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Purpose: The fibrinogen-to-albumin ratio (FAR) is a novel inflammation marker associated with various diseases. This study aimed to 
investigate the correlation between FAR and early neurological deterioration (END) after intravenous thrombolysis (IVT) in patients 
with acute ischemic stroke (AIS).
Patients and Methods: From September 1, 2021, to March 31, 2023, continuously recruited AIS patients who received IVT within 
4.5 hours were included in the study. Blood samples were collected in the emergency room before IVT. The National Institutes of 
Health Stroke Scale (NIHSS) score was assessed upon admission and after thrombolysis within the first 24 hours. END was defined as 
an increase in the NIHSS score by ≥ 4 points within 24 hours after thrombolysis. Multivariate logistic regression analysis was 
conducted to explore the relationship between FAR and END, and a receiver operating characteristic (ROC) curve was used to 
evaluate the predictive ability of FAR for END.
Results: 343 participants were recruited, and 59 (17.2%) experienced END. Patients with END had higher FAR levels than those 
without END (P<0.001). Multivariate logistic regression analysis showed that FAR was independently associated with END, both as 
a continuous variable and as a tertile variable (P<0.005). After excluding patients with hemorrhagic transformation (HT), FAR 
remained independently associated with END (P<0.005). The area under the curve (AUC) of FAR for predicting END was 0.650 (95% 
CI=0.571–0.729, P<0.001), with an optimal cutoff of 72.367 mg/g, a sensitivity of 61.6%, and a specificity of 62.6%.
Conclusion: FAR upon admission was independently associated with END after IVT and can be an effective predictor.
Keywords: fibrinogen-to-albumin ratio, early neurological deterioration, intravenous thrombolysis, acute ischemic stroke, 
inflammation marker

Introduction
According to the Global Burden of Disease Study 2019, stroke remained the second-leading cause of death and the third- 
leading cause of death and disability combined worldwide.1 Intravenous thrombolysis (IVT) with recombinant tissue 
plasminogen activator (rt-PA) was recommended as the standard and effective treatment for acute ischemic stroke within 
4.5 hours after onset.2 However, there are still some patients who will suffer early neurological deterioration (END) after 
IVT, with a prevalence of more than 10%.3 END was defined as a National Institutes of Health Stroke Scale (NIHSS) 
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score increase of ≥ 4 within 24 h after thrombolysis.4 END is closely related to poor prognosis, so it is essential to seek 
early predictive markers.

Inflammatory response plays an essential role in ischemic stroke, which has an impact on the poor prognosis.5 Fibrinogen 
is a systemic inflammatory marker critical in platelet activation and blood viscosity.6 Albumin is a negative inflammation 
biomarker with anti-inflammatory and anti-oxidative effects.7 Recently, the fibrinogen-to-albumin ratio (FAR) has been 
reported to be a novel inflammation marker associated with many diseases. Studies have shown that FAR has a predictive 
effect on the prognosis of a variety of tumors, such as breast cancer, pancreatic cancer, and gallbladder cancer.8–10 Meanwhile, 
FAR was also reported to be closely related to the severity and prognosis of acute coronary syndrome.11 In recent years, studies 
have reported that FAR is associated with poor prognosis of lacunar infarction, pontine infarction, and hemorrhagic 
transformation (HT) after IVT in ischemic stroke patients.12–14 Nevertheless, the correlation between FAR and END after 
IVT has not been reported. Therefore, we designed this prospective study to explore the association of FAR with END and 
3-month outcomes in patients receiving IVT with rt-PA.

Materials and Methods
Study Participants
This prospective observational study was conducted from January 2021 to June 2023. AIS patients undergoing IVT 
within 4.5h were continuously recruited from the First People’s Hospital of Yancheng. Eligible patients who met the 
criteria were enrolled in the final Analysis. The Inclusion criteria were: 1. admission within 4.5h after onset; 2. treated 
with intravenous thrombolysis with rt-PA; 3. eighteen years or older. Exclusion criteria included: 1. with severe 
inflammatory or infectious diseases; 2. with tumors, liver disease, autoimmune disease, and renal failure; 3. patients 
underwent further endovascular treatment; 4. Incomplete clinical data: The study was approved by the Ethics Committee 
of the First People’s Hospital of Yancheng, and written informed consent was obtained from all patients or their 
representatives before inclusion in the study.

