in the diagnostic criteria of ACLF (7). It is unclear whether coagulation failure in cirrhosis and advanced fibrosis can share the same cutoff value for the INR. Therefore, it is pivotal to explore the evidence-based cutoff values of the INR for coagulation failure in patients with cirrhosis and advanced fibrosis, and this is important to unify the thresholds of coagulation failure among the East and West.

This study was based on a large, multicenter, prospective cohort of patients in areas where hepatitis B virus (HBV) is highly endemic, and this study included both patients with cirrhosis and patients with advanced fibrosis (17, 18). This study aimed to investigate the quantitative relationship between the INR and the short-term (28 /90-day) LT-free mortality in patients with cirrhosis and advanced fibrosis separately and to provide evidence for establishing a reliable INR cutoff value for the diagnosis of coagulation failure.



PATIENTS AND METHODS


Patients

Patients with cirrhosis and other chronic liver diseases (3) hospitalized for acute decompensation (AD) (7) or acute liver injury (ALI) were enrolled in the Chinese Acute-on Chronic Liver Failure (CATCH-LIFE) study cohorts (NCT02457637 and NCT03641872) from 16 Chinese tertiary hospitals during the periods of January 2015–December 2016 and January 2018–December 2019 (17–19). Detailed inclusion and exclusion criteria have been published elsewhere (17–19). This study was approved by the Ethics Committee of Renji Hospital (the leading center of the CATCH-LIFE study), School of Medicine, Shanghai Jiao Tong University, Shanghai, China. Signed informed consent was obtained from all patients.

Cirrhosis was diagnosed based on computed tomography/magnetic resonance imaging, laboratory examination, and clinical symptoms (20). Cirrhosis without prior AD was defined as cirrhotic patients who developed AD for the first time (7). Those with a prior history of AD were defined as cirrhotic patients with prior (one or more episodes) AD (7). Advanced fibrosis was defined as noncirrhotic patients who had a chronic liver disease history of at least 6 months and had FIB-4 scores over 1.45 (21).

Among the cirrhotic patients and the patients with advanced fibrosis, those who received liver transplant within 90 days, those with INR values missing values on admission, patients with FIB-4 ≤ 1.45 and patients with missing FIB-4 values in noncirrhotic patients were not included in the analysis (Figure 1; Supplementary Figure 1).
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FIGURE 1. Study participants. FIB-4, fibrosis-4 index; INR, international normalized ratio; LT, liver transplantation.




Data Collection

The following demographic and clinical information was collected on admission: age, sex, etiology of the liver disease, acute decompensated events, laboratory parameters, clinical symptoms involved in Child-Turcotte-Pugh [CTP] (22), and CLIF-SOFA scores. Details about the data collected in this study can be found elsewhere (17, 18).



Outcomes

The primary and secondary endpoints of the study were 90 and 28-day liver transplant (LT)-free mortality, respectively.



Statistical Analysis

Data are presented as medians and the first and third quartiles for continuous variables and as frequencies (%) for categorical variables at baseline. A multivariate Cox proportional hazard (COXPH) model was used to analyze the correlation between the INR and 90-day LT-free mortality. Important risk factors and potential confounding factors were adjusted, and these included age, sex, and etiology of underlying chronic liver disease, overt ascites, gastrointestinal bleeding, bacterial infection, hepatic encephalopathy (HE) grades, TB and creatinine. The risk of 90-day LT-free mortality was expressed by continuous variables as the risk ratio (HR), which was calculated by each unit of the INR. In patients with cirrhosis, the INR was categorized into fine levels (<1.2, 1.2–1.5, 1.5–2.0, 2–2.5, and ≥2.5), and patients with an INR <1.2 were used as a reference. In advanced fibrosis, the INR was categorized into 4 levels (<1.5, 1.5–2.0, 2.0–2.5, and >2.5), and patients with an INR <1.5 were used as a reference. Forest plots were used for subgroup analysis.

