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Background: Liver fibrosis has been reported to be associated with hematoma expansion and mortality in patients with intracerebral 
hemorrhage. This study aimed to detect the association between liver fibrosis and symptomatic intracranial hemorrhage (sICH) in 
ischemic stroke after mechanical thrombectomy (MT).
Methods: We retrospectively included patients with large artery occlusion in the anterior circulation and treated with MT at a single 
stroke center. The fibrosis-4 index (FIB-4) was used to assess the severity of liver fibrosis. sICH was diagnosed according to the 
Heidelberg Bleeding Classification criteria. Multivariate logistic regression and restricted cubic spline analysis were conducted to 
examine the relationship between liver fibrosis and sICH.
Results: Among the 578 patients (mean age, 70.1 years; 58.5% male) included in the study, 65 (11.2%) individuals were diagnosed 
with sICH. After adjusting for demographic characteristics and other potential confounders, a higher FIB-4 index was found to be 
independently associated with an increased risk of sICH (odds ratio: 1.306, 95% confidence interval: 1.127–1.512, P=0.001). Similar 
results were obtained when analyzing FIB-4 as a categorical variable.
Conclusion: This study demonstrated that there is a significant association between FIB-4 and the risk of sICH in patients with acute 
ischemic stroke who underwent MT. Therefore, liver fibrosis could serve as a valuable parameter in monitoring the risk of sICH 
following MT.
Keywords: liver fibrosis, fibrosis-4 index, ischemic stroke, symptomatic intracranial hemorrhage, endovascular thrombectomy

Introduction
Ischemic stroke leads to a high prevalence of disability and mortality worldwide, especially in patients with cardioem
bolic stroke and atherothrombotic stroke.1–4 It has been confirmed that mechanical thrombectomy (MT) is a beneficial 
treatment for ischemic stroke patients who have suffered large artery occlusion.5 However, symptomatic intracranial 
hemorrhage (sICH) is a serious complication that can occur in ischemic stroke patients after MT treatment, leading to an 
increased risk of morbidity and mortality.6–8 Therefore, the early and accurate identification of sICH after MT is crucial 
for improving the prognosis.

Chronic liver diseases often lead to liver fibrosis, a condition characterized by the accumulation of extracellular 
matrix proteins.9 Nonalcoholic fatty liver disease (NAFLD) is an independent risk factor for cardiovascular disease, type 
2 diabetes mellitus, and chronic kidney disease.10 Patients with nonalcoholic steatohepatitis, a progressive form of 
NAFLD characterized by hepatic inflammation and hepatocellular injury, are at a higher risk of developing progressive 
fibrosis.11 The fibrosis-4 index (FIB-4) is a noninvasive and practical tool for predicting liver fibrosis in patients with 
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NAFLD,12 which is based on anthropometric measures and blood test results, making it easy to obtain. A prospective 
stroke cohort demonstrated that advanced liver fibrosis significantly correlated to a higher risk of long-term poor 
prognosis and stroke recurrence.13 Furthermore, a recent study in intracerebral hemorrhage reported that FIB-4 is 
associated with the size of hematoma at admission and its subsequent expansion.14 However, the relationship between 
liver fibrosis and sICH in ischemic stroke patients after MT treatment remains unclear.

Therefore, this study aimed to explore the association of liver fibrosis, as assessed by the FIB-4 index, with the 
presence of sICH in anterior circulation large vessel occlusive stroke after MT.

Methods
Study Population
We retrospectively collected patients with large vessel occlusion stroke after MT from Nanjing First Hospital from 
September 2019 to February 2023. The inclusion criteria for this study were as follows: (1) being 18 years of age or 
older; (2) having large artery occlusion in the internal carotid artery or middle cerebral artery; (3) undergoing MT 
treatment. The exclusion criteria included: (1) having a history of chronic viral hepatitis; (2) lacking complete clinical 
data for calculating the FIB-4 index; (3) having been diagnosed with a concomitant aneurysm, arteriovenous malforma
tion, moyamoya disease, or hematological system diseases. This study was approved by the Ethics Committee of Nanjing 
First Hospital. All procedures performed in studies involving human participants were in accordance with the ethical 
standards of Nanjing First Hospital and with the 1964 Helsinki declaration and its later amendments or comparable 
ethical standards. Due to its retrospective nature; patient consent was waived. Patient data was confidentiality maintained 
in Nanjing First Hospital.

