
TYPE Original Research

PUBLISHED 24 February 2023

DOI 10.3389/fneur.2023.1103063

OPEN ACCESS

EDITED BY

Bin Qiu,

Yale University, United States

REVIEWED BY

Kyusik Kang,

Eulji University, Republic of Korea

Sebastian Student,

Silesian University of Technology, Poland

*CORRESPONDENCE

Davide Norata

dav.norata@gmail.com

SPECIALTY SECTION

This article was submitted to

Stroke,

a section of the journal

Frontiers in Neurology

RECEIVED 19 November 2022

ACCEPTED 13 February 2023

PUBLISHED 24 February 2023

CITATION

Norata D, Lattanzi S, Broggi S, Rocchi C,

Bartolini M and Silvestrini M (2023) Liver

fibrosis-4 score predicts outcome of patients

with ischemic stroke undergoing intravenous

thrombolysis. Front. Neurol. 14:1103063.

doi: 10.3389/fneur.2023.1103063

COPYRIGHT

© 2023 Norata, Lattanzi, Broggi, Rocchi,

Bartolini and Silvestrini. 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.

Liver fibrosis-4 score predicts
outcome of patients with
ischemic stroke undergoing
intravenous thrombolysis

Davide Norata*, Simona Lattanzi, Serena Broggi, Chiara Rocchi,

Marco Bartolini and Mauro Silvestrini

Neurological Clinic and Stroke Unit, Department of Experimental and Clinical Medicine, Marche

Polytechnic University, Ancona, Italy

Some evidence suggests a possible influence of liver disease on stroke prognosis.

We investigated the association between fibrosis-4 (FIB-4) score, a marker of liver

disease, and the 3-month outcome in patients with ischemic stroke undergoing

intravenous thrombolysis. We also evaluated the rate of symptomatic intracranial

hemorrhage after thrombolysis. In this prospective cohort study, we enrolled

consecutive patients with ischemic stroke treated with thrombolysis who had a

3-month follow-up. The FIB-4 score was calculated and the validated cut-o�

values were used to indicate high/low risk of advanced liver fibrosis. The primary

outcome was 3-month poor prognosis estimated as a modified Rankin scale

score ≥3. Of the 264 included patients, 131 (49.62%) had a 3-month mRS ≥3,

with a significantly higher FIB-4 score, compared to those with a mRS <3 score

(adjp<0.001). When adjusted for possible confounders by multivariate logistic

regression, FIB-4 score remained a significant predictor of poor outcome (OR

1.894, p = 0.011), along with history of atrial fibrillation (OR 3.488, p = 0.017),

admission NIHSS score (OR 1.305, p < 0.001), and low values of hemoglobin

(OR 0.730, p < 0.001). Mechanical thrombectomy had a favorable e�ect on

patients’ outcome (OR 0.201, p = 0.005). The risk of poor 3-month outcome was

significantly higher among the 32 patients (12.1%) with high risk of severe fibrosis

(p = 0.007). FIB-4 score values were also related to symptomatic intracranial

hemorrhage (p = 0.004), specifically among patients with high probability of

advanced hepatic fibrosis (p = 0.037). FIB-4 score can be considered as a

promising independent predictor of poor prognosis in patients with acute

ischemic stroke undergoing intravenous thrombolysis.

KEYWORDS

liver fibrosis, acute ischemic stroke, symptomatic intracranial hemorrhage, stroke

prognosis, personalized medicine, thrombolysis

1. Introduction

1.1. Background

According to the World Health Organization, 15 million people worldwide suffer from

stroke each year. With a mortality rate of approximately one-third, it is the second most

common cause of death and a leading cause of disability (1). Ischemic stroke is the most

common type of stroke, accounting for approximately 80% of all acute strokes (2). Treatment

approaches have been primarily directed at preserving neurons in the ischemic territory. The

internationally approved treatments, recombinant tissue plasminogen activator (rt-Pa) and
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endovascular intervention, aim at rapid arterial recanalization to

restore oxygen and nutrient supply to the affected area (3). Early

recanalization after stroke is associated with a greater likelihood of

favorable outcome (4, 5).

Liver fibrosis, the histologic precursor of cirrhosis, is a chronic

disease (6), often preceded and promoted by an inflammatory

process in combination with the accumulation of extracellular

matrix in the liver (7). Several biomarkers have been proposed

for the assessment of liver fibrosis. Among them, the fibrosis

index (FIB)-4 has shown the best diagnostic accuracy for

advanced hepatic fibrosis, as demonstrated by ultrasonographic

studies in nonalcoholic fatty liver disease (NAFLD) (8, 9), the

most common cause of liver dysfunction in Western countries

(10). In recent studies, liver disease has been shown to be a

strong predictor of both in-hospital and long-term mortality in

stroke patients (11, 12). Moreover, it is independently associated

with an increased risk of hemorrhagic complications (13), the

most threated complication of intravenous thrombolysis, leading

to poor outcome and increased risk of mortality (14). It is

not yet clear whether these findings can also be applied to

subclinical liver disease, which may not be uncommon in

patients with stroke (15). In a recently published study, Fandler-

Höfler et al. (16) showed that stroke patients with higher FIB-

4 score values had worse clinical outcomes 3 months after

mechanical thrombectomy but they didn’t find any increased risk

of postoperative parenchymal hematoma, hemorrhagic infarction

and symptomatic intracerebral hemorrhage.

1.2. Objectives

The aim of the present study was to investigate the

association of FIB-4 score with 3-month neurological outcome

and symptomatic intracranial hemorrhage in patients with acute

ischemic stroke treated with IV rt-Pa.