The nonlinear relationship between the INR and 90-day mortality was plotted as an “INR-mortality correlation curve”. The estimated mortality rates corresponding to the INR values in the curves and the independent effect of INR on mortality were shown by the confounding factors adjusted generalized additive model (GAM) (23). Spline (24) was used as a connecting function to select the GAM and smoothing parameters to optimize the Akaike information criterion. The second derivative of the INR to mortality was used to describe the nonlinear relationship (to obtain the maximum acceleration peak). The maximum acceleration point on the GAM curve was defined as the starting point of the INR for disease deterioration. Meanwhile, the INR value corresponding to 15% LT-free mortality within 28 days was considered the clinical cutoff value for coagulation failure (the definition from the CANONIC study) (7). Statistical analyses were performed using R version 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria) and MATLAB 2016b. A two-sided p < 0.05 was considered statistically significant.




RESULTS


Characteristics of the Patients

As shown in Figure 1, 2,567 patients with cirrhosis and 924 patients with advanced fibrosis were ultimately included in the analysis. The 90-day LT-free mortality of cirrhosis and advanced fibrosis were 16.7% (428/2,567) and 7.5% (69/924), respectively. In Figure 2, we depict the uncorrected INR in relation to the 28/90-day LT-free mortality using GAM. In cirrhotic patients and advanced fibrosis, as the INR increased, the disease severity (MELD score, CLIF-SOFA score, and Child Pugh score) and the corresponding short-term LT-free mortality increased (Tables 1, 2).


[image: Figure 2]
FIGURE 2. Unadjusted probability of LT-free mortality by baseline INR in cirrhosis and advanced fibrosis. (A,B) 28-day (A) and 90-day (B) LT-free mortality by baseline INR in cirrhosis, (C,D) 28-day (C) and 90-day (D) LT-free mortality by baseline INR in advanced fibrosis.



Table 1. Baseline characteristics of patients with cirrhosis based on different INR groups at admission.
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Table 2. Baseline characteristics of patients with advanced fibrosis based on different INR groups at admission.
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INR Is an Independent Risk Factor for 90-Day LT-Free Mortality

As shown in Table 3, when the INR was used as a continuous variable, it was an independent risk factor for 90-day LT-free mortality in both cirrhotic and advanced fibrosis patients (Table 3). The analysis of the categorical variables showed that when the INR > 1.5, the elevated INR had a significantly greater impact on mortality than patients with an INR <1.5 in both cirrhosis and advanced fibrosis patients. The INR was an independent risk factor for 90-day LT-free mortality without the interaction of most indicators except hepatic encephalopathy 3~4, a phenomenon existed that was consistent in patients with cirrhosis and advanced fibrosis (Figures 3, 4). The results of the 28-day univariate and multivariable analyses are also shown in Supplementary Table 1.


Table 3. The unadjusted and adjusted hazard ratios of INR for 90-day transplantation-free mortality in patients with cirrhosis and advanced fibrosis.

[image: Table 3]


[image: Figure 3]
FIGURE 3. Stratified analyses of adjusted risk of 90-day LT-free mortality in cirrhosis patients according to strata of baseline covariates INR. HBV, hepatitis B virus; HE, hepatic encephalopathy; GI bleeding, gastrointestinal bleeding; TB, total bilirubin; Cr, creatinine; INR, international normalized ratio.
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FIGURE 4. Stratified analyses of adjusted risk of 90-day LT-free mortality in advanced fibrosis patients according to strata of baseline covariates INR. HBV, hepatitis B virus; HE, hepatic encephalopathy; GI bleeding, gastrointestinal bleeding; TB, total bilirubin; Cr, creatinine; INR, international normalized ratio.




INR = 1.6 and 1.7 Are the Starting Points of INR for Acute Disease Deterioration in Cirrhosis and Advanced Fibrosis, Respectively

Through the peak of the second derivative, we found that the maximum acceleration point of the INR (INR = 1.6) corresponded to the most rapid increase in mortality on the GAM curve, which independently reflected the relationship between the INR and 90-day LT-free mortality (Figures 5C,D). The valley of the second derivative was when the INR = 2.6, which showed an INR of 1.6~2.6 is the period with the most rapid increase in mortality. This suggests that an INR = 1.6 is the starting point of the INR for disease deterioration in cirrhosis. We further analyzed the relationship between the INR and 90-day LT-free mortality in patients with cirrhosis without prior AD and patients with cirrhosis with any prior AD. The trends of the two curves were similar, with starting points of INR = 1.7 and 1.5 for disease deterioration, respectively, which were similar to the values in patients with cirrhosis (Figures 5E–H).


