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Abstract 

Background: Whether liver fibrosis is associated with increased risk for substantial 

hematoma expansion (HE) after intracerebral hemorrhage (ICH) is still uncertain. We 

evaluated the association between various liver fibrosis indices and substantial HE in a 

Chinese population with primary ICH. 

Methods: Primary ICH patients admitted to West China Hospital within 24 hours of 

onset between January 2015 and June 2018 were consecutively enrolled. Six liver 

fibrosis indices were calculated, including aspartate aminotransferase (AST)-platelet 

ratio index (APRI), AST/alanine aminotransferase ratio-platelet ratio index (AARPRI), 

fibrosis-4 (FIB-4), modified fibrosis-4 (mFIB-4), fibrosis quotient (FibroQ) and Forns 

index. Substantial HE was defined as an increase of more than 33% or 6 mL from 

baseline ICH volume. The association of each fibrosis index with substantial HE was 

analyzed using binary logistic regression.  

Results: Of 436 patients enrolled, about 85% showed largely normal results on 

standard hepatic assays and coagulation parameters. Substantial HE occurred in 115 

(26.4%) patients. After adjustment, AARPRI (OR 1.26, 95% CI 1.00-1.57) and FIB-4 

(OR 1.15, 95% CI 1.02-1.30) were independently associated with substantial HE in 

ICH patients within 24h of onset, respectively. In ICH patients within 6h of onset, 

each of the following indices was independently associated with substantial HE: APRI 

(OR 2.63, 95% CI 1.30-5,34), AARPRI (OR 1.55, 95% CI 1.09-2.22), FIB-4 (OR 

1.35, 95% CI 1.08-1.69), mFIB-4 (OR 1.09, 95% CI 1.01-1.18), FibroQ (OR 1.08, 

95% CI 1.00-1.16) and Forns index (OR 1.37, 95% CI 1.10-1.69).  
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Conclusions: Liver fibrosis indices are independently associated with higher risk of 

substantial HE in Chinese patients with primary ICH, which suggesting that subclinical 

liver fibrosis could be routinely assessed in such patients to identify those at high risk 

of substantial HE.  

 

Keywords: hemorrhagic stroke; liver fibrosis indices; hematoma enlargement; AST–

platelet ratio index; fibrosis-4 
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Introduction 

Intracerebral hemorrhage (ICH) accounts for 10% to 15% of all strokes, and causes up 

to 50% of all stroke-related mortality.1-3 More than one-third of patients with ICH 

experience hematoma expansion (HE), which is a strong predictor of early deterioration 

and death.4,5 However, specific risk factors for HE and the impact of the heterogeneity 

of ICH on HE are unclear.6 To date, randomized controlled trials of several interventions 

targeting HE have not demonstrated any improvement in outcomes after ICH.7,8 Current 

paradigms of treatment after ICH focus mainly on coagulopathy reversal in order to 

minimize HE and improve survival and functional outcomes.3,9 Therefore, 

understanding the risk factors of HE in patients with ICH may help to guide preventive 

measures and intervention post-ICH. 

 

Increasing evidence links liver dysfunction to ICH. Patients with ICH and unusually 

large hematomas show elevated levels of liver enzymes, such as aspartate 

aminotransferase (AST), alanine aminotransferase (ALT) and gamma-glutamyl 

transferase (GGT).10 ICH patients with comorbid liver disease are more likely to die in-

hospital and are in worse condition at discharge than those without liver disease.11 Even 

subclinical liver disease may be associated with worse prognosis post-ICH.12  

 

Liver fibrosis is a common subclinical liver disease that is present in approximately 15% 

of the general adult population without diagnosed liver disease.13,14 Several noninvasive 

markers have been reported to predict liver fibrosis: AST/ALT ratio (AAR), AST–
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platelet ratio index (APRI), AAR/platelet ratio index (AARPRI), fibrosis-4 (FIB-4), 

modified fibrosis-4 (mFIB-4), fibrosis quotient (FibroQ) and the Forns index.15,16 

AARPRI and mFIB-4, in particular, were developed to assess the stage of liver fibrosis 

in Asian patients with chronic viral hepatitis.17 These liver fibrosis indices allow simple, 

inexpensive, straightforward assessment of liver fibrosis, including in patients with 

viral hepatitis, non-alcoholic fatty liver disease (NAFLD) and alcohol-related liver 

disease (ALD).15-21  

 

A recent study in patients with largely normal liver enzyme levels in a predominantly 

Caucasian population found that APRI and FIB-4 liver fibrosis indices were associated 

with HE post-ICH, linking HE to subclinical coagulopathy and endothelial 

dysfunction.22 However, there is little evidence on the relationship between liver 

fibrosis indices and HE in Asian patients without obvious liver diseases or significantly 

abnormal laboratory findings. Therefore, we aimed to evaluate the association between 

liver fibrosis indices and substantial HE after primary ICH in a Chinese population.  