2. Material and methods

2.1. Study design, setting, and participants

We retrospectively identified consecutive patients admitted to

the Stroke Unit of the University Hospital of Ancona, Italy, from

January 2017 to April 2021 for acute ischemic stroke treated with

IV thrombolysis. Each patient underwent routine blood sampling

at admission (within 24 h of admission). Supplementary Table 1

provides an overview of the eligibility criteria.

The study was approved by the ethics committee of the Marche

Polytechnic University (ID 57/2020) and conducted according to

the Declaration of Helsinki. Informed consent was obtained from

all subjects involved in the study or their representatives.

2.2. Variables

Demographics, medical history, National Institutes of Health

Stroke Scale (NIHSS) scores (17), and admission blood pressure

were documented at baseline. Laboratory tests [including

serum levels of creatinine, glucose levels, hemoglobin (Hb),

platelet count (PLT), absolute neutrophil count (ANC), absolute

lymphocyte count (ALC), absolute monocyte count (AMC),

alanine aminotransferase (ALT), aspartate aminotransferase (AST)

total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,

γ-glutamyltransferase (γGT), and creatine phosphokinase (CPK)]

were determined by admission blood tests.

To quantify the extent of liver fibrosis, we used the noninvasive

liver fibrosis score (FIB-4) for each patient at the time of admission.

The FIB-4 score was computed for every patient as follows:

FIB4 =
Age

(

years
)

× AST( IUL )

PLT(× 109

L )×
√

ALT( IUL )

As validated in previous clinical trials, prediction of advanced

liver fibrosis was indicated using a cut-off value ≥2.67, whereas a

score value<1.30 was used to exclude severe liver fibrosis with high

probability (18, 19).

2.3. Outcome measures

The primary outcome measure was functional status at 3

months, evaluated in the hospital’s outpatient setting. Because of its

ease of use and interpretability, the modified Rankin Scale (mRS) is

a widely applied clinical measure of global disability. In particular, it

is used to assess recovery from stroke and as a primary end point in

randomized clinical trials of stroke treatments. In our study, poor

outcome was defined as the occurrence of death or major disability

(mRS ≥3) (20).

We also considered symptomatic intracranial hemorrhage

(sICH) as a secondary outcome. We defined this hemorrhagic

complication usually linked to rt-Pa, through the European

Cooperative Acute Stroke Study (ECASS) III criteria, as follows

(21). (1) Clinical deterioration: an increase of ≥4 points in

NIHSS score or that led to death. (2) Radiographic features: any

intracranial hemorrhage on CT/MRI performed at 22–36 h after

stroke onset.

2.4. Biases and study size

We conducted this study on consecutive patients to avoid

any selection bias. In order to address information bias, two

aspects should be considered: the number of lost to follow-

up was acceptable (Figure 1); the admission FIB-4 score was

calculated only after the 3-month assessment, so the experimenter

did not know the score value when assessing the 3-month mRS

(primary outcome measure). Based on previous RCTs on Alteplase

effectiveness (22), the minimum number of samples required to

achieve a 95% confidence level with a marginal error of 0.05

was 241.

2.5. Statistical methods

We used standard statistical methods for descriptive statistics.

Categorical variables were presented as frequencies and continuous
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FIGURE 1

Patient selection flow diagram. EVI, endovascular treatment; IVT

rt-PA, intravenous thrombolysis with recombinant tissue

plasminogen activator; mRS; modified Rankin Scale.

variables as mean (standard deviation, SD) or median (interquartile

range, IQR), when appropriate. Normality was assessed through the

Shapiro–Wilk test. Depending on the normality of the distribution,

comparisons were made by Student’s t-test or Mann–Whitney test

for continuous variables, and by Pearson χ
2 test for categorical

variables. The multivariate logistic regression was used to identify

whether the FIB-4 score could be an independent predictor of

poor 3-month outcome, and to establish the real prognostic value

of demographic, clinical, and laboratory variables that reached

statistical significance in the univariate analysis. To prevent biases,

we did not include the variables already used for calculating

the FIB-4 score in the logistic regression. An equivalent analysis

was carried out for the secondary outcome, and is available in

the Supplementary material. A two-tailed p-value of <0.05 was

considered statistically significant for all tests. False discovery

rate (FDR) correction was applied to deal with the multiple

testing problem (results are expressed as adjusted p or adjp-

values). Analysis was performed using JASP Team (2020). JASP

(version 0.14.1).

3. Results

3.1. Participants and descriptive data

Of the 306 patients who suffered ischemic stroke treated with

IV rt-Pa, 42 were excluded (Figure 1). Of the 264 enrolled patients,

131 (49.62%) had a modified Rankin Scale score of ≥3 after 3

months and 35 (13.3%) experienced a symptomatic intracranial

hemorrhage (sICH; Table 1).

The mean FIB-4 score was significantly higher among patients

with a poor prognosis compared with the other group (1,436 vs.

1,112, Student t-test−3.303, adjp < 0.001).

3.2. Main results

Demographic, clinical, and laboratory characteristics of

patients are presented in Table 1. In univariate analyses,

patients with poor prognosis more frequently had the

following characteristics (Table 1): older age, history atrial

fibrillation, high admission-NIHSS scores, high blood

levels of ANC and AST, and low blood levels of Hb. As

shown in Table 1, in the baseline study, adjuvant treatment

with mechanical thrombectomy was associated with

poor outcome.

We performed a multivariate logistic regression to assess

the true predictive value of variables that apparently had

an influence on prognosis on univariate analysis. SICH rates

(Tables 1, 2) were not included in the calculation because they

were not obtainable at baseline assessment. Although age and

AST values were statistically significant in univariate testing,

they neither were included in the logistic regression since

they were already factored into the FIB-4 score, in order to

avoid a distortion of FIB-4 score effect on prognosis (i.e., a

confusion bias).