Clinical and Laboratory Measurements
On admission, the baseline characteristics were collected, including demographic information (gender, age, body mass index 
[BMI]), medical history (hypertension, diabetes mellitus [DM], atrial fibrillation, prior stroke, current smoking or drinking and 
coronary artery disease), medication use history (previous antiplatelet, previous anticoagulation, and previous statin), clinical 
assessment (blood pressure, baseline National Institutes of Health Stroke Scale [NIHSS] score, stroke etiology, infarction 
location, onset to treatment time [OTT], proximal arterial occlusion [PAO], hemorrhagic transformation [HT]). Blood samples 
were collected in the emergency room before intravenous thrombolysis. All samples were processed in the hospital’s 
laboratory department by a technician blinded to the clinical data. Laboratory data include fibrinogen, albumin, total 
cholesterol (TC), triglyceride (TG), fasting plasma glucose (FPG), and glycosylated hemoglobin A1 (HbA1c).

Infarction location, HT, and PAO were evaluated by magnetic resonance, computed tomography (CT), CT angio-
graphy, or carotid ultrasound. The infarct location was divided into anterior circulation infarction and posterior circula-
tion infarction (POCI). Stroke etiology was classified according to the Trial of Org 10,172 in Acute Stroke Treatment 
(TOAST) criteria.

Definitions
The NIHSS score was performed by two trained neurologists blind to our study on admission and repeated three times 
during the first 24 hours after thrombolysis. The END was defined as an increase in the NIHSS score by ≥ 4 points within 
24 hours after thrombolysis.4 In case of disagreement about the NIHSS score evaluation, a third neurologist was invited 
to make a final decision.

Statistical Analysis
Statistical analyses were performed using SPSS version 23.0 (IBM, New York, NY, USA). All participants were categorized 
into three groups based on tertiles of FAR and divided into END and non-END groups according to post-thrombolysis early 
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neurological outcomes. Continuous variables were presented as means ± standard deviation or median (25% and 75% 
interquartile), while categorical variables were shown as n (%). Differences in baseline demographic and clinical character-
istics between END and non-END groups were conducted using the independent Student’s t-test, one-way ANOVA or the 
Mann–Whitney U-test for continuous variables, and the chi-squared or Fisher’s exact test for categorical variables. 
Differences in baseline characteristics among tertiles of FAR were compared using analysis of variance or the Kruskal– 
Wallis test for continuous variables and the chi-square test for categorical variables. Univariable logistic regression analysis 
was conducted to investigate the risk factors of END. Multivariable logistic regression analysis adjusted for variables with a p 
< 0.1 in the univariable analysis was performed. An association was indicated as the odds ratio (OR) or adjusted odds ratio 
(aOR) with the 95% confidence interval (CI). In addition, the ROC curve was performed to assess the predictive value of FAR 
for post-thrombolysis END. Statistical significance was defined as a two-sided P-value of< 0.05.

Results
From September 2021 to March 2023, 484 AIS patients who received intravenous thrombolytic therapy were screened in 
this study. Among them, 107 patients were excluded for various reasons according to the exclusion criteria, and 34 
patients did not complete the subsequent assessments during the 24 hours after thrombolysis. Finally, 343 participants 
with a median age of 68 were recruited, and 210 (61.2%) were male. Eventually, post-thrombolysis END was observed in 
59 (17.2%) patients. The FAR was stratified by tertile, and the tertile levels were as follows: Tertile 1 
(12.554≤SII<58.586), Tertile 2 (58.586≤SII<78.378), Tertile 3 (78.378≤SII≤342.213).

Baseline Characteristics Between END and Non-END Groups
In this study, 59 (17.2%) patients finally suffer from END. All participants were divided into the END group and the non- 
END group. Table 1 shows the baseline characteristics of the patients in the two subgroups. The results suggested that 
patients in the END group had higher levels of age(P=0.005), NIHSS (P=0.009), fibrinogen (P=0.003), FAR (P<0.001), 
and higher proportions of PAO (P=0.005), HT (P<0.001) and lower levels of albumin (P<0.001). In comparison, other 
characteristics demonstrated no significant differences.