 

Materials and Methods 

Study design and cohort selection 

Patients with primary ICH who were admitted to West China Hospital within 24 hours 

of ICH symptom onset between January 2015 and June 2018 were retrospectively 

selected from among patients prospectively registered in our ICH database.23 The study 

was approved by the Ethics Committee on Biomedical Research, West China Hospital 
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of Sichuan University (2019 362). No informed consent was required as this study was 

retrospective and all patient data were anonymized. 

 

Patients were included if they received a baseline brain computed tomography (CT) 

scan immediately upon arrival in the Department of Emergency Medicine, as well as a 

follow-up brain CT scan within 72 hours after symptom onset. Patients were excluded 

if they met any of the following criteria: (1) were <18 years old; (2) had a secondary 

cause of ICH (i.e., underlying aneurysm, vascular malformation, brain neoplasm or 

metastasis, head trauma, dural sinus thrombosis, hemorrhagic transformation of 

ischemic infarction, infection), or primary intraventricular hemorrhage (IVH), or 

primary subarachnoid hemorrhage (SAH); (3) were on anticoagulant therapy before 

admission; (4) had severe liver disease, clinical syndrome associated with liver disease, 

or hematologic disease; (5) had undergone surgical evacuation; or (6) were lacking 

laboratory data of hepatic assays or coagulation parameters, which were tested routinely 

in most of patients.  

 

Data collection  

The following data were collected for all patients: demographic information including 

age, sex, Glasgow Coma Scale (GCS) score, National Institutes of Health Stroke Scale 

(NIHSS) score, as well as systolic and diastolic blood pressure on admission; 

comorbidities diagnosed either before admission or at discharge (hypertension, diabetes 

mellitus, hyperlipidemia, heart disease (includes any history of atrial fibrillation, 
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coronary heart disease, or valvular heart disease); previous smoking (defined as 

smoking more than 10 cigarettes a day prior to onset, for at least 1 year) and alcohol 

consumption (defined as drinking almost every day, the average amount of daily 

drinking being more than 50 g, for more than 1 year ); and the use of antiplatelets before 

admission. In addition, data were collected on the previous history of stroke (ischemic 

or hemorrhagic stroke).  

  

Laboratory findings on admission included platelet count, international normalized 

ratio (INR), prothrombin time (PT), activated plasma thromboplastin time (APTT), 

ALT, AST and albumin (ALB). Data were also collected about onset of ICH symptoms, 

how long the patient was symptom-free, and when baseline and follow-up brain CT 

scans were performed.  

 

The initial CT scan taken at presentation was reviewed to determine the ICH location 

(lobar, deep, and infratentorial), the presence of IVH, and baseline hematoma volumes. 

Hematoma volumes were estimated from CT scans using the formula A*B*C/2, where 

A was the largest diameter on the largest hemorrhage slice; B, the maximal diameter 

perpendicular to A; and C, the vertical hematoma depth.24 Intraventricular hemorrhage 

were not considered for volumetric calculations. 

 

Estimation of liver fibrosis indices  

We selected six liver fibrosis indices: APRI, AARPRI, FIB-4, mFIB-4, FibroQ, and 

Forns index. Fibrosis indices were calculated according to the following formulas16,17,21: 
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 APRI = AST (/ULN)Platelet count (109/L) × 100 

 AAR = ASTALT ratio, AARPRI = AARPlatelet count (109/L)/150 

 

FIB − 4 = Age (years) × AST(U/L)Platelet count (109/L) × √ALT(U/L) 

 mFIB − 4 = 10 × Age (years) × AST (U/L)Platelet count (109/L) × ALT (U/L) 

 FibroQ = 10 × Age (years) × AST(U/L) × INRALT(U/L) × Platelet count (109/L) 

 

Forns index = 7.811–3.131×In (Platelet count[109/L])+ 0.781×In (γGT [IU/L]) 

+3.467×In (age)–0.014×cholesterol (mg/dl) 

 

Outcome 

The outcome of interest was substantial HE within 72 hours of symptom onset. 

Substantial HE was defined as a proportional increase of hematoma volume＞33% or 

an absolute growth of hematoma volume＞6 mL from baseline CT scan to follow-up 

CT scan.25  

 

Statistical analysis 

Categorical variables were presented as n (%), whereas continuous variables were 

presented as mean ± standard deviation (SD) or median and interquartile range (IQR). 
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Differences between groups with or without substantial HE were assessed for 

significance using the chi-squared test or Fisher exact test in the case of categorical 

variables, or using Student’s t test or Mann-Whitney U test in the case of continuous 

variables.  