On multivariate analysis (Table 3), FIB-4 score (OR

1.894, p = 0.011), history of atrial fibrillation (OR 3.488,

p = 0.017), high admission NIHSS score (OR 1.305, p <

0.001) and low blood values of Hb (OR of high Hb levels

OR 0.730, p < 0.001) remained significant predictors of

poor prognosis. In spite of what was hypothesized with

the univariate analysis, the regression demonstrated a

protective effect of thrombectomy (OR 0.201, p = 0.005).

Other variables (female sex, and ANC) were not significant

prognostic predictors.

This statistical model showed good discriminatory power, with

an area under the Receiver Operating Characteristic (ROC) curve

of 0.877 (Supplementary Figure 1). It also produced a precision of

79.5% and an accuracy of 79.3%.

Considering the FIB-4 cut-off values, we observed that the 32

patients (12.1%) with a high risk of advanced fibrosis (i.e., FIB-4

score≥2.67) were more frequently associated with a poor 3-month

outcome (adjp = 0.021), whereas the 137 patients (51.9%) with a

high probability of exclusion of significant liver fibrosis (i.e., FIB-

4 score <1.30) more frequently had a favorable 3-month outcome

(adjp= 0.004; Figure 2).

As with the primary outcome, univariate analyses were

used to investigate the influence of variables on sICH (Table 2

and Supplementary Table 2). Regarding the secondary outcome,

our study showed a statistically significant relationship between

rates of sICH and FIB-4 values (p = 0.004), admission NIHSS

(adjp = 0.035), EVT (adjp < 0.001), and serum levels of

glucose (adjp < 0.001) and ANC (adjp = 0.009). However,

multivariate analysis only confirmed the effect of admission

NIH score on the secondary outcome (OR 0.901, p = 0.035,

Supplementary Table 3).

Moreover, we divided the entire study population according to

the cut-off values of the FIB-4 score, and we noted that patients with

FIB-4 score<1.30 (exclusion of liver fibrosis) had lower probability

of sICH (FIB-4 score <1.30, p = 0.025), whereas ischemic lesions

from patients with high risk of advanced fibrosis (i.e., FIB-4 values

≥2.67) tended statistically to bleed more frequently (p= 0.037).
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TABLE 1 Baseline characteristics according to the 3-month outcome.

Baseline characteristics Full cohort
n = 264

mRS <3
n = 133

mRS ≥3
n = 131

adjp-value

Demographics

Female sex 123 (46.6%) 53 70 0.074a

Age, years 69.3 (13.8) 65.9 (14.0) 72.7 (12.7) <0.001b∗

Clinical history

Hypertension 157 (63.3%) 73 84 0.080a

Diabetes mellitus 35 (14.6%) 18 17 0.963a

Actual smoking 59 (24.9%) 34 25 0.575a

Hypercholesterolemia 90 (36.6%) 51 39 0.337a

Atrial fibrillation 45 (19.2%) 11 34 <0.001a∗

Ischemic heart disease 31 (13.3%) 16 15 0.986a

Prior stroke 32 (13.5%) 18 14 0.116a

Blood test variables

FIB-4 score 1.284 (0.989) 1.112 (0.734) 1.436 (1.186) <0.001c∗

FIB-4 score ≥2.67 32 (12.1%) 9 23 0.021a∗

FIB-4 score 1.31–2.66 95 (36.0%) 42 53 0.244a

FIB-4 score <1.30 137 (51.9%) 82 55 0.004a∗

Total cholesterol, mg/dl 176.1 (40.34) 178.0 (39.63) 174.2 (41.14) 0.653b

HDL cholesterol, mg/dl 51.76 (14.67) 53.21 (14.81) 50.24 (14.44) 0.233b

LDL cholesterol, mg/dl 103.47 (32.64) 105.24 (34.04) 101.59 (31.13) 0.575b

Triglycerides, mg/dl 96.00 (63.00) 96.00 (62.00) 95.00 (59.25) 0.760c

Creatinine, mg/dl 0.860 (0.330) 0.850 (0.265) 0.880 (0.425) 0.575c

Glucose, mg/dl 108.00 (45.00) 107.00 (43.25) 109.00 (44.00) 0.080c

Platelets,×109/L 207.00 (80.50) 207.00 (80.00) 207.00 (79.00) 0.768c

Hemoglobin, g/dl 13.05 (2.425) 13.40 (2.10) 12.60 (2.65) <0.001c∗

ANC,×109/L 7.304 (3.338) 6.616 (3.228) 8.047 (3.312) 0.007b∗

ALC,×109/L 1.670 (1.828) 1.722 (0.737) 1.614 (2.527) 0.768b

AMC,×109/L 0.697 (0.407) 0.642 (0.255) 0.757 (0.519) 0.090b

AST, U/L 17.00 (11.00) 16.00 (8.00) 19.00 (13.50) 0.021c∗

ALT, U/L 22.00 (12.00) 22.00 (10.00) 22.00 (12.00) 0.768c

γGT, U/L 26.00 (24.00) 26.00 (23.00) 27.00 (23.00) 0.714c

CPK, U/L 99.00 (86.50) 94.00 (84.00) 108.50 (90.00) 0.389c

In-hospital variables

Systolic blood pressure 139.0 (20.93) 139.0 (21.20) 139.0 (20.74) 0.986b

Diastolic blood pressure 76.4 (10.98) 76.4 (11.05) 76.4 (10.96) 0.986b

Admission NIHSS score 12.49 (6.16) 9.61 (6.17) 15.54 (4.49) <0.001b∗

EVT 146 (55.3%) 60 86 <0.001a∗

sICH 35 (13.3%) 28 35 <0.001a∗

mRS, modified Ranking Scale; FIB-4, fibrosis score 4; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; AMC, absolute monocyte count; AST, aspartate aminotransferase; ALT,

alanine aminotransferase; γGT, γ-glutamyltransferase; CPK, creatine phosphokinase; EVT, endovascular treatment; sICH, symptomatic intracranial hemorrhage. Categorical variables were

presented as frequencies and continuous variables as mean (SD) or median (IQR).
a
χ
2 test.

bStudent t-test.
cMann–Whitney test.
∗adj p-value, p-values adjusted according to the false discovery rate (FDR) correction, < 0.05.
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TABLE 2 sICH rates.