Correlation Between FAR and END
The results of logistic regression analyses for END with FAR as continuous variables and tertiles were displayed in 
Tables 2 and 3, respectively. The univariate logistic regression analysis suggested that age, NIHSS on admission, PAO, 
HT, fibrinogen, albumin, and FAR were associated with END (all P<0.05). Subsequently, multiple regression analysis 
was performed, and fibrinogen was eliminated due to collinearity. The multivariate regression analysis, which was 
adjusted for variables with P<0.1 in univariate regression analysis, demonstrated that age (OR=1.040, 95% CI=1.008– 
1.073, P=0.013), SBP (OR=0.987, 95% CI=0.974–1.000, P=0.044), HT (OR=7.352, 95% CI=2.103–25.700, P=0.002) as 
well as FAR (OR=1.016, 95% CI=1.005–1.027, P=0.001) were independently associated with END (Table 2). 
Furthermore, FAR was then entered as tertiles in the multiple regression analysis. The results indicated that when the 
first tertile of FAR was used as the reference, the third tertile was identified as an independent factor of END (OR=2.653, 
95% CI=1.117–6.301, P=0.027) (Table 3).

Associations of FAR and END in Patients Without HT
Similar patterns of association between FAR and END persisted after excluding subjects with HT. The regression 
analysis results suggested that FAR was still an independent risk factor for END in the non-HT population, whether as 
a continuous variable or tertile (Tables 4 and 5).

ROC Analysis to Evaluate the Predictive Value of FAR for PSCI
ROC analysis was conducted to assess the predictive value of FAR for END (Figure 1). The AUC of FAR for predicting 
END was 0.650 (95% CI=0.571–0.729, P<0.001). The optimal cutoff value was ≥72.367 mg/g, with a sensitivity of 
61.6% and a specificity of 62.6%.
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Table 1 Characteristics Between END Group and Non-END Group

Baseline Characteristics Non-END Group (n=284) END Group (n=59) P

Demographics
Male (%) 169 (59.5) 41 (69.5) 0.152

Age, years 67.0 (56.0, 74.0) 72.0 (64.0, 78.0) 0.005

BMI, Kg/m2 24.74 ± 3.21 24.76 ± 2.92 0.962
Medical history (%)
Hypertension 179 (63.0) 40 (67.8) 0.488

Diabetes mellitus 85 (29.9) 19 (32.2) 0.730
Coronary artery disease 40 (14.1) 10 (16.9) 0.570

Atrial fibrillation 39 (13.7) 11 (18.6) 0.331
Previous stroke 27 (9.5) 5 (8.5) 0.804

Smoking, (%) 104 (36.6) 23 (39.0) 0.732

Drinking, (%) 98 (34.5) 26 (44.1) 0.164
Medication use history (%)
Antiplatelet drugs 21 (7.4) 1 (1.7) 0.104

Anticoagulant drugs 9 (3.2) 4 (6.8) 0.186
Stains 21 (7.4) 4 (6.8) 0.869

Clinical characteristics
NIHSS on admission 4.0 (3.0, 7.0) 6.0 (4.0, 11.0) 0.009
SBP, mmHg) 152.5 (131.0, 168.0) 149.0 (125.0,163.0) 0.217

DBP, mmHg) 88.0 (80.0, 97.0) 87.0 (79.0, 102.0) 0.557

POCI, (%) 74 (26.1) 19 (32.2) 0.334
OTT, minute) 161.5(114.3, 205.0) 158.0 (117.0, 205.0) 0.985

PAO, (%) 57 (20.1) 20 (33.9) 0.005

HT, (%) 6 (2.1) 9 (15.3) <0.001
Stroke etiology, (%) 0.178

LAA 167 (58.8) 32 (54.2)

Cardioembolism 24 (8.5) 10 (17.0)
Small-vessel occlusion 79 (27.8) 16 (27.1)