Baseline Data Collection
We collected and analyzed the baseline data, including demographic characteristics, clinical data, procedure parameters, 
and laboratory data. The National Institutes of Health Stroke Scale (NIHSS) score was used to evaluate neurological 
impairment.15 Pre-treatment infarct volume was measured using the Alberta Stroke Program Early Computed 
Tomography Score (ASPECTS).16 The Trial of Org 10,172 in Acute Stroke Treatment (TOAST) classification was 
utilized to categorize stroke types.17 Procedural characteristics were also collected, which included whether intravenous 
thrombolysis was administered before MT, the time from onset to recanalization, successful reperfusion, and the 
procedural model used. Collateral status was assessed based on digital subtraction angiography using the American 
Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology grading system, with 
grades 0–1 indicating poor collateral status and grades 2–4 indicating moderate to excellent collateral status.18 Successful 
reperfusion was defined as a modified Thrombolysis in Cerebral Infarction score of 2b or 3.7

Calculation of FIB-4 Index
FIB-4 score is a well-validated and clinically established liver fibrosis index.19 The FIB-4 index is calculated using the 
formula: FIB-4 index = AST (IU/L) × age (years) / platelet count (10^9/L) × ALT (IU/L)^(1/2).20 Blood samples for all 
laboratory tests were obtained at 8 o’clock the following morning.

Definition of sICH
A follow-up brain computed tomography (CT) scan was usually performed 24–72 hours after each thrombectomy 
procedure. According to the Heidelberg Bleeding Classification criteria,21,22 sICH was diagnosed if the newly observed 
intracranial hemorrhage was correlated to any of the following conditions: (1) NIHSS score increased >4 points than that 
immediately before worsening; (2) NIHSS score increased >2 points in 1 category; (3) deterioration led to intubation, 
hemicraniectomy, external ventricular drain placement, or any other major interventions. In addition, the symptom 
deterioration could not be explained by causes other than the observed intracranial hemorrhage. Interpretation of all 
images was performed independently by two neurologists. In case of disagreement, a third reader (a board-certified 
neurologist) was consulted.
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Statistical Analysis
For continuous variables, we reported the medians and interquartile ranges or means and standard deviations. The 
statistical analysis for continuous variables was performed using the Mann–Whitney U-test, t-test, Kruskal–Wallis test, or 
one-way analysis of variance, depending on appropriateness. For categorical variables, we presented the frequencies and 
percentages. The statistical analysis for categorical variables was conducted using the chi-square test or Fisher’s exact 
test. To assess the variables associated with the presence of sICH, binary logistic regression analysis was employed. In 
model 1, we adjusted for age and sex. In model 2, we further adjusted for baseline ASPECTS and poor collateral 
circulation. In model 3, we adjusted for age and sex, as well as all variables with a significance level of P < 0.1 in the 
univariate analysis. We also evaluated the pattern and magnitude of the association of FIB-4 with sICH using a logistic 
regression model with restricted cubic splines with 3 knots (at fifth, 50th, and 95th percentiles) adjusted for covariates 
included in model 3.23 All statistical analyses were performed using IBM SPSS Statistics for Windows, version 25.0 
(IBM Corp, Armonk, NY, USA) and R software (version 4.3.1; Vienna, Austria).

Result
Patient Characteristics
This study cohort consisted of 589 consecutive large vessel occlusive stroke patients who underwent MT. Six patients 
were excluded due to incomplete laboratory data for calculating the FIB-4 index, and 5 patients were excluded due to the 
presence of moyamoya disease, arteriovenous malformation, or hematological system diseases. Finally, 578 patients were 
analyzed, with a mean age of 70.8 years and 58.5% of the cohort being male. The median NIHSS score at admission was 
14.0, and 37.2% of patients received intravenous thrombolysis. Poor collateral status was observed in 313 cases (51.2%). 
Successful recanalization was achieved in 530 patients (91.7%). According to the TOAST criteria, 281 patients (48.6%) 
were diagnosed with larger artery atherosclerotic stroke, 246 patients (42.6%) with cardio-embolism, and 51 patients 
(8.9%) with an undetermined etiology. The median ASPECTS score before treatment was 9.0, and the median FIB-4 
score was 2.0. Additional demographic characteristics, clinical and laboratory data, neurological imaging data, and 
procedural characteristics stratified by FIB-4 quartiles can be found in Table S1. Patients with higher FIB-4 score were 
found to be older, more likely to suffer the cardioembolic stroke, hypertension, and coronary heart disease, and had 
a higher NIHSS score. Importantly, participants with higher FIB-4 score had an increased risk of sICH.

Association Between FIB-4 and sICH
According to the Heidelberg Bleeding Classification, 65 patients (11.2%) were classified as having a sICH within 72 
hours after receiving MT treatment. In univariate analysis, it was found that patients with higher baseline ASPECTS 
score (median 8.0 versus 9.0; P = 0.007) were more likely to experience sICH. Furthermore, patients who developed 
sICH had a higher incidence of poor collateral status (67.7% versus 49.1%; P = 0.005). Additionally, patients with sICH 
had higher levels of fasting blood glucose (8.2 versus 7.1 mmol/L; P = 0.001) and FIB-4 score (2.6 versus 1.9; P = 
0.003), as compared to those without sICH. These results are summarized in Table 1.