Full cohort n = 264 No sICH n = 229 sICH n = 35 p-value

FIB-4 score 1.284 (0.989) 1.249 (0.796) 1.697 (1.348) 0.004c∗

FIB-4 score ≥2.67 32 (12.12%) 24 8 0.037a∗

FIB-4 score <1.30 137 (51.89%) 125 12 0.025a∗

FIB-4, fibrosis score 4; sICH, symptomatic intracerebral hemorrhage. Categorical variables were presented as frequencies and continuous variables as mean (SD) or median (IQR).
a
χ
2 test.

cMann-Whitney test.
∗p-value <0.05.

TABLE 3 Logistic regression: FIB-4 score influence on 3-month mRS (primary outcome).

Coe�cients Odds ratio p-value 95% confidence interval

Lower bound Upper bound

FIB-4 score 1.894 0.011∗ 1.160 3.094

Female sex 0.666 0.285 0.316 1.404

Atrial fibrillation 3.488 0.017∗ 1.253 9.710

Admission

NIHSS

1.305 <0.001∗ 1.177 1.448

EVT 0.201 0.005∗ 0.066 0.609

Hb, g/dl 0.730 <0.001∗ 0.661 0.807

ANC,×109/L 1.000 0.223 1.000 1.000

mRS, modified Ranking Scale; FIB-4, fibrosis score 4 (continuous variable); EVT, endovascular treatment; ANC, absolute neutrophil count; Hb, hemoglobin. ∗p-value < 0.05.

FIGURE 2

Patient proportional distribution based on the FIB-4 score cut-o�

values and the 3-month modified Ranking Scale.

4. Discussion

The extension of indications for intravenous rt-Pa in patients

with stroke and, in particular, the lengthening of the time window,

has stimulated the search for reliable predictors able to provide

early information on the risk/benefit ratio of the treatment. The

ability to predict the outcome shortly after hospitalization can play

an important role in the decision-making process regarding the

best therapeutic approach in stroke patients and to plan a proper

overall therapeutic care. Recently, some of the main predictors of

outcome in patients with ischemic stroke treated with rt-Pa have

been described (23). High NIHSS scores, elevated systolic blood

pressure values on admission, history of atrial fibrillation, and

coronary artery disease were associated with poor outcome after 3

months. Another recent study on stroke patients undergoing rt-Pa

reported that glycosylated hemoglobin blood levels were related to

a poor early outcome but not to a poor functional prognosis at 3

months (24).

4.1. Interpretation of key results

In our study, in addition to clinical data, we considered using a

simple and rapidly available index such as the FIB-4 score, based on

laboratory parameters, to obtain prognostic information.

After adjustment for confounding factors by logistic regression

analysis, we found that high values of FIB-4 score predicted

outcome at 3 months in stroke patients treated with intravenous

rt-Pa. Moreover, considering the validated cut-off values of this

index, we were able to select a group of patients, characterized by

a high risk of advanced liver fibrosis, who had a significantly higher

probability of poor outcome than other patients. On the other hand,

patients with exclusion of significant hepatic fibrosis had a higher

probability of a favorable prognosis.

The FIB-4 score, which integrates blood levels of ALT, AST,

and PLT, is not only a simple measure of patients’ liver function

but also reflects the complex systemic role of the liver itself. As

highlighted by a cross-sectional study (11), liver dysfunction can

lead to brain damage by several mechanisms, including small vessel

disease or coagulopathy (25). In addition, NAFLD is associated

with systemic inflammation (26, 27), vascular inflammation (28)
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and atherosclerosis (25, 29–33). Advanced liver disease is associated

with mixed coagulopathy (34), which increases the risk of both

thrombotic and hemorrhagic stroke.

It’s intuitive that worse outcomes may be the consequence of

higher comorbidity in general, not a worse effect of thrombolysis.

The selection of outcomes more specifically linked to this treatment

should be considered in further dedicated works. For that

very reason, we introduced the evaluation of the symptomatic

intracerebral hemorrhage, a crucial mechanism involved in

modulating the prognosis of patients with ischemic stroke

undergoing fibrinolysis. Although the multivariate analysis would

seem to exclude a role for the FIB-4 score in predicting bleeding

complications, this hypothesis could not be entirely ruled out for

two reasons: the limited number of patients with symptomatic

cerebral hemorrhage, and the statistical model’s inability to

corroborate data from previous studies, which have also constantly

indicated that admission hyperglycemia plays a significant role

in predicting post-thrombolysis intracranial hemorrhagic events

(35–37). Our findings from univariate analysis suggested that

being affected by severe hepatic fibrosis may increase the risk

of intracerebral hemorrhage. Based on these findings, the poor

outcome at 3 months in patients with advanced hepatic fibrosis

may be, at least in part, related to hemorrhagic complications.

As demonstrated in previous studies, the intravenous use of rt-Pa

significantly increases the risk of intracranial hemorrhage, which

is otherwise uncommon in ischemic stroke (38). Therefore, we

hypothesize that for patients with severe hepatic fibrosis and

ischemic stroke, the option for intravenous thrombolysis should be

carefully evaluated considering the possible related risks.