Undetermined/unclassified 14 (4.9) 1 (1.7)

Laboratory characteristics
FPG (mmol/L) 5.35 (4.76, 7.27) 5.73 (5.10, 8.02) 0.278

HbA1c (%) 5.7 (5.3, 6.5) 5.7 (5.4, 7.1) 0.713

TG (mg/dL) 1.43 (1.01, 2.02) 1.37 (0.98, 1.97) 0.720
TC (mmol/L) 4.44 (3.66, 5.24) 4.53 (3.77, 5.60) 0.188

HDL-C (mmol/L) 1.04 (0.88, 1.24) 1.04(0.94, 1.26) 0.435

LDL-C (mmol/L) 2.67 (2.12, 3.32) 2.68 (2.21, 3.47) 0.326
Fibrinogen, g/L 2.74 (2.28, 3.36) 2.95 (2.65, 4.20) 0.003

Albumin, g/L 42.7 (39.1, 45.5) 40.7(35.9, 44.1) 0.005

D-dimer, mg/L 2.66 (2.19, 3.31) 2.84 (2.26, 3.42) 0.148
FAR, mg/g 66.550 (52.951, 82.637) 78.271(64.052,108.949) <0.001

FAR tertiles 0.01

Tertile 1 103 (36.3) 12 (20.3)
Tertile 2 96 (33.8) 18 (30.5)

Tertile 3 85 (29.9) 29 (49.2)

Abbreviations: FAR, fibrinogen-to-albumin ratio; END, early neurological deterioration; BMI, body mass index; 
NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; POCI, 
posterior circulation infarction; OTT, onset to treatment time; PAO, proximal arterial occlusion; HT, hemorrhagic 
transformation; LAA, large artery atherosclerosis; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; 
TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol.
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Discussion
This study is the first to report the association of FAR with early neurological deterioration in patients with ischemic 
stroke treated with intravenous thrombolysis. The current study found that FAR was independently associated with END, 
even when patients with HT were excluded.

Table 2 Univariate and Multivariate Analyses for the Potential Risk Factors Associated with END, 
Including FAR as Continuous Variables by Logistic Regression

Baseline Characteristics Univariate Analysis Multivariate Analysis

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

Demographics
Male 1.55 (0.848–2.832) 0.154

Age 1.041 (1.012–1.069) 0.005 1.040(1.008–1.073) 0.013

BMI 1.002(0.917–1.095) 0.962
Medical history
Hypertension 1.235 (0.680–2.243) 0.498

Diabetes mellitus 1.112 (0.609–2.031) 0.730
Coronary artery disease 1.245 (0.583–2.656) 0.571

Atrial fibrillation 1.440 (0.689–3.009) 0.333

Previous stroke 0.881 (0.325–2.392) 0.804
Smoking 1.106 (0.621–1.967) 0.732

Drinking 1.495 (0.846–2.642) 0.166

Medication use history
Antiplatelet drugs 0.216(0.028–1.638) 0.138

Anticoagulant drugs 2.222(0.661–7.473) 0.197

Stains 0.911(0.301–2.758) 0.869
Clinical characteristics
NIHSS on admission 1.066(1.008–1.127) 0.026 1.056(0.963–1.158) 0.248

SBP 0.991(0.980–1.002) 0.098 0.987(0.974–1.000) 0.044
DBP 1.003(0.985–1.023) 0.724

POCI 1.348(0.735–2.473) 0.335

OTT 1.000(0.995–1.005) 0.983
PAO 2.096 (1.134–3.875) 0.018 0.971(0.360–2.618) 0.953

HT 8.340(2.844–24.460) <0.001 7.352(2.103–25.700) 0.002
Stroke etiology

LAA Reference Reference

Cardioembolism 2.174(0.949–4.982) 0.066 1.499(0.588–3.822) 0.396
Small-vessel occlusion 1.057(0.548–2.039) 0.869 1.842(0.853–3.979) 0.120