[image: Figure 5]
FIGURE 5. The INR-mortality (90-day) correlation curves and their corresponding second derivative (acceleration) curves. (A) The INR-mortality (90-day) correlation curve of advanced fibrosis, (B) the second derivative (acceleration) of INR to mortality in advanced fibrosis, (C) the INR-mortality (90-day) correlation curve of cirrhosis, (D) the second derivative (acceleration) of INR to mortality in cirrhosis, (E) the INR-mortality (90-day) correlation curve of cirrhosis without prior AD, (F) the second derivative (acceleration) of INR to mortality in cirrhosis without prior AD, (G) the INR-mortality (90-day) correlation curve of cirrhosis with prior AD, and (H) the second derivative (acceleration) of INR to mortality in cirrhosis with prior AD.


In patients with advanced fibrosis, the peak INR value of the second derivative was 1.7, and the valley INR value was 2.7, which indicates that mortality rises the fastest when the INR is between 1.7 and 2.7. Therefore, an INR value of 1.7 can be used as the starting point of INR for disease deterioration (Figures 5A,B).



INR = 2.1 Was Associated With 28-Day LT-Free Mortality of 15% Both in Patients With Cirrhosis and in Patients With Advanced Fibrosis

EASL defines organ failure as a 28-day LT-free mortality of 15%; therefore, the quantitative analysis found that an INR = 2.1 corresponded to an LT-free mortality of 15% within 28 days after admission in cirrhotic patients (Figure 6). An INR = 2.1 can be used as the clinical cutoff value for coagulation failure in patients with liver cirrhosis, with the corresponding multivariable adjusted 28/90-day LT-free mortality of 15 and 25.1%, respectively (Table 4), and 447 (17.4%) patients in our study exceeded this clinical cutoff of INR for coagulation failure. Similarly, in patients with advanced fibrosis, an INR = 2.1 was also found to correspond to a 28-day LT-free mortality of 15%, and 116 (12.6%) patients in our study exceeded this threshold, with corresponding 28/90-day LT-free mortality of 15 and 26.3%, respectively. Therefore, these values can be used as the clinical cutoff values of INR for coagulation failure.


[image: Figure 6]
FIGURE 6. Adjusted probability of INR-mortality (28-day) correlation curves. (A) adjusted (age, gender, etiology, HE grades, ascites, infection, TB, and Cr) probability of the INR-mortality (28-day) correlation curve in advanced fibrosis, (B–D) adjusted (age, gender, etiology, HE grades, ascites, infection, gastrointestinal bleeding, TB, and Cr) probability of the INR-mortality (28-day) correlation curve in cirrhosis (B), in cirrhosis without prior AD (C), and in cirrhosis with prior AD (D).



Table 4. Multivariable adjusted 28- and 90-day LT-free mortality based on the starting point of INR for disease deterioration and clinical INR cutoffs in cirrhosis and advanced fibrosis.
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The short-term LT-free mortality in patients with INR values between the starting point for disease deterioration and cutoff for coagulation failure was further analyzed. An INR of 1.6~2.1 in the patients with cirrhosis was corresponded to 28/90-day LT-free mortality of 7.8 and 17.4%, respectively. Similarly, the INR value of 1.7~2.1 in patients with advanced fibrosis was associated with a 28/90-day LT-free mortality of 3.3 and 7.8%, respectively (Table 4).