In the present study, other indicators able to predict outcome

at 3 months were identified. The negative prognostic role of

atrial fibrillation in our patients was not unexpected although

its significance has not been fully elucidated (39). In the Virtual

International Stroke Trials Archive, no significant association

was found between atrial fibrillation and overall stroke outcome

(40). However, some studies found that atrial fibrillation was

associated with favorable outcomes after thrombolysis for severe

stroke, probably because of the effect of the thrombolytic agent on

embolic arterial occlusion (37). In agreement with our findings,

most studies suggest that atrial fibrillation may increase the risk

of symptomatic intracranial hemorrhage and early death, and

decrease the likelihood of favorable outcome after thrombolysis

(41, 42).

Our finding of negative predictive effects of high NIHSS

scores (23, 43–45) and low serum levels of hemoglobin (46–49)

on outcome confirm previous findings in patients undergoing

thrombolysis for stroke.

The results of our multivariate analyses showing a favorable

effect of endovascular therapy on stroke outcome are consistent

with the results of a recent systematic review of 19 randomized

clinical trials (RCTs) (50). In this review, endovascular

thrombectomy in patients with acute ischemic stroke due to

occlusion of large arteries in the anterior circulation increased the

chance of survival with good functional outcome (3-month mRS

<3) with no negative effect on the risk of intracerebral hemorrhage

or death. The predictive influence of anamnestic and laboratory

variables on patients undergoing mechanical thrombectomy was

recently investigated in a 2021 publication (51).

Toh et al. published an article at the beginning of 2023

addressing the same topic as the current study, with impactful

results that confirm the significant influence of the FIB-4 score on

the outcome of stroke patients undergoing thrombolysis in a highly

representative sample of Asian population (52).

4.2. Strengths and limitations

Our study has some limitations. Because of its observational

nature, this retrospective investigation does not reach the quality

of evidence needed to draw definitive conclusions. Therefore,

future prospective studies with established time points for blood

sampling need to be conducted to assess the true cause-and-

effect relationship between liver injury and stroke. In the event

of a demonstration of a causal relationship, it will be critical

to understand whether any improvement in liver condition can

lower the risk of poor prognosis in stroke. Furthermore, it is not

sufficiently clear whether the calculation of FIB-4 on admission can

be considered reliable in expressing chronic liver damage, or is too

influenced by stroke-related changes in blood levels of AST, ALT,

and PLT. Further investigation is needed to obtain a clear answer

with simultaneous assessment of the FIB-4 score and other markers

of chronic liver disease.

On the other hand, the large sample of patients included and

the easy usability of the score in a clinical setting with ordinary and

cost-effective laboratory tests are the most important strengths of

the study. We also used the already validated cut-off values of the

FIB-4 score, that are strong indicators for the presence/absence of

advanced liver fibrosis, significantly simplifying the calculation of

the risk of poor outcome.

5. Conclusion

The results of the present study suggested that the FIB-4

score, a rapidly available and cost-effective parameter, can be

considered as an independent predictor of poor prognosis, with

high predictive accuracy, in patients with acute ischemic stroke

undergoing intravenous thrombolysis.

In the new perspective of patient-centered medicine,

identification of simple factors that predict treatment response

is crucial to guide physicians in providing therapeutic strategies

tailored to each single patient.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The study was approved by the Ethics Committee of theMarche

Polytechnic University (ID 57/2020) and conducted according to

the Declaration of Helsinki. Informed consent was obtained from

all subjects involved in the study or their representatives.

Frontiers inNeurology 06 frontiersin.org

https://doi.org/10.3389/fneur.2023.1103063
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Norata et al. 10.3389/fneur.2023.1103063

Author contributions

Conceptualization, software, formal analysis, writing—original

draft preparation, project administration, and had full access to all

the data in the study and takes responsibility for its integrity and

the data analysis: DN. Methodology: SL. Investigation: DN, SB, and

CR. Resources: SL and MB. Data curation: MB, DN, SB, and CR.

Writing—review and editing: DN, SB, CR, andMS. Supervision: SL

and MS. All authors have read and agreed to the published version

of the manuscript.

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.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.

1103063/full#supplementary-material

References

1. Lindsay MP, Norrving B, Sacco RL, Brainin M, Hacke W, Martins S, et al.
World stroke organization (WSO): global stroke fact sheet 2019. Int J Stroke. (2019)
14:806–17. doi: 10.1177/1747493019881353

2. Moskowitz MA, Lo EH, Iadecola C. The science of stroke: mechanisms in search
of treatments. Neuron. (2010) 67:181–98. doi: 10.1016/j.neuron.2010.07.002

3. Fisher M, Saver JL. Future directions of acute ischaemic stroke therapy. Lancet
Neurol. (2015) 14:758–67. doi: 10.1016/S1474-4422(15)00054-X

4. Molina CA, Montaner J, Abilleira S, Arenillas JF, Ribó M, Huertas R, et al. Time
course of tissue plasminogen activator–induced recanalization in acute cardioembolic
stroke: a case-control study. Stroke. (2001) 32:2821–7. doi: 10.1161/hs1201.99821

5. Lattanzi S, Coccia M, Pulcini A, Cagnetti C, Galli FL, Villani L, et al. Endovascular
treatment and cognitive outcome after anterior circulation ischemic stroke. Sci Rep.
(2020) 10:18524. doi: 10.1038/s41598-020-75609-1

6. Paul S, Davis AM. Diagnosis and management of nonalcoholic fatty liver disease.
JAMA. (2018) 320:2474–5. doi: 10.1001/jama.2018.17365

7. Bataller R, Brenner DA. Liver fibrosis. J Clin Invest. (2005) 115:209–
18. doi: 10.1172/JCI24282

8. Morling JR, Fallowfield JA, Guha IN, Nee LD, Glancy S, Williamson RM, et al.
Using non-invasive biomarkers to identify hepatic fibrosis in people with type 2
diabetes mellitus: the Edinburgh type 2 diabetes study. J Hepatol. (2014) 60:384–
91. doi: 10.1016/j.jhep.2013.10.017