Undetermined/unclassified 0.373(0.047–2.936) 0.349 0.631(0.075–5.297) 0.671

Laboratory characteristics
FPG 1.018(0.923–1.118) 0.752

HbA1c 1.064(0.896–1.264) 0.478

TG 0.962 (0.718–1.290) 0.796
TC 1.180(0.949–1.468) 0.137

HDL-C 0.970(0.499–1.886) 0.929

LDL-C 0.992(0.944–1.043) 0.749
Fibrinogen 1.575(1.234–2.010) <0.001 –a –a

Albumin 0.926(0.880–0.974) 0.003 0.946(0.891–1.005) 0.071

D-dimer 1.194(0.956–1.493) 0.119
FAR 1.020(1.011–1.030) <0.001 1.016(1.005–1.027) 0.001

Note: aFibrinogen was excluded because of multicollinearity. 
Abbreviations: FAR, fibrinogen-to-albumin ratio; END, early neurological deterioration; BMI, body mass index; NIHSS, 
National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; POCI, posterior 
circulation infarction; OTT, onset to treatment time; PAO, proximal arterial occlusion; HT, hemorrhagic transformation; LAA, 
large artery atherosclerosis; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; TG, triglyceride; TC, total 
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Early opening of the occluded vessels was the main treatment for acute ischemic stroke (AIS), and IVT with rt-PA is 
an effective treatment option for AIS within 4.5h.2,15 Although IVT reduces mortality and improves functional outcomes 
in AIS patients, about one in seven thrombolysis patients still suffer from END.16 Therefore, early prediction and 
intervention of END are critical to improve the prognosis of these patients. The causes of END include symptomatic 
intracranial hemorrhage (sICH), malignant edema, early recurrent ischemic stroke (ERIS), and early seizures.3,17 In 
addition to the above causes, about half of END after IVT occurred without clear cause.18 Inflammation plays an essential 

Table 3 Multivariate Analyses for the Potential Risk Factors Related 
to END, Including FAR as Tertiles by Logistic Regression

Baseline Characteristics Multivariate Analysis

Adjusted OR (95% CI) P value

Age 1.042(1.010–1.075) 0.009
NIHSS on admission 1.057(0.963–1.160) 0.245

SBP 0.985(0.973–0.998) 0.022

PAO 0.882(0.324–2.401) 0.806
HT 8.231(2.420–27.998) 0.001

Stroke etiology

LAA Reference
Cardioembolism 1.499(0.588–3.822) 0.396

Small-vessel occlusion 1.842(0.853–3.979) 0.120

Undetermined/unclassified 0.631(0.075–5.297) 0.671
Albumin 0.936(0.883–0.992) 0.026

FAR

Tertile 1 Reference
Tertile 2 1.641(0.697–3.863) 0.257

Tertile 3 2.653(1.117–6.301) 0.027

Abbreviations: FAR, fibrinogen-to-albumin ratio; END, early neurological deteriora-
tion; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; 
PAO, proximal arterial occlusion; HT, hemorrhagic transformation; LAA, large artery 
atherosclerosis;

Table 4 Multivariate Analyses for the Potential Risk Factors Related 
to END, Including FAR as Continuous Variables in Patients Without 
HT

Baseline Characteristics Multivariate Analysis

Adjusted OR (95% CI) P value

Age 1.041(1.009–1.073) 0.010

NIHSS on admission 1.049(0.960–1.147) 0.293
SBP 0.989(0.977–1.002) 0.086

PAO 1.391(0.547–3.536) 0.489
Stroke etiology

LAA Reference

Cardioembolism 1.385(0.541–3.542) 0.497
Small-vessel occlusion 1.619(0.768–3.413) 0.206

Undetermined/unclassified 0.545(0.065–4.565) 0.576

Albumin 0.953(0.898–1.011) 0.108
FAR 1.017(1.007–1.028) 0.001

Abbreviations: FAR, fibrinogen-to-albumin ratio; NIHSS, National Institutes of Health 
Stroke Scale; SBP, systolic blood pressure; PAO, proximal arterial occlusion; LAA, large 
artery atherosclerosis.
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role in the pathological process of AIS and is considered to be associated with END and poor prognosis of stroke.19,20 

Ischemic stroke can induce a robust inflammatory response, which in turn aggravates secondary brain damage by 
exacerbating blood-brain barrier damage, microvascular injury, oxidative stress, brain edema, and by directly evoking 
neurocyte death.5,19