DISCUSSION

This study quantitatively described in detail the relationship between INR values and short-term LT-free mortality for the first time in patients with cirrhosis or advanced fibrosis through a multicenter, prospective cohort study. First, the results showed that the INR value was an independent risk factor for both 28- and 90-day LT-free mortality in patients with either cirrhosis or advanced liver fibrosis. In both patients with cirrhosis and in patients with advanced fibrosis, an INR > 1.5 had a more significant impact on 90-day LT-free mortality than an INR <1.5. Second, we found for the first time the starting point of the INR that indicates acute disease deterioration (coagulation dysfunction) in a highly endemic area of HBV. Finally, when the INR = 2.1, the 28-day LT-free mortality reached 15% in both patients with cirrhosis and patients with advanced fibrosis. Therefore, an INR > 2.0 could be used as the cutoff of INR for the diagnosis of coagulation failure in either patients with cirrhosis or advanced fibrosis.

In the diagnostic criteria of ACLF, the study population of the APASL included patients with cirrhosis and noncirrhotic chronic liver diseases, while the study population of the EASL included patients with cirrhosis only (7, 9, 25). To resolve this controversy, the World Gastroenterology Organization (WGO) proposed that significant hepatic fibrosis can be considered chronic hepatitis to help distinguish ACLF from acute liver failure (26–28). An FIB-4 > 1.45 was used to screen advanced fibrosis in noncirrhotic chronic liver diseases (21). In the present study, in patients with advanced fibrosis, the INR corresponding to a 28-day LT-free mortality of 15% was also 2.1, and this result suggested that coagulation failure in patients with advanced fibrosis shares the same INR cutoff value, which is also consistent with patients with cirrhosis. Furthermore, in patients with cirrhosis and advanced fibrosis who presented coagulation dysfunction before coagulation failure (INR = 16–2.1), the 28-day LT-free mortality was much lower than 15%, providing more evidence that INR > 2.0 could be used as the cutoff of INR for the diagnosis of coagulation failure in either patients with cirrhosis or advanced fibrosis.

In this study, the INR was not an independent risk factor for 90-day LT-free mortality in subgroups HE3–4. HE is one of the common complications of ALI or AD in patients with cirrhosis and other chronic liver diseases (29–31). The North American Liver Failure Alliance (NACSELD) identified HE grades 3–4 as an independent predictor of 30-day mortality in hospitalized patients with cirrhosis, with 30-day mortality for HE grades 3–4 as high as 38% (32, 33). Our previous study also demonstrated that the 28-day LT-free mortality rates were 34.5 and 55% for HE grades 3 and 4, respectively, among patients with cirrhosis and other chronic liver diseases (34). The results from the above studies and the results from our study demonstrated that grade 3–4 HE plays a more important role than the INR in the short-term outcomes of patients with cirrhosis.

Our research has the following strengths. First, the data come from a high-quality large-scale prospective cohort in a high-endemic area of HBV (17, 18, 20). Second, we obtained for the first time the evidence-based starting point of the INR value that indicates acute disease deterioration both in patients with cirrhosis and in patients with advanced fibrosis, and this can be used as a warning sign of a rapid increase in mortality. The starting point of the INR is important for clinicians to timely identify the rapid increase in mortality caused by coagulation damage. Finally, the unified clinical cutoff of the INR for coagulation failure was found in patients with cirrhosis and advanced fibrosis.

This study had several limitations. First, the data in this study came from HBV high-endemic areas that were not representative of the global characteristics of patients with cirrhosis and other chronic liver diseases, but HBV accounts for 70% of the cases of cirrhosis and other chronic liver diseases and is the highlight of our cohort study. Second, our study only included LT-free mortality as the outcome and did not include liver transplantation as a bad outcome. In most major studies, LT-free mortality was used as the only end point, which is consistent with our study (7, 35, 36). Finally, this was an observational study that did not investigate the effects of special treatments (such as artificial liver support systems, glucocorticoids, etc.) on the short-term adverse outcomes of patients with cirrhosis and advanced fibrosis. To date, no treatment except liver transplantation has been shown to significantly change the outcome of ACLF.

This was the first study to quantitatively describe the relationship between the INR and short-term LT-free mortality in patients with cirrhosis and advanced fibrosis. For the first time, we obtained the starting point of the INR that indicated a rapid increase in mortality. Patients with either cirrhosis or advanced fibrosis share the same clinical cutoff INR value for the diagnosis of coagulation failure.
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