Table 2 demonstrated the results of multivariate regression analysis for FIB-4 index and sICH risk. In fully adjusted 
models, each unit increase in FIB-4 score was associated with a 30.6% (95% CI, 1.127−1.512, P = 0.001) increased ratio 
of sICH. Similar results were observed when the FIB-4 score was defined as a categorical variable. Furthermore, the 
restricted cubic spline suggested a strongly non-linear relationship between the FIB-4 index and risk of sICH after MT 
treatment (P for non-linearity = 0.012, Figure 1).

Discussion
In our study, we have found that liver fibrosis, as measured by the FIB-4 score, is an independent predictor of sICH in 
ischemic stroke patients who underwent MT treatment. This association remained even after adjusting for factors such as 
age, sex, pre-treatment ASPECTS, poor collateral status, baseline NIHSS score, successful reperfusion, stroke subtypes, 
and Fasting blood glucose levels.

Neuropsychiatric Disease and Treatment 2024:20                                                                              https://doi.org/10.2147/NDT.S450061                                                                                                                                                                                                                       

DovePress                                                                                                                         
103

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=450061.docx
https://www.dovepress.com
https://www.dovepress.com


Previous studies have demonstrated that a significant fibrous liver is associated with higher long-term mortality and 
recurrent events in patients who have suffered from ischemic stroke or transient ischemic attacks.13 These studies have 
used the FIB-4 index to evaluate liver fibrosis and have consistently reported similar findings. A previous study found 
that clinically silent liver fibrosis, evaluated by the FIB-4 index, is an independent risk factor for unfavorable outcomes 
after thrombectomy.20 In addition, FIB-4 score values were also related to sICH after intravenous thrombolysis, 
specifically among patients with a high probability of advanced hepatic fibrosis.24 While the relationship between 
FIB-4 and sICH has been confirmed in our study, the underlying mechanism is still unknown. However, based on 
existing literature, liver fibrosis has been shown to contribute to endothelial dysfunction, hypercoagulable state, and 
systemic inflammation.25–27 Furthermore, NAFLD has been associated with lipidosis, which may contribute to increased 
carotid intimal medial thickness and the prevalence of carotid plaques.28,29 These adverse factors contribute to an 

Table 1 Clinical Characteristics of Study Participants According to Patients with and 
without sICH

Variables With sICH,  
n=65

Without sICH,  
n=513

P value

Demographic characteristics

Age, years 72.3 ± 9.1 70.1 ± 11.0 0.218
Male, n (%) 39 (60.0) 299 (58.3) 0.791

Body mass index, kg/m2 24.1 ± 3.7 24.4 ± 3.9 0.404

Vascular risk factors, n (%)
Hypertension 55 (84.6) 387 (75.4) 0.100

Diabetes mellitus 35 (53.8) 230 (44.8) 0.170
Hyperlipidemia 6 (9.2) 58 (11.3) 0.615

Coronary heart disease 9 (13.8) 87 (17.0) 0.525

Smoking 27 (41.5) 176 (34.3) 0.250
Drinking 14 (21.5) 116 (21.8) 0.845

Clinical data

Pre-stroke mRS 0 (0, 0) 0 (0, 0) 0.322
Systolic blood pressure, mmHg 140.0 ± 21.5 138.0 ± 22.6 0.414

Diastolic blood pressure, mmHg 82.4 ± 13.4 84.0 ± 13.9 0.362

Baseline NIHSS, score 11.0 (15.0, 20.0) 10.0 (14.0, 18.0) 0.362
Baseline ASPECTS, score 8 (8.0, 9.0) 9.0 (8.0, 9.0) 0.007

Stroke subtypes, n (%) 0.073

Atherosclerotic 39 (60.0) 242 (50.9)
Cardioembolic 24 (36.9) 222 (43.3)

Others 2 (3.1) 49 (5.8)

Prior intravenous thrombolysis, n (%) 30 (46.2) 180 (35.1) 0.081
Poor collateral status, n (%) 44 (67.7) 252 (49.1) 0.005

Successful reperfusion, n (%) 57 (87.7) 473 (89.1) 0.214

Vascular occlusion site, n (%) 0.884
Middle cerebral artery 36 (55.4) 289 (56.3)

Internal carotid artery 29 (44.6) 224 (43.7)

Laboratory parameters
Fasting blood glucose, mmol/l 8.2 ± 2.3 7.1 ± 2.4 0.001

Hs-CRP, mg/L 14.8 (3.9, 45.7) 10.9 (4.5, 26.4) 0.347

Alanine aminotransferase, IU/L 17.3 ± 8.4 21.9 ± 6.0 0.573
Aspartate transaminase, IU/L 24.8 ± 13.8 23.3 ± 20.7 0.575