Table 5 Multivariate Analyses for the Potential Risk Factors Related 
to END, Including FAR as Tertiles in Patients Without HT

Baseline Characteristics Multivariate Analysis

Adjusted OR (95% CI) P value

Age 1.043(1.012–1.075) 0.006
NIHSS on admission 1.049(0.960–1.147) 0.292

SBP 0.987(0.975–1.000) 0.042

PAO 1.304(0.513–3.312) 0.577
Stroke etiology

LAA Reference

Cardioembolism 1.640(0.662–4.062) 0.285
Small-vessel occlusion 1.614(0.768–3.394) 0.207

Undetermined/unclassified 0.518(0.062–4.364) 0.545

Albumin 0.939(0.887–0.994) 0.031
FAR 1.017(1.007–1.028) 0.001

Tertile 1 Reference

Tertile 2 1.680(0.726–3.889) 0.226
Tertile 3 2.715(1.168–6.312) 0.020

Abbreviations: FAR, fibrinogen-to-albumin ratio; NIHSS, National Institutes of Health 
Stroke Scale; SBP, systolic blood pressure; PAO, proximal arterial occlusion; LAA, large 
artery atherosclerosis.

Figure 1 ROC curve for evaluating the predictive value of FAR for END after IVT.
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Fibrinogen, a plasmatic coagulation factor synthesized by the liver, is an essential determinant of blood viscosity and 
platelet activation. Meanwhile, it is also an acute-phase protein that plays a role in the pathophysiological process of 
inflammation.21 Many studies have shown that fibrinogen is an inflammatory marker closely related to ischemic 
stroke.21,22 High levels of fibrinogen can increase the risk of ischemic stroke, and a recent meta-analysis reported that 
the risk of ischemic stroke increased by 1.47 times in patients with higher fibrinogen levels.23 Fibrinogen is also regarded 
as a predictor of poor prognosis in ischemic stroke. According to a large sample clinical study in China, both increased 
baseline and 90-day fibrinogen levels were associated with poor outcomes in patients with ischemic stroke or transient 
ischemic attack (TIA).24 Elevated plasma fibrinogen could indicate short-term poor outcomes for patients with AIS 
receiving IVT, but decreased fibrinogen level was independently associated with HT.25 Furthermore, a few studies have 
also demonstrated that the higher plasma fibrinogen level at admission could be used as an effective predictor of post- 
stroke depression and cognitive impairment.26–28 Recently, A clinical study on the Indian population showed that 
fibrinogen was independently associated with END and poor hospital outcomes in patients with AIS.28

Albumin is the most abundant plasma protein with many physiological functions. As a negative inflammation 
biomarker, It can also play an important role in antioxidant, antithrombotic, and protecting vascular endothelium.29,30 

Many studies have demonstrated a close association between serum albumin levels and ischemic stroke.31,32 Xu et al 
have reported that low serum albumin was a risk factor for ischemic stroke.33 In recent years, a growing body of research 
has revealed that albumin could predict poor functional outcomes and mortality in patients with AIS.32 A large-sample 
prospective study recently confirmed that low serum albumin levels in patients with AIS or TIA were closely associated 
with poor functional outcomes and mortality at three months and one year.31 In addition, several pre-clinical studies have 
reported that albumin could exert neuroprotective effects by reducing infarct volume and brain swelling.34,35 This 
suggests that albumin might have a potential therapeutic value for ischemic stroke. In this study, patients with END 
had a lower albumin level, but low albumin was not an independent risk factor for END.