 

Potential associations between liver fibrosis indices and substantial HE were estimated 

using binary logistic regression. All variables associated with p ≤ 0.10 were considered 

in the regression. Laboratory data were not included as variables in the regression, since 

the liver fibrosis indices were estimated from such data. To avoid effects of interactions 

between liver fibrosis indices, each index was included separately in the binary logistic 

regression. Since hematoma volume on admission may affect the association between 

liver fibrosis indices and substantial HE, we considered two models: Model 1 and 

Model 2, which contained the same variables as Model 1 in addition to baseline 

hematoma volume. Analysis was planned both in all patients and an early admission 

group within 6 hours of ICH onset. 

 

Statistical analyses were conducted using SPSS 24.0 (IBM, New York, USA). 

Differences and statistical results associated with a 2-tailed p＜0.05 were defined as 

significant.  

 

Results  

Baseline patient characteristics  
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We identified 1261 patients from the ICH database between January 2015 and June 

2018. There were 1106 patients with primary ICH, of whom 436 patients were within 

24 hours of symptom onset and finally included. Of the 436 patients, 200 patients were 

within 6 hours of symptom onset. A flowchart depicting patient selection is shown in 

Figure 1. 

 

The characteristics of included patients (n = 436) and excluded (n = 670) patients in our 

registry are shown in Table 1. The patients included in this study were older (P＜0.001), 

and had a higher prevalence of diabetes mellitus (P = 0.026), worse baseline clinical 

severity scores (GCS and ICH score, all P＜0.001), higher antiplatelet medication use 

(P = 0.008) and faster times from symptom onset to admission CT (P < 0.001). In 

addition, there were smaller baseline hematoma volumes (P < 0.001), a lower 

prevalence of IVH (P = 0.036) and a greater proportion of lobar ICH (P < 0.001) in 

those with HE. Finally, the included patients had shorter PT (P = 0.019) and lower INR 

(P = 0.002). 

 

The included patients were predominately male (67.0%) and had a mean age of 59.9 

years (± 14.0 years), with ages ranging from 20 to 94 years (Table 1). As expected, 

about 85% of patients had generally normal standard liver chemistry examination 

indices and coagulation indices; 12.6% had an AST ≥ 40 IU/L, 8.9% had an ALT ≥ 50 

IU/L, and 6.9% had an INR ≥ 1.15. Moreover, the abnormal values of ALT, AST or INR 

were within two times the upper limit of the normal value (ULN).  
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Association between liver fibrosis indices and substantial HE in patients within 24 

hours of ICH onset 

Of 436 patients within 24 hours of ICH onset, 115 (26.4%) had substantial HE (Table 

2). In general, patients with substantial HE were older (mean 63.0 vs 58.8 years, P = 

0.007), tended to be male (74.8% vs 64.2%, P = 0.038), had larger baseline hematoma 

volumes (median 24.3 vs 13.0 ml, P = 0.005) and a lower proportion of deep ICH (52.2% 

vs 70.7%, P < 0.001). The baseline GCS score, blood pressure on admission, the time 

from symptom onset to baseline CT and the time from baseline CT to follow-up CT 

scan were similar between groups (all P＞0.05).  

 

Patients with substantial HE showed significantly better values for AARPRI, FIB-4, 

mFIB-4, FibroQ and Forns index than those without substantial HE (all p＜0.1), but 

there was no statistically significant difference in APRI (p=0.245) between the two 

groups (Table 2). AARPRI, FIB-4, mFIB-4, FibroQ and Forns index with p ≤ 0.1 

were included in subsequent logistic regression.  

 

The binary logistic regression Model 1, which adjusted for age, sex, hematoma location, 

and time from symptom onset to baseline CT scan, showed significant associations 

between substantial HE and each of the following indices: AARPRI [odds ratio (OR) 

1.29, 95% confidence interval (CI) 1.03-1.60], FIB-4 (OR 1.16, 95% CI 1.03-1.30) and 

mFIB-4 (OR 1.05, 95% CI 1.00-1.10). In contrast, substantial HE was not significantly 
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associated with FibroQ or the Forns index (Table 3). In Model 2, which additionally 

considered the baseline hematoma volume, substantial HE was significantly associated 

only with AARPRI (OR 1.26, 95% CI 1.00-1.57) and FIB-4 (OR 1.15, 95% CI 1.02-

1.30).  

 

Association between liver fibrosis indices and substantial HE in patients within 6 

hours of ICH onset 

Of patients within 6 hours of symptom onset (n = 200), 60 (30.0%) had substantial HE 

(Supplementary Table 1). For univariate analysis, the results were similar to those from 

patients admitted within 24 hours of onset, except age (P = 0.096).  