Platelet count, 10^9/L 158.2 ± 46.2 190.3 ± 61.6 0.001

FIB-4 2.6 (1.8, 3.7) 1.9 (1.3, 2.8) 0.013

Abbreviations: ASPECTS, the Alberta Stroke Program Early Computed Tomography Score; FIB-4, fibrosis-4 
index; Hs-CRP, hyper-sensitive C-reactive protein; NIHSS, National Institutes of Health Stroke Scale; sICH, 
symptomatic intracranial hemorrhage.
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increased risk of sICH. Firstly, liver cirrhosis can cause abnormal coagulation, predisposing patients to bleeding and an 
increased risk of subarachnoid and intracranial hemorrhage.30 Secondly, hepatocyte-derived extracellular vesicles can 
promote endothelial inflammation, leading to blood-brain barrier dysfunction and exacerbating neuronal injury after 
ischemic insults.31,32 Thirdly, NAFLD is often associated with atherogenic dyslipidemia characterized by increased 
serum triglyceride levels, increased small, dense LDL particles, and decreased HDL cholesterol, as well as Type 2 
Diabetes, which can lead to artery fragility and vascular rupture.33–35 However, further investigations are needed to fully 

Table 2 Multivariate Regression Analysis for FIB-4 and sICH

Variables Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

FIB-4 (per 1-unit increase) 1.264 (1.099−1.453) 0.001 1.316 (1.127−1.538) 0.001 1.306 (1.127−1.512) 0.001

FIB-4 quartile
First Reference Reference Reference

Second 3.039 (1.093−8.449) 0.034 3.150 (1.119−8.869) 0.030 2.772 (0.977−7.866) 0.055

Third 4.750 (1.688−13.364) 0.003 5.286 (1.826−15.297) 0.003 5.057 (1.768−14.467) 0.003
Fourth 5.448 (1.896−15.654) 0.002 6.019 (2.044−17.730) 0.002 5.878 (1.996−17.311) 0.001

Notes: Model 1 included age and sex; Model 2 included age, sex, baseline ASPECTS, and poor collateral status; Model 3 included age and sex, as well as all 
variables with a significance level of P < 0.1 in the univariate analysis. 
Abbreviations: CI, confidence interval; FIB-4, fibrosis-4 index; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.

Figure 1 Restricted cubic spline evaluated the association between FIB-index and sICH in patients with large vessel occlusion after mechanical thrombectomy. The 
association was fitted with restricted cubic spline with 3 knots (at 5th, 50th, and 95th percentiles) adjusting for covariates including age and sex, as well as all variables with 
a significance level of P < 0.1 in the univariate analysis.
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understand the underlying mechanisms that link liver fibrosis to the occurrence of sICH in ischemic stroke patients 
after EVT.

Within our study population, 11.2% of patients were diagnosed with sICH within 72 hours after MT, according to the 
Heidelberg Bleeding Classification criteria. This rate is slightly higher than what has been reported in randomized 
controlled trials,5 and the rate observed in the North American Solitaire Stent Retriever Acute Stroke registry (9.9%).36 

This indicates that Chinese ischemic stroke patients were more prevalent. Additionally, we identified several other factors 
that were associated with sICH after MT. These factors include pre-treatment ASPECTS, poor collateral status, and 
fasting blood glucose levels. Previous studies have shown that age, baseline stroke severity, high blood pressure, high 
baseline glucose levels, Hs-CRP levels, pre-treatment ASPECT score, NIHSS ≥15.5 at 24 hours post-stroke, and longer 
onset to treatment delays are also associated with sICH.22,37–39 However, we did not find age, baseline stroke severity, 
high blood pressure, or Hs-CRP levels to be significant factors in our study. These discrepancies may be due to 
differences in study populations, sample sizes, types of strokes, the degree of high blood pressure control, and the 
definitions and timing of determining sICH.

There are several limitations in our study. Firstly, an important limitation is the lack of information on whether the 
patients had pre-existing liver fibrosis or other factors that may have influenced its development, such as infections. 
Additionally, due to the nature of our study design, we were unable to establish a causal relationship between FIB-4 and 
sICH. Furthermore, we did not record the potential impact of medications such as statins on liver function. Lastly, our 
study was conducted in a single center and focused on a specific population of stroke patients, which limits the 
applicability and generalizability of our findings.

In conclusion, the current analysis demonstrated that FIB-4 is a risk factor for sICH in acute ischemic stroke patients 
who undergo EM treatment. These findings suggest that evaluating liver fibrosis using FIB-4 may serve as an effective 
parameter for monitoring the occurrence of sICH following MT. Further studies with large sample sizes are needed to 
assess these associations comprehensively, which may help to identify patients at high risk of sICH and open the way to 
the proposal of new therapeutic options for sICH after EVT treatment.
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