Both plasma fibrinogen and albumin are effective inflammatory biomarkers closely related to ischemic stroke. The new 
parameter FAR, consisting of fibrinogen and albumin, is a better indicator of an inflammatory state than fibrinogen and albumin 
alone.36 As a promising inflammatory biomarker, FAR has been reported to be a valid predictor of the prognosis of a variety of 
tumors, such as esophagus cancer, gallbladder cancer, breast cancer, and pancreatic cancer.8–10 Furthermore, FAR has also been 
proven to be independently associated with the severity and prognosis of coronary artery disease (CAD).37 Karahan O et al 
reported that FAR was strongly related to the severity of CAD in patients with ST-segment elevation myocardial infarction 
(STEMI).38 Recently, a large observational study with a 5-year follow-up found that a higher FAR combined with DM was 
associated with worse 5-year outcomes in patients with CAD undergoing percutaneous coronary intervention (PCI).36 In 
addition, growing evidence has confirmed the correlation between FAR and ischemic stroke. Ruan Y et al reported that high 
FAR could significantly increase the risk of HT in AIS patients.13 Further, Yang M et al found that FAR was also independently 
associated with HT after IVT in AIS patients.39 In addition, some studies have demonstrated that FAR could be used as a predictor 
of the prognosis of certain ischemic stroke types. For example, a clinical study by Zheng L et al showed that high FAR on 
admission independently correlated with clinical outcomes three months after lacunar stroke.14 Another recent survey of patients 
with acute pontine infarction proved that high FAR was a valid predictor of a poor outcome at three months.12

However, there are insufficient publications on the relationship between FAR and END. In this study, we confirmed 
the association of FAR with END after IVT. Interestingly, we found that HT was independently associated with END, but 
FAR remained an independent risk factor for END in patients without HT. This indicated that the positive effect of FAR 
on END might not be due to its ability to increase the risk of HT. The underlying mechanisms between FAR and END 
after IVT remain unclear. We suspected this might result from an interaction between the higher fibrinogen and lower 
albumin levels, and the following mechanisms might play a role. First, as a composite index combining coagulation and 
nutritional information, FAR can effectively reflect systemic inflammation and hypercoagulable state, leading to END 
and AIS progression.8,13 Second, as mentioned above, fibrinogen is associated with oxidative stress. At the same time, 
albumin has an anti-oxidative stress effect, so FAR can indirectly reflect oxidative stress and endothelial dysfunction, 
contributing to the END of AIS.6,7 Third, high fibrinogen levels may increase blood viscosity, aggravate microcirculation 
disturbance in ischemic penumbra, and lead to END.6,14,18 Furthermore, albumin plays an important role in maintaining 
the integrity of the blood-brain barrier. Low albumin levels can increase the risk of brain edema and HT after IVT, 
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thereby inducing END.31,33 To further understand the mechanisms underlying the association between FAR and END 
after IVT in ischemic stroke patients, more research is needed.

The correlation between FAR and END and the predictive effect of FAR on END after IVT proved significant, but the 
sensitivity and specificity were low in this study. This low sensitivity and specificity might be due to the limited sample 
size and strict enrollment criteria. Moreover, the heterogeneity of the patient population and the difference between FAR 
measurement time and stroke onset time might also play a role. We supposed that the study design of multi-center and 
large samples and the dynamic detection of FAR at multiple time points might help to improve the sensitivity and 
specificity. If the validity of FAR in predicting END could be sufficiently confirmed, it may open the door to consider 
various cerebral protective measures. This could include the development of new therapeutic approaches designed to 
modify FAR levels treatments aimed at reducing fibrinogen levels or strategies to increase albumin levels. Furthermore, 
Due to the close association between FAR and inflammation, appropriate treatment to reduce inflammatory response can 
be considered for high-risk patients. However, at this stage, the correlation between FAR and END after IVT does not 
seem strong enough to redirect treatment.

Our study provides epidemiological evidence that FAR is a valid predictor of END after IVT for the first time. However, 
some limitations should be pointed out. First, Our study was a single-center study with a small sample size, which multi- 
center studies with large samples must further confirm. Second, only the baseline FAR was collected, and the dynamic FAR 
was not continuously recorded. Third, because of the limited sample size, we did not subgroup END according to the 
underlying causes, which would have helped to explore potential mechanisms further. Fourth, the correlation between FAR 
and END and its predictive value were significant but weak in this study, and more studies were needed to verify it.

Conclusion
Our study showed that a high level of FAR was independently associated with END and could be used as a potential 
predictor. Further exploration of its potential mechanism might help to provide new targets for the early prevention and 
intervention of END.
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