9. Xu H-W, Hsu Y-C, Chang C-H, Wei K-L, Lin C-L. High FIB-4
index as an independent risk factor of prevalent chronic kidney disease
in patients with nonalcoholic fatty liver disease. Hepatol Int. (2016)
10:340–6. doi: 10.1007/s12072-015-9690-5

10. Walker AP. Ischaemic stroke and liver fibrosis. Atherosclerosis. (2017) 260:153–
5. doi: 10.1016/j.atherosclerosis.2017.03.028

11. Parikh NS, VanWagner LB, Elkind MSV, Gutierrez J. Association between
nonalcoholic fatty liver disease with advanced fibrosis and stroke. J Neurol Sci. (2019)
407:116524. doi: 10.1016/j.jns.2019.116524

12. Baik M, Kim SU, Kang S, Park HJ, Nam HS, Heo JH, et al. Liver fibrosis, not
steatosis, associates with long-term outcomes in ischaemic stroke patients. Cerebrovasc
Dis. (2019) 47:32–9. doi: 10.1159/000497069

13. Yuan C-X, Ruan Y-T, Zeng Y-Y, Cheng H-R, Cheng Q-Q, Chen Y-B, et al. Liver
fibrosis is associated with hemorrhagic transformation in patients with acute ischemic
stroke. Front Neurol. (2020) 11:867. doi: 10.3389/fneur.2020.00867

14. Whiteley WN, Slot KB, Fernandes P, Sandercock P, Wardlaw J. Risk factors for
intracranial hemorrhage in acute ischemic stroke patients treated with recombinant
tissue plasminogen activator: a systematic review and meta-analysis of 55 studies.
Stroke. (2012) 43:2904–9. doi: 10.1161/STROKEAHA.112.665331

15. Moshayedi H, Ahrabi R, Mardani A, Sadigetegad S, Farhudi M. Association
between non-alcoholic fatty liver disease and ischemic stroke. Iran J Neurol.
(2014) 13:144–8.

16. Fandler-Höfler S, Stauber RE, Kneihsl M, Wünsch G, Haidegger
M, Poltrum B, et al. Non-invasive markers of liver fibrosis and outcome

in large vessel occlusion stroke. Ther Adv Neurol Disord. (2021)
14:175628642110372. doi: 10.1177/17562864211037239

17. Wityk RJ, Pessin MS, Kaplan RF, Caplan LR. Serial assessment of acute stroke
using the NIH Stroke Scale. Stroke. (1994) 25:362–5. doi: 10.1161/01.STR.25.2.362

18. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ. Comparison
of noninvasive markers of fibrosis in patients with nonalcoholic fatty liver disease. Clin
Gastroenterol Hepatol. (2009) 7:1104–12. doi: 10.1016/j.cgh.2009.05.033

19. Staufer K, Halilbasic E, Spindelboeck W, Eilenberg M, Prager G, Stadlbauer V,
et al. Evaluation and comparison of six noninvasive tests for prediction of significant or
advanced fibrosis in nonalcoholic fatty liver disease. United Eur Gastroenterol J. (2019)
7:1113–23. doi: 10.1177/2050640619865133

20. Banks JL, Marotta CA. Outcomes validity and reliability of the modified Rankin
scale: implications for stroke clinical trials: a literature review and synthesis. Stroke.
(2007) 38:1091–6. doi: 10.1161/01.STR.0000258355.23810.c6

21. Yaghi S, Willey JZ, Cucchiara B, Goldstein JN, Gonzales NR, Khatri P, et al.
Treatment and outcome of hemorrhagic transformation after intravenous alteplase
in acute ischemic stroke: a scientific statement for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke. (2017) 48:e343–
61. doi: 10.1161/STR.0000000000000152

22. Campbell BCV, Meretoja A, Donnan GA, Davis SM. Twenty-year history of
the evolution of stroke thrombolysis with intravenous alteplase to reduce long-term
disability. Stroke. (2015) 46:2341–6. doi: 10.1161/STROKEAHA.114.007564

23. Mehrpour M, Afrakhteh M, Shojaei SF, Sohrabi A, Ashayeri R, Esmaeili
S, et al. Factors predicting good outcome of intravenous thrombolysis in
stroke patients before rt-PA administration. Casp J Intern Med. (2019) 10:424–
430. doi: 10.22088/cjim.10.4.424

24. Han L, Hou Z, Ma M, Ding D, Wang D, Fang Q. Impact of glycosylated
hemoglobin on early neurological deterioration in acute mild ischemic stroke
patients treated with intravenous thrombolysis. Front Aging Neurosci. (2023)
14:1073267. doi: 10.3389/fnagi.2022.1073267

25. Kim YD, Song D, Heo JH, Kim SU, Kim BK, Park JY, et al. Relationship between
cerebral microbleeds and liver stiffness determined by transient elastography. PLoS
ONE. (2015) 10:e0139227. doi: 10.1371/journal.pone.0139227

26. Al Rifai M, Silverman MG, Nasir K, Budoff MJ, Blankstein R, Szklo
M, et al. The association of nonalcoholic fatty liver disease, obesity, and
metabolic syndrome, with systemic inflammation and subclinical atherosclerosis:
the Multi-Ethnic Study of Atherosclerosis (MESA). Atherosclerosis. (2015) 239:629–
33. doi: 10.1016/j.atherosclerosis.2015.02.011

27. Targher G, Bertolini L, Scala L, Zoppini G, Zenari L, Falezza G. Non-alcoholic
hepatic steatosis and its relation to increased plasma biomarkers of inflammation and
endothelial dysfunction in non-diabetic men. Role of visceral adipose tissue. Diabet
Med. (2005) 22:1354–8. doi: 10.1111/j.1464-5491.2005.01646.x