 

All six liver fibrosis indices, including APRI, AARPRI, FIB-4, mFIB-4, FibroQ and 

Forns index were associated with substantial HE in the univariate analysis and included 

in subsequent logistic regression (all p＜0.05, Supplementary Table 1). After adjusting 

the following variables in the binary logistic regression Model 1: age, sex and 

hematoma location, all six liver fibrosis indices were associated with substantial HE: 

APRI (OR 2.63, 95% CI 1.30-5,34), AARPRI (OR 1.53, 95% CI 1.08-2.16), FIB-4 (OR 

1.34, 95% CI 1.07-1.67), mFIB-4 (OR 1.08, 95% CI 1.00-1.17), FibroQ (OR 1.08, 95% 

CI 1.00-1.16) and Forns index (OR 1.37, 95% CI 1.10-1.69). In Model 2, after 

considering the baseline hematoma volume, substantial HE was still significantly 

associated with all six liver fibrosis indices (all P＜0.05, Table 4).  
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Discussion    

In a Chinese population with a largely normal range of liver chemistry, we explored the 

association between various liver fibrosis and substantial HE after primary ICH. We 

found that at least two single liver fibrosis indices were independently associated with 

increased risk for substantial HE. Among primary ICH patients within 24 hours of 

symptom onset, AARPRI and FIB-4 were associated with substantial HE. While in 

patients within 6 hours of symptom onset, all six liver fibrosis indices were 

independently associated with substantial HE.  

 

Growing evidence suggests an association between subclinical liver disease, such as 

liver fibrosis, and cerebrovascular disease. For example, the presence of liver fibrosis 

assessed with transient elastography is a strong predictor of long-term, all-cause 

mortality in the ischemic stroke population as well as a predictor of risk of ischemic 

stroke.26,27 Another study showed liver fibrosis, as measured using FIB-4, to be 

independently associated with risk of hemorrhagic transformation in acute ischemic 

stroke patients.28 Consistent with these findings, our study indicates an association 

between liver fibrosis indices and substantial HE among ICH patients with largely 

normal standard liver chemistry. Our findings are consistent with a retrospective 

analysis of the Virtual International Stroke Trials Archive ICH database linking liver 

fibrosis (as assessed using two serum-based liver fibrosis indices) to admission 

hematoma volume, HE and 3-month mortality in Caucasians with normal liver 

chemistry.22 In addition, one study reported an association between subclinical 
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alterations in individual hepatic enzymes, such AST and ALP, and worse clinical 

outcomes among ICH patients.12 This result was based on univariable analysis, and 

these associations were no longer significant after adjusting for confounders. 

 

In our study, one in four patients experienced HE after primary ICH, consistent with 

studies of HE incidence ranging from 13% to 38% in the United States, Japan and 

Italy.4,29 In our analysis, age, sex, hematoma location, baseline hematoma volume and 

platelet count were significantly associated with HE. Although the mechanisms 

underlying the association between liver fibrosis and HE remain obscure, some 

hypotheses can be proposed. First, the liver synthesizes numerous clotting factors 

involved in the coagulation cascade. Patients with liver disease may cause coagulation 

factor deficiency, leading to blood clotting abnormalities and increasing risk of 

developing HE.29 In addition, progression of liver fibrosis reduces the production of 

thrombopoietin and, hence, reduces platelet production.30 Second, vessel wall damage 

and vascular inflammation are associated with the development of fibrosis.31 In fact, 

one study suggested that subclinical coagulopathy, endothelial dysfunction, and 

vascular inflammation may be possible mechanisms between liver fibrosis and 

increased risk of HE.22 Further research should clarify how liver fibrosis affects risk of 

HE after ICH.  

 

Our study has several limitations. First, it was a retrospective analysis based on data 

from a single center. Second, hematoma size was calculated using the A*B*C/2 formula, 
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while is widely used24 but may not be as accurate as semi-automated measurement of 

hematoma size due to focusing on intraparenchymal HE assessment without IVH 

considered and not volumetrically measure.32
 Third, liver fibrosis indices may be less 

accurate in patients without known liver diseases than more invasive, costlier methods 

such as liver biopsy and advanced imaging.  

 

Conclusions 

Despite the limitations, our study provides evidence that subclinical liver disease, as 

assessed with liver fibrosis indices, is related to risk of substantial HE after primary 

ICH in a Chinese cohort. These findings highlight the necessity of taking liver fibrosis 

into account routinely when screening ICH patients, for risk of substantial HE. Future 

cohort studies should investigate how liver fibrosis affects HE after ICH.  
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