28. Lee HJ, Lee CH, Kim S, Hwang SY, Hong HC, Choi HY, et al. Association
between vascular inflammation and non-alcoholic fatty liver disease: analysis by
18F-fluorodeoxyglucose positron emission tomography. Metabolism. (2017) 67:72–
9. doi: 10.1016/j.metabol.2016.11.004

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2023.1103063
https://www.frontiersin.org/articles/10.3389/fneur.2023.1103063/full#supplementary-material
https://doi.org/10.1177/1747493019881353
https://doi.org/10.1016/j.neuron.2010.07.002
https://doi.org/10.1016/S1474-4422(15)00054-X
https://doi.org/10.1161/hs1201.99821
https://doi.org/10.1038/s41598-020-75609-1
https://doi.org/10.1001/jama.2018.17365
https://doi.org/10.1172/JCI24282
https://doi.org/10.1016/j.jhep.2013.10.017
https://doi.org/10.1007/s12072-015-9690-5
https://doi.org/10.1016/j.atherosclerosis.2017.03.028
https://doi.org/10.1016/j.jns.2019.116524
https://doi.org/10.1159/000497069
https://doi.org/10.3389/fneur.2020.00867
https://doi.org/10.1161/STROKEAHA.112.665331
https://doi.org/10.1177/17562864211037239
https://doi.org/10.1161/01.STR.25.2.362
https://doi.org/10.1016/j.cgh.2009.05.033
https://doi.org/10.1177/2050640619865133
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1161/STR.0000000000000152
https://doi.org/10.1161/STROKEAHA.114.007564
https://doi.org/10.22088/cjim.10.4.424
https://doi.org/10.3389/fnagi.2022.1073267
https://doi.org/10.1371/journal.pone.0139227
https://doi.org/10.1016/j.atherosclerosis.2015.02.011
https://doi.org/10.1111/j.1464-5491.2005.01646.x
https://doi.org/10.1016/j.metabol.2016.11.004
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Norata et al. 10.3389/fneur.2023.1103063

29. Mellinger JL, Pencina KM, Massaro JM, Hoffmann U, Seshadri S, Fox CS, et al.
Hepatic steatosis and cardiovascular disease outcomes: an analysis of the Framingham
Heart Study. J Hepatol. (2015) 63:470–6. doi: 10.1016/j.jhep.2015.02.045

30. VanWagner LB, NingH, Lewis CE, Shay CM,Wilkins J, Carr JJ, et al. Associations
between nonalcoholic fatty liver disease and subclinical atherosclerosis in middle-aged
adults: the Coronary Artery Risk Development in Young Adults Study. Atherosclerosis.
(2014) 235:599–605. doi: 10.1016/j.atherosclerosis.2014.05.962

31. Sinn DH, Kang D, Chang Y, Ryu S, Gu S, Kim H, et al. Non-alcoholic fatty liver
disease and progression of coronary artery calcium score: a retrospective cohort study.
Gut. (2017) 66:323–9. doi: 10.1136/gutjnl-2016-311854

32. Wong VW-S, Wong GL-H, Yeung JC-L, Fung CY-K, Chan JK-L, Chang ZH-Y,
et al. Long-term clinical outcomes after fatty liver screening in patients undergoing
coronary angiogram: a prospective cohort study. Hepatol Baltim Md. (2016) 63:754–
63. doi: 10.1002/hep.28253

33. Madan SA, John F, Pyrsopoulos N, Pitchumoni CS. Nonalcoholic fatty liver
disease and carotid artery atherosclerosis in children and adults: a meta-analysis. Eur J
Gastroenterol Hepatol. (2015) 27:1237–48. doi: 10.1097/MEG.0000000000000429

34. Tripodi A, Primignani M, Chantarangkul V, Dell’Era A, Clerici M, de
Franchis R, et al. An imbalance of pro- vs anti-coagulation factors in plasma from
patients with cirrhosis. Gastroenterology. (2009) 137:2105–11. doi: 10.1053/j.gastro.200
9.08.045

35. Liu M, Pan Y, Zhou L, Wang Y. Predictors of post-thrombolysis symptomatic
intracranial hemorrhage in Chinese patients with acute ischemic stroke. PLoS ONE.
(2017) 12:e0184646. doi: 10.1371/journal.pone.0184646

36. Nisar T, Hanumanthu R, Khandelwal P. Symptomatic intracerebral
hemorrhage after intravenous thrombolysis: predictive factors and
validation of prediction models. J Stroke Cerebrovasc Dis. (2019)
28:104360. doi: 10.1016/j.jstrokecerebrovasdis.2019.104360

37. Sung S-F. Atrial fibrillation predicts good functional outcome following
intravenous tissue plasminogen activator in patients with severe stroke. Clin Neurol
Neurosurg. (2013) 4:892–5. doi: 10.1016/j.clineuro.2012.08.034

38. Lindley RI, Wardlaw JM, Sandercock PAG, Rimdusid P, Lewis SC,
Signorini DF, et al. Frequency and risk factors for spontaneous hemorrhagic
transformation of cerebral infarction. J Stroke Cerebrovasc Dis. (2004)
13:235–46. doi: 10.1016/j.jstrokecerebrovasdis.2004.03.003

39. Dang H, Ge W-Q, Zhou C-F, Zhou C-Y. The correlation between atrial
fibrillation and prognosis and hemorrhagic transformation. Eur Neurol. (2019) 82:9–
14. doi: 10.1159/000504191

40. Frank B, Fulton R, Weimar C, Shuaib A, Lees KR, VISTA Collaborators. Impact
of atrial fibrillation on outcome in thrombolyzed patients with stroke: evidence
from the Virtual International Stroke Trials Archive (VISTA). Stroke. 43:1872–
7. doi: 10.1161/STROKEAHA.112.650838

41. Saposnik G, Gladstone D, Raptis R, Zhou L, Hart RG, Investigators of
the Registry of the Canadian Stroke Network (RCSN) and the Stroke Outcomes
Research Canada (SORCan) Working Group. Atrial fibrillation in ischemic
stroke: predicting response to thrombolysis and clinical outcomes. Stroke. 44:99–
104. doi: 10.1161/STROKEAHA.112.676551

42. Yue R, Li D, Yu J, Li S, Ma Y, Huang S, et al. Atrial fibrillation is associated
with poor outcomes in thrombolyzed patients with acute ischemic stroke: a systematic
review and meta-analysis. (2016) 95:9. doi: 10.1097/MD.0000000000003054

43. Liu X, Zhang J, Tian C, Wang J. The relationship of leukoaraiosis, haemorrhagic
transformation and prognosis at 3 months after intravenous thrombolysis in elderly
patients aged ≥ 60 years with acute cerebral infarction. Neurol Sci. (2020) 41:3195–
200. doi: 10.1007/s10072-020-04398-2

44. Jantasri S, Tiamkao S, Sawanyawisuth K. A 2-point difference of NIHSS as a
predictor of acute ischemic stroke outcome at 3 months after thrombolytic therapy.
Clin Neurol Neurosurg. (2020) 198:106206. doi: 10.1016/j.clineuro.2020.106206

45. Murphy A, Symons SP, Hopyan J, Aviv RI. Factors influencing clinically
meaningful recanalization after IV-rtPA in acute ischemic stroke. AJNR Am J
Neuroradiol. (2013) 34:146–52. doi: 10.3174/ajnr.A3169

46. Altersberger VL, Kellert L, Al Sultan AS, Martinez-Majander N,
Hametner C, Eskandari A, et al. Effect of haemoglobin levels on outcome
in intravenous thrombolysis-treated stroke patients. Eur Stroke J. (2020)
5:138–47. doi: 10.1177/2396987319889468

47. Barlas RS, Honney K, Loke YK, McCall SJ, Bettencourt-Silva JH, Clark AB, et al.
Impact of hemoglobin levels and anemia on mortality in acute stroke: analysis of UK
regional registry data, systematic review, and meta-analysis. J Am Heart Assoc. (2016)
5:e003019. doi: 10.1161/JAHA.115.003019

48. Kimberly WT, Lima FO, O’Connor S, Furie KL. Sex differences and
hemoglobin levels in relation to stroke outcomes. Neurology. (2013) 80:719–
24. doi: 10.1212/WNL.0b013e31828250ff

49. Lasek-Bal A, Holecki M, Steposz A, Duława J. The impact of anemia on the
course and short-term prognosis in patients with first ever ischemic stroke. Neurol
Neurochir Pol. (2015) 49:107–12. doi: 10.1016/j.pjnns.2015.03.001

50. Roaldsen MB, Jusufovic M, Berge E, Lindekleiv H. Endovascular thrombectomy
and intra-arterial interventions for acute ischaemic stroke. Cochrane Database Syst Rev.
(2021) 6:CD007574. doi: 10.1002/14651858.CD010995.pub3

51. Lasek-Bal A, Binek Ł, Zak A, Student S, Krzan A, Puz P, et al. Clinical and
non-clinical determinants of the effect of mechanical thrombectomy and post-stroke
functional status of patients in short and long-term follow-up. J Clin Med. (2021)
10:5084. doi: 10.3390/jcm10215084

52. Toh EMS, Joseph Ravi PR, Ming C, Lim AYL, Sia C-H, Chan BPL, et al. Risk
of liver fibrosis is associated with more severe strokes, increased complications with
thrombolysis, and mortality. J Clin Med. (2023) 12:356. doi: 10.3390/jcm12010356

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2023.1103063
https://doi.org/10.1016/j.jhep.2015.02.045
https://doi.org/10.1016/j.atherosclerosis.2014.05.962
https://doi.org/10.1136/gutjnl-2016-311854
https://doi.org/10.1002/hep.28253
https://doi.org/10.1097/MEG.0000000000000429
https://doi.org/10.1053/j.gastro.2009.08.045
https://doi.org/10.1371/journal.pone.0184646
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104360
https://doi.org/10.1016/j.clineuro.2012.08.034
https://doi.org/10.1016/j.jstrokecerebrovasdis.2004.03.003
https://doi.org/10.1159/000504191
https://doi.org/10.1161/STROKEAHA.112.650838
https://doi.org/10.1161/STROKEAHA.112.676551
https://doi.org/10.1097/MD.0000000000003054
https://doi.org/10.1007/s10072-020-04398-2
https://doi.org/10.1016/j.clineuro.2020.106206
https://doi.org/10.3174/ajnr.A3169
https://doi.org/10.1177/2396987319889468
https://doi.org/10.1161/JAHA.115.003019
https://doi.org/10.1212/WNL.0b013e31828250ff
https://doi.org/10.1016/j.pjnns.2015.03.001
https://doi.org/10.1002/14651858.CD010995.pub3
https://doi.org/10.3390/jcm10215084
https://doi.org/10.3390/jcm12010356
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Liver fibrosis-4 score predicts outcome of patients with ischemic stroke undergoing intravenous thrombolysis
	1. Introduction
	1.1. Background
	1.2. Objectives

	2. Material and methods
	2.1. Study design, setting, and participants
	2.2. Variables
	2.3. Outcome measures
	2.4. Biases and study size
	2.5. Statistical methods

	3. Results
	3.1. Participants and descriptive data
	3.2. Main results

	4. Discussion
	4.1. Interpretation of key results
	4.2. Strengths and limitations

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


